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FOREWORO 

On December 19, 1980, with the signing of an out-of-court settle- 

ment agreement, a three-year adjudicatory hearing on the effects o f  

electric power generation on the Hudson River was ended. The purpose 

of  th i s  hearing had been to determine whether s i x  cooling towers, 

required by the various Environmental Protection Agency (EPA) permits, 

rhoesld be b u i l t  at three power plants on the Hudson River in New York 

in order t o  mitigate the impacts of entrainment and impingement on 

estuarine fish populations. In addition t o  terminating the EPA hearings, 

the settlement resolved regulatory disputes between the utility com- 

panies and several other federal agencies, including the U.S. Nuclear 

Regulatory Commission (NRC) .  

S t a f f  o f  the Environmental Sciences Division at Oak Ridge National 

Laboratory (ORNL) were asked to participate in the EPA hearings because 

of previous work on entrainment and impingement performed for AEC, NRC, 

ERDA, and DOE in connection with the licensing o f  Indian Point Units 2 

and 3, the largestgenerating units on the Hudson River. ORNL Staff 

prepared and submitted,in May 1979, numerous individual pieces of 

w r i t t e n  direct testimony for EPA as part of these hearings. Some of 

these pieces o f  testimony were cdauthored with indjviduals from the 

National Power Plant Team of the U .  S. Fish and Wildlife Service and 

from €PA, The purpose o f  this three-volume report is to publish these 

ivldual pieces of testimony involving ORNL staff in a manner that 

will assure a broader distributionto the scientific community, 

~ ~ ~ r ~ ~ e ~ ~  agencies, and other interested parties. 
... 
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Volume i i s  concerned w i t h  t h e  e s t i m a t i o n  o f  t h e  d i r e c t  ( o r  annual )  

ent ra in inent  impact of t he  power p l a n t s  on p o p u l a t i o n s  o f  s t r i p e d  bass, 

w h i t e  perch, Alosa s p p .  (blueback h e r r i n g  and a l e w i f e )  , American shad, 

A t l a n t i c  tomcod, and bay anchovy i n  t h e  Hudson R i v e r .  Enera-inment 

impact r e s u l t s  f rom t h e  k i l l i n g  o f  f i s h  eggs, l a r v a e ,  and young 

j u v e n i l e s  t h a t  are con ta ined  i n  the cool - ing water  c y c l e d  through a power 

p l a n t .  An "Emp i r i ca l  T ranspor t  Model" i s  presented as t h e  aeans of 

o b t a i n i n g  a c o n d i t i o n a l  ent ra inment  m o r t a l i t y  r a t e  (which rep resen ts  

t h e  f r a c t i o n  o f  a year  c l a s s  which would be k i l l e d  due t o  entrainment 

i n  .the absence! o f  densi ty-dependent m o r t a l i t y ) .  Most o f  VoltiiiE 1 i s  

concerned w i t h  the  e s t i m a t i o n  o f  seve ra l  parameters r e q u i r e d  by  t h e  

model : p h y s i c a l  i n p u t  parameters ( e . g . ,  power-pl an t  wi thdrawal  f l o w  

r a t m ) ;  t l - ie i o n g i t u d i n a l  d i s t r i b u t i o n  o f  i c h t h y o p l a n k t o n  i n  t i m e  and 

space; t h e  d u r a t i o n  o f  s u s c e p t i b i l i t y  o f  t h e  v u l n e r a b l e  o r g a n i s m ;  t h e  

% - f a c t o r s , ' '  which express t h e  r a t i o s  o f  d e n s i t i e s  o f  organisms i n  power 

p l a n t  i n t a k e s  t o  dens i . t i es  i n  t h e  r i v e r ;  and t h e  en t ra inmen t  m o r t a l i t y  

f a c t o r s ?  which express t h e  p r o b a b i l i t y  t h a t  an orgariisni w i l l  be k i l l e d  

i f  i t  i s  e n t r a i n e d .  Once these va lues a re  obta ined,  t h e  model i s  used 

t o  es t ima te  ent ra in inent  impact f o r  bo th  h i s t o r i c a l  c o n d i t i o n s  and 

project;d c o n d i t i o n s .  

Volume I 1  c o n t a i n s  f o u r  e x h i b i t s  relating t o  impingement impacts 

and three c r i t i q u e s  o f  c e r t a i n  aspects o f  t h e  u t i l i t i e s '  case. The 

f i r s t  e x h i b i t  i s  a q u a n t i t a t i v e  e v a l u a t i o n  of f o u r  sources of b i a s  

(coli e c t i o n  e f f i c i e n c y  , reimpingement I) impingement on i n o p e r a t i v e  

screens, and jrripinyement s u r v i v a l  a f f e c t i n g  es t ima tes  o f  t h e  nuinber of 
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fisk killed at Hudson River power plants. The two  following exhibits 

contain, respectively, a detailed assessment o f  the impact o f  

impingement on the Hudson River white perch population and estimazes of  

conditional impingement mortality rates for seven Hudson River fish 

populations. The fourth exhibit i s  an evaluation of the engineering 

feasibil i t y  and potential biological effectiveness of several types of 

modified intake structures proposed as a1 ternatives t o  cooling towers 

for reducing impingement impacts. The remainder of Volume I 1  consists 

o f  critical evaluations o f  the utilitiesi empirical evidence f o r  the 

existence of  density-dependent growth in young-of-the-year striped bass 

and white perch, of  their estimate o f  the aye-cemposition o f  the striped 

bass  spawning stock i n  the Hudson River, and of t he i r  use of t he  L~awler, 

Matusky, and Skelly (LMS) Real-T ime Life Cycle Macle1 t o  estimate the 

impact o f  entrainment and impingement on t he  Hudson River striped bass 

population a 

Volume 111 addresses the validity of the  utilities{ use of the 

Ricker stock-recruitment mode? t o  extrapolate t he  combined entrainment- 

impingement losses of young fish t o  reductions i n  the  equilibrium 

population size of adult fish. I n  our testimony, a methodology was 

developed and applied to address a single fundamental question: i f  the 

Ricker model really did apply t o  the i-ludson River striped 

tion, could the utilities’ estimates, based on curve-fitting, o f  t h e  

parameter alpha ( w h i c h  controls the impact)  be considered re1 i a h l e ?  

The present Volume I11 indrades, in ad i t i o n ,  an a n a l y s i s  o f  the 

efficacy of an alternative means of estimating alpha, termed the 

vi i 



technique o f  prior estimation o f  beta (used by the utilities in a 

report prepared for  regulatory hearings on t he  Cornwall Pumped Storage 

Project). Our validation methodology shoiild a l s o  be useful in evalua t -  

ing inferences drawn i n  the literature from fits o f  stock-recruitment 

models to data obtained from other  fish stocks. 

v i i  i 



PREFACE 

During the srimmer of 1977, Dr. Christensen explained a project he 

was interested in at the time to an informal group consisting o f  about 

eight of the quantitative, mathematical and statistical scientists in 

the Environmental Sciences Division a t  Oak Ridge National Laboratory. 

That project was an investigation o f  the validity of the utilities8 

stock-recruitment curve-fits. By way o f  explaining the fits, he showed 

the group Figures 10.6-1 and 10.6-2 (the latter Figure has since been 

withdrawn by the utilities) in Exhibit UT-4, Figure 2-IV-7 o f  

Exhibit UT-3, and some of Dr. Goodyear's computer-generated graphs o f  

other curve-fits in Exhibit UT-3. The group's overall reaction was 

that a technical analysis of the validity o f  the fits would be a waste 

of time. That  the fits were absurd and useless, they felt, was obvious 

just  from looking at the graphs. They did not believe that complex 

analysis was needed or appropriate. 

Several members of this group with little or n o  experience with 

adjudicatory hearings on environmental matters felt that a1 1 that would 

be necessary to repel the utilities' stock-recruitment curve-fitting 

exercise would be t o  have one or two expert statisticians testify in 

person, based solely on graphs of the fits, that they were useless. 

Dr* Christensen was uncertain that this would necessarily be adequate, 

either to convince a lay decision-maker or to settle all of the 

technical questions. Subsequently, he completed t h e  conceptualization 

o f  the approach to investigating the validity o f  the curve-fits which 

is presented in this testimony. On discussing this approach with 



Dr. Gaodyear, he found t h a t  Dr. Goadyear had independently conceived 

and begun to apply t he  same general approach. They agreed to cooperate 

on the work. 'This test imony is the resul t  of t h a t  cooperative effort. 

The conclusions reached in t h i s  testimony clcarly support t h e  

i n s t i i l l  opinion o f  the cjr-oup of s c i e n t i s t s  mentioned above, t h a t  the 

utilities' curve-fitting exercise was virtually useless. It1 view o f  

the fact t h a t  t iw uti 1 iiies' w i t n e s s e s  defended the curve-fitting 

exercise vigorously in c ross -examina t ion  (e.g. , 'lli 21 19-21 ; TR 2471-73), 

t t i e  extensive analysis in . t h i s  testimony seeins justified. F o r  t t i e  

purpose o f  t h i s  anaJysis, it was necessary t o  take seriously some of 

the prspositlons underlying the uti 1 ities ' stock-recruitmcnt curvc- 

fitting exercise. I t  was nut t h e  authors' intent in doing this t o  l e n d  

credibility t o  t h e  utilities' curve-fitting exercise, nor  to tile 

assumptions which under1 ie it. ihe conclusions reached in this work 

are s t rongly  opposed to the concept; t h a t  t he  u't.ilil: i e s '  c u r v e - f i t t i n g  

exercise providss reliable or unbjased results. The reader  who i s  

surprised a t  these conclusions niay f -ind t h a . t  t h e  anecdote recounted 

h~ilps t o  make t h e  conclusions less  surprising. 

~ 
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A8 STRACT 

CWRISTENSEN, S .  W . ,  C. P. GOODYEAR, and 8. L. KIRK. 1982, 
An analysis o f  the validity of the utilities' stock- 
recruitment curve-fitting exercise and "prior estimation 
of beta" technique. Volume III. The Impact a f  Entrain- 
ment and Impingement on Fish Populations in the Hudson 
River Estuary. O R ~ L ~ ~ U R E G / ~ ~ - 3 8 5 ~ V 3  and ~ ~ ~ E ~ / ~ ~ - 2 ~ 2 ~ .  
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
390 PQ. 

P h i s  report i s  an expanded version o f  part o f  the testimony pre- 

pared for the Environmental Protection Agency (EPA) % egion 11, adjudi- 

catory hear ng concerning the impacts o f  power plants on Hudson R i v e r  

b i o t a .  The Nuclear Regulatory Commission (hRC) was cooperating wjth 

the EPA in these hearings. This testimony addresses the validity o f  

the utilitiesR use o f  the Ricker stock-recruitment model t o  extrapolate 

the combined entrainment-impingement losses  o f  young fish to reductions 

in t he  equilibrium population size of adult fish. The analysis demon- 

strates that the utilities' techniques produce unreliable estimates of 

t h e  parameters o f  the Ricker model, and that the long-term impact 

projections based on these parameters are a l so  unreliable, Application 

o f  this validation technique i s  recommended for any stock-recruitment 

curve-fitting exercise for which there is reasonable question ahout the 

~~~~~~r~~~~~~~~ of the data or methodology, and on which important 

d e c i s i ~ n s  could depend. 





SUMMARY 

The use of a particular stock-recruitment model, called the Ricker 

model, forms a cornerstone o f  the utilities' case. Based on estimates 

o f  a parameter termed "alpha" in the Ricker model, the utilities convert 

estimates of annual entrainment and impingement impacts of the Hudson 

River power plants on young-of-the-year (YOY) striped bass to estimates 

of long-term reduction i n  the equilibrium population size of a d u l t  

striped bass. The value of alpha they choose t o  use i s  4. Had they 

used a lower value, predicted power plant impacts would have been 

substantially higher. The utilities abstract this value of 4 for a l p h a  

from the results o f  a "curve-fitting exercise,'' which they conduct as 

f 01 1 ows * 

First, they assume that the Ricker model applies to the Hudson 

River striped bass population, i.e., they assume that the relevant 

biological characteristics of the Hudson River striped bass population 

m e  adequately described by the model. Second, they subject a 26-year 

time series o f  "catch-per-uni t-effort" (CPUE) numbers, obtained by 

manipulation of various historical statistics, to further manipulation 

i n  a number o f  alternative ways t o  yield values which they treat as 

indices of "stocki' (parents) and "recruits" (offspring o f  the parents) e 

Third, they apply linear regression to "fit" a transformed version a f  

the model to the various sets of stock-recruit data obtained from the 

indices. From this procedure, they obtain estimates of the value of 

alpha. 
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This procedure i s  vulnerable to challenge on many grounds. This 

particular portion of the Environmental Protection Agency's testiiwny 

addresses a single fundamental question: if the Ricker model really 

did apply to the Hudson River striped bass population, could the 

utilities' estimates of the parameter alpha, obtained from the ci.wve- 

fitting exercise, be considered i o  be reliable? 

In  Chapter 2, we lay the conceptual groundwork for this investiga- 

tion. This testimony is a "validation analysis," in that it is inteetid(?d 

to ascertain the validity, or lack thereof, of the utilities' approach 

to estimating the parameter alpha in the Ricker model. The technique 

that we use is an adaptation of one proposed some sixteen years ago by  

Dr. James T. McFadden (McFaclden 19631, the utilities' primary biological 

consultant, The technique involves specifying, for the purpose of lhe 

analysis, a particular numerical value for the parameter in question 

(in t h i s  case, alpha). Second, we use a model to generate siniulated 

time series data., These simulated data are designed to match t h e  salient. 

characteristics o f  the Hudson River data used as a CPUE index by the 

utilities. Third, we manipulate these simulated data in t h e  same ways 

the utilities manipulat? the "real" data. Next, we apply the curve- 

fitting procedure to the simulated data to produce estimates of the 

parameter alpha, which o f  course is known in the model to begin with. 

If the estimates were the same as the specified value, o r  very close, 

we would conclude that the curve-fitting technique gave re1 iahle esti- 

mates in the case of that particular model and that particular specified 

value of alpha. If this entire procedure is repeated, specifying each 

tine a different value o f  alpha, we can determine whether, for t h e  

xi v 
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particular conditions i n  the model used t o  g e m r a t e  the d a t a ,  t h e  

surve-fitting exercise g i v e s  r e l i a b l e  results for _- a l l  actual (.m'.e. 

spec-a'fied) values  of alpha, only far some values, or f o r  none a t  all. 

The final step i s  to repeat t h e  entire procedmre, perhaps several 

t i m e s ,  with di f fe ren t  cond i t ions  in the model. In this way, we can 

assess  the reliability of the curve-fitting exercise f o r  a variety o f  

possible conditions. The mode' itself, ar;d t h e  conditions chosen for 

i t s  application, are discussed in Chapter 3. 

By way of illustrating this  procedure, we address the "proxy 

approach" i n  Chapter 4. The "pY'QXy approach" was advanced by the 

erti lities' witnesses during cross-examination as a justification f o r  

their preference for the a l p h a  estimates ob ta ined  us ing  a " f i v e  year 

l a g "  to manipulate the data. A "" f ive year lag' '  as used i n  till's sense 

means that when a CPUE index from some year (t) l"s used as an i n  

stock,  the CPUE index  for year (t -+ 5 ) ,  five p a r r  later, lis used as 

the corresponding index of recruits, The more conventiona? approach, 

known as t h e  "generation t ime"  approach, suggests t h a t  a longer l a g ,  

related to the generation time o f  t h e  population, w o u l d  be more 

appropriate. For a multiple-age spawning population, the generation 

t ime is approximately the age by which a given " a ~ e r a g e ' ~  female fish 

h a s  spawned half o f  her t o t a l  l i f e t i m e  c n n t r i h u t i o n  of eggs. The 

niethodology we have developed i s  perfectly s u i t e d  t o  investigate t h i s  

controversy. We apply the methodology t o  a test case that Drc Savidge 

o f  Texas Instruments, Inc.  an@ o f  t he  utilities' consultants, proposed 

d u r i n g  cross-examination as an example a f  a situation where the  pro^ 

approach" should be appropriate. Al l  of t h e  results s u p p o r t  the qenel-a- 

tion t ime  approach i n  preference t o  the proxy approach. 



Next, in Chapter 5, we apply this methodology t o  Dr. Lawler's 

curve-fitting exercise involving the fitting of t h e  Ricker model to the 

Hudson River 1950-1975 CPUE time series for striped bass. \de chose 

this subset o f  the utilities' curve-fitting exercise because it repre- 

sents the latest of the utilities' efforts and the one on which they 

have placed greatest emphasis. We include in the analysis some other 

approaches to manipulating the data which the u t i  1 itiies stl'11 maintain 

are valid concepts, even though they have deleted the results f r o m  the 

original application of these approaches and have not replaced them, or 

have not bothered to apply thein to the updated d a t a  set. We also treat, 

as a para1 le1 t o  the curve-fitting exercise, another procedure proposed 

more recently by the utilities, termed here the technique of "prior 

estimation of beta." The unequivocal conclusion reached 

studies i s  that none of these techniques used by the utilit 

reliable estimates o f  alpha. For mast values of alpha in 

the estimates are substantially biased. In addition, the 

test used to determine t h e  significance of the term Ilbt 

from these 

es produces 

the model, 

statistical 

La" in the 

Ricker model, which accounts for biological compensation, yields 

spurious results. This test usually indicates that beta is greater 

than zero9 implying compensation, even when beta i s  in fact zero. In 

shor t ,  the utilities' curve-fitting exercise is a failure. 

The failure of the utilities' curve-fitting exercise t o  produce 

reliable estimates of alpha is not surprising, in view o f  the 

transformation of the model which is required for linear regression, 

the amount of variation in the data, and the conceptual lack o f  suit- 

ability o f  any o f  the techniques for  manipulating the basic d a t a  to 
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provide accurate indices of stock and recruits because of the biological 

complexities introduced by multiple-age spawning. Taking the value of 

Ricker's alpha to be a measure of compensatory capacity, as the 

utilities would have us do, the validation procedure shows that the 

utilities' curve-fitting exercise provides virtually no useful informa- 

t i o n  about the short-term or long-term consequences of power plant 

impact on the striped bass population in the Hudson River. 

We recommend that the utilities' projections o f  long-term impact 

which stem from their fitting of the Ricker model to striped bass data 

be ignored. Further, we recommend application of this validation 

technique for any stock-recruitment curve-fitting exercise for which 

there is reasonable question about the appropriateness o f  the data or 

methodology, and on which important decisions could depend. 

.... 
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Chapter 1 

INTRODUCTION 

In an attempt to quantify 

operation on the striped bass 

u t i l i t i e s  have made subs t an t i a  

models. The development and apl 

the l ike ly  consequences o f  power plant 

population of the Hudson River, the 

use of stock-recruitment theory and 

l icat ion o f  these models i s  detailed i n  

Chapter I O  o f  E x h i b i t  UT-4, and par t icular ly  i n  Section 2 - I V  of 

E x h i b i t  UT-3 and i n  E x h i b i t  UT-58. Witnesses f o r  the u t i l i t i e s  present 

arguments supporting the r ea l i t y  of cmpensation i n  animal populations, 

make claims t h a t  compensatory mechanisms have been  demonstrated i n  the 

Hudson River striped bass population, and propose the Ricker stock- 

recruitment model (Ricker 1954, 1958, and 1975) as a basis for 

quant i ta t ively estimating the degree of existing compensation, or 

"compensatory reserve," i n  the population. They then f i t  the Ricker 

model to Hudson River catch-per-unit-effort (CPUE) data ,  derived from 

his tor ical  information, i n  order t o  obtain numerical estimates o f  

"alpha," a key parameter i n  the Ricker model. Next, they use t h i s  

value of alpha to make forecasts  of power-plant impact v ia  application 

o f  an " E q u i l i b r i u m  Reduction Equation" [ E x h i b i t  UT-3, Eq. (2-VI-3) on 

page 2-Y 1-63. Finally,  they propose some a1 ternative stock-recruitment 

models, and they conclude tha t  the numerical value 4 i s  a conservative 

estimate ( i . e . ,  an underestimate) o f  "alpha" i n  the  Ricker model f o r  

application to the Hudson River s t r iped bass population. Use of this 

"conservative" value o f  alpha i n  the E q u i l i b r i u m  Reduction Equation i s  

considered t o  yield long-term estimates o f  power-plant impact which 



o v e r e s t i m a t e  the  actual r e d u c t i o n  the striped bass popu1atl:on would 

su f fe r  assuming continued opera t i on  of the power plants w i t h  

once-through cool i ng. 

We do no t  d ispu te  the existence o f  compensation and depensation i n  

g e n e ~ a l  nor- the i r -  r ea l i t y  as natural pkenmena. The quest ion  o f  

wkcther compensatorj mchani sms have been demonstrated i n  Hudson River 

striped bass o r  not is addressed elsewhere, as i s  the question o f  the 

ap3licabiIity o f  the Ricker \node1 t o  the striped bass and other W S Q ~  

Rive r  f i s h  popula t ions .  In this test imony, we address a single 

qtiestinn only: i f  the Ricker model re an appropriate model f o r  t h e  

Hudsizn River s t r iped bass population, could the u t i 1  i t i e s ’  curve- 

f f  tt-i ng exerc i  se be expected t o  produce re1 iabl e estimates o f  a1 ptia’? 

I n  order  f o r  the stock-recruitment approach t o  be o f  any help s’n 

predicting the effects  s f  entrainment and impingement on the a d u l t  f i s h  

population, alpha must be know (TR 2316, l ine  20 - TR 2317, l i n e  4). 

bde will show t h a t  the answer t o  t h i s  question i s  ‘‘no.“ 
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Chapter 2 

RATIONALE FOR THIS APPROACH TO V A L I D A T I O N  

Summary 

This chapter begins by discussing some potential problems w i t h  t he  

u t i 1  i t i e s '  curve-fitting exercise. A procedure i s  then discussed f o r  

e v a l i d i t y  o f  the curve-fitting exercise. T h i s  ~~Q~~~~~ 

i n~a lwes  using the  Ricker model t o  generate simulated da ta .  e 

aba"1 i ty o f  the u t i  1 i t ies '  curve-f i tti ng exerci se t o  retrieve the fi ow?^ 

madel parameters when applied t o  the simulated da ta  provides a direct 

tes t  o f  the reliability o f  estimates from the u t i l  i t ies '  curve-fittin 

en applied t o  rea1-world data.  

The u t i l  i t ies '  curve-fitting exercise re1 ies on least-squares 

rrrssion. In this instance, the Ricker stock-recruitment model 

IRicker, 1954, 1958, 79751, as modified for a multiple-age spawning 

i s  assumed t o  describe the processes which regulate the gopula- 

tiaw ( E x h i b i t  UT-3, p. 2 - I V - 2 ;  TR 2300, lines 9-14). In i t s  basic 

e Ricker model i s : :  

R = alpha x P x exp(-beta x P) , (1 

e R denotes recruits, P denotes parents, o r  the f i sh  stock t h a t  

uced the recruits, and a lpha  and beta are unknown parameters i n  the 

ode3 which describe the relationship between the sire o f  the recruit 

~~~~~a~~~~ and the sire o f  the parent populat ion.  

In the case o f  the ut i l i t ies '  cuwe-fitting exercise, there i s  

reason t o  question the appropriateness of some aspects of the 



ression procedure (Robson 1979). There i s  also reason f o r  concern 

about the ab i l i t y  to  construct meaningful indices o f  stock and o f  re- 

n t  from the available data. The basic problem i s  tha t  the  

bass i s  a long-lived fish and i s  present on the f i s h i n g  grounds 

not  just a t  one age b u t  a t  rn ny ages. The fishermen's catch will i n -  

evitably r e f l ec t  not just  the abundamce o f  f i s h  of one age, b u t  o f  

several and perhaps many ages. In order  to  properly f i t  the Wicker 

model t o  a multiple-aged spawner l ike the striped bass, aceinrate es t i -  

mates of both stock s ize ,  involving many ages, and -_I recrui 

stock, involving one age, must be derived. No c lear ly  sat isfactory way 

t o  do this has been found for the Hudson River, since only crude 

f i  shwy s t a t i  s t i c s  exist. 

These s t a t i s t i c s  consis t  of a single 26-year t i  e serjes of 

catch-per-unit-effort (CPUE) indices. Each striped bass CPUE value i s  

calculated by f i r s t  forming a r a t io ,  the numerator o f  w ich consis ts  a f  

estimates of the number of pounds o f  striped bass caught by cm 

f i s h e m n  i n  the Hudson River f o r  a given year, and the deno 

which consis ts  of an adjusted estimate of the y e a r ' s  f i s h i n g  e f for t  

u s i n g  anchor, s e t ,  and stake g i l lne ts .  The en t i r e  r a t io  i s  mul t ip l i ed  

by a scal ing factor.  Some additional adjus ents have been made t o  

p a r t  o f  the  data. While i t  i s  not our  purpose here t o  c r i t ique  the 

r e l i a b f l i t y  of the CPUE index i t se l f ,  i t  i s  relevant to  note t h a t  there 

i s  ample reason t o  believe tha t  substantial error ar is ing from a n 

of different  causes attends the CPUE index (Dove1 1979, Fletcher 1979, 

Goodyea t- 1 979 1 . 
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l i t i e s  have t r i ed  to deal with this problem of constructing 

and r ec ru i t  indices from the single Hudson River strip 

bass CPUE time ser ies  i n  a number of ways. They have a p  l ied  lags o f  

varying length to  the data (e.g. ,  E x h i b i t  UT-3, p. 2-IV-28). They have 

dew i sed the "spawner-recruit abundance matrix" approach EExhibi  t 

pp. 10.45 - 10.49, and E x h i b i t  UT-3, pp. 2-IV-14 - 2-IV-25, particer- 

l a r ly  Equations 2-IV-8, 2-IV-13, and 2-IV-14 1. This technique 
* 

assumes fish are  caught a t  only one age and tha t  adul t  survival and 

fecundity ra tes  a re  constant, and i t  uses a matrix approach t o  con- 

s t ruc t  indices o f  b o t h  spawners and recru i t s .  They have applied a 

seven-year running average lagged by four years t o  the da 

[Exhibit UT-3, pp. 2-IV-25 - 2-IV-26 and Eq. 2-IV-15; hereaf ter  t h i s  

equation w i l l  be referred to  as Eq. (15U)I. Finally,  they have 

developed the "multiple age" and the "eggs on eggs" 

( E x h i b i t  UT-58) .  These models involve constructing the recruit index 

as a weighted ser ies  of CPUE values. The weighting factors  are based 

on e i the r  the re la t ive  proportion of females by age ( the  "multiple age" 

model) o r  on the relative r ec ru i t  egg production by age ( the  ''eggs on 

eggs" model ), for  ages f ive  through nine. 

T h i s  mult ipl ic i ty  of approaches t o  the problem o f  converti 

catch-per-unit-effort time ser ies  t o  indices of both stock and recruits 

f o r  a multiple-aged spawner i s ,  i n  i t s e l f ,  cause fo r  skepticism. Some 

o f  the methods are  nearly opposite i n  t h e i r  e f f e c t  on the data.  T 

These equations wilt hereaf ter  be referred to  as Eqs. ( * 
(13U), and (14U), respectively. Throughout our testimony, a capi ta l  U 
following an equation number will indicate tha t  i t  re fers  to a u t i l i t y  
equation i n  Section 2-IV o f  E x h i b i t  UT-3, as opposed t o  one of the 
numbered equations i n  our testimony. 
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ner-recrui t abundance matrix approach, f o r  example, reduces the 

obsewed spread of the spawning stock while preserving v a r i a t i o n  in t he  

recrui t  index; the "eggs on eggs" model retains variation i n  stock size 

b u t  reduces variation i n  the recrui t  index; and Equation 1511 reduces 

variation in both indices. 

Obv iously, since these various approaches are not wchani s t i ca l  l y  

consistent,  they cannot a l l  be r i g h t .  In f ac t ,  i t  can be shown tha t  

none of them can be perfect i n  a s i tuat ion ere more t h a n  one age i s  

reflected i n  the CPUE s t a t i s t i c .  The nature o f  the catch s t a t i s t i c s  

and the degree o f  var iab i l i ty  wk ch generally applies t o  natural  

s ,  and which appears t o  apply t o  the  Hudson R i v e r  striped bass 

population, are t solid reasons to doubt tha t  there i s  any sub- 

stantive relationship between the CPUE index and e i ther  stock o r  

recruitment. Assuming tha t  there i s ,  i t  i s  only prudent. t o  wnder w9a.t 

ef fec t  manipulation o f  the CPUE data t o  extract  stock and recruit  i n -  

dices has on the val idi ty  of  the final regression estimates. 

o f  the potential problems i t h  the uti1 i t i e s '  curve-f i t t ing 

exewgeise can be treated analytically (Robson 1979). S % f l l ,  t h e  f ac t  

that  the basic CPUE index i s  a selective subsample of a continuously 

changing and u ~ k ~ o w n  age structure makes i t  impossible that  a complete 

analytical t reament  can be found. We have, therefare,  devised an 

a l ternat ive method o f  t e s t i n g  the val idi ty  o f  the c u w e - f i t t i n g  

extlrci se. 

The u t i l i  t i e s '  witnesses have stated,  under cross-examination, 

tha t  their- approach t o  estimating alpha fop. subsequent use i n  e s t i -  

er-plant impact involves several assumptions: 



1 .  The Ricker model applies t o  the Hudson River s t r iped bass 

population (TR 2300, l i nes  9-14). 

2. There ex i s t s  a t rue  value o f  "alpha,'fi a parameter in t 

Ricker model, which characterizes the compensatory reserve of 

the population (TR 2314, l ines  11-211* 

3. The true value of a lpha  can generally be rel iably estimated 

through the curve- f i t t ing  exercise employed by the u t i l i t i e s  

(Exhibit UT-3, p. 2- IV -9 ) .  

4. Alpha represents the balance between fecundity and density- 

independent mortality in  the population (TR 2307, 

l i nes  7-11]. Xt varies  from year to year as environmental 

var ia t ion causes changes i n  population parameters, particu- 

l a r l y  i n  mortality (as  opposed t o  fecundity) (TR 2314, l i nes  

15-21; TR 2316, l ines  16-19]. 

5. Life-history charac te r i s t ics  o f  the striped bass, such ills 

( a )  suwiwal from age to  age, ( b )  survival from one year t o  

the next, o r  ( c )  fecundity, are  also wariab e ,  although they 

need no t  vary f o r  the curve-f i t t ing exercise t o  work 

(TR 2471 -73 ) .  

6 .  I t  i s  m t  necessary to know the par t icu lar  values 

l i fe-his tory parameters, nor t h e i r  degree o f  var i ab i l i t y ,  t o  

Rave confidence i n  the estimates o f  alpha which result fro 

the curve-f i t t ing exercise.  Variabil i ty in  life-histta 

a c t e r i s t i c s ,  uncertainty in the CPUE index,  e t c .  w i l l  simply 

be reflected as "noise" around the c u w e - f i t s  (TR 2471 -73). 
. . .  
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These asserted propositions suggest t o  us a conceptually simple 

and straightforward t e s t  of the re1 iabi l  i ty  o f  the uti1 i t i e s '  es t ima tes  

o f  alpha. The existence o f  high-speed digi ta l  computers makes i t  prac- 

t i ca l  to  build a mathematical model o f  the striped bass papulation. 

T h i s  model, termed a "simulation" model, can confor exactly t o  the 

assumptions the u t i l i t i e s  have made about the  real population. I t  can 

also mimic the en t i re  curve-fi t t ing exercise from s t a r t  t o  f in i sh ,  

e n d i n g  w i t h  estimates o f  alpha, just as the u t i l i t i e s  do, b u t  u s i n g  

model -generated CPUE values rather than the Hudson River data. There 

i s  one very important advantage to  going through this  exercise. For 

the Hudson River population, the t rue alpha (assuming such a t h i n g  

exists) i s  unknown. For the model population as  we have designed i t ,  

the t rue model alpha will be known, because i t  will be specified. 
-k 

The estimates o f  the true model alpha, from the curve-Fitting proce- 

dure, will also be available.  In building the sdel ,  we have made i t  

possible to co pare estimates of alpha f rom the model data w i t h  the 

t rue model alpha, as a means o f  tes t ing how well the curve-f i t t ing 

exercise works. T h i s  technique is  a "validation analysis," i n  t h a t  i t  

i s  intended to ascertain the va l id i ty ,  or lack thereof, o f  the u t i l -  

i t ies '  approach t o  estimating the parameter- alpha i n  the Ricker model. 

Because o f  the influence of random variation on 
mu1 tiple-agespawner populations, discussed i n  Appendix A,  the "true" 
value o f  alpha i n  the model i s  not known exactly, but only a 
mately. For the purpose o f  our analyses here, the difference 
our "approximate" knowledge and an exac know1 edge i s unimportant. We 
will use the word "known1' i n  connection i t h  alpha i n  the model , ra ther  
than the s t r i c t l y  more accurate phrase "approximately known". 

* 



The technique i s  an adaptation of  one proposed sme sixteen years ago 

by Dr. James T .  McFadden (McFadden 19631, the u t i l i t i e s 8  prfmary b3a- 

logical consultant. In  addition, t h i s  procedure was use 

occasion by Texas Instruments, Inc. ( E x h i b i t  UT-4, pp. 7.209 - 7.211)  

to  assess the va l id i ty  of estimates o f  the contribution o f  the ~~~~~n 

River striped bass stock to  the Atlantic coastal f ishery.  

The key concept on which t h i s  en t i r e  testimony i s  founded i s  

this:  i f  the u t i l i t i e s ’  cuwe- f i t t i ng  exercise,  when applied to sim- 

ulated CPUE data generated by the model, can produce re1 iable estimates 

af the known a1 pha i n  the model, then the exercise may also provide 

re l iab le  estimates of the true alpha fo r  the Hudson River striped bass 

population, i f  alpha applies and i f  the model population i s  similar to  

the Hudson River s t r iped bass population. Conversely, i f  the u t i l -  

i t i e s ’  cuwe- f i t t i ng  exercise,  when applied to  the simulated dat  

produces unreliable ( i m e . 9  poor) estimates o f  the known alpha i n  the 

simulation model, then the i r  estimates o f  alpha based on t 

River data will a t  best be similarly unreliable. 

Of course, a model i s  only a simplified abstraction o f  a pass ib le  

real-world s i tuat ion.  In order t o  r ea l i s t i ca l ly  simulate the ~~~s~~ 

River CBUE data ,  i t  i s  necessary to  introduce random variation i n t o  the 

model, b u t  the form of the real-world variation i s  generally not  known, 

and may not coincide w i t h  t ha t  used i n  the model. Also,  i t  i s  not 

practical t o  p u t  var ia t ion a t  every point i n  the model where i t  i s  

l i ke ly  to e x i s t  i n  the real world. Finally, many mechanisms wil l  ex i s t  

i n  nature which are  n o t  incorporated i n t o  the model. I t  i s  

- .... .. .. 
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appropriatc, therefore,  t o  ask what the e f f ec t  o f  al l  o f  these neces- 

s8ry simplifications i s  l ikely to  be on the  success or f a i lu re  o f  the 

c w w e - f i t P. i n g e xe rc i s e . 
- Ihe simplifications are of tm general k i n d s .  The f i r s t  k i n d  

corssists of mechanisms which i n  the real world iiiay be contributing t o  

controll ing t he  size ,  or the estimation o f  s ize ,  o f  the population b u t  

which are  not  included i n  the model. Suppose t h a t  the Ricker model 

dces apply t o  the real population, but t h a t  other phenomena are  a l so  

irrportarit i n  regulating the s ize  of the population. Perhaps density- 

dependeist growth occurs i n  young-of-the-year striped bass,  f a r  example, 

and th-is a f fec ts  mortality. Complex interact ions with other species 

may operate i n  m density-dependent manner and may be depematsry a s  

well as cmpensatary .  W i t h  respect t o  the estimation of population 

s i ze ,  the relationship o f  the CPUE index t o  the actual catch-per- 

uni t -effor t  may be influenced by complex economic and sociological 

f a c t o  a. 

The mode; does not  include these phenomena, and i n  tha t  sense i t  

i s  unrealistic a s  a model o f  the real world. B u t  by the same token, 

c u w e - f i l s  o f  the Ricker model t~ the real-world population are  sim- 

i l a r ly  unreal is t ic .  I t  would n o t  be reasonable a -.- -._ priori  t o  expect t o  

obtain good es t ima tes  o f  the parameters o f  a Ricker model from a time 

ser ies  o f  data i n  which Rickey-type stock-dependent mortal i ty were not 

by f a r  the predaminant. regul a t i  ng mechanism. Since the " E q u i  1 i brium 

Reduction Equation" becomes progressively l e s s  applicable as t h i s  

stock-dependent mortality plays a l esser  role i n  regulating the 



... 

... 

,... . . .. 

~o~~~~~~~~~ the estirnales a f  alpha f o r  the icksr model would n o t  be as 

useful, even i f  they d i d  appen t o  ~ ~ ~ ~ r a ~ ~ ~ y  represent the Ricker 

cuwc which i n  p a r t  applied t o  the ~ o ~ ~ l ~ t ~ ~ n .  

ese problems notwi t h s t and i  ng, however, simp1 i f j c a t i o n  o f  the 

~ ~ l a t ; i ~ n  mode7 i n  assurnin t h a t  only t e Ricker function regulates 

the model papula t ion  s ~ l d  maximize the ability of the cuwe-f i t t ing  

exercise,  which  assumes t e Ricker ~ ~ ~ c ~ i ~ f l ~  t o  work well { i + e - ,  to 

produce accurate and reliable estimates of: t e value of a l p  

adel) .  I f  t he  cuwe- f i t t i ng  exercSse does n o t  work under these f avo r -  

able ~ ~ m ~ ~ i f ~ ~ ~ ~  assumplions, i d  i s  ? i k e l y  useless for any purpose. OR 

the other h a n d ,  i f  the curve-f i t t ing exerc ise  does work well here, w i t  

~ ~ ~ e ~ ~ ~ e ~ e ~ ~ t ~ ~  results, there s t i l l  no guarantee t h a t  i t  will work 

we11 i n  extracting a r e a l  a l p  a frm the marc c m p l i c a l e d  real world. 

The second set  o f  s i m ~ ~ ~ ~ i c ~ ~ ~ ~ ~ ~  i n  the made7 involves  the in- 

ab i l i t y  t o  incorporate v a r i a t i o n  i n  the model everyw ere it e x i s t s  in 

nature, and i n  the same manner. Such var ia t ion,  if n o t  density- 

~ ~ ~ ~ ~ d ~ ~ t ,  i $ necessarily densib-independent. It ay represeat the 

~~~~~~~~~c~~ o f  envi r o ~ ~ e ~ ~ ~ ~  f a c t o r s  o r  o f  c o ~ ~ e t ~ ~ i ~ %  

~~~~~~~~~ by ~ o ~ ~ ~ a ~ i ~ ~ ~  of other organisms not closely coupled t o  

striped bass. V a r i a t i o n  a1 so resu l t s  f r o m  factars  o f  u ~ ~ ~ r ~ a i ~ ~ ~  

~~~~~~~~~~~ the CPUE i e7 i ~ ~ ~ ~ ~ ~ r a t ~ ~  

~~~~~~i~~ i n  several places. This  variation i s  de  large enough ts 

GPUE index (C 

define? the loca t ion ,  extent ,  and s t a t i s t i c a l  wature o f  t e real -world 

wai4aat’isr-i which  the model i s  a ~ t ~ ~ ~ ~ ~ ~ ~  t o  sl”mu’8ate. 
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I t  is  not possible to deternine the precise degree t o  which t k ~  

location, extent, and s t a t i s t i ca l  nature o f  the real var ia t isn 

influenced the success of  the u t i l i t i e s '  curve-f i t t ing exercise, 

without knowing more about the specific nature of  the real variation. 

However, expert witnesses for t he  u t i l i t i e s  have made statrriaepks t a  the 

e f f e c t  t h a t  the cuwe-f i t t ing  exercise should work well whether popu la -  

tion parameters such as  survival  and fecundity vary or reiiiain c o n s t a n t  

(TI? 2471-73). In  the u t i l i t i e s '  view, variation i n  population para-- 

meters simply explains v a r i a t i o n  i n  the d a t a  around the cuwe-f i l s ,  and 

i t  i s  not  a cause f o r  concern about the val idi ty  o f  the cuwe- f i t s  

themselves. That logic would apply equally t o  the modeling e x e r c i s e  

undertaken here. While we do nat  agree w i t h  their  view as a general 

proposition, the i r  view permits cornparabi l  i t y  betweea the i r  

curve-fitting exercise and our validation methodologygy, In a d d i t i o i l ,  as 

a means o f  exploring the effect  that  the location, exten%, and s t a t i s -  

tics? nature o f  the randan variatjon m i g h t  hawe on the success o f  the 

cuwe-f i t t ing  exercise, we looked a t  a range o f  assumptions about  the 

random variation. 
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Chapter 3 

DESCRIPTION OF THE SIMULATION MODEL 

Summary 

The f i r s t  part  o f  t h i s  chapter describes the model which forms the 

e validation exercise. Following th i s ,  we discuss the way 

dhe model i s  applied and the conditions governing the Cases which are 

est:" gated. These Gases involve the specification o f  the biological 

character is t ics  o f  the population be ing  simulated by the model, as well 

as the location of the random variation i n  the model. 

rirnavly model used i n  t h i s  investigation i s  a computer simula- 

t i o n  model f o r  the Hudson River striped bass population. This model, 

srsrned SRVAL, incorporates within it the Ricker stock-recrui meret madel 

ans o f  population regulation. The model i t s e l f  can be 

described by four main equations: 

1 5  

M i  ( t )  N i  -1 t -1  )Si ( t -1  

( 3 )  ( f o r  i = 1 t o  14) 



whew N i s  number o f  f i s h ,  t h e  s u b s c r i p t  on N i n d i c a t e s  tht.  age of t h e  

f i s h  a t  t h e  t ime  o f  spawning, and t i s  t i m e  i n  ysai-s. The ternr ai 

represents  the average f e c u n d i t y  (egg p r o d u c t i o n )  o f  a f i s h  o f  t h e  

subsc r ip ted  age, c a l c u l a t e d  as 

where f f i  i s  t h e  F r a c t i o n  o f  age i which i s  female, fini i s  t h e  

f r a c t i o n  o f  fpmales which i s  mature, and emf. i s  t h e  number o f  eggs 

produced by  each mature female. I h e  t e r m  Si represents t h e  prob-  

a b i l i t y  of s u r v i v a l  f ro in  age i-? t u  age i. CPUE'(t) rep resen ls  t h e  

c a t c h - p e r - u n i t - e f f o r t  index fo r  year t before lhe i n t v o d u c t  i o n  of an 

e r r o r  term. The tern 7 i n  Fq. ( 5 )  i s  a s e a l i n g  f a c t o r ,  c a l c u l a t e d  

w i t h i n  t h e  model, which C ~ U S C S  the e q d i l i b r i u m  va lue  of W E '  t o  

correspond t o  t h e  mean Hudson R i v e r  CPUE va lue.  T h e  term Li i s  t h e  

r e l a t i v e  nurnbcr. o f  f i s h  o f  age i i n  t h e  ca tch  f rom a s tpady -s ta te  popu- 

l a t i o n  ( i .e . ,  one which i s  a t  e q u i l i b r i u m  and cons tan t  th rough t ime) .  

The t e r m  N, i s  t h e  we igh t  o f  a f i s h  o f  age i. Whi le  t h e  terms Si 

i n  Eqs. ( 3 )  and ( 4 )  can, i n  g e n w a l ,  b r  t ime-vary ing ,  we have var?:ad 

o n l y  S1 i n  t h i S  test imony.  The term S i n  Fq.  ( 5 )  and l a te r  

equat ions  represetits t t lese eons tan l  s u r v i v a l  p r o h a b i l  i t i e s  for- f i s h  age 

1 

j 

i s  ob ta ined as: 1 and o l d e r ,  except  f o r  S l S 9  which 

- - + r s  

The adjustrnent t o  S,5  i n  Ey.  ( s a )  r e f l e c t s  t h e  f a c t  t h a t  N 1 5  

i n  Eq. ( 4 )  i s  used t o  represent n o t  only 15 year o l d  F ish ,  b u t  f i s h  

older- t han  age 15. Because o f  t h i s ,  i t  i s  p o s s i b l e  for S15 t o  be 

g r e a t e r  t han  1.0. 



All of t he  parameters i n  these equations are specified by the 

modeler prior to  a R u n  except for S I ,  the p r o b a b i l i t y  of ~~~~~j~ 

from age I) (an egg)  to age 1. T h i s  term i s  related t o  t he  R icker  model 

as  follows: 

where alpha and beta are  parameters i n  the Ricker model, r ( t )  i s  a 

random variable w i t h  mean zero and adjustable variance, C j s  a correc- 

t i o n  fac tor  to  remove from the population a tendency f o r  random 

variat ion of the form used to  cause a population to increase %see 

Appendix A ) ,  gamma is a specified term relat ing river f l o w  t o  young- 

of-the-year ( Y O Y )  mortal i ty  ( see E x h i b i t  UT-583 H7 represents a random 

variable  w i t h  mean zero and variance o f  3,411, $ i ~ u l ~ t ~ ~ ~  the var iance 

i n  Hudson R3ver f l o w  over t he  period 1950-1975 IExh ib l " t  

F(t) i s  a component of the "feedback" term i n  the Ricker model The 

"feedback" term (be ta  x F(  t ) )  const i tutes  the stock-dependent mortal j t y  

(Harris 1975) which causes the Ricker model t o  have an ~ ~ ~ ~ ~ i ~ ~ ~ ~ m  

point. I t  expresses the general concept t h a t  the abundance of older 

f ish,  or o f  parents, or of eggs spawned, exer ts  a negatiwe influence am 

survival d u r i n g  early l i f e  (here ,  t he  f i r s t  y e a r ) ,  and t h a t  the 

negative influence becomes stronger as this ~ ~ ~ ~ d ~ ~ c ~  of a lder  f i s h ,  

parents, o r  eggs increases. T h i s  component o f  the  feedback term i s  

calculated i n  one of two ways, depending on the mechanism being modeled: 
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15 

fo r  feedback based on the number of eggs spa 

f a r  feedback based on t h e  number o f  older f i s h  ( i . e . y  alder than age 

ze ro ) .  The term v in Eq. ( 7 )  i s  defined as  

- 
Thus, V represents t h e  total  contribution o f  a yearling fish t o  a l l  

subsquswt age classes.  The term f: i n  Eq. ( 7 )  represents the eqcai- 

l i b r i m  ( i . e . ,  from a population a t  steady s t a t e )  egg production per 

f i s h  o f  age one o r  older ,  and it i s  defined as 

This explains a l l  o f  the terms i n  Eq. ( 7 )  except fo r  alpha and beta. 

In the present application, alpha i s  f i r s t  specified f o r  the purpose of 

afterwards will u a t i  ng the abil i t y  o f  curve-fi t t i  ng t o  est imate a1 pha as 

a funct i 'on o f  t h e  part icular  value ~f alpha. For  any one Run alpha i n  

the model i s  always fixed a t  a predetermined value. Once this has been 

done, a corresponding va lue  of beta w l'ch results i n  an equilibrium 
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. .  

.... . .  

yearling population of 2,5 million f i s h  (an a rb i t ra ry  number which has 

no bearing on the outcome of the study) is  calculated internal ly  i n  the 

model as 

beta - - I n  (alpha) - 
9 

F 
(12)  

where F i s  o b t a i n 4  by a p p l y i n g  ~ q .  (81 o r  191, as approprjate, t o  a 

popul  at ion a t  steady s t a t e .  

Two final equations a re  needed t o  complete the description o f  the 

model. These describe the introduction of random er ror  into the 

model's CPUE index. For the case of a lognormally-distributed e r ro r  

tern the equation i s  

where G ( t )  i s  a normally-distributed random variable w i t h  a mean o f  

zero and specified variance s 2 . The function o f  the term s 2 /2 i s  

discussed i n  Appendix A. For the case of a normally-distributed e r r o r  

term, the equation is  

where @ I t )  i s  as defined f o r  Eq. (13). Note t h a t  i n  both cases, the 

e r r o r  terms are  multiplied by the CPUE' index, rather than being added 

%a it. T h i o  usually avoids the problem of creating negative CPUE 

would be jmpossible in e i the r  the model o r  i n  nature. 

~ ~ ~ r e ~ M e ~ ~ 1 ~ ~  the term ( 1  + G(t)) i n  Eq. (14)  was negative; when this  

occurred, another random value was obtained and substi tuted f o r  G(t). 

As a r e su l t  of this multiplicative form of variat ion,  the amount of 
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variance i s  a function of the s ize  of the value o f  CPUE' i tsel f ,  and i t  

i s  n o t  appropriate t o  re fe r  to the overall e r ror  distr bu t ian  i n  the 

tern CPUE as lognormal or normal. To d i s t i n g u i s h  these t 0 cases from 

each other i n  the remainder of th is  testimony, we re fer  t o  the base o f  

e i ther  a lognormal o r  a normal random coef f ic ien t ,  representing the 

application of Equa t ion  I1 3 )  o r  (14) , respectively. 

As described, our model i s  similar to one developed and applied by 

Allen and Basasihaki (1974.1, and somewhat simpler than the model 

developed by Christensen, DeAngelis, and Clark (1977) .  The present 

model d i f f e r s  substant ia l ly  i n  detail  from these other models i n  

several respects,  however: 

1 .  The model "samplesi' the simulated striped bass population each 

year, i n  the same manner i n  which the e erc i  a1 f i  shermen 

m i g h t ,  b u t  without e r ror  - except en e r ror  i s  intentionally 

introducedd. T h i s  sampling process simulates the Hudson River 

catch-per-unit-effort  (CPUE 1 s t a t i s t i c  ich i s  the basis fo r  

the u t i l i t i e s '  cuwe- f i t t i ng  exercise. 

2 .  The model simulates the population over  a l o n g  time period 

(nearly 3200 years ) .  Each such simulation i s  termed a "Run." 

The f i r s t  50 years of each s imulat ion are not  used, t o  allow 

time f o r  the population t o  be influenced by the random 

t i o n .  Begi nni  ng w i t h  the f i  f ty - f i  r s t  year the model separates 

the time ser ies  of CPUE values (one value f o r  each "yeara' i n  

the model 1 into 120 groups, each containing 26 CPUE values. 

Each group (termed a "Replicate") t h u s  simulates the single 

26-year time ser ies  of CPUE values from the real Hudson River 

which the u t i l i t i e s  use. 
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3.  In the same manner i n  which t h e  u t i l i t i e s  process the s i n  

26-year CPUf time ser ies  from the real Hudsa 

pracesses each Replicate. The resul t  of t h i s  processing i s  1 2  

simulated data s e t s  f a r  each Replicate, eleven of 

respond t o  a part icular  i n t e ~ p ~ e t a t ~ o ~  o r  a ~ ~ ~ ~ a ~ ~  

utilities have applied La the i ~ e r  data  t h e  

f i v e  year l a g  a ~ ~ r ~ a ~ h ~  o r  the "eggs on eggs" appro 

one o f  which ( the  f o u r  year l a  1 the utilities 

utilized. Each o f  these 1 2  da ta  sets  cons is t s  of up  t o  22 

simul ated stock-recrui t data  poi ts, the exact n ~ ~ ~ ~ r  depend- 

i n g  on the par t icu lar  processing approac 

wi th  a f o u r  year l a g  there are 26 - 
4. The same cuwe-f i t t ing  pro ure t h a t  the ut i l i t i es  apply t o  

each of the approaches us 

i s  applied to each o f  these da ta  sets. Phis cu 

procedure consis ts  o f  f i t t i n g  the da ta  s e t  w i t h  t h e  Ricker 

model i n  a l inearized fom: 

where R and P denote the ~ ~ ~ ~ ~ ~ ~ o ~ ~ j ~ ~  ind ices 08 recrui ts  

and o f  stock, respectively. This  resu l t s  a"n a ~ w ~ - ~ ~ ~ a ~ ~ ~ ~ ~  

cuwe f i t ,  consisting ~f an est-irnate of both a lp  

I t  i s  the estimate of: alpha which i s  j ~ p a r t ~ n t  here, as it. 

controls the prediction o f  ~ ~ ~ r - ~ ~ a ~ ~  impact i n  the E 
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a modification o f  t h e  Ricker model which includes f low,  i s  

also f i t  in a 1inear4zed fom, as  the  u t i l i t i e s  d i d  in 

Exhibit UP-58: 

where t h e  new t e r  giamna expresses the refat ian between f l o w  

and YOY morality. The term B7 i s ,  f o r  each spawning year,  the 

difference between t h e  f l o w  i n  tha t  year and tlae mcaR f 1 w  f o r  

the spawning years included i n  the  part icular  data set.  The 

f i t t i n g  o f  t h i s  secarid wiodel results i n  a second est imate o f  

both alpha and beta. A third est imate  of alpha and beta,  

abtal'wed using a nethod termed the  "'tecknique o f  prior e s t i  

t-im of b e t a , "  was a lso  obtained. This  technique, w h i c h  does 

not  rely on c u w e - F i t t i n g ,  i s  explained i n  Chapter 5. 

Each "Replicate" from the model, then, simulates the ePuE time 

the Hudson River and i s  subjected t o  the  saiiie genera? pso- 

cess ing used by the u t - i i i t i e s  on the real CPUE t ime series.  In other 

wzrds, we use an art1 'f icial  model-produced se t  o f  values w i t h  similar 

cha rac t e r i s t i c s  t o  t he  CPLX da ta  frm the Hudson River t o  examine the 

v a r i o u s  carwe-fitting exel-ci ses and ' ' p r ior  estimaitisn of beta"  

technique engaged i n  by the u t i l i t i e s .  

* I t  i s  important t o  note that ,  w i t h  respect t o  the  classical  
pt-eseurtation o f  the Wicker rnt~,!el, the a l p h . ~  of i n t e re s t  here i s  t h e  
residual alpha related t o  the escapement cuwe,  ra ther  than the a lpha  
tor t h e  Rizker spawner-recruit curve _1___- per se. In other words, the 
Rickes- C U W ~ S  we are work ing w4' lh  hew are those for the exploited 
population, rather than those f o r  the v i r g i n  s tack.  

c 



model. The choices w h i c h  were varied < n  this  work are as fofloa 

br ief  summary o f  Cases is  provided i n  Table D - 1 ) :  

1.  Annual surv iva l  of f i sh  --- age one and older. Specified a s  0.  

f o r  a l l  Cases except Case 2, where 0.60 was used. The value 

0.43 was chosen because we ~ n ~ e r $ t ~ ~  

t h a t  this i s  a good estimate o f  ann cal suNiva l  ~~#~~~~~ i ty ,  

based upon his ~ n t ~ ~ p r ~ t ~ t ~ ~ ~  o f  the da ta  (T 153, llne 13, 

954, l i n e  11). 

w i t h  this estimate. The value of 0,60 i s  the su 

used by the u t i l i t i e s  in t h e i r  a p p l i c a ~ i o ~ ,  no d.i scarded f a r  

other reasom of‘ the s p ~ w ~ ~ r - r ~ c r ~ i ~   bund^^^^ 

approach i n  E x h i b i t s  UT-3 and UT-4, 

2. Type o f  feedback i n  the Ricker model a Fr 

Section 2- fV of Exhibit UT-3, i t  i s  c l ea r  t h a t  the u t i l i t i e s  

consider both feedback based on the number o f  eggs produced i n  

a given year  and feedback based on the ~~m~~~ s f  f i s  

echani sms represe ted by the Wicker model 

possibly applicable to the ~ ~ d s ~ ~  River, Fee 

eggs was used i n  Cases 1 - 3  and 5-6;  feedback 

number of fish was used i n  Cases 4 and 7. 

3.  Value of gamma, the coef f ic ien t  

year mortali ty.  Except fo r  

approach i n  Chapter 4, where 

constant a t  0.000036, which 



ORHk /NU R€G/TM- 385 /V3 22 

o f  the e s t i m a t e s  obta ined For gamma f r c m  those f i t.t i i" lg 

approaches used i n  E x h i b i t  UT-58 wit.!) flow included. The 

u t i l i t i e s  used an incorrzct CPUE data set i n  E x h i b i t  UT-58. 

W f t k  these i ncorrect d a t a  f l o w  appeared t o  be "significant" 

i n  e x p l a i n i n g  %he v a r i a t i o n  i n  the  d a t a  (sornct im~is only a t  the 

8.1 level , meaning t h a t  the 90% coi-fidence in tcwal  f o r  yaiwia 

d i d  not: include 0.0) for  the five yeal( lag and t he  "multiple 

age'' and "eggs on eggs" model s .  T h i  s "si 9n.t f icance" 

disappears uith use o f  thc c o r a ~ ~ t .  data  r e t .  By the  time we 

had c o n f i m e d  t h e  error,  the simulation modpi had already been 

expanded t.ij incorporate the concept o f  f l o w .  In order t o  

re ta in  this  concept i n  t h e  iiaodel , we elected t o  use tkc mean 

-A. 

g ahfrma e s t 

"eggs cn 

set, even 

were nons 

mated from the f i v e  year lag,  "multiple age," and 

eggs" approaches; obtaai ned usi ng the C O P P ~ C  t da ta  

though t h e  values invo lved  i n  calculat- ing t in is  mean 

gnificant.  The value used rakes f l a w  a r e l a t  vely 

unimportant infliience i n  t h e  mode'8 runs, b u t  i t  does retain a 

minimal degree o f  variatimi i n  youny-of-the-year mortal i t y  , 

variation and se t t l e  t o  steady s ta te .  

Corrections for t he  E x h i b i t  UT-58 CFUE d a t a ,  prompted by an FPW 
request, were provided i n  a l e t t e r  dated January 9,  '1979, f r o m  
Kenneth L. Marcel  Ius, Consolidated Edi son Cornyany o f  New York, Inc. ,  t o  
Henry Gluckstern, Environnefitd.1 Protection Agency (Reginn 11). Values 
f o r  seiaeb-a1 yeairs w r e  "updated," involving very minai. changes-.  la? 
addi t ion ,  the 1972 value was changed from 2835 t o  3399, reflecting i n -  
formation whjch became avail a b l e  d u r i n g  cross-cxaminat isn.  Tire 1956 
value WQS corrected fren 8534 eo 5830. The value 8634, w h i c h  kd3s 
ut . i l ize4 i n  the  f i t s  i n  E x h i b i t  UT-58, was f e l t  t o  be a transcription 
e r r ~ r .  Alpha e s t i m t e e s  u s i n g  the corrected and updated data were 
generrx?ly lower than those or iginal ly  obtained i n  E x h i b i t  UY-58. 

* 



4. Location of random variat ion i n  the model. Flow i s  introduced 

in to  the model as a random variable ,  w i t h  the degree of random 
_. 

variat ion based on the degree of variation i n  the actual "'qS'8 

freshwater flow data (Table 3 i n  E x h i b i t  UT-58). The random 

"flow" variable i n  the model, via gamma, causes YOY mortality 

t o  vary i n  a l l  Runs (except i n  Chapter 4 ) .  Additional random- 

ness i n  YOY mortality was sometimes introduced 

and/or randomness was sometimes applied t o  the CPUE index. 

Only YOY mortalfty, and not CPUE, was varied randomly l"n 

Cases 1 and 2. In  Case 3 ,  a17 o f  the random variation was i n  

the CPUE index except f o r  the influence o f  flow. In 

Cases 4-7, random variat ion was used i n  both YOY mortality and 

the CPUE index. 

5. Form o f  random variation i n  the model. While this might have 

been varied everywhere random variat ion was used, we have 

varied the form of the random variation only on the CPUE 

index. In Cases 3, 4, and 5, a lognomally-distributed random 

coef f ic ien t  of CPUE' was used [Eq. (1311. In Cases 6 and 7, a 

normally-distributed rafldom coefficient was used [E$. I14)]. 

6. Magnitude of random variation. - A p r i o r i ,  increased random 

variat ion would be expected t o  result i n  lower r e l i ab i l i t y  of 

parameter estimates, and i f  the estimates a re  biased, in 

greater bias o f  parameter estimates. The magnitude o f  random 

variat ion should therefore be important. In this work, there 

i s  one guide which can be used t o  specify the appropriate 

amount o f  random variation i n  the Hudson River CPUE index 



ORNL/NUREG/TM-385 /V3 24 

w h i c h  the model i s  g ~ ~ e ~ a ~ i ~ ~ ~  If the CPlJE values output from 

the model consistently had more, o r  consistently had less, 

var ia t ion than ex i s t s  in the single 26-year Hudson R i v e r  CPUE 

se r ies ,  then the model would n o t  be simulating t h e  real data 

well. In order t o  apprapriately specify variation i n  the 

model, the coeff ic ient  of var ia t ion for the Hudson River CPUE 

ser ies  was calculated as 0.423- For a given model R u n ,  120 

simulated CPUE time series (one f o r  each Replicate) were 

generated. The amount o f  variation i n  the model was adjusted 

until the median of the 120 coeff ic ients  o f  variation of 

simulated CQUE time se r ies  from the 120 model -generated 

Replicates was equal t o  the coeff ic ient  of variation o f  the  

Hudson River CPUE time series (0.423 1: 0.01 ). 

For Runs where random variation was used i n  both the  YOY 

mortality and the CPUE index, an addi3-ional cons t ra in t  was 

imposed i n  order t o  increase canparability among Runs w i t h i n  a 

Case. F Q ~  each Replicate, the r a t i o  o f  the maximum to the 

minimum number o f  yearlings d u r i n g  the 26 model years i n  the 

Replicate was calculated. variation i n  the  young-of-the-year 

martality was adjusted so t ha t  the median value o f  this r a t io  

among a l l  Replicates w i t h i n  a Run was 10.0 ir Q,19. %&is r a t io  

was chosen i n  an uncritical attempt t o  meet the expectations 

of Dr. McFadden, one o f  the u t i l i t i e s ’  swain witnesses, who 

feels t h a t  fluctuations i n  the number o f  juveniles, as 

i n the avai 1 able beach-sei ne da ta  f o r  young-of-the- 

year striped bass ( E x h i b i t  3, Table 2-VIII-9 as amended) ,  



. 

.... 

... .... 

might be ~ a o ~ ~ ~ l ~  tenfold,  r a t h e r  t.han the large?- Za-fo ld  

%I uc tua t i ons  actual By present i n  t ose dat.a :TR 2772, 

'lines 4-9; TR 2775, l i n e s  l l - 1 4 ) e  

"chis r a t i o  of ten  t o  "c1ose" s o ~ e w ~ ~ t  ( i - e o 3  ~~~~~~~ srisallerl 

before the f i s h  became ~ ~ a ~ l i n ~ s  (due t o  ~~~~~~~~~~ n o t  

present i n  the Ra'cker model ) 9 b u t  these avaa"laknle ~~~~~~-~~~~~ 
da ta  f o r  ~ ~ u n ~ - o f - l ~ ~ - y e a ~  striped bass cower (s ly 11 years, 

eplicale conta ins 26 years* In such a 10 

series beach-sei ne d a t a  WBU dbe expected t o  Sh 

f I u c t u a t i  Qns, icln we suppose Dr.  add^^ u u l d  consider  t o  

reflect  greater than tenfold ~ l ~ ~ ~ u a ~ ~ ~ ~ ~ .  Tenfold v 

i n  the model yearlings i s  t h u s  deemed t o  a ua t e  1 y rep ?-e 5e 0.il t 

subscribe t o  his expectations. 

Once a Case i s  established, the nex% step ' 8 ' ~ 1 ~ 0 1 v e s  choosing values 

Each a t o  use. Speci fy ing a l p h a  p e r m i t s  beta t o  be calculated,  

value o f  a l p h a ,  together with the v a r i o u s  ~ o ~ ~ i ~ ~ ~ ~ ~  

c a n s t i t u t i n g  a cast?, def ines a ich results i 

each Replicate s imu la t i ng  the 26-year 

As mentioned above, each Replicate was processed as the utilities 

e Hudson Rive r  CPUE time series. 4 e est imat9s 06 a1 

could then be comgase the  ~~~~n traae va lue  os" a lpha  

i n  the model, t o  evalua%e how well the c u r v ~ ~ f i i t t i n g  exercise ~ o ~ ~ @ ~  

f o r  t h a t  Case. Th is  b r i e f  synopsis i s  elaborated below, s-n'nce these 

,ternis and concepts are ~ u ~ ~ ~ ~ e n ~ ~ ~  t o  an ~ n d ~ ~ ~ ~ ~  of r@miflder 

o f  our testimo 



F. Case represents a s e t  o f  choices for our simulation msdcl. These 

choices conccr-n 1ife-hist.ory parameters, the type o f  feedback in the 

underlying Ricker model, and the  lcgcatiara and dis t r ibut ion s f  random 

v a r i a t i o n  i n  t he  model. The one important parameter which i s  n o t  

specified in a Case i s  alpha, since e wan t  t o  explore, w i t h i n  the 

context of the Case, the e f fec t  o f  varying alpha. Cases are summarized 

in ' fable  I)-1. 

Once the Case is  specified,  a se t  o f  alpha values i s  chosen f o r  

use. Each alpha value within a Case defines a par t icular  Run ( i . e . ,  a 

single execution o f  the computer program). W i t h i n  a Case, the Runs 

ttim d i f f e r  from each other w i t h  respect t o  alpha level and a lso w i t h  

respect. t o  the ''seeds" which i n i t i a t e  the random number generator. The 

di f f w ? n t  alpha levels all so require adjustment o f  the amounts of 

variation specified in the model, so t h a t  the ~ o d e ~ - ~ ~ ~ e ~ ~ t ~ ~  CPUE 

values will have the proper amount of var ia t ion ( i . e . 9  typically the 

sane amount o f  variation as does the " rea l"  CPUE time se r i e s ) .  The 

functional ci-i fference between Runs w i t h i n  a Case, however, i s  t ha t  the 

a1 pha 'ieve: s d i f f e r .  

Id i th in  a sjngle Run,  there are  120 Replicates. Each Replicate 

consis ts  of a 26-year time ser ies  o f  model-generated CPUE values. Each 

Replicate r s u l t s  from our  having specified,  in the Run, the biological 

charac te r i s t ics  of our model population, including the  degree o f  pap- 

ulation sel f-regulation (via a lpha) .  The 26-year CPUE time series 

which comprises each Replicate i s  comparable to the Hudson River CPUE 

time series .  The model time se r ies  represents a contiguous sampling of 

the  model F i s h  population, in a manner consistent i th  the u t i l i t i e s '  
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"simulated commercial f ishery" ( E x h i b i t  UT-3, p a  2-VIII-12) just as 

the  u t i l i t i e s  take the Hudson River striped bass C UE index t o  

represent a sampling of the strl"ped bass population. 

The same type o f  curve-f i t t ing exercl'se which the u t i l i t i e s  carry 

au t  on the ' ' real '8 CPUE data i s  carr ied out on each Replicate. Twelve 

"processing approaches," which will be elaborated i n  Chapter 4, are  

applied t o  each Replicate, Each processing approach is  intended by the 

u t i l i t i e s  t o  convert the single 26-year simulated CPUE time ser ies  t o  

indices of stock and r ec ru i t s .  The indices resul t ing froin the applica- 

t i o n  o f  each processing approach are used twice i n  regression, or 

cuwe- f i t t i ng ,  procedures; once t o  obtain an alpha estimate from the 

basic Ricker model i n  a l inearized form without flow [Eq. (IS)], and 

once to obtain a correspondi ng estirna t e  u tl" 1 i z i  ng the model ' s sirnu1 ated 

river f l o w  values [Eq. (1611. I t  i s  these estimated alpha values 

which, by comparison w i t h  the corresponding true model alpha values, 

form the basis a f  our validation analysis.  

For the f i r s t  two Cases, alpha values o f  1.0,  1.25, 2.5, 5, 1 

and 40 were i n i t i a l l y  chosen f o r  the Runs. The value o f  4 

n o t  be used, however, since i t  generated too much variat ion i n  the WISE 

index based upon our c r i t e r ion  tha t  the median coeff ic ient  o f  variation 

23. It was replaced f o r  Case 1 w i t h  a value o f  30, which caul 

be used i f  random variat ion was kept very low. For Case 2, the alpha 

va7uc o f  30 could not be used because i t  generated excessive var ia t ion,  

and i t  was dropped. Values o f  alpha lower than 1.0 could have been 

b u t  would have required some restructuring o f  the model A~pha 

values lower than 7.0 imply a population which i s  declining toward 



exti ascti on. lrlhen be ta  i s  plssi L i v e  in such an i nstatxe, tiii s "com- 

pensatory ' "  term in the Ricker model, w h i c h  supplies a t o f  t;14 Lotdl 

norl.&lity f o r  the population, actudlly hastens t he  poplrla%ion declinc. 

For Cases 3 - 1 ,  t h r e e  alpha values wcw used: 1.25, 4.0, and 10. 

Thest-! values cover a range wider than generally considered l ikely by 

t i i c  u t i l i t i e s ,  and serve rather rdgell t o  i l l u s t r a t e  t h e  behavior of t h c  

cuwe- f i t t i ng  exerc ise .  
- Our  simulation mdel was v a i  idadied i t i  thrw d i f f e i -e r r l  way is. 1-7 rst ,  

a parallel model was developed independently by B r .  Goadyeer. Tile idec -  

%ical set  o f  29 random nufibers was used repet i t ively in beth mode's to 

produce t h e  variation i n  YOY mor ta l i t y9  and bo th  models were s t a r t e d  

w% t h  the  same i n i t i a l  condi t i o n s .  Reslal t s  from the curve- f i t t i  wj 

e x e r c i s e  f o r  several o f  t h e  l a g  approaches were ccmpared, arad we:-? 

found tu be t he  same w S t h i n  rounding error. Second, a sUbrvoQt+ne i n  

the model p e r m i t s  t h e  f i r s t  Replicate t o  be replaced w i t h  the Iladsim 

River- CPUE and f l o w  l i m e  se r ies .  T h i s  p e m t . t e a l  11s to  repeat t t ic 

u t i l i t i e s '  analyses, as well as t o  obtain valades based upon t h e  

corrected d a t a  set. (see Chapter 5l0 The f a c t  t h a t  in comparable c.3ses 

we always obtained t h e  Same estimates o f  alpha, beta, and gamma (and 

indications of "significance"E reported by the u t i 1  i t i e s  provides 

c o n f i r m e t i o n  t h a t  we ard the u t i l i t i e s  were corrducting the 

c u r v e - F i t t i  rig exerci se in an ident ica l  manner-. Thi i-d, tw o f  t i s c  

m a t r i x  methods (Eqs. (8U) and (T3uj ) zt-c coneeptmlly "pe r fec t "  

methods under cer ta in  idealized conditians, iri tha t  the f i t t e d  ii;advi 

ut-ilining t h e  rnatibix method, incorporates t h e  saixlt? v a l ~ e s  fo r  the 
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Chapter 4 

THE PROXY APPROACH 

S uma ry 

In th i s  chapter, t h e  use o f  the validation methodology i s  

i l l u s t r a t ed  by applying i t  t o  test a novel proposition, known as t he  

"proxy" approach, set for th  by Dr. McFadden and supported by Or. Lawler 

and other of the u t i l i t i e s '  consultants. The proxy approach purports 

t o  be a rationale f o r  choosing a l ag  time d i f fe ren t  from the l ag  

related t o  the  generat ion time. The lag chosen by the u t i l i t i e s  under 

this rationale ( i . e . ,  f ive years)  f o r  manipulating the CPUE data a l so  

happened t o  give a higher estimate o f  alpha than d i d  other lags. We 

conclude t h a t ,  even u s i n g  a sample Case constructed by Dr. Savidge as 

one t o  which the proxy approach should apply, t h e  more conventional 

generation t ime approach i s  superior, and there i s  no valid b a s i s  fo r  

t h e  proxy approach. 

Dur ing  cross-examination, Br. McFadden se t  forth a prsp~si t i o n ,  

which we will ca l l  the  "proxy approach,'i as a j u s t i f i ca t ion  for h is  

preference f o r  estimates o f  alpha o b t a i n e d  a f t e r  applying a f ive  year 

lag, as opposed to  longer lags,  t o  the  Hlrdson River striped bass CPUE 

data (TR 1250-53). The proxy approach, as used by t he  u t i l i t i e s  t o  t ry  

t o  j u s t i fy  use of a f ive  year lag for processing t he  CPUE data,  can be 

s ta ted as follows: 

Proposition 1 : The spawning stock and the  corn ercial  stock  are 

essent ia l ly  identical (TK 1916, l ines  11-14; TR 2607, 

l i nes  19-25) .  
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Propos i t ion  2: The  CPUE index i n  a p a r t i c u l a r  y e a r  i s  a measure 

(TR 2543, of  the spawning s tock i n  t h a t  same y e a r  

lines 14-17; TR 2544, lines 

Propos i t ion  3: F i v e  y e a r  old 

(TR 2608, lines 12-23).  

P ropos i t i on  4: For purposes o f  c 

2-1 5) * 

f i s h  dominate the 

nstructing a r e c r u i t  

CPUE index 

ndex * 

the f i s h  o l d e r  t h a n  five y e a r s  which a r e  represented  l"n the 

CPUE index can ,  under approximate equi 1 i brium assumptions be 

cons idered  as p rox ie s ,  r ep resen t ing  the G o n t ~ ~ ~ ~ t ~ ~ ~  o f  the 

f i v e  y e a r  o l d s  l a t e r  i n  l i f e  (TR 1251-52). 

In this proxy approach, p ropos i t i on  2 i s  based on ~~~~~~~~~~~ 1 

(TR 2623, l i n e s  6-11).  Given propos i t ion  2 ,  the age of dominance i n  

the CPUE index ,  by weight ,  would determine the a ~ ~ r ~ ~ ~ ~ ~ ~ ~  lag 

(TR 2622, l i n e s  5-91; t h i s  appears  t o  be a r ev i s ion  o f  Dr. ~~~~~~~~~~ 

earlier view, expressed on TR 1257, lines 20-25, which implies  t h a t  the 

age o f  numerical abundance rather than the age o f  dominance by weig 

would determine the l ag .  

This "proyy approach" s t a n d s  i n  c o n t r a s t  t o  another ,  more class- 

i c a l  approach, which we will term the "genera t ion  timelt a~~~~~~~~ This  

approach i s  a1 so recogni zed by the u t i  1 i t i e s  ' witnesses, i n c l  udi ng 

Dr. McFadden (TR 2492, lines 12-16) ,  and was i n  f a c t  p re fe r r ed  over t 

proxy approach by a t  least  two of them (Dr. Savidge and 

TR 2519, l i n e s  10-11 and TR 2520, lines 22-24). This  l a t t e r  a ~ ~ r ~ ~ ~ ~  

ho lds  t h a t  the b e s t  l a g  t o  use would be the l a g  closest t o  the  

t i o n  time f o r  the popula t ion .  The genera t ion  time a's approximat 

age  by which a given "average" female fish has cont r ibu ted  one-half 
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o f  her total expected lifetime pgg production. The genwatioti t ime is 

a function o f  thp survival rates and age-specific fecundity rates o f  

For the 1 ife-h i s t o r y  parameters I cmzles in a populatinn. 

(Txhibit UT-3, Tables 2-VIII-1 and ?-VIII-5) and survival ra te  of 0.43 

prefwred by the ulilities, t h e  generation t i m e  of the Herdson R i v w  

striped bass popdlation is roughly 5.75 years. l h i s  e s t i m a t e  of gen- 

eration t i m e  i s  based on Figurec 6-32' t o  5-36, which show the period of 

oscillation of the p o p i i l a t i o n  to be approximatPly 11.5 years, and 

Rizkec's (1354) statement t h a t  t h e  period of oscillatjon in  a 

multiple-age-class population governed by processes d e w - i h d  by what 

is now callpd a Ricker curve will be approximately twice t h e  liiean 

length of t i m e  from piirssntal egg t o  filial egg (e.g., twice t h e  

generation t i m e ) .  Por- higher survival ra tes ,  the generation time will 

h 

- 

become 1 onger 

1 hu$, when t r y i n g  t o  construct spawner and recruit indices from 

t h e  Hudson River s t r i p e d  bass CPUE ddta, the generation time apprcrack 

would a r g u e  f o r  usiiq a longer lag than that s u g g ~ s t e d  by 

Ut-. Mcradden's proxy approach. In our  view, the generation l i m p  is tbie 

best guide t o  use in arriving at a preferred lag for a population 

regulated by a Ricker-type feedback mechanism w i t h  t h e  feedback based 

on t t t t ?  number of eggs spawned (recogniling, of course, that any lag 

wCll be irriper-fez&. f o r  a rnultipl~-age spawning population). I f  the lag 

indicated by lkle ycneration t i m e  approach differs from that. indicated 

by  t h ~  proxy approach, the likely explanation i s  that one o r  more o f  

the propositions in the  proxy approach is f iot  met. In t h e  case o f  the 

Hudson River striped bass population, i t  is easy to find suspect 
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generation time of the hypothetical papulation, tha t  i s ,  there i s  a 

seven year  gap bet en the time o f  spawning and the Lime the offspring 

themselves spawn i n  this hypothetical. 

On fur ther  cross-exa inat ion,  the u t i l i t i e s  were presented w i t h  

three more hypothetical examples of increasing complexity, w h i c h  

involved getierally more r e a l i s t i c  assumptions: three ages involved i n  

spawning ,  three ages represented i n  the catch,  and two ages i n  bo th  the 

spawning and the catch- Despite the u t i l i t i e s ’  attempts to  ju s t i fy  

their  use o f  the proxy approach, they agreed t o  the appropriateness o f  

the generation time approach f o r  the determination o f  l a g  t imes  fo r  the 

f i  rst  three hypothetical s e They agreed t h a t  the generation t ime 

approach could be applied t o  the fourth hypothetical although they 

maintained t h a t  the proagy approach could allso be applied to  th i s  f inal  

hypothetical. The u t i l i t i e s  argued t h a t  a l l  b u t  the final hypothetical 

differed frm the? Hudson River i n  t h a t  there was soa overlap between the 

spawning ages and the ages caught i n  the fishery.  

During the course o f  this  investigation of the proxy approach i n  

~ r o ~ ~ - e ~ a ~ i n a t i o n ,  Dr. Savidge se t  up an example t o  ’BP ich he f e l t  the  

proxy approach would apply. The example i s  s t a t e d  at, YR 2576, l i n e  22, 

t h r o u g h  TR 2577, l i ne  2, and again a t  TR 2578, l i nes  5-25. Restated 

f o r  c l a r i t y ,  the  example i s  as follows: on the average, f ive-.year-o’lds 

make up 4Q% o f  the catch,  and six,  seven, and eight  year olds each make 

up 20% o f  the catch. The six,  seven, and e i g h t  year old f i sh  do al l  o f  

the spawning, i n  equal proportions ( i . e . >  each o f  these ages con- 

t r i b u t i n g  33.3% o f  the eggs,  on the average). Then, according t o  the  

proxy approach, the five-year l a g  would be appropriate t o  use i n  
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constructing stock-recruit pairs. According t o  the generation time 

approach, seven years would  be the most appropr  ate lag. 

The validation methodology i s  an ideal t oo l  t o  use i n  

j n v e s t i g a t i n g  t h i s  controversial question o f  which l a g  works best 

Table 1 .;bows set of input parameter values that were developed t o  

m a t c h  exactly Qr. Savidge's hypothetical. These values were used i n  

t h e  simulation model. (Very similar results, and identical conclusions, 

are obtained if the weight vector i s  set t o  1.0 for a l l  ages, so that 

f i v e  years  01ds  dominate by weight as well as by number.) T h e  proxy 

analyses were designated as Cases 101 and 102, to distinguish them from 

the "real"  Gages ( i . e a 9  Cases based on characteristics a t  Ic?ast 

d:sserted to represent Hudson River striped bass) .  F l o w  was not used i n  

{:he s i m u l a t i o n  model, nor i n  the fitted model. Case 101 has no random 

vltr a t i a n ,  and consists solely of Ruri 931. Case 102 has ran 

var d t i o n  in YOY mortality, arid c o n s i s t s  of Runs 932 and 933, 

For Case 101 (no random variation), an alpha value of 10 was 

e h m m  f o r  Run 931 as a value which caused substantial and sustained 

o s c i l i a t i o n s  i n  this hypothe t ica l  population (Ricker. 9954) T h e  s i z e  

s-tf t h e  initial population in the simulation model W ~ S  set  a t  below 

equilibrium s' ize so that the oscillations could become establishe 

i c t  a l l  runs, the population was s imu la ted  f e r  50 years p r i o r  t o  use of 

the data as a CPUE index. 

Figures 1 and 2 show the  results for the f i r s t  three o f  t h e  120 

Replicates i n  R u n  931. The order o f  the graphs i s  as you would read a 

pagc o f  text - the first row from left t o  r i g h t ,  then the second row, 

P ~ C .  The first graph  i n  F i g .  1 shows the G P U E  time series for 
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Fraction of Eggs per Fi-action Re3 a t i  ve  
Fract  ?on f e m l e s  irrature su rv iv ing  f r m  representation k'eicjht 

!?ge female nature  female previous age in  CPUE i n d e x b  (pouxads)~ 
........ I_--I. . . ~ .......... .. I_ ... 

1 0.5 0.0 0.0 0.00 0.023 

2 0.5 0.0 0.0 0.5 0.00 0.711 

d 

3 0.5 0.0 0.0 0 .5  0.00 1.01 

4 0.5 0.0 0.0 0.5 0. 00 2.57 

5 0.5 0.0 0.0 0.5 0.48 3.85 

6 0.5 1 .o 5OQOOO. 0 0.5 0.25 5.88 

7 0.5 1 .0  1000000.0 0.5 0.20 8.26 

8 0.5 1 . 0 23130000.0 0 .5  0.20 1 2 . 8  

9 0.5 0.0 0.0 0.5 0.00 14.4 

"See TK 1250-1253 fo r  a general statement of the  "p roxy"  or "five-year-lag" 
a?... ..b;-oach. Sce TR 1 5 7 6 ,  l i n e s  22-25 and TR 2578,  l i nes  5-25 f o r  t h e  actual 
spcxi f ica t ioc  of t h i s  case.  

b T R ~ s e  values specify the age-frequency d i s t r ibu t ion  by number of f i sh  o f  the 

CBared wi E x h i b i t  UT-4, Tables 7.8-1 and 7.8-2, and equations and coefficients 

par t i cu la r  age-class in the CPUE index  f o r  an equilibrium population. 

p m v i d d  on p .  7.140 ( a s  corrected by E x h i b i t  UT-%-I) .  Yo f a c i l i t a t e  comparison 
-Q';5\ thc  v t i l i t i e s '  analyses,  va l lu~s  o f  w i g h t  i n  pounds, ra thf i -  t h a n  kilogranis, 
a r e  1r5rd i t 1  the  cmpu te r  codr .  One p o ~ d  eq~ ta l s  0.4536 kg. 

dSurdiva1 f r o m  age 0 t o  age 1 i s  calculated i n  the ~ o d e l .  
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Replicate 3 

CPUE time ser ies  

L-DUG 81-21 688ES 
Equa t ion  8U , 

& p l i c a t e  4 

I P U E  time series 

F i g w e  2. Results f rom t h e  remainder of Replicate 2 and a l l  o f  
Replicate 3 fo r  Case 101, Run 931 - the  proxy tes t  case 
w i t h  a lpha  o f  10 and no random v d r i a t i o n .  S o l i d  Rickw 
curves are  t h e  source mode?, dashed curves arc -the f i t t e d  
model. 



...-.. 

~~~~~~~t~ 1 .  The osc i l la tory  nature o f  the ~ ~ ~ u ~ a ~ . i ~ n  is q u i t e  evi-  

d e n t .  The period i s  fourteen years,  as would be expected fo r  a genera- 

t i o n  tm"m o f  seven years (Ricker 1954). The second graph i l l u s t r a t e s  

f o u r  points. First, the 45-degree l i ne  i s  the "replacement" l.n"ne; 

a Ricker cuwe in te rsec ts  this l ine there i s  an equilibrium p o i n t  

rium point, i n  a loose sense, indicates an approxfmate average 

~ Q ~ ~ ~ ~ t ~ o ~  sire t~ be expected. SecondS there are  22 data points 

( e igh t  are superimposed due t o  the regular nature of the time ser ies  

caused by the unrea l i s t ic  absence o f  any random ~ a r i a t ~ i o n d ,  

t frm application of a fou r  year lag to  the CPUE time series. 

T h i r d ,  there i s  a solid Ricker cuwe,  which represents the true Ricker 

model which underlies the population simulation. The slope of 

solid c u w e  a t  the o r i g i n  ( lower-left  corner o f  the graph) i s  

"true alpha" i n  the model, namely, 10. Finally, the dash 

represents the Ricker curve which has been fitted to  the data points. 

Clearly, the dashed cuwe i n  this four year lag case does a very poor 

job o f  m a ~ ~ h i ~ g  the so l id  cuwe.  The parameter estimates are  poor. In 

this case, the f i t t e d ,  o r  estimated, alpha was 3.01 en the true value 

A value o f  alpha o f  1.0 would g ive  a cuwe which lay ~~~~g the 

replacement line. A value o f  alpha l e s s  than 1.0 would suggest a 

pulation which I i f  t h a t  s i tuat ion pers is ted,  would eventually become 

as 10. 

e x t i n c t  (TR 2332, lines 6-12). 

The next graph shows the f i t  obtained us ing  the f ive year l a  

i c h  was suggested by the u t i l i t i e s '  witnesses i n  advocating the 

"proxy" approach. The estimated alpha i s  5.14; the true alpha i s ,  o f  

course, f o r  this  hypothetical Run, 10. The next graph shows the 
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The graph of Eq. (8U) requires some explanation. Neither of t h e  

two curves goes through the points. This i s  because Eq. (8U) 

(REP = ALPHA x PEP x exp( - BETA x P) has three variables: REP, PEP, 

and P, representing recruit egg production, parent egg production, and 

number of parents, respectively. On a two-dimensional graph, only two 

of these three var ables can be plotted. Accordingly, the points are 

REP and PEP pairs, and the curves here have been plotted by setting P 

equal to PEP and then rescaling beta as necessary for plotting 

purposes. In this graph, as in all of the stock-recruitment graphs, 

beta for the source model has been rescaled to cause the source model 

to have the same equilibrium point as the fitted model (for graphing 

purposes only). Thus, the slopes at the origin, which represent the 

value of alpha, can be compared by eye. The failure o f  either of the 

two curves to pass through the points on graphs of Eq. (8U) i s  an 

artifact of the restriction to two dimensions. 

Note that for this Replicate (Replicate l), only the four year l a g  

does a poorer job o f  retrieving the underlying model than the five year 

lag suggested by the "proxy" approach. Two of the matrix equations 

[(13U) and (14U)l provide better estimates than the simple seven year 

lag suggested by the generation time approach. However, these equa- 

tions have been provided with considerable information about the popu- 

1 ation (i .e. , survival and fecundity rates for reproductive adults, and 
exact age represented by the CPUE index) which in real situations w i l l  

not be perfectly known. It would not be appropriate to conclude that 

Eqs. (13U) and (14U) would necessarily be "better" in a real-world case. 
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The remainder o f  Figures 1 and 2 show similar information for  

Replicates 2 and 3. Some variation i n  par t icular  resu l t s  i s  apparent, 

e v m  though t h e r e  is  no random variat ion i n  population parameters. 

T h i s  variation i n  par t icular  resu l t s  i s  l ike ly  the resu l t  o f  different 

"s ta r t ing  points" for the  periodic CPUE ser ies .  In the three 

Replicates here (and i n  the  117 other ones f o r  which graphs were n o t  

prepared) ,  the seven year lag corresponding t o  generation time was 

alw9,ys be t te r  than the f ive year lag advocated under the proxy approach. 

Table 2 presents summay s t a t i s t i c s  f a r  these 120 Replicates. The 

"pracessi ng codes" i n  the f i  r*st col umn simply iden t i  fy the d i  f fe ren t  

mys  of processing the GPUE values, as explained i n  the footnote. The 

v e a ~  values o f  the estimates o f  alpha are  tabulated i n  the third 

calmmnn. The colum headed "bias" represents the  d i  ffercnce between the 

meaaa estizated alpha and the true a?pha f o r  the model Run. A desirable 

property f o r  an estimator i s  tha t  i t  have zero bias;  the larger the 

magnitude o f  t h C  b i a s ,  the  poorer t h e  estimator, other t h i n g s  be in  

eqim7. The standard deviation (equal t o  the square root o f  the 

varjance) i s  a standard s t a t i s t i c a l  masure o f  var iab i l i ty .  A second 

desirable property o f  an estimator i s  t ha t  i t  have m i n i m u m  variance (or 

equivalently, niinimum standard deviation);  t h a t  i s ,  tha t  there be no 

other e s t i m a t o r  w i t h  a smaller variance. The ''mean square error'' (MSE) 

i s  a useful ashare a f  both bias and var iab i l i ty .  The following 

discrrssian considers the calculation and the use of MSE. 

if ai and a2 are t o unbiased estimators o f  the true a, then 

 he relatfve efficiency (RE)  of the estimators i s  defined as A. 
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T A B L E  2. SUMIVIfiRY S T A T I S T I C S  F O R  M O D E L  E S T X W A T E S  O F  
ALPHA, A P A R A R E T E Y  I &  T H E  R I C K E R  p"r00EL.1 
F O R  C A S E  h U M P E R  131 (RUN NUMBER 9 3 1 3 .  
FLO'J IS N O T  I N C L l l O E D  I N  T H E  F I T T E D  M O D E L .  
A L L  M O D E L  E S T I M A T E S  A R E  I N C L t J B E 5 ,  

P R O C .  N O .  M E A N  R E A M  
C O D E  OF E S T .  S T A a D A R D  S Q U A R E  
( 1 ,  C B S ,  A L P H a  B I A S  D E V I A T I O F J  E R R O R  

3.86 
5.97 
5 * 9 7  
e . ? ?  
7.61 
9.05 
7-63 
8.37 
8.42  
8.82 
9 . 5 2  
9 . 1 9  

-6 .44 0 . 4 2  3 * , 2 4  
-4  . 03 0.40 a6,%21 
- 3  - 0 3  q.30  9 .37  
-1 -89 Qe21 3,455 
- 2 . 5 9  3 . 2 T  5-82 
- 0 , 9 s  0.06 0.92 
-2 .2a 0.27 &.SO 
- 9  - 6 3  0 . 1 4  2 . 5 9  
- 4  - 5 8  0.07 2 , 5 4  
-1 .I.!? C.38 1.54 
-0 -48 0 ,os Q , 2 4  
-0.82 c l " 1 5  6 . 6 8  

3 - n 3  3.97 4 - 3 3  
5 - 1 4  & * I S  6 . 3 s  
6 - 5 9  7-05 7 - 5 1  
7.82 e.16 8 " 4 9  
7 * 3 4  7 .56  8*Q3 
8.94 6.07 9.10 
? - 5 ?  7.134 8 .39  
8.11 8.38 8 -61 
P.31 8 . 4 3  16.50 
8 .24  8,F,ct 9 - 4 3  
9 - 4 4  9 .51  4 * 6 %  
8 , 0 6  9 . 7 Q  9.3f i  

< 7 3  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
R: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  SY A V E R A G I N G  S A N D  6 Y E A R  L A G S ,  
0: 6 Y E A R  LAG, 

F :  7 Y E A R  LAG. 
M: E Q U A T I O N  1 5 U r  P A R E N T S  AND R E C R U I T S  E A C H  O B T  

E: R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  s, c I  A M  7 Y E A R  L A G S ,  

SUl"rPlI&G O V E R  3 Y E A R S #  2 I T N  A 6 Y E A R  LAG. 
P :  " M U L T I P L E  A G E "  ? T O D E L I  E X H L B I S  U T - 5 8 .  
Q :  " E G G S  8 k  E G G S "  M C D E L r  E X H I B I T  U T - 5 Y .  
X r  H A T R I X  BODEL REP = A L P H A  * PEP * E X P  ( - B E T A  * PI 

Y :  M A T K I X  M O D E L  R E P  A L P H A  * PEP * E X P  ( - B E T A  * PEP)  

E :  M A T R I X  M O D E L  Q = A L P H A  * P * EXP ( - R F T A  * 92) 

[ E Q U A T I O N  aU1. 

( E Q U A T  IOEC 4 3 U l  I 

( E Q U A T I O I U  1411) e 
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1 variance of a 
REia a ) = 1 ' 2 variance of" 5- ( 1 7 )  

Kithoert. loss o f  generali ty,  assume tha t  the variance o f  a, i s  l e s s  

than o r  q u a l  t o  the variance of  a,. I f  WE -is equal t o  1.0, and i f  

one needed t o  choose between the estimators, one would need t o  use sme 

other c r i te r ion  (ease o f  calculation, fo r  example) as  a basis f a r  the 

choice.  I f  R E  i s  substantially l e s s  than 1.8, then one would tend t o  

L 

chouse t he  cseimator a1 over a*"  

I f  the estiimators are biased, one nust consider both the bias and 

the variance i n  comparing the two est imators.  Based upon one 's  needs, 

one m i g h t  choose one estimator over another because i t  has a smaller 

variance o r  because i t  has a smaller bias. One could a l so  use the mean 

s q u a w  error (FEE1 which i s  g iven  by 

2 MSE = variance +- ( b i a s )  . (18) 

Ncte t h a t  the %E i s  a l i nea r  combination of the variance and the 

sqeram o f  the mean b i a s .  A natural extension o f  the  concept o f  RE 

defined e a r l i e r  i s  

Again w i t h o u t  loss of generali ty,  assume t ha t  the MSE o f  al i s  less 

than o r  equal t o  the MSE o f  a2. One could then use the value o f  R E  

i n  E q .  (19) t o  choose between the two est imators .  I f  the value of RE 

i s  substantially less than 1.0,  then one would tend t o  choose the 

estimator- a over a2"  1 



-. ...... 

In our summary tabular comparisons of estimates of ~ l ~ h a  (e. 

Table 21, we have tabulated the mean square error (MSEB fo r  each 

processing approach as a basis f o r  comparing the proeessfng approac 

w i t h  others i n  the table .  In such comparisons, i t  shoul 

t ha t  the larger  the SE f o r  ala estimator ( a s  compared t o  saw ather 

es t imator) ,  the h i g h e r  the variance and/or the bias. 

The f inal  three columns i n  Table 2 indicate the ~ i ~ ~ m ~ ~ ,  median, 

and maximum estimates o f  alpha from the cuwe-fit t ing exerc ise.  T 

median value i s  the "middle" value, i n  the sense tha t  half o f  t h e  

values will  be higher, and half lower, than e median i s  

sometimes, b u t  not always, c lose t o  the mean, or arithmetic average. 

Table 2 has been explained i n  detail  because the primary con- 

clusions of this study are based on many suc tables ,  inlcgu 

i n  Appendices D and E.  What Table 2 t e l l s  us i s  t a t ,  fo r  this tes t  

case based on Dr. Savidge's hypothetical and w i t h  no r~~~~ v a ~ ~ i ~ ~ ~ ~ ~  

and a true alpha of 10, the seven years,  o r  mean generation time, l a  

(processing code F)  i s  superior t o  a l l  other lags,  and it i s  ~~~~~s~~~ 

by only two of the matrix approaches (which u t i l i z e  a 

information). 

second poorest approach; only the four year lag  i s  worse. 

The five year lag suggested by the proxy a rg  

For the other Case i n  the proxy investigation (Case 102, con- 

sisting o f  Runs 932 and 9331, random variation has been ;a 

young-of-the-year mortal i ty.  For the f i r s t  Ru [Run 932) i n  case 1 2 ,  

alpha has been he ld  a t  the same value of 10 used i n  Run 931 + F igures  3 

and 4 show the results fo r  the First three Replicates f r o  932, 

w i t h  this random variation and a source alpha of 10. The e f f e c t  o f  the 



Figure 3. Results f r o m  Replicate 1 and part o f  Replicate 2 For Case 
102, Run 932 - t h e  proxy tes t  case with alpha o f  10 and 
random var ia t ion  in YOY mortality. Solid Rickey curves are 
the source mode!, dashed curves are the fitted model. 



.... 

Figure 4. Results from the remainder o f  Replicate 2 and a l l  o f  
Replicate 3 f o r  Case 182, Run 932 - the proxy t e s t  case 
w i t h  alpha o f  10 and random variation i n  YOY mortality. 
S o l i d  Ricker curves are the source model, dashed curves are 
the f i t t e d  model. 
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random variation i s  f a i r ly  dramatic, and i n  comparing Figure 3 t o  

Figure 1 ,  i t  i s  obvious tha t  the random variation causes poorer, or 

more biased, estimates of alpha. Expressed another way, the "matches" 

between the slopes a t  the origin for the dashed curves ( the  f i t t e d  

c u r v e s )  and the solid Ricker curves ( the  true curves) are poorer in the 

presence of the random v a r i a t i o n .  The tendency t o  underestimate the 

t rue alpha, w i t h  a true alpha as h i g h  as t e n ,  i s  increased re la t ive  t o  

the Case with no random variat ion.  This tendency does n o t  hold for  a l l  

imliviclual Replicates. A l l  of the processing approaches, except the 

fou r  and the five year lags,  resulted i n  an estimate of alpha higher 

than 10 f o r  a t  l e a s t  one Replicate o u t  of the 120 Replicates, 

estimates higher t h a n  10 never occurred in Case 101 (no  random 

v a r i a t i o n )  

Table 3 shows summary s t a t i s t i c s  for  Run 932. Once again, the 

seven year lag representing the generation time approach i s  substan- 

t i a l l y  superior t o  the f ive year lag suggested by the proxy approach. 

All three o f  the mat r ix  methods perform sl ight ly  be t te r  t h a n  the seven 

year lag by the MSE cr i te r ion .  I t  i s  interest ing t o  note tha t  the 

"Eq. (13U)" version of the matr ix  (processing code Y )  gives, on the 

average, the l e a s t  biased estimate, b u t  i t  also has the highest 

var ia t ion,  as  evidenced by the value of the standard deviation. In the 

presence of random variation i n  survival i n  the lnodel, a l l  of the pro- 

cessing methods show considerably greater va r i ab i l i t y  (o r  uncertainty) 

i n  estimates of alpha (as evidenced by both the standard deviation a 

the range between the minimun and the maximum estimates) t h a n  was 



,. . . . 

TARLE 3. 

A 120 3.79 -Q*Z1 
8 120 5-27 -4 .73  
c 120  6.06 - 3 - 9 4  
0 120  6 . 9 2  - 3 . 0 8  
E 1 2 0  6.53 -3.47 
F 120 7.52 -2.48 
N 1 2 0  7 - 5 6  - 2 . 4 4  
P 120 7 .12  0 2 - 8 8  
Q 120 7 . 7 6  -2 .84  
x 120 8.01 - 7 . 9 9  
Y 120 9 .12  -0.88 
z 120 8.54 -1.46 

(11  K E Y  BO P R O C E S S I N G  C O D E S ;  
A :  4 Y E A R  L A G ,  
8: 5 Y E A R  L A G ,  
Cr R E C R U I T S  O B T A I N E D  BY W V E  G I M G  5 AND 6 Y E A R  !..PIGS. 
0 :  6 Y E A R  L A G ,  
E: R E C R U I T S  O B T A I N E D  R X  A W E R A G 1  C % P  6ip A M D  7 Y E A R  L A G S .  
F z  7 Y E A R  L A G .  
N: E Q U A T I O N  1 5 U :  P A R E N T S  AN 

S U M M I N G  OVER 3 Y E A R S r  U I  
P: " M U L T I P L E  A G E "  M O Q f t s  E X  
Q: "EGGS O N  €GGS'' MBDEkr E X H X 8 3 H  U T - 5 8 ,  
X :  M A T R I X  M O D E L  R E P  = A L P  

Y :  M A T R I X  M O D E L  REP = * P E P  * EXP Q - B E T A  * PEP) 

2 :  M A T R I X  WQDE3, R ALPHA * F * E X P  Q - B E T A  * $ 3  

( E Q U A T I O N  8U1, 

(EQUATION 1 3 U ) .  

( E Q U A T I O N  a 4 n P .  
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apparent i n  Case 101 , a Case which i s  u n r e a l i s t i c  i n  t h a t  i t  lacked any 

random v a r i a t i o n  i n  the model (Table 2) .  

One o t h e r  Run (Run 9339 was made f o r  Case 102. In this Run,  the 

true alpha value? s decreased fron 10.0 t o  1.25, and t h e  magnitude of 

the  random v a r i a t i o n  i n  YOY m o r t a l  i t y  was i nc reased so t h a t  the degree 

o f  v a r i a t d o n  i n  the  s imu la ted  CPUE t i m e  series was a lmos t  as h igh  as 

f o r  Run 93%. ( I n  genera l ,  decreas ing alpha decreases v a r i a t i o n  i n  the 

"otdtp~it," CPUE, because the v a r i a t i o n s  i n  s tock s i z e  have l ess  i n f l u e n c e  

on YOY mortal i t y ) .  
* 

Figures 5 and 6 sha the f i r s t  t h r e e  R e p l i c a t e s  f rom Run 933. 

Here, t h e  s o l i d  R icke r  cuwe i n d i c a t i n g  the source d e l  l i e s  c l o s e  t o  

the rep 1 acme t l i n e .  An alpha v a l u e  o f  1.25 represents a p o p u l a t i o n  

w i t h  v e r y  9 i ttl e compensatory c a p a c i t y  ( G o ~ d j ~ a t -  1977 1 , o r  ab i  1 i ty t o  

r e s i s t  a d d i t i o n a l  m o r t a l i t y .  The f i t t e d  c i ~ m e s  tend, w i t h  a few 

except ions ,  t o  overes t imate  the true v a l u e  o f  a l p h a .  S~metisnes (as i n  

the f i n a l  t h r e e  graphs), an alpha value less than 1.0 i s  estimated, 

u s u a l l y  i m p l y i n g  a nega t i ve  estimate o f  be ta  i n  the  R i c k e r  model. A 

nega t i ve  v a l u e  of beta i n  t h e  Wicker model i s  n o t  b i o l o g i c a l l y  

meaningfu l  (compare YR 2310, l i n e s  18-20). DP. l a  l e r  has d e a l t  w i t h  

such r e v e r s a l s  i n  s i g n  i n  a d i f f e r e n t  s t o c k - r e c r u i t m e n t  model by 

e x c l u d i n g  the model (p. 2-IV-40, E x h i b i t  UT-3). Both  b a w l e r ' s  

procedure and the  l a c k  o f  b i o l o g i c a l  meaning assoc ia ted  wi th nega t i ve  

The CPUE t ime series f o r  Replicates 3 and 4 appear somewhat 
lBn-?-e periodic that] would be expected f o r  these c o n d i t i o n s .  
DF". Christensen has examined the t ime se r ies  from the f i r s t  seventeen 
Rep l i ca tes  i n  t h i s  Run, and found t h a t  the  other Rep l i ca tes  do n o t  have 
t h i  s p e r i o d i c  appearance. 

4 
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CPUE time ser ies  

Replicate 2 1 4  year  lag , 

Figure 5 .  Results from Replicate 1 and par t  o f  Replicate 2 for  Case 
102, Run 933 - the praxy t e s t  case w i t h  alpha of 1.25 and 
random variation i n  YOY mortality. 
are  t h e  source model, dashed curves a re  the f i t t e d  model 

Solid Ricker curves 
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5,6,7 year lag 
/ 

Rep1 i c a t e  4 

Figure 6. Results f r o m  the remainder o f  Replicate 2 and a l l  o f  
Replicate 3 for Case 102, Run 933 - the proxy tes t  case 
with alpha of 1.25 and random variation in YOY mortality. 
S o l i d  Ricker curves are the source model, dashed curves are 
the f i t t e d  model. 
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estimates s f  beta suggest an al ternat ive a ~ ~ r o a c ~  t o  ~ x a ~ i ~ i n  

estimates, namely, t o  exclude estimates of alpha ich are associated 

w i t h  a negative beta. 

Tables 4 and 5 summarize Run 933 without and w i t h  exclusions o f  

a1 pha estimates associated w i t h  negative beta estimates, respectively. 

Each of the approaches to processing the CPUE values, on the average, 

overestimates the t rue alpha i n  the model. According to  t 

c r i t e r ion ,  the seven year lag i s  e i the r  best  o r  second best  depending 

on whether estimates of alpha associated w i t h  negative estimates o f  

beta a re  excluded o r  not. The f ive  year lag approach, based on the 

prow approach, i s  the second poorest est-imator by the MSE c r i t e r ion ;  

although i t  has less variation than several other estimators, i t  

produces mare biased estimates than a l l  prscessi ng approaches except 

the fou r  year  lag. 

The reader may note tha t ,  compared to Run 932, the biases i n  t 

estimates of alpha f o r  Run 933 are  re la t ive ly  small (Tables 4 and 5 cf  

Table 3).  T h i s  would nat ,  however, necessarily make them more re l iab le  

for  decision-making purposes if this were a real s i tua t ion ,  With  a t rue 

mean a1 pha value of 1.25, application o f  the u t i 1  i t i e s ’  E uation 2-V-2 

o f  p. 2-W-1 of E x h i b i t  UT-3 indicates tha t  any sustained to ta l  candi- 

tional mortality ra te  i n  excess of 20% would drive the p ~ ~ u ~ a ~ ~ ~ ~  t o  

extinction, i f  a l l  other factors  were held constant. 

biased mean estimate of alpha from Table 5, namely, 2.03 fo r  the first 

matrix method (Proc. Code X I ,  would lead t o  the conclusion t h a t  a L 

conditional mortality ra te  i n  excess o f  50% would be needed t o  cause 

eventual extinction. This i l l u s t r a t e s  the important point t 
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T A B L E  4 ,  ~U~~~~~ S F A f i S V I C S  F O R  M O D E L  E S T % R A T E S  O F  

F O A  C A S E  N U M B E R  102 (RUN M U Y B E R  9 3 3 ) .  
F b O U  IS NOT I N C L U D E D  I N  THE F I T T E D  R O D E L ,  
ALL M O D E L  E S T I P I A ' P E S  A R E  I N C L U D E D ,  

P A P A R A M E T E R  Ih' T H E  R I C K E R  M O D E L #  

T R U E  M O D E L  ALPHA = 1 . 2 5  
TRUE RODEL G A M M A  = O.Q0/3000 

P R O & .  hso. & E  MEAN RIN-  
C O D E  O F  EST. S T A N D A R D  S Q U A R E  IMUM M E D I A N  P l A X I M U I P r  
( 1 )  013s. ALPHA B I A S  D E V I A T I O N  E R R O R  ALPWW ALPDI& ALPHA 

A 1 2 0  3 . 7 2  2 - 4 7  1 . 2 8  7 . 8 0  1 . 0 8  3 - 5 4  7.57 
B 1 2 0  2 - 9 6  1 .71  0 , 8 8  3 - 7 3  0.92 7 . 9 9  4 - 9 3  
c 120  2 . 7 3  1 . 4 8  0 .78  2 . 8 2  0.96  2 - 7 4  4 D 70 
D 120  2 . 3 7  1 .72  0 - 7 7  1.85 0.92 2 . 2 9  5,13 
E 1 2 0  2.58 1.33  0.72 2 - 3 1  0.98 7 . 4 9  4 . 3 2  
F 129) 2 .13  0.88 0 - 9 6  1.35 0 .82  2 . 1 3  b , 5 4  
N 120 2.53 1 . 2 8  1 . 9 8  2 .83  0.60 2 , 4 4  5 . 9 1  
P 1 2 0  2 . 3 7  1 . 1 2  ( d , ' % l  1.77  0.90 2-40 5 . ? 7  
Q 120 2.37  1 .12  0,76 1.75 0.91 2.34 & . ? E  
x 120 1 .80  0 . 5 5  n - 9 5  1.2'1 0 .38  1 .55  5 - 2 5  
Y 128 1.96 0 . 9 9  1 . 1 6  1.85 0.39 1.60 7.77 
7. 1 2 0  2.04 0 - 7 9  1 . 1 0  1 .83  8.54 1 . 8 1  9 - 4 8  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG.  
8 :  5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  4 ' P E A R  L A G S .  
D:  b Y E A R  LhG, 

F :  7 Y E A R  L A G ,  
E: R E C R U I T $  O B T A I N E D  B Y  A V E R A G I N G  5 ,  B r  4N5 7 Y E A R  L A G S ; ,  

I I A T I O M  1 5 U :  P A R E N T S  A N D  R E C R U I T S  E A C H  O B T W I N E B  D Y  
X M G  O V E R  3 Y E  R S I  k % T H  A 6 Y E A R  L A G ,  
T P P b E  A G E ' '  M O  EL.@ E X H I B X T  U Y - 5 8 ,  

4: " E G G S  ON E G G S " w  M O D E L 8  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  R E P  = ALPHA f PEP * E X F '  ( - @ E V A  * P I  

Y :  M A T R I X  MODEL R E P  = ALPHA * PEP -B E X P  ( - B E T A  * P E P )  
( E Q U A T I O N  8 U )  . 

Fa A L P H A  * P * E X B  ( - B E T A  * P I  
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T A B L E  5. SUMMARY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  
ALPHA@ A PARAMETER I N  T H E  R I C K E R  t 4 O D f l ~  
F O R  CASE NUMBER 102  (RUN N U M B E R  9331. 
FLOW IS NO? I M C L U O E D  PN T H E  F I T T E D  MODEL. 
M O D E L  E S T I M A T E S  OF A L P H A  W H I C H  A R E  A S S O C I A T E D 
W I T H  N E G A T I V E  E S T I M A T E S  O F  B E T A  ARE E X C L U D E D ,  

TRUE M O D E L  ALPHA = 9 , 2 5  
T R U E  M80El G A M M A  zz ~e~~~~~~ 

PROC, NO, M E A %  R E A N  # I N -  
C O D E  O f  EST.  STANDARD S 
C d )  OBS, ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA 

A 120 3.72 2-47 
6 120 2-96 1 . 7 1  
C 120 2 e 7 3  1 - 4 8  
D 1 2 0  ? e 3 7  1 - 1 2  
E 128 2 - 5 8  1 - 3 3  
f 119  2.13 0.88 
M 118 2 .56  1.31 
P 120 2.37 1 .12  
Q 1 2 0  2.37 1 - 1 2  
x 98 2.03 0.78 
Y ? n o  2.20 0 .95  
L 103 2.23 0 - 9 8  

1 - 2 8  7,8Q 1 - 0 8  
0,88 3 . 7 3  0,942 
0.78 2.82 0.90 
0 .a7 1 .85  0.92 
a , n  2 - 3 3  0 - 9 8  
3 . 7 5  1 - 3 7  0.82 
f -04 2 - 8 7  0 . 9 2  
0 *?1  1 . 7 7  0.90 
0.70 1 , T S  0 - 9 1  
II *90 1.bZ 0,?4 
1 . 1 2  2 . 1 6  0,75 
1 ,a6 2 - 7 1  0 . 8 3  

M E D I A N  
ALPHA 

3 . 6 4  
2-99 
Z.?4 
2 . 2 9  
2 - 5 9  
2.14  
2.4% 
2 .40  
2 * 3 4  
7 - 8 5  
2 - 0 1  
2,01 

M A X  I M UM 
ALPHA 

7 . 5 2  
4 . 9 3  
4.70 
5 - 1 3  
4.32 
4-54 
5.91 
4 . 1 7  
4 - 1 8  
5 . 2 0  
7 - 6 7  
7 .48  

(1)  K E Y  T O  PROCESSING C O D E S :  
A :  4 Y E A R  LAG, 
R: 5 YEAR LAG, 
t:, R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  5 AND 6 YEAR L A G S .  
0 :  6 Y E A R  L l iG .  

F :  7 YEAR LAG, 
N:: E Q U A T I O N  1511: P A R E N T S  AND R E C W  OBTAHEdED B Y  

E: R E C R U I T S  O B T A I N E D  B Y  AVERAGING 5 ,  $ 4  AND 7 YEAR L A G S .  

SURMING O V E R  3 Y E A R S *  W I T H  A 6 
P: “ M U L T I P L E  A G E ”  M O D E L L +  E X H I B I T  U F - 9 8 ,  
B: ”EGGS O N  E G G S H  M O D E L I  E X H I B I T  U T - 5 9 .  
X :  M A T R I X  H O D E L  R E P  = ALPHA * PEP f E X P  ( - B E T A  * P )  

Y :  M A T R I X  M O D E L  R E P  = A L P H A  * PEP 4 E X P  < - B E T A  PEP) 

Z :  M A T R I X  M O D E L  R = ALPHA * P *. E X P  C-BETA * P I  

( E Q U A T I O N  8U). 

( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  1 4 U ) .  



true value of alp!-#.% beccmes lev ,  i t  i s  increasingly important t o  

have an accurate e s t i m t e  o r  tha t  t r w  alpha (TR 2339, l ines  3-lQ).  

Theerefore, while t h e  c u r v e - f i t t i n g  exercise m y  have greater accuracy 

f o r  low values of a i p k  than fnt-  high values o f  a lpha ,  the risk 

associated with even small inaccuracies can be very substantial , i f  

alpha i s  accepted as  an applicable concept and i s  i n  f ac t  low. 

Many sther Cases could bc constructed t o  investigate the proxy 

. I t  i s  l ikely t h a t  scme sets o f  assumptions can be made tha t  

would make both t h ~  g ~ w . - a t i o n  time approach and the proxy approach 

equally useless. I t  i s  conceivable t h a t  a reasonable hypothetical 

s i tuat ion can be found where the proxy appwach s~n;e-tirnes produces more 

accurate estimates ‘ilia:? the generation t ime approach, b u t  i f  th is  

happened, i t  would l ikely be dsap ti? the use o f  a feedback term i n  the 

Ricker model ybich a1 tered the relationship between periodicity i n  the 

papulation and g e ~ e r a t i o n  time, rathey t h a n  due t o  the reasoning behind 

the proxy appraac$ i t s e l f .  As applied by the ut-r’ l i t ies  t o  the Hudson 

River striped bass goperlseion in an attempt t o  j u s t i fy  the alpha 

estimates obtained using a f ive year lag ,  wi! feel the approach i s  

fallacisuq. 
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Chapter 5 

RELIABILITY OF THE UTILITIES' ESTIMATES OF ALPHA 

Summary 

In the previous chapter (Chapter 41, the Val idation methodology 

was applied to  a hypothetical population i n  order to probe the "proxy 

approach." Now, i n  this chapter, the validation methodology i s  applied 

t o  the Hudson River striped bass population. First, the u t i l i t i e s '  

methods are applied to the Hudson River CPUE time ser ies  (including 

recent correct ions) .  Next, the same methods are  applied t o  simulated 

CPUE values generated from o w  model, where the underlying alpha values 

a r e  known a t  the outset. The estimates of the known alpha values 

obtained from conducting both the curve-f i t t i  ng exerci se and the 

technique o f  "prior estimation of beta" on the simulated data are shown 

t o  be very unreliable. Furthermore, the s t a t i s t i c a l  t e s t s  for  the 

significance o f  the density-dependent term i n  the Ricker model yield 

spurious resu l t s .  We conclude t h a t  the u t i l i t i e s '  estimates of alpha 

cannot be relied on, even i f  the Ricker model were known t o  apply t o  

the Hudson River striped bass population. 

The preceding chapters have explained the validation model and 

have i l l u s t r a t ed  i t s  application t o  the proxy approach. In th i s  

chapter, we apply the model to investigate the r e l i a b i l i t y  o f  the u t i l -  

i t i e s '  attempts t o  estimate alpha fo r  the Hudson River striped bass 

popul a t ion.  

The u t i l i t i e s '  most recent estimates of alpha (Marcellus 19791 are 

based on the corrected and updated CPUE data presented i n  Table 6.  In 
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Table 6. Hudson River striped bass catch-per-unit-effort 
( C P U E )  data and "Q7" flow dataa 

Year Striped Bass CPUE Hudson River flow 
(CFS) 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

2522 
7663 
9935 
5394 
7623 
4657 
5830 
5357 
4932 
8496 
9 250 
49 39 
3232 
4548 
3324 
4673 
5879 
8378 
71 53 
9994 
4986 
5020 
33 99 

10736 
1950 
2698 

14092 
18349 
18469 
17927 
1 7333 
151 66 
16899 
9893 

14708 
13373 
171 77 
1 4296 
12444 
12258 
11 387 
791 2 

121 34 
12002 
14444 
16200 
14375 
181 91 
24557 
19637 
1 7061 
16861 
25234 

_ _  

aSource of data: Exhibit UT-58, and l e t t e r  dated 
January 9, 1979, from Kenneth L. Marcellus, Consolidated 
Edison Company o f  New Yo&, Inc., t o  Henry Gluckstern, 
Environmental Protection Agency (Region 111, and 
references contained therein. "Q7" flaw i s  an index of 
freshwater flow a t  Green Island aver the per iod February 
through Augus t .  To faci l  i t a t e  comparison w i t h  the 
u t i l i t i e s '  analyses, values of flow in cubic feet per 
second, ra ther  than cubic meters per second, are  used i n  
the computer code. One cubic foot per second equals 
0.02832 cubic meters per second. The CPUE data reported 
here are presented f o r  the sake o f  completeness, b u t  we 
do not  endorse t h e i r  use as an index  of striped bass 
population size.  
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. .  

a d d i t i o n  t o  the CPUE data, the u t i l i t i es  have utilized da ta  on f r esh -  

water flow rates for  the years involved i n  the CPUE index i n  a multiple 

regression analysis (Exhibit UT-58). Table 6 also presents the "97" 

f l o w  values used i n  the f i t s  presented by the uti l i t ies.  These values 

represent a seven-month (February through A u g u s t )  average o f  flows 

w i t h i n  each year a t  Green Island, New York, above Troy Darn. 

The ut i l i t ies  have not  performed the f u l l  curve-fitting exercise 

( i  . e .$  involving application of a l l  processing approaches) on the 

corrected and updated da ta .  The results o f  such an exercise are pre- 

sented i n  Table 7,  which provides estimates of alpha and of gama (the 

coefficient relating flow t o  YOY mortal i t y )  based on the da ta  presented 

i n  Table 6. The processing codes refer t o  the processing approaches 

used by the u t i l i t i e s  t o  manipulate the CPUE data i n  an attempt t o  

extract indices o f  stock and recruits. These methods are described i n  

Chapter 4.  For all of the a p p l i c a t i o n s  described i n  this chapter, the  

"multiple age," "eggs on eggs," and three matrix models have been set 

up using the u t i 1  i t i es '  current best estimates of population parameters 

( i . e . ,  fecundities i n  the matrix models are based on Table 2-VIII-5 of 

E x h i b i t  UT-3; parameters f o r  the "multiple age" and "eggs on eggs" 

models are those used i n  E x h i b i t  UT-58). Survival i n  the matrix models 

was set equal t o  the suwival used i n  our simulation model (usually 

0.43, except f o r  Case 2 ,  where 0.6 was used). Figures 7 and 8 are 

graphs of most of the f i t s  corresponding t o  the alpha estimates i n  the 

second and fourth columns of Table 7. 

Of the f i t s  sumnarired i n  Table 7 ,  the ones which  we understand t o  

be i n  agreement w i t h  testimony sponsored by the ut i l i t ies  are the alpha 



Table 7. 

.- - 

Processi  ng 
codea 

A 
B 
C 
0 
E 
F 
N 
P 
Q 
Xf 
Xh 
Y f  
Yh 
Z f  
zh 

:s t i r ra tes of alpha, a parameter i n  t h e  R i c k e r  model, and ganrna, a tern1 s r l a t i n g  r i v e r  f l o w  t o  
t o r t a l i t y  o f  young-of- the-year f i s h ,  based on the  Hudson R i v e r  s t r i p e d  bass 1950-1975 CPIJE index 

~ _ _ _ _ _  C u r v e - f i t t i n g  technique 

Flow inc luded i n  f i t  __~___________ 
Flow n o t  One y e a r  l a g  

inc luded i n  No l a a  b e t w e n  CPUE b e t w e n  CPliE 
f l t  and f l o w  and f l o w  - 

A1 pha r 2  Alpha ( x  l o 5 )  p 2  Alpha ( x  105) r2 
Gama Gama 

2.89b 
4.03b 
3. 8Zb 
3.18b 
3.08b 
2.69b 

3.27b 
2.78b 
1.62 
1 .58 

30.62b 
11.56 

3.94 
5.23b 

3.40b 

0.43 
0.63 
0.72 
0.50 
0.69 
0.37 
0.54 
0.72 
0.70 
0.09 
0.06 
0.38 
0.21 
0.38 
0.37 

2.52 
4.77 
4.24 
3.36 
3.51 
3.63 
e 

3.89 
3.14 
2.02 
1.79 

55.17 
10.61 

4.52 
5.73 

- 3.9 
4.4 
2.7 
1.4 
3.5 
7.4 
e 

3.7 
2.6 

- 6.8 
- 6 .0  

4.2 
- 0.61 
- 4.2 
- 4.4 

0.46 
0.65 
0.73 
0.50 
0.73 
0.47 

e 
0.76 
0.73 
0.17 
0.14 
0.41 
0.21 
0.41 
0.41 

2.58 
3.84 

3.38 
3.11 
2 .73  
e 

3.31 
2.91 

3.118 

- 5.8' 
- 1.8 

1.3 
2.1 
0.25 
0.41 
e 

0.34 
1 .3  

0.54 
0.63 
0.72 
0.51 
0.69 
0.37 

e 
0.72 
0.71 

" P r i o r  
e s t i m a t i o n  

o f  be ta"  
technique 

A1 pha 

2.4 

1 .5  
0.24d 
0.43d 

1.2 
0.7d 
0.3d 

9 
g 

8.7 
0. C66d 
0.41d 

29. 

0.12d 

0.0000043~ 
.... 

"ey t o  processing codes: 
A :  4 y e a r  l a g .  
6: 5 y e a r  l a g .  
C :  R e c r u i t s  obtained by averaging 5 and 6 y e a r  l a g s .  
D :  6 y e a r  l ag .  
E: R e c r u i t s  ob ta ined by averaging 5, 6, and 7 y e a r  lags.  
F: 7 y e a r  lag.  
N: Equat ion 15U: Parents and r e c r u i t s  each obtained by summing over  7 years,  w i t h  a 4 y e a r  l a g .  
P: " M u l t i p l e  age:: model, E x h i b i t  UT-58. 
Q: "Eggs on eggs imde l ,  E x h i b i t  UT-58. 
X :  M a t r i x  rnodel REP = alpha * PEP * exp ( -be ta  * P) (Equat ion  SUI.  
Y :  M a t r i x  model REP = alpha * PEP * exp ( -be ta  * PEP) (Equat ion  13U). 
2 :  M a t r i x  model R = alpha * P * exp ( -be ta  * P) (Equat ion  14U). 

bThe associated parameter be ta  i s  " s i g n i f i c a n t l y "  d i f f e r e n t  from zero a t  the  0.05 l e v e l .  

CThe o n l y  " s i g n i f i c a n t "  gama va lue ,  u s i n g  t h e  0.1 l e v e l  o f  s i g n i f i c a n c e  chosen by the  u t i l i t i e s  i n  E x h i b i t  

dThe associated est imate o f  b e t d  has a negat ive  s i g n  and thus i s  n o t  b i o l o g i c a l l y  meaningful i n  the  R icker  

As i s  discussed i n  
the  t e x t ,  the r e s u l t s  o f  t h i s  s t a t i s t i c a l  t e s t  a re  n o t  r e l i a b l e .  

UT-38, i s  t h e  one for;  the  4 year  l a g  u i t h  a 1 year l a g  between CPUE and f l o w .  

Plodel. 

' I t  i s  n o t  c l e a r  how t o  assoc ia te  f i o w  w i t h  a spawning y e a r  f o r  t h i s  approach. 

'The m a t r i x  i s  s e t  up u s i n g  0.43 annual s u r v i v a l  and ages 3-10, wi th  t h e  ca tch  assumed t o  be e x c l u s i v e l y  

¶These rcsul t.5 were n o t  obtained. 

hThe m a t r i x  i s  se t  u p  us ing  0.60 annual su !v iva l  and ages 3-11, w i t h  t h e  c a t c h  assumed t o  be e x c l u s i v e l y  

f i v e - y e a r s  016s. Fecundi ty i n d i c e s  f o r  t h e  m a t r i x  a re  der ived  from Sect ion  2-VI11 o f  E x h i b i t  3. 

f i v e - y e a r - o l d s .  Fecundi ty i n d i c e s  f o r  t h e  m a t r i x  a re  der ived  frm Sect ion  2-VI11 o f  E x h i b i t  3. 



estimates,  w i t h  flaw not included i n  the fit3 fo r  processing codes B, 

D ,  F, P ,  and Q arcel lus  1979). These estimates are  the alpha values 

obtained from the E x h i b i t  UT-58 analysis,  b u t  using the corrected and 

updated data (see footnote on p -  24 i n  Chapter 3 ) .  The u t i l i t i e s  did 

n o t  i n i t i a l l y  ( i n  E x h i b i t  UT-58) present values f o r  alpha w i t h  f l o w  

ed i n  the f i t ,  except when gamma was s igni f icant  a t  l e a s t  a t  the 

none o f  the estimates o f  gama now meex even tha t  t e s t  o f  

e of these estimates of a lpha ,  w i t h  ow not included i n  

the  f i t, f o r  processing codes B, D, F,  P, and i s  3 . 2 ,  u s i n g  the 

corrected data (Table 7 ) .  The corresponding average from E x h i b i t  UT-58 

(using the uncorrected data s e t )  was 3.4. In addition, i n  three cases 

( t h e  f ive year lag,  the "multiple age" model, and the ""eggs on eggs" 

model), flow was "s ignif icant"  ( a t  the 0" l  l eve l )  i n  the f l ' t t e d  model 

in the E x h i b i t  UT-58 analysis.  The average o f  the alpha estimates, 

w i t h  flow include i n  the f j t s ,  was 4.6 f o r  these three cases i n  

. T h u s ,  the estimates o f  alpha i n  E x h i b i t  UT-5 

face value, could have been considered, more o r  less, t o  suppor t  the  

t i l i t i e s '  choice of 4 as a "reasonable r k i n g  level of alpha" 

(TR 1882, l i nes  9-10] i n  the Hudson River s t r iped bass population. 

H Q W W ~ ~ ,  the average alpha estimate of 3.2 obtained by ~~~~~~~~ the 

analysis t o  the corrected and up a t a ,  taken a t  face 

value, wauld support an alpha value of 3 rather  than 4. As will be 

shown l a t e r  i n  this chapter,  the estimates are  u ~ r ~ ~ j a ~ ~ e ,  and 

erefore cannot be taken a t  face value. 
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A: 

B: 

C: 

0: 

E: 

F:  

G: 

H :  

KEY TO FIGURE 7 

Hudson River CPUE time series, 1950 - 1975 (see Table 6). 

I: 6 year lag, flow not included 

J: 6 year lag, flow included in f 

K: 5, 6, 7 year lag, flow not inc 

L: 5, 6, 7 year 

M: 7 year lag, f 

N: 7 year lag, f 

0: Equation 15U, 

P: 

Q: 
R: 

S: 

T: 

Approximate Hudson River Flow at Green Island, New York, averaged 
over the months of February through August, fo r  the years 1950 - 
1975 (see Table 6 ) .  

4 year lag, flow not included in fit. 

4 year lag, flow included in fit. 

5 year lag, flow not included in fit. 

5 year lag, flow included in fit. 

5, 6 year lag, flow not included in fit. 

5, 6 year lag, flow included in fit. 

n fit, 

t. 

udcd in fit. 

ag, flow inlcuded in fit. 

ow not included in fit. 

ow included in fit, 

flow not included in fit. 

Eauation 15U, flow included in fit. 

Multiple Age Model, flow not included in fit. 

Multiple Age Model, flow included i n  fit. 

Eggs on Eggs Model, flow not included in fit. 

Eggs on Eggs Model, flow included in fit. 
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ORNL-DWG 81-21693ESD 
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Figure 7.  Results o f  the c u w e - f i t t i n g  exercise using Hudson River 
CPUE data,  f o r  f i t s  not u t i l i z i n g  f low and f o r  f i t s  
u t i l i z i n g  flow not lagged with CPUE. Matr ix models shown 
here use 0.43 survival and include ages 3-10. See key. 
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KEY TO FIGURE 8 

A: M a t r i x  model - Equat ion  8kl, f l o w  n o t  i n c l u d e d  i n  f i t .  

Is: M a t r i x  madel - Equat ion  8U, f l o w  inc luded  i n  f i t .  

C :  M a t r i x  model - Equat ion l3U, f l o w  riot i n c l u d e d  i n  f i t .  

D: M a t r i x  model - Equat ion  13U, f l o w  i n c l u d e d  i n  f i t .  

t r i x  model - Equat ion  14U, flow not  i n c l u d e d  i n  f i t .  

F: M a t r i x  model - Equat ion 14U, f l o  i n c l u d e d  i n  f i t .  



. 0 RI 

Figure 8. Continuation o f  Figure 7. 

... 
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Processing code A (the fou r  year  lag)  i s  not one for  

u t i l i t i e s  have presented results. I t  i s  included here (Table 7 )  

because, i f  the Rickey model applied t o  the Hudson River w i t h  canni- 

balism providing the "feedback," a shorter lag m i g h t  conceivably be 

ore effect ive i n  estimating alpha. This possibi l i ty  a r i ses  because 

the feedback tern would be more influenced by younger ages than in the 

case where eggs provide the feedback. T h i s  s h i f t  toward younger ages 

i n  the feedback te would cause osci l la t ions w i t h  a shorter period. 

All of the other pracessing codes i n  Table 7 represent approaches tha t  

the u t i l i t i es  have actually used i n  t he i r  d i rec t  testimony, although 

they were not a l l  applied by the u t i l i t i e s  to  the expanded o r  corrected 

CPUE data se t .  In the case of specifying parameters for  the matrix 

approach u s i n g  the newer data,  we applied the technique as we t h o u g h t  

the u t i l i t i es  would have, guided by their  ea r l i e r  applications o f  this 

method. Ne chose, f o r  the 0.43 survival assumption, ages 3-10 i n  order 

t o  include mast o f  the egg production and, for  the 0.6 survival assump- 

es 3-11 fo r  the same reason; the catch was assumed t o  consis t  

of five year old f ish.  These choices were also retained f o r  our 

analysis o f  o u t p u t  f ro  la t ion  model u s i n g  the matrix 

approaches. 

Tke resu l t s  i n c l u d i n g  flow are presented f o r  the sake o f  complete- 

ness, even though the ab i l i t y  of f l  t o  explain variation i n  the data 

i s  non-significant i n  almost a l l  o f  the applications (the frequency of 

s t a t i s t i c a l  significance a t  the 0.1 level i s  one out of  22 t r i a l s ) .  

The biological assumption underlying Dr. Lawler's inclusion of flow i n  
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the f i t t e d  model i s  t h a t  f 1 ow inf 1 uences young-of -the-year striped bass 

mortality (technical conference between EPA's consultants and 

Dr. Lawler, February 28, 1978; TR 2132-33). Therefore, the flow index 

f o r  a given year  needs to  be associated with an index of spawning for  

t h a t  same year. The only possible basis for pairing the flow index 

from a given year 

the CPUE index i n  

spawning i n  t h a t  

w i t h  the CPUE index 

any par t icu lar  year 

same yea r . When 

mu1 t-iple regressions, they associated 

the flow value from the same year. 

u t i l i t i e s '  contention, ut i l ized in  

from t h a t  same year would be i f  

were the best measure of actual 

the u t i l i t i e s  ut i l ized flow in 

each par t icu lar  CPUE value w i t h  

T h i s  would be supported by the 

E x h i b i t  UT-58, t h a t  "the age 

composition of the commercial catch is a good reflection of the age 

Composition of the spawning stock" (Exhibit UT-3, p. 2-VIII-15; also 

see TR 1916, lines 11-14). However, we believe this conclusion i s  

untenable (Fletcher 1979). We have added t o  Table 7 an analysis with 

flow which pairs  the CPUE value fo r  a given year w i t h  the Q7 flow va?ue 

fran the following year. This i s  a sanewhat more logical pairing of 

CPUE values w i t h  flow, since the CPUE value irl a given year i s  l ike ly  a 

be t t e r  index o f  spawning i n  the next year t h a n  i n  the present year. 

Flow re su l t s  have not been pre- sented f o r  Eq. (15U) (processing 

code N), because i t  i s  unclear how t o  define a single spawning year 

which is associated w i t h  a par t icu lar  stock index. For the matrix 

models, the spawning year i s  expl ic i t  (depending on the age assumed 

caugh t ) ,  and there i s  no need to  lag flow. In our view, attempts to 

include flow w i t h  any o f  the non-matrix-model approaches are unlikely 

t o  provide any useful information about the population (o r  about alpha) 



i n  part becauw o f  substantial amb~gmity  about the p a r t i c u l a r  spawning 

S S S ~  a s s o c i ~ t e d  w i t h  a PaT'ci'culai- CPUE va lut?*  

The f i n a l  c o l m ~ n  i n  Table 7 presents the results frm a p p l i c a t i o n  

o f  a d i f f e r e n t  appraach, which w w i l l  t ~ r m  the  " p r i ~ r  estimation o f  

beta" (FEB) technique. T h i s  technique, proposed by the u t i 1  i t i e s  a f t e r  

the testiweoray f i l i n g  date (McFaddsn e t  a l .  1978, s e c t i o n  10.6-4.31, 

d i f f e r s  subs tan t i& i ' y  f r m 2  the c u r v e - f i t t i n g  approach. Here, the bas i c  

Rickea- equat ion i s  f i r s t  rewritten i n  ternis o f  a p a r t s ' c u l a r  slack- 

r c r w i t  data paa'r: 

where, as before, W denotes r e c r u i t s  and P denotes parents. The 

s u b s c ~ i p L  i denotes the p a r t i c u l a r  data  p a i r .  Given t w c ,  s i ~ h  data  

p a i x ,  tw s:uch equatr'orcs can be w r i t t e c .  D i v i d i n g  o m  Sy the ather 

yields 

W; a1 pha x Pi x expj -beta x Pi ) 
(21 1 

where j denates e l a i e n t s  o f  the second data p a i r .  I t  i s  RON p o s s i b l e  

t o  solqe E q .  (21 1 f o r  beta: 

I n  R..j - I n  Ri 3. I n  Pi - 1r-I pj 
..... beta  - --------F. - p .  

1 J 

Given a number 0 f  ( R , P )  pairs, each pair can be compared w i t h  each 

o t h e r  p a i r  t o  o b t a i n  an estimate o f  beta.  Given n (R,P) pairs ,  the  

formulz f o r  the number of bete values whfch can be c a l c u l a t e d ,  N, i s  

N = ( n 2  - n ) / 2  . (23) 
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le tta take an awerage o f  these 

average beta value can e Lased in Eq. $ 2  

produce an estimate o f  alpha f o r  each (R,P) d a t a  p a i r .  An average o f  

these alpha values can be calculated to  provide a single e s t j  

a l p h a  f rm the par t icu lar  data se t .  

i s  i s  a ~ r ~ c ~ ~ ~ ~ e  pro  cFadden e t  31. 

(19781, and applied by thm, u s i n  9 $0 a d i f f e r e n t  

V @ r S i O n  O f  the Hudson R i v e r  Str iped  

the cuwe- f  i t t i n g  rocedure, we a p p l i  t h i s  same pro&: 

technique) t o  each processing approac fo r  t he  f u l l  (‘ha 

R ive r  CPUE data. e r e su l t s  are sho l’n Table 7. For 

f o u r  year lag approac ltx?d i n  22 ,SI data p a i r s .  

pairs were, of course, subject the c u w e - f i t t i  

fSsw, w i t h  flow not ’lagged w i t h  CPUE, and wi th  f 

w j t h  CPUE (see Sa l e  7 % .  In ~ ~ d ~ t ~ ~ n ,  t a i  rs resin3 ti F’Bg 

from the four  year l a g  a ~ ~ r o ~ ~ ~  were sub ~~~~~~~~ QUe o f  

prior  estimation o f  beta’* (PE 

resulted i n  231 estimates o f  beta. an estimate of 

0.000137. T h i s  value was us tta calculate  22 esta’mates of a4 

fo r  each data  pair] .  The mean o f  these 22 es t ima tes  04‘ 

e first  entry i n  the col w i n  Table 7 headed I“ r estimation 0% 

Actually, t ha t  t h e  “pr ior  e s t i  atialn o f  betat* [PE 

be expected t o  be inherently biased i s  see 

h d e r  the n u l l  hypothesis t a% beta is equal t o  zero, a1 

and the expected v a l u e  o f  W i s  e ual t o  P. %E 2 ~~~~o~~ one has a 
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cons tan t  popu la t i on ,  u n a f f e c t e d  b y  random v a r i a t i o n ,  w i t h  be ta  equal t o  

zero. Suppose, however, t h a t  an index o f  t h a t  p o p u l a t i o n  i s  a v a i l a b l e ,  

and t h a t  t h e  index c o n t a i n s  symmetr ica l  a d d i t i v e  e r r o r  w i t h  mean zero 

and a r b i t r a r y  var iance.  Let ,  say, t h e  four  year  l a g  approach be 

a p p l i e d  t o  t h e  t ime-se r ies  t o  o b t a i n  (R,P) da ta  p a i r s .  Then, f o r  a 

p a r t i c u l a r  a p p l i c a t i o n  o f  Eq. (22 ) ,  t h e  denominator w i l l  be e i t h e r  

p o s i t i v e ,  zero, o r  negat ive .  I f  i t  i s  zero, t h e  r e s u l t  i s  undefined 

t h e  techn ique cannot be app l ied .  L e t  us cons ide r  t h e  case where 

t h e  denominator i s  p o s i t i v e .  Then t h e  c o n t r i b u t i o n  of t h e  l a s t  t w o  

terms i n  t h e  numerator w i l l  a l s o  be p o s i t i v e .  The c o r r e c t  va lue  of 

zero f o r  be ta  will be es t imated i n  Eq. ( 2 2 )  o n l y  when 

I n  R j  - I n  R i  = - ( l n  P i  - I n  Pj) . ( 2 4 )  

But  t h e  expected va lue  o f  Ri under our  n u l l  hypothes is  i s  equal t o  

t h e  expected va.?ue o f  R (namely, R, t h e  cons tan t  p o p u l a t i o n  r e c r u i t -  

ment, i n  bo th  cases) .  Thus, most of t h e  t i m e  t h e  numerator i n  Eq. ( 2 2 )  
j 

will be p o s i t i v e  when t h e  denominator i s  p o s i t i v e ,  r e s u l t i n g  i n  a 

p o s i t i v e  es t ima te  o f  be ta  even when the  t r u e  va lue  o f  b e t a  i s  zero. A 

p o s i t i v e  es t ima te  o f  b e t a  i s  s i m i l a r l y  l i k e l y  i n  t h e  case where t h e  

denominator of Eq. (22 )  i s  negat ive ,  by  t h e  same l o g i c .  Hence, any 

e r r o r  i n  t h e  p o p u l a t i o n  index tends t o  lead t o  p o s i t i v e  es t in ia tes  o f  

beta, even when t h e  t r u e  va lue  of be ta  i s  zero. I n  such a s i t u a t i o n ,  a 

va lue  of a lpha g r e a t e r  t han  one w i l l  be ca l cu la ted ,  even though t h e  

t r u e  vaJue of  alpha i s  one. Whi le  t h e  ex i s tence  o f  t h i s  b i a s  migh t  

suggest t h a t  t h e  PEB techn ique should be d ismissed ou t  of hand, t h e  
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f a c t  t h a t  the curve-f i t t ing exercise also leads t o  biased estimates i n  

.... 

most cases (as  will be shown subsequently) argues fo r  retaining the 

technique, a t  l eas t  fo r  the purpose of examining i ts  performance. 

Accardingly, the PEB technique was applied i n  our validation exercise,  

as a paral le l  approach t o  the curve-f i t t ing exercise as  a means of 

attempting to  estimate a1 pha. 
* 

The fundamental question our study was designed to  answer i s :  Are 

the estimates o f  alpha obtained by the u t i l i t i e s '  curve-f i t t ing tech- 

niques, as presented i n  Table 7, o r  by other possible techniques Ie.g., 

the PEB technique), re1 iable estimates (always assming, of course, 

that. the Ricker model is  applicable to  the Hudson River striped bass 

population)? Up to  this  point, we have been concerned w i t h  describing 

the model (Chapters 2 and 31, i l l u s t r a t i n g  i t s  application and address- 

i n g  the "proxy approach'' (Chapter  41, and describing the application o f  

the u t i l i t i e s '  techniques to  the Hudson River CPUE data ( t h i s  Chapter). 

We now turn t o  the simulation results t o  examine the r e l i a b i l i t y  of the 

use of the u t i l i t i e s '  techniques f a r  attempting to estimate alpha 

(assuming i t  appl ies)  f o r  the Hudson River striped bass population. 

A description of the choices involved in constructing Cases f o r  

our sirnulation model Runs i s  provided i n  Chapter 3. Table 8 presents 

the l i fe -h is tory  data for  the Hudson River striped bass population 

which was used i n  our runs w i t h  the val idat ion model. In  general, our 

One o f  the matrix models [Eq.  ( S U I ]  i s  a "mixed" model i n  the 
sense t h a t  three population indices ( R E P ,  PEP, and P I ,  rather than two, 
a r e  used. While i t  is  possible t o  extend the PE5 technique t o  
encompass this s i tua t ion ,  we did  not do so i n  the computer code, and 
therefore we d i d  not obtain r e su l t s  for  this par t icu lar  processing 
approach. 

* 



72 

Table 8. L i f e - h i s t o r y  data used f o r  t h e  Hudson River  s t r i p e d  bass populat iona 

F rac t i on  o f  Eggs p e r  F rac t i on  Re1 a t i v e  
females aiatii re g from representat ion Wright 

Age ma t u  r e  female prev ious age i n CP\E i ndexb ( pounds )C 

1 0.0 

~ 

0.0 d 0 

-~ ~ 

0.023 

2 0.0 0 0.43 0.006 0.211 

3 0.04 658 000 0.43 0.164 1.01 

4 0.07 658,000 0.43 0.1 28 2.57 

5 0.19 578,000 0.43 0.291 3.85 

6 0.43 714,080 0.43 0.240 5.88 

7 0.86 928,000 0.43 0 087 8.26 

8 0.89 1,310,000 0.43 0.022 12.8 

9 1 .oo 1 ,570,000 0.43 0.004 14.4 

10 1 .OO 1,760,000 0.43 0.023 16.6 

11 1 .oo 1,980,000 0.43 0.023 17.7 

12 1 .OQ 2 090 ,0OQ 0.43 0.005 20.6 

13 1 .QQ 2,13Q,QOO 0.43 0.006 22.7 

14 1 .oo 2 1 30 000 0.43 0.0 21.3 

15 1 .oo 2,530,000 0.43 0.0 21.6 

aSource o f  data:  E x h i b i t  UT-3, Tables 2-YIII-1 and 2-WIII-5; f r a c t i o n  female 
assumed constant a t  0 . 5 ;  r e l a t i v e  representat ion by number i n  CPUE index based on 
data tape supplied by u t i l i t i e s ,  i n c l u d i n g  f i s h  caught by all f o u r  f ishemen.  

h h e s e  values speci fy the age-frequency d i s t r i b u t i o n  by number o f  f i s h  o f  the 
p a r t i c u l a r  age c l a s s  i n  t h e  CPUE index f o r  an e q u i l i b r i u m  population. 

%sed on E x h i b i t  UT-4, Tables 7.8-1 and 7.8-2, and equations and c o e f f i c i e n t s  
provided on p. 7.140 (as corrected by E x h i b i t  UT-4E-1). To f a c i l i t a t e  canparison 
w i t h  the  u t i l i t i e s ’  ana97yscs, ValUeS o f  wei@t i n  pounds, r a t h e r  than kilograms, 
are used i n  the c m p u t e r  code. 

dSuw iva I  from age Q t o  age I i s  ca l cu la ted  i n  the model. Surv iva ls  f o r  o the r  
ages were held constant  a t  e i t h e r  0.43 (shown i n  t h i s  t a b l e )  o r  a t  0.60 f o r  
Runs 33-38. 

One pound equals 0.4536 kg. 
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Intent i n  ehoosi g these life-history paramelers bas tG base hhm OR1 

the u t s ” l  ?i t i e s ’  preferred estimates 9 so t h a t  isplite over C h O i C r .  o f  par- 

e ter  values could be ~ v ~ i ~ e d  i n  t e context Qf our v a l i d a t i o n  

s i s *  The val es i n  Table 8 far the fractfan of ~~~~~~~ ~~~~~~ an 

per mature female corresgolnd t o  the u k i l i t i e s ~  c 

est imates.  The f r a c t i o n  female as assumed a on st ant a t  0.5. A 

a ~ ~ e ~ ~ ~ ~ ~ ~ ~  m i g h t  have been t o  u t i l i z e  a value f o r  frcact-is 

increased w i t  age, as the utilities d i d  i n  m e  case 

i t  UT-3, Table 3-IV- l5 ) ,  Use o f  t h i s  ~~~~~~~t~~~ would hawe 

ened the ePFecta”we ~ e ~ e ~ ~ ~ i ~  time jn our ~ i ~ ~ l ~ t , ~ ~  

utilities seem t o  prefer parameter values whit shorten the generatl”0 

the use o f  an assumed annua9 a d u l t  suwiva l  o f  only 

ca lcu la t ing  a ~ ~ n e ~ ~ ~ t i o ~  t ime o f  5.6 years frmi Ta 

E x h i b i t  UT-3; see TW 

the value o f  0.43 chosen for  most ru 

adult .  suwival represents a value Dr. 

ood estimate o f  SLS ival based on the recent ~~~~~~ River d a t  

igher  values could easily be argu  for ,  but i n  t h e  

res t s  o f  avoid ing  contention in the va l i  ata’sn work we used 

fo r  most runs. 

The a ~ e - ~ r ~ ~ ~ ~ i ~ c y  d i  stri b u t i  n by ~ u ~ b e ~  o f  f i s h  i the  CPUE index 

was estimated usin of a l l  feaul~ Fishemen ( A ,  

the 1976 l ’s i  ercial  f i shery*”  PIC uti’likies 

ed t o  ignore fishemen C and D i n  analyzi 

t i o n  o f  the e: rcial  catch (e-g. ,  Table 2-YIIE- f ExRl”b-s”t UT-31% 

ey have o f f e r e d  no b a s i s  f o r  this. I f  a 
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en C and D were paid a t  l eas t  i n  p a r t  on a per-fish b a s i s  

(TR 2695, l ines  13-15],  w h i l e  f i s h e m e n  A a n d  B were paid on a 

f i xed- fee  basis ( ' i R  2696, l i n e s  13-15), would argue t h a t  Fishermess C 

afid D ' s  catches m i g h t  be more i-epresentative o f  the actual commercial 

catch, a l l  other factors  being equal. Fer Fisheman D ,  t h i s  f a c t  i s  

o f f s e t  by the f a c t  t h a t  he used d r i f t  g i l l  nets ( E x h i b i t  UT-3, 

Table 2-VIII-6), and catch from th i s  kind o f  gear  i s  n o t  represented i r i  

10 of  the 26 years i n  the  CPUF index ( E x h i h i t  UT-58, f o o t n o t e  ? . a  t o  

i a b l e  2 ) .  
- 

A s  inentfoneb ea r l i e r ,  the values f o r  fecundity and s u w i v a l  used 

i n  applying the matrix approaches t o  model -generated CPIIE t ime  series 

were the  same values used i n  the particular Case i n  question ( i . e . ,  

used irr t h e  simulation model i t s e l f ) .  Thus, these approaches were 

""Liwd" (see Chapter 4)  t o  the cond i t i ons  o f  the  simulation, except 

t h a t  the ages incliided i n  the matr ix  were chosen, as mentioned ea r l i e r  

i n  t h i s  chapter, t o  include most o f  the egg production. Table D-1 

(P.ppendix D )  sumiar izes the  seven main Cases which comprise t h i s  

s t u d y .  As explained in Chapter 2,  t h e  est imates o f  the  true nsode7 

a1 pha o b t a i  ned using curve- f  i t s  t o  model -generated data are expected t o  

bc ~ O P C  aeirirt-atp and reliable ttian e s t i m a t e s  o f  the t ~ e  Hudson Rivet* 

alpha ( i f  one e x i s t s )  obta ined using t h e  Hudson River 2 P X  tr'rne 

series.  ?"his resul t  i s  expected because t he  causes o f  the "behavior" 

of t he  CFUE index ar-e necessarily more closely related t o  the  Rickcr 

model i n  o u r  simulation t h a n  owe could expect them t o  be in nature. 

Iir order Far t h - i s  validation e x e r c i s e  t o  be meaningful the 

sa l ien t .  character is t ics  o f  thi? Hudson River CPUE time s e r i e s  shou ld  
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t h a n  f o r  t h e  c u r v e - f i t t i n g  approach. Computa t iona l  problems 

a r e  f r e q u e n t l y  encountered  w i t h  t k c  PEB techn ique ,  a l t hough  

e x c l u s i o n  c r i t e r - ? ; a  do exc l i i de  t h e  d a t a  s e t s  wh ich  cause these 

problems. The PEB approach i s  so poo r  t h a t  f u r t h e r  a t t e n t i o n  

w i l l  n o t  be devoked t o  i t  i n  t h i s  work. 

2. For low t r u e  model a l p h a  va lues  (1.0 oi- 1 . 2 5 ) ,  t h e  cu rve -  

f i t t i n g  e x e r c i s e  c o n s i s t e n t l y  tends  t o  o v e r e s t i m a t e  t h e  t.rrie 

value  o f  a lpha.  I n  o t h e r  words, there i s  a p o s i t i v e  b i a s .  

T rue  a lpha  v a l u e s  o f  2.5 a r e  u s u a l l y ,  b u t  n o t  always, over- 

es t ima ted .  A lpha  v a l u e s  o f  f i v e  and h i g h e r  a rc  u s u a l l y  

underes t ima ted ,  F o r  a l p h a  v a l u e s  on t h e  o r d e r  of 10 and 

h i g h e r ,  most o f  t h e  methods o f  p r v c e s s i n g  t h e  CPUE va lues  

produce rnaximilm e s t i m a t e s  0.f a l p h a  wh ich  a r e  almost always 

l ower  t h a n  t h e  t r u e  v a l u e  o f  a lpha.  

3. As the t r u e  v a l u e  o f  a lpha  i s  i n c r e a s e d  o v e r  t.he range o f  

1.25 t o  20, t h e  medn v a l u e  o f  t h e  e s t i m a t e d  a lpha  v a l u e s  

increases from around 2 ‘- 3 f o r  a t r u e  alpha. o f  1.25 t o  

around 4 -” 6 fo r .  a t r u e  a l p h a  o f  20, f o r  rriost p m c e s s i n g  

approaches. I n  o t h e r  words, t h e  estimates o f  a lpha  “Lend to 

b e  v e r y  un respons ive  t o  t h e  change i n  t h e  u n d e r l y i n g  true 

a lpha.  I he  b e g i n n i n g  and end p o i n t s  o f  t h e  range of 

e s t i m a t e s ,  and t h e  degree of change i n  t h e  w a n  e s t i m a t e s  as 

a l p h a  inc reases ,  depend on t h e  pro- cessinry approach i n v o l v e d  

and on t h e  p a r t i c u l a r  Case. 

- 



... 

4. There is considerable variation i n  estimates of a lpha f o r  a 

particular processing approach within a R u n ,  indicated by the 

standard deviation, or somewhat more dramatical 1.y by t h e  

range f r om the minirnerm to the rnaxlirnrim estimated a lpha .  

The conclusion to be drawn f rom t h e  combined effect of 

t h i s  variation and the unresponsiveness of e s t i m a t e s  of a l p h a  

mentioned in conclusion ( 3 )  i s  that a particular e s t i m a t e  of 

alpha cannot be relied on. F o r  example, Far every &rw value 

of a l p h a  (ranging f r o m  1.0 t o  as high as 30) ,  and zdsiiig tkae 

f i v e  year l a g  approach, estimates o f  a l p h a  were yerierated 

u s i n g  the  model which were both higher and lower t h a n  t h e  

value o f  4.83 obtained u s i n g  the same f i v e  year l ag  a p ~ r u a c h  

on the Hudson River CPUE t i m e  series. I n  other W C W ~ S ? ,  a8 

estimate o f  alpha of 4.03 could be obtained b y  applying a f i v e  

year lag to t h e  model-generated CPUE time series,  given true 

alpha values in the model ranging f rom a t  least 1.1) to 30- 

Therefore, we coiild expect that, i f  the R i c k e r  model i s  a p p l i -  

c ab le  t o  the real Hudson River, the  estimate o f  4.03, wh ich  i s  

obhainetl by applying the f i v e  year l a 9  t o  the rea?  Wa~dson 

River CPUE t i m e  series, could Re obtained given a n  a c t u a l  

value of  alpha f o r  the Hudson River striped bass p o p u l a t i o n  of 

1.0 o r  of 30. 

5 .  The relative efficiency of the various pvocessing methads 

within Runs, as judged by the mean square error. (MSE) crite- 

rion, varl'es among true alpha values and among Cases. Lajoking 

a t  t h e  f i t s  w i t h o u t  Flow and with alphas assoc ia ted  w i t h  
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n e g a t i v e  b e t a s  excluded, the minimum MSE was a s s o c i a t e d  once 

w i t h  the f o u r  y e a r  l a g ,  once w i t h  t h e  average of f i v e  and s i x  

y e a r  l ag ,  three t i m e s  w i t h  t h e  seven y e a r  l a g ,  once w i t h  

Eq .  (15U), sevefi t imes w i t h  t h e  "eggs on eggs" model, e i g h t  

t i m e s  w i t h  the Eq. (8U) v e r s i o n  o f  t h e  m a t r i x ,  and s i x  times 

w i t h  t h e  E q .  (13U) v e r s i o n  of the m a t i - i x .  I n  rimy i i l s tances ,  

however, o t h e r  processing methods had nearly as  low MSE v a l u e s  

as t h e s e  ' '&st' '  v a l u e s  for, a p a r t i c u l a r  Run. The MSE 

c r i t e r j o n  does not  show any o f  ti- lese p r o c e s s i n g  methods t o  he 

e i t h e r  no.ticeably b e t t e r  or n o t i c e a b l y  worse t han  t h e  o t h e r s  

for  a l l  Cases. 

6. Of t h e  l a g  approaches ( p r o c e s s i n g  codes A i h r o ~ g h  F), n e i t h e r  

t h e  p r o x y  approach n o r  the g e n e r a t i o n  t i m e  approach  p r o v i d c s  

c l r a r l y  b e t t e r  e s t i m a t e s .  When t h e  model a lpha  va lues  a r e  

low, t h e  stock-dependent nrur ta l  i t y ,  or  " feedback, I' i s  weak, 

arid we m i g h t  expect the  b e h a v i o r  of t h e  v a r i o u s  l a y s  t o  be 

i n d i s t i n c t  from o r i ~  ano the r .  Wheri t h e  model a l p h a  va lues  are  

h i g h ,  t h e  "feedback" i s  r e l a t i v e l y  s t r o n g e r ,  and we m i g h t  

e x p e c t  t o  see more d i f fe ren t ia t ion  between t h e  r e s u l t s  f r o m  

t h e  varioius l ags .  

F o r  Cases 1 and 2 ( w i t h  t h e  random v a r i a t i o n  so le ly  i n  

t h e  YOY m o r t a l i t y ) ,  i f  we examine the " b i a s "  coluilrris i n  t h e  

t a b l e s  o f  summary s t a t i s t i c s  i n  Appendix D f o r  a l p h a  w i t h  f l ~ w  

not  .included i n  t h e  f r ' t t e d  irioslel and w i t h  a l p h a  e j t i i l l a t e s  

a s s o c i a t e d  w i t h  n e g a t i v e  estiinrater; of b e t a  ~ x c l u d e d ,  we f i n d  

t h i s  e x p ~ c t a t i o n  t o  be the case. F o r  low t r u e  model a l p h a  
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general, much less successful when applied to t h e  striped bass 

life-history parameters in Table 8 than they were when applied 

to the sinipler "proxy" situation. 

7. The Eq. (13U) version of  the matrix approach (processing 

code V )  stands apart from the other methods. It tends t o  be 

the most biased method f o r  low true alpha values and the least 

biased method f o r  high true alpha values. It i s  a l s o  highly 

variable, particularly f o r  low true alpha values, and it occa- 

sionally p~.oduccs very high alpha estimates. ,4s a result, the 

MSE valm using the Eq. (13U) version o f  the matrix approach 

w i t h  low t rue model alpha values i s  frequently more t h a n  an 

order o f  magnitude higher than the MSE values from many other 

approaches, indicating that it i s  a very bad estimator in com- 

parison with the other estimators. On the other hand, f o r  

high true a lpha  values the Eq. (1311) version o f  the matrix 

approach i s  frequently the "best" estimator (i .e. , w i t h  

markedly lower MSE than any other method, but still with very 

substantial bias and variance; it is a poor estiniator 

surrounded by even worse estimatars i n  these instances). 

8. Gamma, t h e  term relating f low to YOY mortality, is estimated 

rather poorly when it i s  included in the model. P h i s  would 

certainly cast serious doubt an the usefulness of attempting 

to include flow i n  such curve-fitting models in an attempt t o  

improve" est imates o f  a l p h a .  Usual ly, the estirnat.Pd v a l u e  is 

less than the true value of gamma, which i s  always 0.000036 in 

these Runs. The estimates of gamma are usually positive mare 



... 

t h a n  h a l f  t h e  t ime, b u t  not  much more than  h a l f  t h e  t ime.  I f  

a s e r i e s  of random numbers u n r e l a t e d  t o  t e S o u K e  model were 

used i n  t h e  f i t t e d  model i n s t e a d  o f  t h e  simulated flow values, 

t h e  r e s u l t s  would l i k e l y  be v e r y  s i m i l a r .  

9. When f l o w  i s  i nc luded  i n  t h e  c u r v e - f i t s ,  the mean es t ima tes  of 

a lpha  a re  g e n e r a l l y  a f f e c t e d  v e r y  little. The mean estimated 

a l p h a  i s  sometimes c l o s e r  to ,  and sometimes f a r t h e r  away fromS 

the t r u e  value as a r e s u l t  ~f including flow i n  the f i t ,  

Severa l  o t h e r  conc lus ions  were reached a p a r t  f rom those drawn f r o m  

t h e  i n f o r m a t i o n  presented i n  Appendix D. These inc lude :  

1. S p e c t r a l  analysis of a few o f  our model-generated CPdE t ime  

s e r i e s  was undertaken (Appendix e > ,  S t a t i s t i c a l l y  s i g n i f i c a n t  

p e r i o d i c i t i e s  were found i n  a l l  R e p l i c a t e s  analyzed w i t h  a 

t rue  a lpha  o f  30, and o c c a s i o n a l l y  w i t h  a t rue  a l p h a  o f  78 

(e.g., F i g u r e s  B-17 t o  B-20). No s i g n i f i c a n t  p e r i o d i c i t y  was 

foaind i n  t he  two R e p l i c a t e s  analyzed w i t h  a true a l p h d  of 1.25. 

2. The fveqinency o f  i n d i c a t i o n s  o f  s t a t i s t i c a l  s i g n i f i c a n c e  f~ r r  

t o  chance a i s  app rox ima te l y  what would  he expected clue 

alone. 

3 .  Frequen t l y ,  t h e  es t ima tes  of a l p h a  ob ta ined  u s i n g  a 

p rocess ing  approach w i t h i n  a g i ven  li~sn, and/or the 

of these es t ima tes  of a l p h a ,  were nun-normal ly d i s t r  

4. S ince t h e  amount o f  var’ ia t ion  i n  GUT model-generate( 

p a r t  i G u 1 a I. 

1 oyar i them 

buted II 

CPUE time 

s e r i e s  var ied  somewhat w i t h i n  a g i ven  R u n p  we exaanirsed the 

c o r r e l a t i o n  between the IfiagnitUde o f  a lpha  estimates and t h e  

c o e f f i c i e n t  o f  v a r i a t i a n  of i n d i v i d u a l  CPUE series f o r  Cases 1 
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- and 2 b y  p r o c e s s i n g  rwthod. Ihe r c s u l t s  were n o t  un i fo rm.  

P a r t i c u l a r l y  f o r  l ower  t r u e  a lpha  va lues ,  t h e r e  was a tendency  

I o r  n e g a t i v e  c o r r e ? a t i o n s  which, a l t h o u g h  weak, were f r e -  

q l i ~ z t l y  s i g n i f i c a n t .  T h i s  r e s d l t  suggests  t h a t  t h e  dcgree of 

v a r i a t i o n  i n  a d a t a  s e t  may sometimes i r r f l u e n c e  t h e  magrj i tude 

of t h e  e s t i m a t e s  of a lpha, and What oilr d e c i s i o n  t o  h o l d  t h e  

median c o e f f i c i e n t  o f  v a r j a t i o n  o f  s i m u l a t e d  CPUE t i m e  se?- ips 

constarst  was sound. 

ic 

5. Aga in  based on an examina t ion  o f  r e s u l t s  f r o m  Case? 1 and 2, 

t h e r e  was u s l i a l  l y  a h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
? between t h e  magn i tude of ths es t i t i i a te  o f  a7pha and t h e  r 

v a l u e  for  t h i l  f i t . [ h i s  c o r r e l a t i o n  was found  f o r  a l l  source 

v a l u e s  of a l p h a  used and f o r  a l l  processing methods, excep t  

I;iiat.ra'X kquak ion  (13U).  E x c ~ p t i o n s  t o  t h i s  geraeral c o n c l u s i o n  

about  h i g h l y  s i q n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  [e.q., t h e  "eggs 

on eggs" model fo r  Run 35, and Eq,  (13U) i n  most Cases] appear  

t o  h e  due t o  f a i l u r e  o f  u n u s u a l l y  h i g h  e s t i m a t e s  of a l p h a ?  

wh ich  o c c a s j o n a l  l y  occur ,  i o  be a s s o c i a t e d  w i t h  p a r t i c u l a r l y  

h i g b  i" va lues .  Even w i t h  a t rue a lpha  v a l u e  o f  1.0, and 

Pst imatec,  o f  a lpha wh ich  d;rei"~ s u b s t a n t i a l l y  h i g h e r  than 1 .O 

( a s  was u s u a l l y  t h e  case when t h e  t t w  a l p h a  was r e a l l y  l . ~ ) ,  

t h ?  h i g h e r  and, t h e r e f o r e ,  l e s s  a c c u r a t e  estimates o f  a l p h a  

arc a r s o c i a t e d  w i t h  h i g h e r  I va lues .  I n  o t h e r  ~ a r i l s ,  t h e  

i- va lue ,  which o i - d i n a r i l y  t e l l s  o n p  the percen tage  of 

v a r i a t i o n  hvhich i s  explained by t h e  model, canno t  h~ used i n  

this  c o n t e x t  t o  e v a l u a t e  t h e  r e l i a b i l i t y  of t h e  e s t i m a t e  s f  

2 

2 

2 



a l p h a ,  Hence, bas ing conc?us ims  sbari& the validity of the 

... 

7 parameter estimates on thhe magnitude af r -$  as thc u t i l i ' i i t . . ;  

have done e x t e n s i v e l y  i;n E x h i b i t  UT-3 ( e ,  ' f  p. 2-I\("-23; 

p. 2-Iad-28), can lead t o  erroneous conclusjons.  

6 ,  The t e s t  f o r  significance o f  beta, b~ i c h  the u t i l i t i e s  have 

used e x t e n s i v e l y  in Exhibit UT-3 (e.g.* p. 2-E"sa-25; 

p. 2-IV-28) and i n  Exhibit UT-58, i s  a l so  not. re l iab le .  X n  

R u n  26, f o r  example, the  true b a l w  of' alpha i s  1 - 0  3 r d  the 

t rue  value o f  b e t a  is 8.0. Yet, f o r  t h e  f i v e  year  l a q  

approach, o f  tEse 594 

f i t s ) ,  92 ( o r  81%) w r e  " s f g r - l ~ f ~ c a n t l y "  ighen- t h a n  0.0 a t  ktae 

O,O% level (id?,.$ t h e  (35% confidence i n t e r v a l  does n o t  islzlude 

0.0) according t o  the test  eniplcsyes! by Lawlet-, T 

reasons f a r  t h i s  spurious statistical result are beysgsd the  

scope o f  t h i s  testimony, b u t  the resul t  a's consistent w i t h  t he  

findings from other studies (Goodyear 1979; lisbson 1919) /. I t  

i s  obvious t h a t  "95% confidence intervals" f o r  a l p h a ,  derived 

f rom the curve- f i t t i n g  exercise (Table  1, UT-58; PR 2130-31), 

can be expected do be misleading. 

The inevitable conclusion t o  be drawn from these various f i n d i q s  

i s  t h a t  t h e  estimates of a l p h a  obtained by the u t i l i t i e s 4  curve- f i t . t ing  

techniques are unreliable. As was discussed bn Chapter ? ?  simpl:-- 

f i ca t i sn  o f  t h e  sinsidlation mode? i n  assuming that only t he  R ickey  

function regulates the mode? population should ~ ~ ~ % ~ ~ i ~ ~  the a b i 1 i t - y  of 

the curve-fitting exerciseg which assumes the Rickel- function, t o  work 

well ( i . e e 9  t o  produce accurate and re l iable  estimates f the v a l u e  o f  



a l p h a  ifi t he  mode?). The uti1 i t i e s '  curve-f i t t  i i i g  exercise produce? 

extr*emely unrel iable estimates o f  alpha when dpp l  i e d  t o  model-genersh4 

CPUE d a t a .  I hc estimates f rom t h e  u t i l i t i e s '  c u r v r - i i t t i n g  cxercisc 

applied t o  t h e  actual Hudson River CPUE time s e r i e s  can be expected t o  

be, if anything, less  r e l i a b l e  still. These esiimates cannot form the 

b a i i s  f o r  a sound drcision a b o u t  t h e  lludsori River striped bass popi-l la- 

t i o n ,  even if t h e  Ricker model were knowc accurately to d e s c r i b e  the  

so le  mechanism regulcting t h e  population. The f a c t  t h a t  t h i s  con- 

s t r a i n t  i s  obviously ail absurd notion makes t h p  estimates s t i l l  m o m  

useless.  Ihe attempt t o  incorporate flo:.r i n t o  the model f a i l s ,  even 

according t n  t h e  ut i1 i t ie : s '  relaxed cr i te r ion  f o r  s ta t  i s t i c a l  s i g n i f i -  

cance ( 2  5 0.10), wheri the updated and corrx t t ld  f l o w  d a t a  are used. 

E v m  if f l o w  had hem a "s ignif icant"  independent variable in t h r  

model, n e i t h e r  the es t i i r l a te  of t h e  e f f e c t  of flow ( t h e  parameter gamma) 

n o r  t h e  estimates of alpha w7:th flow included could  have been expected 

t o  be re l iab le .  The statistical t e s t s  f o r  the significance of beLa are 

s imilar ly  unreliable;  beta m y  he ""sgnificant '6 i n  the f i t t e d  model h u t  

t h i s  says nothing useful a b o u t  whether beta i s  iionzer3 in the S O U ~ C C  

msdcl, nor  i n  thc  real  world if t h e  R i c k e r  model applies.  \ne  

u t i 1  i t i e s '  curve-f i t t ing cxei-c-ise i s  c lear ly  i n a p p c o p r i a t p  t o  t h ~  

p r o b l m  a n d  prodtices rnis1eaditic;l r-eswlts. T h e  u t i l i t i e s '  estimates of 

a l p h a  a r e  unreliable t o  t h e  p o i n t  of being iiseless. 

- 

- 

Ihcr-e i s  nothing surpris ing about: t h i s  inevildble ccmclirsion. 

Ur. LakJ?ei-  h i i n s e l f  has s t a t e d ,  qui te  candidly, tha t  none o f  t h e  

approaches tha t  w w c '  t r i e d  f u l l y  represented the information c a l l ~ d  f o r  

by Ihe Ricker model ( 1 R  2663-2664). Ihe u t i l i t i e s  h a w ,  nonethplc5s, - 



taken the position that what problems there were with the various 

approaches wou ld  simply be ref 'lected as "noise" around the eurve-fits 

(TK 1260-61 TR 2545, 1ines 2 - 6 ) .  Our extensive analysis has been 

required to show not so much that there i s ,  indeed, such "noise," but 

that there i s  so much noise, in fact, that the results are virtually 

use7 ess. 

simply confirms what already appeared 

di t - ions,  the curve-fitting exercise as 

Hudson River is a failure. The uti1 

I ikely: 

app 1 ied 

tiesb w 

Wheri one delves into the data base itself, and the assumg%ions 

invo lved in processing the CPUE time series into data points, one's  

confidence i n  the results i s  further eroded. The validation analysis 

even under ideal  con- 

t o  striped bass i n  the 

tnesses must have felt 

strongly that they carried the burden o f  proving and o f  quantifying 

compensation. That burden appears to be an impossible one. 

Ne will end this chapter with an analogy. A clock that has 

stopped i s  still right twice a day. Similarly, if the Ricker model and 

t h e  concept o f  alpha as a measure o f  compensatory capacity apply to the 

Hudson River striped bass population, and if alpha happens t o  have a 

t i rue value in the neighborhood o f  3, some o f  the utilities' estimates 

o f  alpha w i l l ,  largely by chance, be approximately correct, But the 

f a c t  that the average o f  the estimates o f  alpha obtained by applying 

tilitiesl latest analysis to the corrected and updated data set is 

in the neighborhood o f  3 does not mean that alpha for the Hudson River 

striped bass i s  3, any m5re than a clock whjch i s  stopped at 3:QO means 

that t h e  time i s  3.00. The analogy i s  admittedly not exact, because 

there is very weak response of the mean estimates o f  alpha t o  changes 
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- i n  the truc: value o f  a?pha, b u t  tkir analogy 1s c lose .  l h a t  t h e  d a t a  

a r e  simply not  suitai-ilc t o  suppor l ,  w;th an] t o l e r a b l e  r e l i a b i l i t y ,  t h e  

c u r v e - f  i t t i r i g  Pxercise i n  wh ich  t i i t s  t i t i l i t i e s  hiive j r id ia lgrd has been 

demonstrated herejn i o r  t h e  R i c k c r  i-irobel. 

The methodology 1fijOQ?d be e x p r c l  oil Po l c a b  t o  s i m i  ;ai- conclusions 

if extended t o  the t : t - i l i t i c s '  otEie; rnuri~:\ which vers  f i t l e d  t o  t h e  

CPUE d a t a ,  ni- i f  s l  igl-itly d i  i f e r ~ r - t  c u r v e - f j t t i n g  t ~ c h n i q u ~ ~  w r c  used 

( ~ . g . ,  non-linear l ~ a s t  sq~tarcs ) .  In f a c t ,  the g c n w a l  concepl of 

v a l i d a t i o n  h i c h  wc havc d r v c l o p e d  hew S h m i l d  bp a p p l i e d  t u  a 
s t o r k - r e c r , j i t n i r n t  curve-fi tI i n g  e x e r c i ~ ~  f o r  which L i ie re  i s  reasonable 

question about t h e  appro iu  ;dter;ess o f  t t i ~  dat;: o1 rnethsdo1oq.y and on 

which i m p o r t a n t  d e c i s i o n s  c o u l d  d~iyci id.  



89 ORNL / NUR E G/TM - 3 9 5 / V3 

Chapter 6 

CONCLUSIONS AND RECOMMENDATIONS 

... 

Based on applying our validation methodology to examine the 

utilities' fitting o f  the Ricker model to data for the Hudson River 

striped bass population, we reached the following principal conclusions: 

1. The "proxy" approach, as the utilities applied it to the 

Hudson River striped bass population, appears to be 

inappropriate. 

2. The estimates of parameters for the Ricker model obtained from 

the utilities# curve-fitting exercise are unreliable. 

3. The "prior estimation of beta" technique, presented by the 

utilities subsequent to their filing of testimony in the EPA 

'case, usually produces even worse estimates of parameters for 

the Ricker model than does the curve-fitting exercise. 

4. The statistical test used by the utilities t o  determine the 

significance of the term in the Ricker model relating to 

biological compensation yields spurious results. 

5. Both the utilities' "prior estimation of beta" technique and 

their curve-fitting exercise provide virtually no useful 

information about the short-term or long-term consequences of 

power plant impact on the striped bass population in the 

Hudson River. 
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Based on t h i s  work, we have t h e  follcrwirsg two recommendations to 

of fe r :  

1. Phose of t h e  utilitir.; projections o f  long-term irnpdct on 

Hudson River f i s h  populations t h a t  are baseda in whole o r  in 

p a r t ,  on the rurvc-fitting exercise conducted Tilt- the striped 

bass, should be disregarded. 

2 .  Application of t h  i s  va? idatian technique i s  recommended f o r  

any stock-recruitment cu rve - f i t t i ng  e x e r c i s e  f o r  which there 

is reasonable quest ion about t h e  appropriateness of t h e  d a t a  

or methodology and on which i m p o r t a n t  decisions depend. 
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GLOSSARY 

.... 

For the reader’s convenience, the f o l l a  i n g  terns are br ief ly  

defined here i n  the context o f  t he i r  use i n  this testimony. 

Alpha:  ( a )  a parameter i n  the Ricker model ich, i f  the mdel 

applies,  can be used t o  predict the long-term consequences o f  

power-plant impact on a p o ~ u ~ a t i ~ f l  via the ~ q ~ i ~ i ~ r ~ ~ ~  R 

Equation ( E R E ) ;  ( b )  the  balance between fecundity and m o r t ~ ~ ~ t y  i n  

a population described by a icker function; ( c )  the slope a t  

the o r i g i n  of  a Ricker curve. 

Beta: A parameter i n  the Ricker model whr”ch accounts fw the 

biological cmpensation i n  the model ,, 

Case: A set o f  choices for  the s imulat ion model. Chosen are values 

f o r  adult survival, the type of feedback i n  the underly i~g  Rickel- 

model, and the loca t ion(s )  and form(s) o f  random variation i n  the 

model 

CPUE: An abbreviation f o r  “ca~h-per-uni t -effor t .“  T h i s  index i s  

considered by the u t i l i t i e s  t o  be an index s f  population size.  

Fecundity: The capacity o f  female f i s h  t o  produce eggs a t  the time of 

spawning . 
Feedback term: In the Ricker model, the term, i n v o l v i n g  beta, which 

consti tutes the stock-dependent mortality. I t  i s  the operation of 

th i s  term which causes the model to  have an equilibrium point. 

Gamma: A parameter i n  the Ricker model, as modified i n  E x h i b i t  UT-58, 

which relates  freshwater f law t o  mortality o f  young-of-the-year 

( Y O Y )  striped bass. 
. .. 
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MSE: An abbreviation f o r  ''mean square error." MSE i s  a l inear  

combination o f  the variance and the square of the mean b i a s  o f  an 

estimator. The larger the MSE for  an estimator ( a s  compared t o  

some other estimator),  the higher the variance and/or the bias. 

PEB technique: A procedure, proposed by the u t i 1  i t i e s  (McFadden 

e t  a l . ,  19781, f o r  estimating beta prior t o  estimating alpha, 

using an approach which does not  rely an curve-fi t t ing.  

Process ing approach: One of the techniques proposed by the u t i l i t i e s  

t o  attempt t o  convert a time series o f  CPUE values i n t o  indices of 

stock and recrui ts ,  prior t o  f i t t i n g  the Ricker stack-recruitment 

inode?. 

Replicate: W i t h i n  a Run, a contiguous set  of 26 si 

cae~h-Pt?r"-wnit-effort (CPUE) values. T h i s  se t  o f  values i s  con- 

ceptually analogous t o  the ' 'real" 26-year CPUE time se r ies  f o r  the 

Hiadson River striped bass population. 

Run :  W i t h i n  a Case, the additional specification o f  a value o f  alpha 

for  t h e  simulation model. 

Simulation model: A computer model (SRYAL)  f o r  a population o f  a 

single species o f  f ish.  The simulation model embodies the Ricker 

stock-recruitment model as the regulating mechanism, and simulates 

the movement of the population th rough  time* The age structure of 

the population i s  preserved, and a simulated CPUE index i s  

produced f o r  each "year." The cmpwter code also contains sub- 

routi nes which perform the u t i 1  i t i e s '  c u w e - f i t t i  ng exerci s ~ ?  on 

the  mode? ' 5  output ,  
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TR: An abbreviation f o r  "transcr ipt ."  This refers  t o  the written 

t ranscr ipts  of the adjudicatory proceeding fo r  which this 

testimony was prepared. 

YOY :: An abbreviation for  "young-of-the-year." As applied to  f i sh ,  

t h i s  term ident i f ies  a f ish which i s  in the f i r s t  year of its l i f e .  
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t h e  t e r n  e x p ( G ( t ) )  could have been used without "'correction." T h i s  

would simply have elevated the mean value o f  the simulated CPUE indices 

above the specified value,  which was a r b i t r a r i l y  chosen to  match the 

Hudson River CPUE time ser ies .  However, by using the term 

expEG(t) - ( s  / 2 ) )  instead,  w ' 'corrected'' the o f f se t  introduced by 

the random variat ion.  We re i t e r a t e  t ha t  i t  was n o t  necessary t o  make 

th i s  correction , si nce the magnitude o f  the model -generated CPUE val ues 

was n o t  o f  importance. 

2 

A d i f f e ren t  s i tua t ion  a r i s e s  i n  the case of random variat ion 

i ntroduced i nta the young-of - t h e y e a r  mortal i ty  [E$. ( 7 )  1. The fo  

the randomness tha t  we chose to  use was lsgnormal, the same as tha t  

just discussed. The e f f ec t  of this rand ness i s  t o  cause the number 

o f  one-year-old fish to vary, much as  the previously-discussed rando 

variat ion caused the CPUE value t o  vary. Further, without the 

correction fac tor ,  C, i n  Eq. (71,  the same so r t  o f  offset  

applied to  each year c l a s s  o f  one-year-old f i sh ,  i n  t ha t  the average 

s i z e  o f  the year l ing age-class would be higher i n  the presence o f  

randm variat ion than without i t .  In this case,  however, there is  a 

c r i t i c a l  difference.  While the CPUE value a's an " o u t p u t "  value and 

does not a f f ec t  the workings of the model i n  any way, the year l ing 

population s ize  does have substantial  influence i n  two pstwztial ways 

over  many years: i t  a f f ec t s  the subsequent egg production, and i t  

a f f e c t s  the stock-dependent mortal i ty  o r  "feedback" t e  i n  the Ricker 

model. T h i s  increase i n  the average yearling population s i ze  results 

i n  an increase i n  the s i ze  of the averall population. 
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Ricker himself (1 954) recognized the consequences o f  the e f f e c t  

symmetrical random variation i n  YOY mortality on the future course 

the population. In a density-independent model such random va r i a t  

( a l b e i t  of a s l igh t ly  d i f fe ren t  form than we have used) was observed 

cause a tendency fo r  population increase. The form of random v a r i a t  

Qf 

of 

Ofl  

t o  

On 

we have used, without the correction factor ,  would have caused the s a w  

ef fec t  under the same circumstances. 

Let us define a "balanced" population as one which, i n  the long 

term, tends neither to  grow nor to  decline. Since beta i s  equal to  0.0 

under the assumption o f  only dens1 ty-independent mortal i ty , and si nce 

w i t h  no random variation alpha will be 1.0 i f  the population is  t o  be 

"balanced", how should one interpret  the observation that  addition sf 

randm variation of a par t icular  form causes population growth? First, 

since there is  no - a pr ior i  reason to expect the random variation to 

necessarily be o f  any par t icular  form, one could choose a fom o f  

random var ia t  

other v a1 ue. 

accompl i shes. 

d i s t r i b u t i o n s  

on which d i d  not have a mean o f  0.0, b u t  rather o f  solare 

T h i s  i s ,  i n  fac t ,  what the correction factor 

A1 ternatively,  one caul d use d i f fe ren t  probabil i ty 

which migh t  counteract the tendency o f  the population t o  

grow. A t h i r d  possibi l i ty  would be simply t o  l e t  the population grow. 

Since the purpose of this investigation was to study the 

r e l i ab i l i t y  of parameter estimates for  the Ricker model, however, i t  

was necessary for  us to  investigate the relationship between the e f fec t  

o f  the random variation and the true parameters o f  the Ricker model. 

The reason f o r  t h i s  is  tha t  the Equi l ibr ium Reduction Equation, o r  ERE 

( E x h i b i t  UT-3, Eq. 2-V-51, is  written i n  terms of the equilibrium 





Once we became aware of this phenmenon, the next step was t o  f i n  

a way to  adjust  some parameter i n  the simulation model t o  restore the  

desired value of alpha. For the case of alpha equal t o  l . 0 3  we wou 

be able to  real ize  this goal by removing any tendency for  either p ~ p u -  

lat ion growth o r  decline; in other words, we would want t o  "balance'* 

the  population. If we developed a correction term which achieved t h i s  

resu l t  f o r  alpha equal t o  1.0, the same correction term w o ~ l ~  work f a r  

other  alpha values as well. 

We undertook a special study o f  the ef fec ts  of random variation i n  

the case o f  only density-independent mortality. Fss this work, the 

random numbers used were "zeroed," meaning tha t  a value was added or 

subtracted from each random number t o  cause t h e i r  mean to t r u l y  be 0. 

ra ther  than simply close to  0.0. This precaution remove 

resu l t s  any tendency f o r  population change due to  random offse t  i n  the 

random numbers themselves. Populatians were in i t ia l ized  a t  
* 

equil i brium, w i t h  the probabil i ty o f  survival through the Fr'rst year 

of l i f e  calculated t o  maintain the population a t  the i n i t f a  

r i u m  conditions over time i n  the absence of random variation. I n  t 

stucly, we observed the following: 

1 a In a two-age-class case, where a l l  reproduction i s  by 

one-year-old f i sh ,  no correction factor i s  needed to  cause 

the final population to  "balance" i n  t h e  sense tha t ,  a t  the 

end of the simulation, the population has the same size  as a t  

the beginning, even w i t h  rarldom variation. 

In the balance of this appendix, the term equilibriiu * 
taken to  mean tha t  the population i s  a t  a stea4y s ta te .  
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2. As reproduction i s  spread o u t  among several age-classes, there 

i s  a tendency for  population growth in the presence of random 

variation. This tendency f o r  growth increases as  the varia- 

tion o f  the random numbers i s  increased (Goodyear and 

e explain these t observations as follows. As Ricker (1954) 

pointed out ,  the reason f o r  this tendency f o r  growt i s  that  the con- 

tr ibution of different  year classes t o  a given year ' s  spawning are 

i l e  the expectation o f  survival of an egg i s  distributed such 

tha t  increases i n  survival resul t  i n  a greater absolute effect  on the 

strength of subseque t year classes than corresponding, equally 

probable, decreases i n  survival. 

T h i s  phenomenon becomes immediately apparent when consider that  

the value of $ ,  the probability o f  surviving the f i r s t  year o f  l i f e  

under equilibrium conditions, i s  determined as the rat io  of the equi- 

librium number of age 1 individuals t o  the equilibrium 

of the population, i .e*, 

- - - e q u i l i b r i u m  number o f  age 1 i n d i v i d u a l s  
'1 equi 1 b r i  um t o t d - p T p u l  a tionTecundi ty 

total  fecundity 

( A . 1 )  

Because the e f fec t  o f  the random variable i s  t o  cause the average year 

c lass  strength to be greater than the equi l ibr i  year c lass  strength, 

the average fecundity of the simulated population w i t h  rando 

i s  higher than t h a t  o f  the equi l ibr im popula t ion .  Since the number of 

age 1 f i sh  i n  the simulated population i s  calculated as the product o f  

S,  and t he  number of eggs spawned, the average number s u r v i v i n g  t o  
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age class  1 is greater than the equilibrium number. Since S, i s  

constant except f o r  the random term, the population w i ? l  increase 

through time. 

For the case of single-age spawners, as opposed t o  multiple-age 

spawners, there are no additive e f fec ts  ( i . e . ,  a given yea r ' s  spawn i s  

not obtained by summing over several ages). As a consequence, the 

e f fec t  of the random multiplier on age 8 suwival causes an equal 

change i n  fecundity for  the following year ' s  spawn, which i s  i t s e l f  

subjected t o  another random multiplier.  Since the geometric mean o f  

the re t  o f  random multipliers is 1.0, the population trajectory does 

not have a propensity for  in f in i t e  increase. 

These observations on the e f fec t  of random variation on 

pre-reproductive survival indicate tha t  the nature of the d i  s t r ibu t r ' on  

selected t o  represent the random ef fec t  can have a profound e f f ec t  on 

the comparability of the deterministic model to i t s  stochastic 

counterpart. Furthermore, i t  i s  apparent t h a t  the addition of a 

lognormally-distributed random variation i n  suwival to a single 

pre-reproductive age class  of a population i n  which individuals repro- 

duce more than once i n  t he i r  lifetime will increase the in t r ins ic  

growth rate o f  the population. The degree of this increase is  directly 

related to  the variance o f  the natural logarithm o f  the random 

multiplier.  

In order t o  establish the proper correspondence between alpha i n  

our model and alpha i n  the ERE,  i t  was necessary to develop a correc- 

tion factor  [C i n  Eq. (711 i n  our  model to cause the population to  be 

... 
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balanced i n  t h e  presence o f  random v a r i a t i o n .  We accomplish& this  by 

mcms o f  the fa1 1 o w i n g  procediire 

1 . A generalized paptilatisn simsil a t o r  was adapted f o r  t h e  

purpose o f  calculat ing correct ion Factors. This simulator i s  

cal led "SIMCOW." The papulation was always i n i t i a l i z e d  a t  

equilibrium,with an equilibriuiii value o f  S, i n  Eq. ( 7 ) ,  

denoted 9,, calculated so tiwat the population would rwnain 

constant i n  the absence o f  vandom variat ion.  O t h c ~  para- 

meters i n  the p o p u l a t i o n  were the s a w  as tkosc used i n  t he  

main s imn1at ion m d e l  ( i . e . ,  as shown in  T a b l e  1 or  Tab le  8). 

2. A level o f  randrm v a r i a t . i o n  was s p e c i f i e d ,  as the magnitude 

o f  the standard deviation fo r  the random variable .  Tpre 

randm numbers weye "zeroed" as previously described. Random 

var ia t ion  entercd the  model i n  the Fol lowing way: 

(A .2 )  

where s2 i o  the specified variance o f  t h e  random v a r i a b l e  and CF i s  

fcaaml by i t e r a t i o n ,  as w i l l  bc described. 

3.  The egg production i n p u t  tc. Lkre model i n  each year was 

a r t i f i c i a l l y  held cons tan t  a t  the equilibrium value .  The egg 

p r O d U C t i O i ?  O u t p u t  flWlll the model Was CalGUla&!d €%Ch year. 

I n i t i a l l y ,  the tern CF i n  E q .  ( A . 3 )  was s e t  t o  0.0. The 



ard dev ia t i on  r a ~ g i ~ ~  froan 0.05 to 7.60 were used, w i t  

adjacent levels hav ing  a r a t i o  o f  9.4’84 t o  1.0. 

5. Steps three and four were repeated f o r  a t o t a l  a f  t e n  se ts  o f  

~ a ~ ~ e , m - ~ ~ ~ ~ ~ ~ ~  seeds per level of vari  u s ,  faat- each 

level a f  v a r i a t i o n  s f  the random k ~ m ,  ten correction faczors 

were obtained. Typical magnitudes for these correction 

factorss f o r  the set o f  life-history ~~~~~~~e~~ used f o r  most 

runs (‘Table 81, were i n  the ran  .3 t o  0.5, w i t h  

values between 0.35 and 0.45 (see Gable 8.7 I *  
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Table A-1. Values o f  t he  c o r r e c t i o n  f a c t o r  [CF i n  Eq. (A.211 obta ined us ing  the l i f e - h i s t o r y  
paraneters  from Table 8, f o r  e leven l e v e l s  o f  v a r i a t i o n  and ten  sets  o f  random 
number seeds. 

Randoin 
Seed 

Set No- 

1 

8 

9 

10 

Tota l  standard d e v i a t i o n  o f  t he  random numbers 

0.0500 0.0707 0.1000 0.1414 0.2000 0.2828 0.4000 0.5657 0.8000 1.1314 1.6000 

. . . 

0.3287 0.3449 

0.2843 0.3299 

0.2497 0.3030 

0.4489 0.4473 

0.3498 0.3566 

0.4209 0.4238 

0.4188 0.4135 

0.4366 0.4350 

0.3271 0.3542 

0.51 40 0.4988 

0.3562 

0.3622 

0 "  3404 

0.4462 

0,3613 

0.4254 

0.4099 

0.4337 

0.3733 

0.4878 

Co r r e c t i  on f a c t t w v a l - u L  

0.3643 0.3698 0.3736 0.3755 

0.3851 0.4014 0.4129 0.4204 

0.3670 0.3857 0.3987 0.4071 

0.4456 0.4454 0.4453 0.4448 

0.3646 0.3667 0.3679 0.3679 

0.4262 0.4261 0.4249 0 - 4221 

0.4076 0.4063 0.4057 0.4050 

0.4327 0.4318 0.4309 0.4292 

0.3865 0.3955 0.4012 0.4040 

0.4797 0.4734 0.4680 0.4624 

0.3752 

0.4238 

0.4111 

0.4427 

0.3660 

0.41 66 

0.4031 

0.4257 

0.4035 

0.4549 

~ 

0.3711 0.3605 

0.4218 0.4111 

0.4094 0.3994 

0.4370 0.4237 

0.3607 0.3497 

0.4044 0.3889 

0.3976 0.3851 

0.4183 0.4033 

0.3983 0.3859 

0.4431 0.4235 

0.3404 

0.3880 

0.3774 

0.3985 

0.3301 

0.3617 

0.3620 

0.3774 

0.3629 

0.3929 
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.... 

... 

A separate program, named "CORCAL," was used to obtain a correc- 

tion factor value to use for any particular Run of the validation 

model.. This program accepted as input the standard deviation of the 

random YOY survival coefficient and values for gama and the standard 

deviation of the simulated flow value. From these data, the standard 

deviation of the overall random variation was calculated, Next, 

second-degree Laqrangi an interpol at ion was used to interpol a t e  a value 

of the correction factor for each o f  the ten s e t s  of' random-number 

seeds which had been used in SIMCOR. These ten values were then 

averaged to obtain the final estimate o f  the correction factor, CF, for 

Eq. ( A - 3 ) .  This enabled calculation of the term C in Eq. (A.31, which 

was then used in Eq. (7). 

The use of this term C in Eq. (7) was intended t o  approximately 

counteract the tendency for randomness in YOY mortality to cause popu- 

lation growth. The effect o f  the correction factor i s  to cause the 

geometric mean 01' the ratio o f  realized egg production to equilibrium 

egg production in the density-independent case to be approximately 

? * O m  T h i s  result has the consequence of removing from the population 

the tendency for growth imparted by the random variation, as desired. 

T h e  correction i s  approximate only, in part because the exact value of 

the correct ion factor needed to precisely neutralize the tendency for 

growth depends on the pattern o f  the random numbers, and hence, an the 

particular starting "seed" for the random number generator-. Rather 

than attempting to mal 

-- 
The term ''determ 

population size at the 
have the same value as 
given beta = 0.0 in the 

* 

e our random variation achieve deterministic" 

nistic" as used here means that some index of 
end of the simulation would be constrained t o  
that index at the beginning of the simulation, 
Ricker model. 
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r e s u l t s ,  which i n  sonic ~ e r i s c  defeats the "tandorii" nature of t h e  

variat ion,  we accepted an approximatp correct ion of the: ef fec ts  of 

random val - i  a t  i o n .  

A n  empirical t e s t  of having achieved a proper carrection term is  

t o  s p c i f y  some alpha value greater  than 1.0, t o  ca lcu la te  beta in the 

usual manner [ i . e . ,  according t o  Fq. ( 1 2 ) ] ,  arid t o  r u n  the model w i t h  

random variation and w i t h  t he  correction tern]. Men this i s  done b o t h  

:vif;h and without a simulated conditional po%ar?r plant mw-tality (til i n  

Eq.  2-V-5 of Exhibit U1-3) ,  the realiTed eq(ii1ibrium redtiction can be 

calculated d i r e c t l y  from the model. Then the E R t  can be used t o  

ca lcu la te  t h s  equilibriirm reduction for t h e  same source a l p h a  and m 

value. I f  the two p i e d i c t i o n s  match, tho c o r r e c t i o n  terrn has been 

properly d e t e i  nrined. The p~ occss can then be repeated w i t h o u t  t h e  

cor-rection te1.m. In t h i s  casc, t he  r e s u l t s  from the FRY should no 

longer match t h e  t - ~ s t ~ l t s  f r o m  the  model. D r -  Goodypar h a s ,  i n  f a c t ,  

applied t h i s  empirical t e s t  t o  the resul ts  of our methodology for  

obtaining correction factors (here  usirrg " t x a c t "  correction f ac to r s  

obtained f o r  the par t icu lar  randotn number seeds used f o r  t he  t e s t ) .  HP 

has  found t h a t  f o r  values o f  alpha we?l below those which a re  capable 

of  sustaining prmistent  osci 1 l a t ions ,  ou r  correction factor caused the 

model t o  give essent ia l ly  thc same resul t  as the tRE. Rpmoving the  

correct  ion f a c t o r ,  b u t  keeping everything e l s e  t h c  saint? ( e .g , ,  alpha 

and beta) ,  caused thc equilibrium reduction from the ERE t o  be greater  

t h a n  t h a t  from t h e  model, 

Hecce, o i i r  correction-factor methodology i s  working as intended, 

t h a t  i s ,  i t  causes t h e  interpretat ion o f  a l p h a  in our inode? t o  be the 



same as the interpretation implicit i n  t h e  EKE, Had we no t  jntroduced 

the correction factor, one could justifiably object that when we were 

testing the ability o f  the curve-fitting exercise t o  retrieve a true 

a lpha  value of 7.0, the actual value was greater tharr 1.0 and more 

consistent with t h e  typical estimates of a l p h a  obtained (which art7 

substantially higher- t h d n  1.0). Tru fact, however, w i t h  the correction 

f a c t o r  i n  the model t h e  actual achieved value of alpha irs Rura  33, f o r  

exaniple, i s  less than 4.0, as evidenced bay both ia mean CPUE value and a 

f i n a l  GPUE value substantially lower than the initial conditions, For 

thl':; R u n s  then, our conclusions concerning the failure o f  the curve- 

fitting e x e r c i s e  t o  y i e l d  reliable estimates of a l p h a  a r c  even more 

conservative than i f  the "true alpha" had been exactly 1.0. Most of 

the tests for the significance o f  b e t a  in Run 33 s t i l l  a'ndicahe t h a t  

beta i s  positive, implying alpha greater than uni ty ,  when i n  f a c t  beta 

i s  0.0 and the  true a l p h a  v a l u e  i s  slightly less than 1.0. Thus, the 

results from oiir s i rn l r l a t i oc  model, w h i c h  indicate that the 

curve-fitting exercise does n o t  y ie ld  reliable estimates of alpha,  

cannot be ascribed t u  the small uncertainty i n  the true values of  a l p h a  

w h i c h  underlie our model runs. 
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APPENDIX B 

SPECTRAL ANALYSIS OF SELECTED DATA 

Appendix 3 cons is t s  p r i m a r i l y  o f  p l o t s  showing the  r e s u l t s  o f  

spect ra l  ana lys is  o f  se lected CPUE time ser ies.  More in fo rmat ion  about 

spec t ra l  ana lys is  can be found i n  K i r k  e t  a1 . ( l979) .  Table 5-1 pro-  

v ides  an index o f  the f igures  contained i n  Appendix 5. For t h e  Hudson 

R ive r  CPUE t ime se r ies  presented i n  Table 6 i n  the main t e x t ,  there are 

a t o t a l  o f  8 p l o t s .  The f o l l o w i n g  paragraphs exp la in  these f igures .  

F igure  B-1 represents the  Hudson R iver  CPUE t i m e  W Y ~ P C  

(diamond-shaped markers connected by sol i d  1 i ne). Using a 1 i near 1 east  

squares rou t i ne ,  t he  s t r a i g h t  l i n e  Y = A + B * X (where the  * ind i ca tes  

m u l t i p l i c a t i o n )  was f i t t e d  t o  t he  Hudson R ive r  CPUE data. The r e s u l t -  

i n g  f i t  i s  seen i n  F igure  B-1 i n  the  farm o f  the  dashed l i n e .  This 

s t r a i g h t  l i n e  f i t  i s  c a l l e d  the  l i n e a r  t rend o f  the  data. 

F igu re  8-2 i s  the  p l o t  o f  t he  res idua ls  o r  detrended Hudson River  

CPUE time ser ies.  That i s ,  it i s  a p l o t  o f  t h e  Hudson R iver  CPUE t i m e  

se r ies  minus i t s  s t r a i g h t  l i n e  f i t .  The ho r i zon ta l  s t r a i g h t  l i n e  i n  

F igure  6-2 i s  the  l i n e  Y=O. The presence o f  t h i s  l i n e  a ids the v ewer 

i n  l ook ing  f o r  t h e  spread o f  p o s i t i v e  and negative res iduals ,  and a lso  

i n  seeing whether there  are o ther  trends in the  data. (By res idua s we 

mean the  Hudson R ive r  CPUE t ime ser ies  data minus i t s  s t r a i g h t  l i n e  

f i t ) .  

F igure  B-3 shows the p l o t  o f  t he  res idua ls  against  the  s t r a i g h t  

l i n e  f i t  o f  t he  Hudson R iver  CPUE data. I f  the  res idua ls  exh ib i t ed  a 
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pattern of behavior, then this m i g h t  indicate a def ini te  character is t ic  

of the d a t a  ( l i k e ,  for example, a non-constant variance). 

Figure B-4 i s  a periodogram, so-called because the po in t s  on the 

p l o t  correspond to periods i n  the t ine ser ies .  The horizontal a x i s  i s  

labeled as frequency. We note that  i f  f stood for  frequency and F f o r  

period, therm P = l / f .  The frequency a t  ich the t a l l e s t  peak i n  the 

p l o t  occurs therefore corresponds to the most daminant period; the 

frequency f o r  the second t a l l e s t  peak t o  the second most doinin 

period, and so on. Note, however, tha t  ''dominant" does net imply 

s t a t i s t i ca l  significance. The lack o f  smoothness of the p l o t  o f  the 

per-iodograrn is  due to the f ac t  t h a t  the t o t a l  n ber o f  frequencies is 

always half the number of data points. Frequency i s  defined w i t h i n  the 

intewal  from 0 t o  0.5. The frequency f =O.% corresponds t o  a period o f  

P=2 u n i t  cycles arid i s  the h i g h e s t  frequency that  can be resolved. 

Figure 8-5 shows the cumulative periodogram, the cuwe bounded by 

the t s t r a i g h t  l ines .  These two l ines  represent the 

Kolmogorav-Smirnov boundary l ines  a t  the probability lewel of 0.05. 

(One my choose different  probability leve ls ) .  I f  the cwwe of the 

cumulative periodogram crosses e i ther  one of these lines, then i t  means 

tha t  the data probably do not comprise i t e  noise. This would 

indicate the presence o f  a "significant" period, the approximate 

frequency of i c h  i s  given by the frequency o f  the most daminant 

period i n  the periodogram or  i n  the Fourier amplitude spectrum. 

I t  was pointed o u t  i n  a previous paragraph that  the curve for  the 

periodogram i s  n o t  smooth. I n  Figure 8-6, one i s  allowed to  sample as 

uencies as  possible. T h i s  figure i s  called the Fourier 
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and closely resembles the per 

a constant factor  and the choice of 

frequencies. Like the periodogram, the fre the ta l les t  

eak occurs s ignif ies  the most important pe 

also note that  the height o f  the peak is directly p r o ~ ~ ~ ~ ~ ~ ~ a l  t o  the 

strength o f  contribution o f  the period to the time ser ies .  

Figure 8-7 i s  the cumulative Fourier amplitude spectrum. Its  

i l a r  t o  t h a t  o f  the  periodograrn. 

e periods than does Fourier spectral analysis. Unlike the Fourier 

~~~l i t u d e  spectrum, the t a l l e s t  peak does not necessarily corsespon 

ominant period. Rather, i t  i s  the area under the cu 

i c h  the peak occurs which i s  direct ly  p r ~ p o r t i Q ~ a ~  t o  t 

~ ~ ~ ~ r i ~ ~ ~ ~ ~ n  sf period. Since it i s  sometimes d i f f i cu l t  to judge b 

i c h  peak cuwe can have the most area under it, one nee 

refer t o  ths Fourier amplitude spectrum t o  get the i n t e  

e most i ~ ~ o r ~ a ~ ~  period occurs. 

For  %he next sets o f  CPUE time ser ies ,  only 4 p l o t s  were used ?or 

each se t .  These are:  the CPUE time ser ies  p lo t ,  the 

~ r . ~ o ~ o ~ ~ a r n ,  the Fourier amplitude spectrum, and the maxim 

s p e c t ~ m ~  W i t h i n  a given R u n ,  the model-generated time series were 

ly chosen f a r  the spectral analysis except f e r  Run 32, ~ ~ p ~ ~ ~ ~ t ~ ~  

3. In  t h i s  instance, our intention was t o  ~~t~~~ 

te o f  the obvious period. Three Replicates near the en 

un were c ~ ~ s ~ n  t o  prevent any possible residual effects  
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Table B-1. Sumnary o f  spectral analysis plotsa 

Figures B - 1  t o  B-8; Hudson River CPUE time series.  

Figures 8-9 t a  B-12: Model-generated CPUE time series from Case 5, 
Run 46, Replicate 4, w i t h  a source alpha o f  1.25. 

Figures B-13 t o  B-16: Model-generated CPUE t ime series f r o m  Case 5,  
Run 46, Replicate 79, with a source alpha of  
1.25. 

Figures 8-17 t o  B-20: Model-generated CPUE time ser ies  from Case 5, 
Run 48, Replicate 30, with a source alpha o f  
20" 0. 

Figures 8-21 t o  B-24: Model-generated CPUE t i m e  series from Case 5, 
R u n  48, Replicate 87, with a source alpha o f  
20.0. 

Figures 6-25 t o  B-28: Model-generated CPUE time ser ies  f rom Case 5, 
R u n  48, Replicate 66, with a source alpha o f  
20.0. 

Figures B-29 t o  B-32: Model-generated CPUE time series f rom Case 1, 
R u n  32, Replicate 74, with a source alpha o f  
30.0. 

Figures B-33 t o  8-36:  Model-generated C P U E  time ser ies  from Case 1, 
R u n  32, Replicates 111-113, with a source alpha 
of 30.0. 

a00n each rnaximuiii entropy spectrum plot, the label "MESA VALUE" fo r  the 
vertical axis is  an abbrevi ation f o r  "maximum entropy spectral analysis 
value."  
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ORNL-DWG 81-21695ESD 

Figure B-1. Hudson R i v e r  CPUE time s e r i e s  with linear trend. 
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Figure  6-3. Residuals o f  Hudson River  CPUE t ime se r ies  p l o t t e d  against  
f i t t e d  values. 
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ORNL-DUG 81-21698ESD 

Figure €3-4. Periodogram o f  detrended Hudson R i v e r  CPUE t i m e  series. 
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Figure 5-6. Fourier amplitude spectrum o f  detrended iludson River CPUE 
time seri es . 
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F i g u r e  8-7. Cumulative Fourier amplitude spectrum o f  detrended Hudson 
River CPUE time series.  
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F i g u r e  8-8. Maximum entropy spectrum o f  detrended ttudson River CPUE t i i i i e  
series.  
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Figure G-9. Model-generated CPUE time series Prom Case 5, Run 46, 
Replicate 4, source alpha o f  1.25, w i t h  linear trend. 
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FREQUENCY 

Figure B-10. Cumulative periodogram o f  detrended CPUE t i m e  series frorn 
Case 5, R u n  46, Replicate 4, source a lpha  o f  1.25. 
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Figure f3-Ile Fourier amplitude spectrum o f  detrended CPUE t i m e  series 
from Case 5, R u n  46, Replicate 4, source alpha o f  1.25., 
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F i g u r e  8-12. Maxinium entropy spectiwin o f  detrended CPUE t i m e  series from 
Case 5, Run 46, R e p l i c a t e  4, saurce a lpha  of 1.25. 
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Figure 5-13. Model-generated CRUE time series f rom Case 5, Run 46, 
Replicate 79, source alpha o f  1.25, w i t h  linear trend. 

... 
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ORNL-DUG 81-21 708ESD 
a 

Figure 5-14. Cumulative periodogram of detrended CPUE t i m e  series f ram 
Case 5, Run 46, R e p l i c a t e  79, source alpha o f  1.25. 
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Figure S-15. Fourier amplitude spectrum o f  detrended CPUE time series 
from Case 5, Run 46, Replicate 79, source alpha of 1.25, 

... 
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PERIOD:  2.99 years 

Figure 5-16. Maximum entropy spectrum o f  detrended CPUE t i m e  series f rom 
Case 5, Run 46, Replicate 79, saurce a lpha  o f  1.25. 
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QRNL-DWG 81-21711ESD 

Figure 8-17, Model-generated CPUE t ime series f rom Case 5, 
Replicate 30, source alpha o f  20.0, wi th  linear trend. 
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F igure  8-18. Cumulat ive periodogram o f  detrended CPUE time series f r o m  
Case 5 ,  Run 48, Replicate 30, source a l p h a  of 20.0. 
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Figure B-19. F o u r i e r  amp1 i t u d e  spectrum o f  detrended CPUE t ime  series 
from Case 5, Run 48, Replicate 30, source alpha o f  20. 
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Figure 8-20, Maximum entropy spectrum o f  detrended CPUE t i m e  series fr-orn 
Case % $  Run 48, Replicate 38, source alpha o f  20.0. 
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Figure B-21. Modef-generated CPUE time ser ies  f rom Case 5, Run 48, 
Replicate 83, source a lpha  o f  20.0. 

.. .. 
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F i g u r e  8-22. Cumulative periodsgram o f  detrended CPUE time series f rcm 
Case 5, Run 48, Replicate 87, source a lpha  a f  20,O. 
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... 

F i g u r e  B-23. Fourier amplitude spectrcnm of &trended CPUE time series 
f r o m  Case 5, un 48, Replicate 87, source alpha s f  20.0. 
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PERIOD:  3 .93  years  

Figure 8-24. Maxiinurn entropy spectrum o f  detrended CPUE t ime  s e r i e s  from 
Case 5, R u n  48, Replicate 87, source a l p h a  o f  20,O. 
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Figure B-27. Fourier amplitude. spectrum o f  detrended CPUE L i m a !  series 
f r o m  Case 5, Run 48, Replicate 6 6 ,  source a lpha  u t  2 
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P E R I O D :  9.80 years 

Figure 8-28. Maximum entropy spectrum of detrended CPUE time series from 
Case 5, Run 48, Replicate 66, S Q U ~ C ~  a lpha  a f  20.0. 
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Figure 8-29. Model-generated CPUE time series from Case I, Run 32, 
Replicate 74, source alpha o f  30.0, w i t h  linear trendi 
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F i g u r e  8-39. Cumulat ive per iodoyram o f  detrendrd CPUE t i m e  series FrQm 
Case 1, Run 32, Replicate 74, source alpha o f  30.0. 
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F i g u r e  B-31, Fourier amplitude spectrum of detrended CPlDE t i m e  series 
from Case 1, R u n  32, Rep1icat.e 74, source alpha o f  30eOa 

... . .  
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P E R I O D :  10.31 years 

Figure 5-32. Maximum entropy spectrum o f  detrended CPUE t ime  s e r i e s  from 
Case 1, R u n  32, Replicate 74, source a l p h a  o f  30.0. 
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Figure 8-35. Fourier amplitude spectrum o f  detrended CPUE time series 
from Case 1, Run 32, Replicates 111-113, source alpha of 
30.0. 



ORNL /NUR EG/TM- 385 / V  3 152 

m 
Q - 16.0 X 

1 4 . 0  

12.0 

LO. 0 
bl 
3 

6: 
> 5.0 
BL 
Y, w = 6.0 

4.0 

2.0 

0.0 

Figure  B-36. Maximum entropy spectrum of detrended CPUE t i n e  series Prom 
Case 1, Run 32, Rep l ica tes  111-113, saurce a lpha  o f  30.0. 
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APPENDIX C 

PLOTS OF SELECTED CPUE TIME S E R I E S  

Appendix C consists o f  p l o t s  o f  the simulated CPUE t i m e  series 

from representative runs - in this case Run 46 and Run 48. Run 46 and  

Run 48 both come from Case 5. R u n  46 has a source alpha of 1-25 and 

Run 48 a source alpha of 20. There are 120 Replicates f o r  each Run. 

Each Replicate time series consists of 26 years o f  data. There are 20 

plots representing 20 Replicates per figure or page. The ver t i ca l  

origin for each plot starts at zero; however, the vertical scale varies 

from plot t o  plot. 
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Reolicak 3 

Replicate 7 

Replicate 19 

Replicate 8 

& 
I_-- 

Replicate 16 

Replicate 20 

i-igure C - 1 .  Graphs o f  the simulated CPUE t i m e  series f o r  Replicates 
1-29 from Run 46, Case 5 ( a l p h a  o f  1.25; stock-dependent 
iniortality based on number of eggs; random va r i a t ion  i n  
flow, YOY morta'lily, and CPUE w i t h  lognormal random 
c w f f  i c i cn t  ). 
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... 

Replicate 33 I Replicate 34 

-1 
Replicate 31 1 Replicate 32 

Repljcate 35 Rep'l i c a t e  35 

F igu re  @-2. Graphs o f  the simulated CPUE time series for  Replicates 
21-40 f r om R u n  46, Case 5 ( a l p h a  o f  1.25; stock-dependent 
mortality bared on number o f  eggs; random variat ' ion i n  
flow, YOY morta l i ty ,  and CPUL w i t h  logrmam~l ~~~~~~~ 

Coe f f iC ie r I t ) .  
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Replicatz 46 I Replicate 4 7  
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I 
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F i g i r e  C--3, Graphs of the simulated CPUE time series for Replicates 
41-60 f r o m  R u n  46, Case 5 (alpha c f  1.2.5; stock-dependent 
iiiartality based on number o f  eggs; random v a r i a t i o n  i n  
flow, YOY mortality, and CPUE w i t h  lognormal random 
coefficient). 



.... 

... 

figure C - 4 ,  Graphs o f  the simulated CPUE time series for  R e p l i c a t e s  

mortality based on number o f  eggs; random variation in 
flaw, YOY mortality, and CPUE with lognormal random 
c a e f f i  c i  ent 1. 

f rom Run 46, Case 5 ( a lpha  of 1.25; st~ck-dependent 
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Figure C-6. Graphs of the  simulated CPUE t ime  ser ies  for  Replicates 
101-120 from Run 46, Case 5 (a lpha o f  1-25;  stock- 
dependent mor t a l i t y  based on riurnlaer o f  eggs; random 
va r i a t ion  i n  f l o w ,  Y 0 Y  morta l i ty ,  and CPUE w i t h  ~~~~~~~~~ 

random coeff ic ient) .  
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NL-DWG 82-7322ESI 
Rep1 icate 4 

Rep1 icate 8 

Replicate 12 

Replicate 16 

Replicate 20 

F i g u r e  C - 7 .  Graphs of t h e  simulated CPUE time series for  Replicates 
1-20 from Run 48, Case 5 ( a l p h a  of  20; stock-dependent 
niortali ty based on number o f  eggs; random va r i a t ion  i n  
f low, YOY mortality, and CPllE w i t h  lognormal random 
c o e f f  i c i  en t  ) . 
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~, OWL-DWG 82-7323ESD 

Figure C-8. Graphs ~f t e siinainlated CPUE time series for Replicates 
from Run 48, Case 5 (a lpha  o f  20; stock-dependent 

mortality based on number of eggs; random variat ion i n  
f law,  YOY mortali ty,  and CPUE w i t h  'lognormal random 
c o e f f i c i e n t ) .  
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Replicate 41 I Replicate 42 I Replicate 43 
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I I -- 
Rep1 icate 53 I Repl icate 54 I Replicate 55 

I I 
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Replicate 48 
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Replicate 52 

Replicate 56 

Repl icate 60 

Figure G-9. Graphs of the simulated CPCOE t ime series for  Replicates 
41-60 f r o m  Run 48, Case 5 (alpha of 20; stock-dependent 
mortality based on number o f  eggs; random var i a t ion  i n  
flow, YOY mortality, and CPUE with lognormal random 
c o e f f  i c i ent ) . 



VL-D#G 82-7325ESZ 
Rep1 i c a t e  64 

RCD 1 i ca t e  68 

Rep 1 ii ca te 76 

Figure C-EO. Graphs of the simulated CPUE t i m e  series for  Replicates 
61-80 from R u n  48, Case 5 (a lpha of 20; stack-dependent 
mortality based on number a f  eggs; random v a r i a t i o n  i n  
f low,  YOY mortality, and CPUE with ~ ~ g ~ ~ ~ ~ ~ l  r a ~ ~ ~ ~ ~ ~  
c a e f f i  c i ent 1 
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F i g w e  C-11 .  Graphs o f  the simulated CPUE t i m e  series f o r  Replicates 
81-100 frorn R u n  48, Case 5 (a lpha of 20; stock-dependent 
mor t a l i t y  based on number of eggs; ratidom var i a t ion  i n  
flow, YOY mor t a l i t y ,  and CPUE w i t h  lognormal random 
coef  f i  c i ent ) . 



F igu re  c-12. G aphs o f  the s imu la ted  CPUE t i m e  series for 
1-120 f rom Runi 48, Case 5 (a lpha  of 20; s t s  

mortality based on number of eggs; ~~~~o~ var 
flow, YOY mortality, and CPUE w i t h  I o  
c o c f f i  c i  ent 1. 





167 ORNL/NUREG/TM-385/V3 

APPENDIX D 

CURVE-FITTING RESULTS FROM THE VALIDATION A N A L Y S I S  

This appendix presents summary results from the application of the 

validation technique to the utilities' curve-fitting exercise for 

Cases T through 7. The conditions governing these Cases are explained 

i n  a general way in Chapter 3, and are summarized i n  Table D - 1 ,  which 

also serve5 as an index to the remaining tables in this appendix. 

Results from the application of the validation procedure to the *'prior 

estimation o f  beta's ( P E B )  technique are presented in Appendix E. 

Tables D - 2  through 0-141 are o f  the same general format as 

T a b l e s  2-5 in the main text. This format i s  explained in some detail 

in Chapter 4. Tables here are grouped in order of Case, so that a l l  

tables pertaining to Case 7 are grouped together. Within a Case, they 

are drranged by Run number, within type of analysis. For example, the 

f i r s t  type of analysis presented within Case 1 is alpha estimated with- 

ou t  f l o w  in the fit and without exclusions; Tables D-2 through D-& 

present the results for this analysis from Runs 26-32. The next type 

o f  analysis is that for alpha estimated without f l aw  in the fit and 

with exclusions; Tables 0-9 through D-15 present these results. The 

remaining analyses f o r  Case 1 are: alpha estimated with flow i n  the 

f i t  and without exclusions; alpha estimated with f l o w  in the f i t  and 

w i t h  exclusions; and finally an analysis f o r  gamma. T h i s  pattern i s  

then repeated for Case 2, and so forth. 
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Table D-1. Sumwy o f  model Casxs and Runs” 

CASE 1: 

CASE 2: 

CASE 3:  

CASE 4: 

CASE 5: 

CASE 6: 

CASE 7: 

Adult survival = 0.43, stuck-dependent lrlartality based on 
eggs random vari a t i  mi i FI young-of-the-year (Y-0-Y) survival 
only, Y-O-Y f luctuat ions not constrained. True model alphas 
o f  1, 1.25, 2.5, 5, 10, 20, and 38 are uscd. Runs 25-32; 
Tables D-2 - 0-36. 
As i n  Case 1, except t h a t  adult survival = 9.60, and true 
model a lphas o f  I ,  l-3?!52 2,5, 5, 10, and 20 arc used. R u n s  
33-38, Tables D-37 - D-66. 

As in Case 1, except t h a t  random variation (other t h a n  t h a t  
a t t r ibuted t o  flow) i s  in CPUk index anly, and only alphas o f  
1.25, 5, arid 20 are used. Runs 39-41,; Tables 0-57 - B-81. 

Adult survival = 0.43, stock-dependent mortali ty based on 
number o f  f i s h  age 1 and older ,  random variation in both  
young-of-the-year survival and in CPUE inikxg riiediati 
i ntra,-replicate r a t i o  o f  maximurnrminin~rm ye2rl ings 
constrained t o  approximately 18. irue iT1odc-I a lphas o f  1.25, 
5, and 20 are used. R ~ J ~ s  43-45; Tables 0-82 - D-96. 

- 

As in Case 4, except t h a t  stock--dqmdent mortali ty i s  based 
on eggs. Runs 46-48; Tables D-97 -. 0-111. 

8s in Case 5, except .&hat t h e  d i s t r i b u t i o n  o f  the random 
coeff ic ient  of t h e  CPUE index i s  nar-mal rather than 
1 ognorlnal. Runs 55-57 ; Tab1 es D-na2 - !I-12s .. 
As in Case 4, except t h a t  the dis t r ibot ion of t h e  random 
coefficient of t h e  C P U E  i’ndex i s  rrorrnal rather than 
lognormal. Wuirs 58-60, Tables D-127 - D-141. 

aA Case represents a set. a f  choices f o r  the taiologica? c h a r a c t e r i s t i c s  
a f  the tnadeled population and for the l o c a t i o n  and na ture  o r  the random 
v a r i a t i o n .  A Run ( w j t h f n  a Case) involves the additional specification 
o f  the value for  alpha. Each Run c o n t a i n s  I20 Rcp l icates ,  each con- 
s i s t i ng  o f  26 contiguous model-generated CPUE i n d i c e s  araalogofss t o  the 
Hudson River striped bass CPUE index.  
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, ... 

T A D L F  D-2. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
R L P H A ,  A P A R A M E T E R  I N  T H E  R I C K E R  M O D E L ,  
F O R  C A S E  NUMBER 1 (RUN NUMBER 2 6 1 ,  
FLOW IS N O T  I N C L U D E 0  I k  T H E  F I T T E D  M O D E L .  
ALL M O D E L  E S T I M A T E S  A R E  I N C L U D E D .  

T R U E  M O D E L  A L P H A  = ?.oil  
T R U E  MODEL GAYMA = O . U G ! l i ; 3 6  

P R O C .  NO,  M E A N  MEAN M E N -  
C O D E  OF E S T .  S T A N D A R D  S Q U A R E  XNUN M E D I A N  M A X I F l i J M  
(1 )  08s. ALPHA B I A S  O E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 1 2 0  2.34  1 . 3 4  1 - 1 7  3,2D 
R 120 2.17 1 .17  1 - 0 3  2 .43  
C 1 2 0  2.26 1 .26  7 - 0 2  2 - 6 3  
D 1 2 0  2.30 1 .30  1 .11  2 . 9 5  
F 1 2 0  2 . 3 7  1 . 3 7  1 - 1 1  3.13 
F i z n  2.50 i . s o  1.43 4 -29 
N 120  2.03 1 - 0 3  1 .68 3 -90 
P 120 2 . 5 5  1 - 3 5  1 .u4 2.92 
Q 120 2 . 5 6  1 .56  1 . 2 1  3 . 9 2  
X 1 2 0  1.83 0 .83  1 . 1 5  2 .c1  
Y 120  5.09 4.09 1 5 . 3 8  2 5 3 . 5 3  
f 120 2.86 1.86 1 . 8 1  6 . 7 5  

0.49 2 - 2 1  8 . 2 4  
0.35 2 - 1 1  7 . 9 1  
0 .33  2.72 f> . !! f? 
0.26 2 - 7 7  6 - 0 3  
0.33 2 . 3 s  6 - 4 5  
0.22 2.39 11.L7 
0.26 1 . 7 5  1 2 . 2 5  
5.42 2 - 4 1  5.48 
0.31  2 - 5 9  4 - 5 6  
0.75 1 . 5 4  5 ,bG 
0 * 1 7  2.38 160.30 
6 . 4 4  2.57 8 - 5 3  

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A x  4 Y E A R  L A G .  
€3: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  B Y  A I J E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D :  6 Y E A R  L A G .  

F s  7 Y E A R  L A G ,  
N: E Q U A T I O N  ISU: P A R E N T S  AND R E C R U I T S  E A C H  O B T A I N E D  R Y  

P: “ M U L f l P L E  AGE” M O D E L #  E X H I B I T  U T - 5 9 .  
Q :  ” E G G S  O N  E G G S ”  M O D E L #  E X H i B l f  U T - S b -  
X :  M A T R I X  M O D E L  R E F  = A L P H A  * PEP * E X P  ( - B E T A  * P I  

Yr F l A T R I X  M O D E L  R E P  = A L P H A  * P E P  * E X P  ( - B E T A  * P E P )  

Z :  R A T R I X  MODEL R = A L P H A  * P * E X P  ( -BETA * P I  

E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 ,  6 1  AND 7 Y E A 2  L A G S .  

S U M M I N G  O V E R  7 Y E A R S ,  k I T H  A 4 Y E A R  L A G .  

(EQUATXQN 8 U ) .  

{ E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  14U)  . 
. .-. . . 
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T 4 R L E  D-3. SIJf'lP9Aa Y S X R T P S T I CS F 0 4  M O  D F 1- k S T I M A  T F S 0 f 
A L P H R ,  A P R Y A P I E T E R  I N  - rHk R I C K E F  P I O D E L ,  
F O R  C A S E  YUFSDER I ( W U Y  N I S R q E R  2 7 9 .  
F L O W  IS N O T  I M C L l J D F D  I N  T H E  F I T T E D  M O D E L ,  
4 L L  P O D E L  E S T I M A T E S  A R E  I N C L U D E D ,  

PROC. N O .  N F A N  FIE  AN PIIN- 
C O D E  O F  E S T .  S V A : . I D A R D  S B l l A R E  I M L I M  M E D I A N  M P X I M U M  
( 1 )  O R S .  ALPHA R X W S  C E V T W T I O N  E R R O R  4L.PHA ALPHA ALPHA 

A 120 2.3P 1.13  3.38 2 . 2 5  0 . 7 2  2 - 2 1  5 - 4 5  
P 1 2 9  2 - 2 6  1 . 0 1  n - 9 4  1.92 O . b G  2 . 2 4  6.45 
C 1 2 0  2 - 4 1  1 . 1 6  '0 - 0 1  2 . 3 7  0.65 2 , S P  5 . 5 5  
D 120  2-59 1.26 7 .QP 2 .76  0 . 6 5  2 . 4 5  3 . 6 9  
E 1 2 c  2 .60  1 . 3 5  1 . ? I  3 . 0 8  0 . 5 Q  2 - 5 4  5.94 
F 1 2 0  2.76 1 . 5 1  1 . 2 3  3 . 8 1  i3.6V 2.61 6.69  
hi 120  2.27 0 - 9 7  5 . ~ 4 5  12.88 c - 3 3  1.8i 3 8 . 4 4  
F I 2 9  2 - 6 7  1 - 3 6  1 . 2 7  3 - 4 8  Q , 3 9  ? , d e  7 - 6 5  
Q 1 2 @  2 . 6 8  1.63 1 . 4 3  4 . 6 8  8 . 3 Y  2 . 7 2  8.39 
X 1 2 0  1.86 0.61 3 . a8  1 . 1 5  f l " 3 1  i . 8 2  5 .Qh 
Y 1 2 0  4 . 8 5  3.60 9 . 3 2  9 4 . 6 9  0 .77  2 - 8 4  8 2 . C 4  
2 1 2 0  3 .05  1 .80  1.63 5-89 9-58 2 , 1 5  8.37 
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T B E L  E D-5.  S U M i q A R Y  S T W T I S V I C S  F O R  M O D E L  E S T I N A T F S  O F  

F O R  C A S E  NlJNBER 1 ( R I I N  NU;UIHEW 2 9 ) .  
F L O W  I S  N O T  I N C L U D E D  I N  T H E  F I T T E D  Y O D E L .  
ALL P O D E L  E S T I M A T E S  R R E  I N C L U D E D .  

ALPHA9 A P A R A M E T E R  Xk T H E  R L C K F R  W O D f L r  

T R U E  M O D E L  ALPHA = 5.@g 
T R U E  M O D E L  GIRMMW = O . O Q C r ) 5 6  

P R Q C ,  NO. M E A N  I Y P N -  
C O D E  O F  E S T .  S T A q D A M D  S Q U A R F  IffUW M E D I A N  P l I A X I F I U M  
(1)  OBS, A L P H A  B I A S  D E V I A T I O N  E P M O R  A L P H A  ALPHA A L P H 4  

A 1 2 0  7.78 -2 .22  ;I - 9 6  5 . 8 7  0 . ~ 5  2 . 6 9  5 . 3 9  
H 120 2 - 7 4  - 2 , r ' h  1 .09  6.35 0 - 6 4  L.53 7.2G 
c 120  2.96  - 2 . 0 4  1 . 3 1  5 . 9 5  8 - 8 9  3 . 6 1  Il.LI:! 
o ~ Z Q  3 - 1 3  - 1 . 8 7  1 . 6 4  6 . 2 2  8,98 2 . 7 5  1 4 . 5 3  
E 1ZQ 3 . 1 3  -1 .87  1.3p 5.45 1 . 4 1  2 - 8 9  1 3 . 2 0  
F 1 2 0  3 - 5 9  - 7 - 6 1  1 . 9 6  6 . 4 5  1.C9 3 . 0 6  1 6 . 1 7  
N 1 2 0  2 . 4 8  -2.52 1 . 2 e  8 . 0 4  0 . 2 3  7 . 3 7  1 2 . 5 3  
P 12c 5 - 0 9  - 1 . 9 9  1 .O@ 4 . 6 8  1 . 1 8  2 . 9 8  6 . 3 5  
Q 1 2 0  3 . 3 9  - 1 . 6 1  1 . 1 7  3.97 1.46 3 . 2 9  8 . 9 5  
X 120  1 . 7 7  - 3 . 2 3  0 . 8 4  1 1 . 2 1  6 - 4 2  1.63 5.c4 
Y 1 2 0  7 . 9 4  2.94 2 1 . 1 1  7 4 3 . 9 8  Q.35 4 .76  29X.Lq 
1 1 2 0  3 . 2 2  -1 .78  1 .sn 6 . 4 4  0 , ! 3  2.P3 11.rt3 

( 1 )  K E Y  7 0  P R O C E S S I P J S  C O D E S :  
A :  4 Y E A R  L A G .  
R :  5 Y E 4 R  L A G .  
C: R E C R U I T S  O S T A I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L b G S .  
D :  6 Y E A R  L A G ,  

F :  7 Y F A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  S I  61 A N D  7 Y E P R  L A G S .  

D A T I O N  15U: P A H E k T S  AND R E C R U I T S  E A C H  O R T A I M E D  D Y  
S U I V I H I N G  O V E R  7 Y E A S S I  M 1 T M  A 4 Y E A R  L A G .  

P :  " A t J L V I P h E  A G E "  EUDELI E X H X M I T  U T - S a .  
Q: " E G G S  Ok E G G S "  Y O D E L ,  E X t t l D I T  I J T - 5 % .  
X :  M A T R I X  M O D E L  S E P  ALPHA * PEP * E X P  ( - B E T A  * P )  

V :  M A T R I X  M O D E L  R E P  = ALPHA * P E P  * EXP ( - B E T A  * P E P )  

Z :  N A T R I X  M O D E L  R ALPHA * P * E X P  ( - P E T A  * P )  

( E Q U A T P O N  ' U ) ,  

( E P U A P I O N  1 3 U 9 .  

( E Q U P . T  I O N  1 4 . u ) .  
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T A B L E  D-6. SUDjlivlfiRY S T A T I S T I C S  F O R  M O D E L  E S T X l v i A T E S  O F  
A L F H A i  A P A R A M E T E S  I N  T H E  R I C K I - R  M O D E L F  
F O R  C A S E  rW#HER 1 ( R U N  N U P l Y E R  301,  
FL0,W IS rYOT I N C L U D E D  1 N  T H E  F I T T E D  W O D E B ,  
P L L  V Q D E L  E S T I W A T E S  A K F  I N C L U D E D ,  

T R U E  M O D E L  ALPHA = 70.03 
T R U E  M O D E L  GAMNIA = i3,000036 

PI 120 3 . m  -6.90 c,w, 4 8 ~ 9  1 . 4 9  2 , w  6 , & 5  
8 7 2 0  3-17 - 6 . 8 3  1 .16  4 8 - 4 4  1 . 5 4  2 .92  7.93 
c 120 F.41 -6 .59  1 . 3 4  4 S . 6 4  1.72 3 , I C  8.92 
0 120 3.5E - 6 . 4 2  1 . 4 6  43.55 1.76 3 . 2 8  9.8k 
E 120 5 - 5 3  -6.47 1.30 4 3 . 9 0  1 . 4 5  3,25 8 . 4 2  
F 1 2 0  3 - 7 5  - 6 . 2 5  1.35 4 1 - 2 5  1 , 5 C  3 . 4 8  8 - 2 5  
h 1213 3,QO -7.00 1 . 4 7  5 7 - 5 3  Q.P7 Z , J 3  1CI,3t* 
P 120  3 - 4 4  -6 .55  1.33 4 5 . 0 2  1.26 3 .25  7.97 
0 lZFd 3 , 6 7  - 6 . 3 3  1.25 4 1 - 9 3  4,73 3 . 4 4  5 , 3 6  
x 120 1 , % 5  -8.05 13-73 6 5 . 9 3  0 .59  3,82 4 - 3 7  
Y 1 2 0  'Pi l .LS 3.45 2 1 - 4 7  7 5 4 . 5 5  0.57 6 , 1 9  ZVS.7G 
2 1 2 0  3.5h - 6 , 4 2  1 . 5 0  4 3 - 8 0  1 - 7 1  3 . 0 7  9 * 5 ?  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A H  L A G .  
R r  5 Y E A R  L A G ,  
C: R E C R U I T S  O W T A I N E D  HY A V E R A G I N G  5 ANI) 6 Y E A R  LAGS. 
D :  6 Y E A R  L A G .  

F x  7 Y E A R  LAG. 
E :  R E C R U I T S  O R T A I N E D  P Y  A V E R A G I N G  S r  6 8  A"JD 7 Y E A R  L B G S .  

N: E Q U A T I O N  ?5U: P R R E N T S  A N D  R E C R U I T S  E A C h  O W P A / & E D  R Y  

P: ' ' ~ ~ ~ ~ T ~ ~ ~ ~ E  & G E @ *  Y O D E L *  E X H I B I T  I J Y - f a P ,  
Q :  " E G G S  O N  E G G S "  NODEL, E X H I t l X T  U X - 5 P .  

~~~~~N~ O V E R  7 Y E A Y S 8  k I T h  A 4 Y E A R  L A G ,  

X :  M A T R I X  M O D E L  Q E P  = ALPHA * PEP * E X P  ( - B E T A  * P )  

Y :  l u l A T 2 E X  M O D E L  R E P  = ALPHA * P E P  * F X P  ( - B E T A  * P E P )  

2 : :  M A T R I X  M O D E L  P = ALPHA * F * E X P  ( - B E T A  * P I  

l E Q U A T l O N  S U I .  

l E O L r A T X O F i  1 3 U ) .  

~~~~~~~Q~ 14U). 
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A 120 3-56 - ? 6 . 4 4  0 . S C  2 7 3 . 1 2  
E 1 2 @  5.87 -?6.13 2 - 9 5  263.15 
c 120 r4.21 - 3 5 . 7 9  1 .2U 252.75 
0 1 2 3  4 . 4 1  -15.59 1 . 3 5  2 4 6 . 9 7  
F 1 2 @  4 .35  -15.55 1.27  2 4 8 . 7 4  
F 120  b o & ! ?  -15.60 1 . 4 6  21+7.48 
N 1 2 0  3 - 5 6  - 1 6 . 4 4  1 .P2 21G.15 
P 120  4 .21  -15.79 1 .31 ? 5 7 . 2 5  
5 120 4.14 -15.86 1 . 1 5  2 5 4 . 8 2  
x 126  1.95 - 1 8 . C 5  2 - 6 6  5 2 8 . 9 4  

z 120 3 . 8 4  -16.16 1.30 255.19 
7 120 11.04 - s . 9 9  7.25 1 3 4 . 1 7  

1 .57  
1 . Lb  
1 . l a 7  
1.56 
1.46 
1 .I?b 
O , G 4  
1.41 
1.67 
I! . 73 
0 .?g 
1 . & Z  

5 - 5 7  1 .67  
3.91 5.37 
4 . 1 6  H.42 
4.31 e . 5 5  
4 . 2 1  9 . C R  
4 - 3 8  9.18 
3 - 4 5  7 . 4 8  
4 . 0 4  9 .02  
4 e CCJ 7.99 
1.80 5.54 
9.61  55 .32  
3 . 5 4  1 0 . 4 2  
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T A B L E  D-9. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
P L P H A ,  A P A R A M E T E R  I N  T H E  R I C K E R  M O D E L ,  
F O R  C A S E  N U M B E R  1 ( R U N  N U W H E R  26). 
FLON I S  N O T  I N C L U D E D  I N  T H E  F I T T E D  M O D E L .  
M O D F L  E S T I M A T E S  O F  A L P H A  W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T l V E  E S T I M A T E S  O F  R E T A  A R E  E X C L I J D E D .  

T R U E  M O D E L  A L P H A  = 1 . O C  
T R U E  M O D E L  GANYIMA = 0.30CO36 

P R O C .  FJO. M f A N  N E A N  MIN- 
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I Y U M  3 E D I A N  NAXIM1JIUI  
(1 )  O B S .  A L P H R  B I A S  D E V l A T I O M  E R R O R  A L P H A  A L P H A  ALPHA 

A 1 1 7  2.38 1.38 1.16 3,28 (1.72 2 - 2 2  8 " 2 4  
R 1 1 4  2 . 2 4  1.24 1 .oci 2.55 a.66 2.16 7.81 
c 1 1 4  2 . 3 4  7.34 0.98 2.76 0 . 6 3  2.32 6.08 
D 1 1 5  2 . 3 7  1.37 1 .Q8 3.07 O.65 2.20 6 . C 3  
E 1 1 6  2.43 1.43  1.08 3 .23  0.59 2.35 5.43 
F 1 1 6  2.56 1.56 1.67 4 - 6 3  0.54 2.42 11.07 
N i n a  2.29 1.29 1.72 4 . 6 4  0 . 9 0  1.99 12.25 
P 1 1 4  2.41 1.43 1 .n2 3.cs 0 . 6 3  2 " 6 9  5 - 4 8  
Q 1 1 3  2.63 1.63 1.19 4.90 a.50 2.62 6.56 
X 96  2.15 1.15 1.06 2.46 0.57 1.85 5.40 
Y 1G2 5.91 4.91 15 .56  298.65 0.57 2.73 150.8Q 
z 1 1 0  3.06 2,05 1.75 7.35 0.74 2.71 8 . 5 3  

( 1 )  K E Y  T O  P R Q C E S S I N G  CODES: :  
A :  4 Y E 4 R  L A G ,  
R :  5 Y E A R  L A G .  
C: R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  5 A N D  6 Y E A R  L A C S .  
D: 6 Y E A R  L A G .  

F :  7 Y E A R  L A G ,  
N: E Q U A T I O N  15U: P A R E N T S  A N D  R E C R U I T S  E A C H  O R T W I N E D  B Y  

E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5, 6 r  A N D  7 Y E A R  L A G S .  

S U M M I N G  O V E R  7 Y E A R S #  W I T H  A 4 Y E A R  L A G .  
P: " " M L V I P L E  A G E ' n  M Q D E b r  E X H I B I T  U T - 5 8 .  
Q :  " E G G S  O N  E G G S "  M O D E L ,  E X H I S I T  U T - 5 8 .  
X: P l A T R I X  M O D E L  REP = ALPHA * P E P  * E X P  ( - B E T A  * P I  

Y :  M & T R I X  NODEL R E P  = ALPHA * PEP E X P  ( - B E T A  * PEP) 

2 : :  M A T R I X  M O D E L  R ALPHA * F * E Y P  ( - B E T A  * P) 

( E Q U A T I O N  8i . f )  . 
( E Q U A T I O N  13U).  

( E Q U A T I O N  16bU). 
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... 

TRBLE Is-PB. S U M M A R Y  S T A T 3 S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHAa A P A R A M E T E R  I N  T H E  R B C K F R  FIIDDELr 
F O R  C A S E  N U M B E R  1 (RUN ~~~~~~ 2 7 1 ,  
FLQW IS N O T  I N C L U D E D  I N  T H F  F I T T E D  MODEL.. 
WOOEL E S T I M A T E S  OF AEPN 
W I T H  N E G A V f W E  E S T I M A T E S  

T R U E  M O D E L  BLPH14 = 1 - 2 5  
TRUE W O O E L  GAMPltA = Q,O0603tp 

PROC. NO. M E A N  R E A N  'IN- 
C O D E  O F  E S T ,  ~ V A ~ ~ ~ ~ ~  S Q U A R E  H W  
( 1 )  O B S .  ALPHA B I A S  D E V I A T I O N  E 8 8 0 8  W C  

A 117  2.42 1 . 1 7  6 .97  2 . 3 1  a,? 2 . 2 2  5 - 4 5  
B 1 1 4  2 * 3 1  1.06 Q.92 8 8,tJ 2 - 2 5  & , & 5  
C 117 2.45 1 - 2 0  0 . 9 9  3 0 , b S  2-39 6.65 
D 116 2.57 1 - 3 2  1 .os  2 . Z 5  0 - 6  2 - 5 1  6.69 
E 119 2,611 1 - 3 6  1 - 1 7  3.11: 0-5 2.55 5-04 
F 117 2.89 1.55 li - 2 2  3 . 9 0  0.6 z * 5 4  6,69 
lu 106 2 - 4 1  7.76 3 - 6 3  1 6 - 5 6  -78 7-94 3w,44 
P 119 2-63 1 , 3 8  1 .26  3.57 0.418 2 , 5 Q  7 * 6 3  
Q 119 2 . 9 ~  1.65 7 * 4 %  4 . 7 3  Q,68 2 , 7 4  8,319 
X 102 2 - 0 5  C.80 0 .HI7 1 - 2 9  O - 6 2  3 - 8 8  5 - 4 2  
Y 1 1 2  5 . 1 5  3 . 9 0  09.26 8 - 5 7  Z,P 92 ,Ob 
Z 117 3 . 1 0  7-85 b - Q S  0 - 7 9  2,8 8 , 3 7  

( 1 )  K E Y  T O  PROCESSING C O D E S :  
A: 4 Y E A R  L A G .  
8: 5 Y E A R  LAG, 
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  4 Y E A R  L A G S ,  
D :  6 Y E A R  L A G .  

F :  ? Y E A R  L A G ,  
N: E Q U A T I O N  7 5 U :  P A R E N T S  9 N O  R E I :  

E: R E C R U I T S  O R T A I N E D  F\Y  A V E R A G I N G  5, 6 r  A C b  7 Y E A R  L A G S ,  

S U M M I N G  O V E R  7 Y E A R S F  W I T H  A 
P: 'aMMULTIPLE AGE" W O B E L r  ~X~~~~~ U T - 5 8 .  
Q :  " E G G S  O N  E G G S ' &  M O D E L r  E X N I B I T  U T - S P ,  
X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * E X P  C-BETA * P I  

Y :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * EXP < - B E P A  * P E P )  

I t  M A T R I X  N O D E L  R = ALPHA * P * E X B  [ - B E T A  * P I  

( E Q U A T I O N  SU). 

(EQUATION 1 3 U ) .  

( E Q U A T I O N  1 4 U ) .  
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T A B L E  D-11. SWE"IIVIARY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
A L P H A r  W P A R A P B E T E R  I N  T H E  R I C K E R  NODELI  
F O R  C A S E  NklklBEW 1 (RUN MU'IBER 2 8 ) .  
FLOW IS NOT I N C L U D E D  I N  THE F I T T E D  UODEL. 
W O D f l  E S T I M A T E S  O F  ALPHA V H I C W  A R E  A S S O C I A T E D  
@ I T H  H E G W V Z V E  E S T I M A T E S  O F  B E T A  A R E  E X C L U D E D .  

T R U E  Y O D E L  ALPHA = 2.5ci 
T R U E  M O D E L  GAFdlMh = t ? . O O C O 3 6  

$ R O C .  N O .  M E A M  PIE AN M I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I M U M  H E D I A M  MAXIF.TUP4 
( 1 )  O B S .  ALPHh R I A S  D E W I A T I O N  E R R 5 8  A I . . P M A  ALPHA ALPHA 

A 120  2.57 Q.07 
B 1 2 0  2 , 4 3  -0.07 
c 1 2 0  2 - 5 7  0 .11  
D 1 2 8  2.79 c . 2 1  
E 1 2 0  2.78 0.29 
f 1 2 0  3.00 0 - 5 0  
N 113 2 .29  - c ,2?  
P 120 2.76 0.26 
Q 120 3.62 0.s2 
X 111  1 .84  -C.66 
Y 1 1 6  5 . 0 9  2 . 5 9  
E 117 3 - 0 8  0.58 

1 .oo 1 . 0 1  0.95 2 . 3 9  6 - 5 1  
n . 87  0.76 0 , 9 2  2 . 3 4  5 -5'1 
0.88 0-75 0 . 8 9  2 . 5 5  5 . 8 5  
3.92 C.89 0 - 8 0  2 - 6 4  b , Z 7  
0 -97 1.03 0.79 2,72 6,r)s( 
1 . 5 2  1 .99  0 . 4 3  2.81  9 . 4 3  
1 . 1 0  1.26, c , 9 1  P , i 1  7 . 2 2  
1 . 1 3  1.34 0.09 2.60 7.72 
1 .18  1 . 5 7  6.91 2 - 8 7  6 - 9 7  
0.77 0 . 9 5  0.65 1 .72  4 - 7 6  
5.35 3 5 . 3 6  9 - 7 6  3-75 3 3 . 9 6  
1 . s o  2 , 5 8  1 .06  2 - 9 7  8-54 

( 1 )  K E Y  T O  PWQCFSSINCs C O D E S :  

C :  R E C R U I T S  O R P A X N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
Dr 6 Y E A R  L A G .  

F: 7 Y E A R  L A G .  
N:  E Q U A 7 I O N  1SU: P A R E N T S  AND R E C R U I T S  E A C H  Q B T A I N E D  B Y  

P:  "MULTPPLE A G E " #  PdrODELi EXIIl l lI? U T - 5 8 .  
Q :  ""EGGS ON E G G S * *  W O D E L r  E X H I H I ?  U T - 5 8 .  
X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * F X P  ( - & E T  

Y :  M A T R I X  M O D E L  R E P  A L P H A  * PEP * EXP ( - B E T A  * P E P )  

2 :  M A T R I X  M O D E L  R = ALPHA * P * E K P  ( - B E T A  Q P I  

E :  R E C W U I Y S  O B T A I N E D  B Y  A V E f f A G I N G  5.- 6 ,  AhP 7 Y F W R  L A G S ,  

S U N M I N G  O V E R  7 Y E A R S *  W I T H  A 4 Y E A R  L A G .  

( E B U A V I O N  8 U ? .  

( E Q U A T I O N  13U) .  

( E Q U A B I Q N  1411) . 
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T A B L E  D-13, SUHMARY S T A T 1 ; S T I C S  F O R  H Q D E L  E S I I R A T E S  O F  
AhPHAr  A P A R A M E T F R  J N  T H E  R I C K E R  M Q D E L E  
F O R  C A S E  N U R R E R  1 ( R U N  NUWRER 5 0 ) .  
FLOW IS NOT X N C C - U B E D  I N  T H E  F I T T E D  B O D E L .  
NODEL E S T I R 9 T E S  O F  AIPHFi  W H I C H  A R E  A S S O C I A T E D  
W I T M  M E G 4 T P V E  E S I I M R T E S  O F  B E T A  A R E  E X C L U D E D .  

A 120 5 . 1 0  
E3 129  3 .17  
c 1 2 0  3.41 
D 120 3 . 5 8  
f 720 3 - 5 3  
F 120 3 - 7 5  
M 118 3 - 0 4  
P 920 3 .45  
9 42u 5.33 
x 116 1 .98  
Y 918 10 .62  
z 1 2 0  3.58 

-6 6 90 0,96 4 E - 8 9  1.S? 9,92 $ , E 5  
-6 - 8 3  1 . 1 6  48.41. 1 .34  2 . 9 2  7.9f2 
-6.59 1 . 4 4  4 5 . 6 4  1 . 7 2  3 , 1 0  8 .92  
- 5 . 4 2  1 . 4 6  4 3 . 6 5  1 . 7 6  3.28  8.zlt! 
-6,LP;l" 1 . 3 c  4 3 , 9 6  1.45 3.25 e .42  
-6 -75 1 . 3 5  41.25  1 . 5 0  3 .48  8,25 
-6 . a b  1 . 4 6  5 1 - 0 7  1 .05  2 - 7 3  10.36 
'" G c 5 5 1 . 3 3  45-02 1.25 3.25 7.97 
- 6 . 3 3  1 . 2 5  41.915 i . 7 0  5 - 4 4  8 - 3 6  
-8.132 5.71 65.32 0.75 1 . 8 4  4 . 3 7  

0,62 2 7 - 6 7  7 6 5 - 9 6  1 .31  5 . 3 3  79f4.76 
- 6 . 4 2  1 . 5 0  4 5 ~ 0  1 - 2 1  3 . w  9 . 5 7  



181 

... 

A 120 3-56 - 3 6 . 4 4  
a 120 3 - 8 7  -46 .  
e 120  4 * 2  
D 120  4 . 4  
f 120 4 , 3 5  -15,65 
F 120 4.40 -115,60 
N 119 3-52?. -1Am42 
P 820 4 , 2 1  - 1 5 . 7 9  
B 120 4 . 3 4  - $ 5 * R b  
x 119 9.96 -98,414 
91 119 1 J . Q  
2 120 3 - 8 4  - I b , B Q  

.. .. 
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A 1 2 0  4 . 7 3  -25.67 q . 3 9  6 5 4 . 5 2  
Ff 120  5 . T U  - 2 4 - 3 6  0.76 5 3 5 . 1 4  
c 1 2 6  0.97 - 2 3 . 8 3  9.85 5 7 8 - 1 1  
F 120 LW -mix 3.91 5 6 7 . 2 6  
F 1 2 0  6.02 - 2 3 . 6 8  0.83 580 .36  
F 120  5.60 -24-40 0.87 6C1.03 
M 146 5 . 0 1  -24.9'3 0.52 6 3 0 * 1 6  
P 1 2 0  5.74 -24.25 2 - 7 7  5 9 4 - 2 8  
Q 120  5 .10  - Z L , 9 6 !  0 . 4 9  625.73 
x 120 1.92 -28.08 3 . 3 9  795 .26  
Y 120 17.75  - 1 9 * 7 ~  3 . 5 4  "353.72 
;P 120 4.12 -25.8E 63-69 5 7 5 . 9 7  

3 . J P  
4 - 0 1  

3 . 9 9  
4 . 8 1  
3 . 3 1  
3 -669 
3 . 9 0  
4 . 6 4  
1 .26  
9 , Q b  
2.88 

4 0 9  

4 . 3 5  
5 .71  
5 , ? 4  
5.37 
5.98  
5 . 4 8  
5.52 
5 . 7 5  
5.05 

1 7 . 7 3  
4 . (13 

1 .a8 

5 . 5 3  
7.62 
8.z1j 
8.72 
8 - 2 3  
7.82 
6.30 
7.52 
7 .46  
7 - 7 0  

Is3 - 4 6  
5 . 7 7  
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TABLE D-16. SUHCIAEP STATISTICS FOR MODEL ESPTHATES OF 
ALPHA, A PAF!ABETER I N  THE R f C R E R  HODEL,  
FOB CASE NUHBEIB 1 (RON NURBER 26)- 
FLOW IS I N C L U C E D  IN THE FI'l'TFED PIODEEL, 
ALL MCDEL ESTIMATES A R E  INCLISDEC,  

TRUE HODEL ALPHA = 1. 
TEUE I l O D E f  G A M M A  = 0,008036 

PROCm NO- M E A N  HEAN E1 8- 
CODE OF EST. S T A N D A R D  S Q U A R E  IMUM HIED'XAN MAXIMflPJ  
(1) 0 8 s .  ALPHA BIAS D E V I A T I O N  ERROR 

A 1 2 0  2.33 1 .33  1 - 7 2  3. Q2 
73 1 2 0  2.15 1 .15  1 - 0 0  2.32 
C 120 2.23 1-23 0.99 2 - 5 1  
D 120  2 .27  1.29 1.06 2.74 
E 120  2.32 1 . 3 2  1.03 2*84 
P 120 2.84 1.44 1 .21  3-80 
P 120  2-31 1 . 3 1  1.00 2-73 
Q 4 2 0  2 - 5 1  1 . 5 1  1 -16  3-67 
X 1 E Q  7.83 0-83 1.13 1 - 9 7  
Y 120 5.39 4-39 1 9 - 6 7  414e47 
z K O  2.85 1.85 1 - 7 9  6 - 6 6  

0.50 
Q,36 
O"3U 
6 . 2 9  
0.34 
0-23 
8-42 
8.332 
6-25  
0. I6 
0.43 

2 - 1 3  6.38 
2 - 1 1  7 "  28  
2 - 2 3  5 * 9 a  
2.48 5.53 
2 - 2 9  5.32 
2*36 9.35 
2 - 2 5  5 . 2 7  
2. §?I 6.43 
1.65 5 - 1 6  
2.37 213.10 
2 . 5 9  8 . 5 5  

( 1 )  KEY TO PROCESSING CODES: 
A: 4 Y E A R  LAG. 
8:  5 Y E A R  LAG, 
c :  
D: 
E: 
E': 
P: 
Q: 
x: 
Y: 

2: 

RECBUITS OBTAINED BY AVEBAGXNG 5 AND 6 YEAR LAGS.  
6 PEAR LAG. 
RECRUITS O B T A I N E D  BY A V E R A G I N G  5 ,  6 ,  A N D  7 PEAR LAGS, 
7 YEAR L A G .  
m N U L T I P L E  AGE" HODEL, E X H I E I T  UT-Se, 

H A T E I X  8ODEL REF = ALPHA * PEP * EXP (-BETA * PI 
(EQUATION 8 U ) .  
H A T R I X  MODEL REP = ALPHA * PEP 4 EXP [-BETA * P E P )  
(EQIIATTQN 130)- 

H A T R I X  MODEL 3 = ALPHA * P * EXE (-BETA * P) 
(EQUATICIN 1 4 0 )  - 

"EGGS O N  EGGS" HODEL,, E X H I B I T  m - 5 a .  

... .. . 
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PBOC, NO" PlawEAh! ER LP H- 
CODE 08 EST.  N'OWRD SQUARE %HUH HEDIW 
( I )  O E S .  ALPHA B I A S  BEWlCW"XfO# ERBOB A L P H A  ALPHA ALPHA 

A 1 2 0  2.39 "1.94 o e  99 2.28 0.71 
B 128 2.29 7 - 0 3  0*97 2.01 0.56 
C 120 2.Y4 l . i 9  1.04 2 - 5 1  0.49 
D 1 2 0  2.55 9.30 1.13 2 - 9 6  0 . W  
E 1 2 0  2 . 6 3  7-38 1.18 3.31 0.51 
F 120 2.79 1.54 1-29 & * a 5  0.59 
P 120 2.62 1.35 1.30 3 * 5 9  0-39 
Q 9 2 8  2 .89  1 .63  1, Y4 4,7@ 6.39 
L 120 1.83 8-62 0.911 1.21 0.30 
Y 120 4.93 3 . 6 8  9-74 988.53 0.26 
z 1 2 0  2 - 0 7  1.82 1-67 6.76 0.55 

2.20 
2-24 
2.43 
2.4s 
2-59 
2-69 
2 m  60 
2 - 9 0  
1.73 
2.96 
2-74 

5.50 
6.81 
6.49 
6.30 
6.22 
6.57 
7.6 9 
8 . 4 1  
5 - 2 9  

161.00 
8.52 

(1) K Z Y  " 6  PRQCESS%MG C O D E S :  
A: 4 P E A R  LAG. 
E: 5 Y F 4 R  ERG. 
cz 
c: 
E: 
P: 
F: 
Q: 
x: 
r: 
z: 
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T A B L E  D-18. SUMMAZY S T A T I S T I C S  FOR MODEL ESTTHATES OF 
ALPHB, A PARAMETER IN T H E  RICKER MODEL, 

FLOW I S  IICLUCED IN THE F I T T E D  HODEL. 
ALL MCDEL ESTIHATES ARE I N C L U D E C .  

FOR C A S E  W U R B E R  1 ( R U N  N O H B E R  289 

T R U E  IYODEL ALPHA = 2 - 5 0  
T % U E  MODE1 G A n M A  = 0 . 0 0 0 0 3 6  

PROC. N O .  MEAN MEAN 
CODE Of ES?. S T A N D A R D  SQUARE 
( 1 )  O E S -  ALPHA B I A S  D E V I A T I O N  E R R O R  

A 1 2 0  
3 1 2 0  
c 120 
D 1 2 0  
E 1 2 0  
F 120 
P 1 2 0  
Q 1 2 0  
x 720 
Y 120  
2 120  

2 - 5 7  
2.44 
2.61 
2.32 
2.78 
2.99 
2.77 
3.02 
1.77 
4.98 
3-06 

0 .07  1.03 
-0.06 0-89 
0.11 0.86 
0 .22  0.91 
0 . 2 8  0 . 9 5  
0.49 1.29 
0.27 1. I6 
0.52 1 .  19 
-0.73 0.79 
2.48 5-63 
0.56 1 . 6 7  

1.07 
0.80 
0.76 
0 .88  
e. 99 
1 - 9 1  
1.42 
1.69 
1.17 

37.90 
3-10 

P I N -  
lMUM MEDIAN MRX'IMUM 
A L P H A  ALPHA ALPHA 

0.96 
0.97 
0.91 
0.82 
0.82 
0.60 
1.00 
0,92 
0.32 
0.35 
C, 62 

2.33 
2- 33  
2-50 
2.65 
2.71 
2.83 
2.60 

1 .68  
3-66 
2 - 7 8  

2. a a  

7.03 
5.93 
5 . 8 6  
6.28 
5.77 

8.17 
6 - 9 4  
Q , 6 6  
41.02 
9.19 

9 .  oa 

(1) KEY TO PROCESSING CODES: 
A: 4 Y E A R  LAG. 
E: 5 P E A R  L A G .  
C: RECRUITS O B T A I N E D  BY AVERAGING 5 A N G  6 YEAB LAGS. 
C: 6 Y E A R  LAG.  
E :  R E C R U I T S  O B T A I N E D  BY AVERAGING 5,  6 ,  A N D  7 PEAR LAGS. 
F: 7 Y E A R  LAG. 
P: ~ g l Y U L T I P L E  AGE" MODEL, EXBIEIT UT-FE. 
Q: " E G G S  O N  E G G S H  HODEL, EXHIBIT U T - 5 E .  
X: M A T R I X  HODEL R E F  = ALFHA * P E P  * EXP (-BETA * P 
Y: MATEIX HQDEL REP = ALPHA * P E P  * EXP (-BETA * PEP) 

Z: I l A T R I X  BODEL E = A L P H A  * P * EXF ( - B E T A  * P) 

( E Q U A T I O N  8U). 

(EQUATION 1 3 U )  

( E Q t A T I O N  1 4 U ) .  

.... 
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A 1 2 0  2,T-P - 2 , 2 3  1.00 6 . 0 %  
B 1 2 0  2 - 7 1  -2-28 1.08  6. 44 
c 120 2 - 9 2  - 2 . 0 8  1 .23  6.04 
D 1 2 0  3 .11  - 3 . 8 3  1.67  6 * 2 U  
E 1 2 8  3 - 1 7  - 7 . 8 9  1.40 5 e 5 4  
F 1 iQ 3 , U O  -7.6C 2 -  c o  6.58 
P 1 2 6  3 - 8 6  -1 .34  1 . 0 2  4.82 
Q 1 2 8  3 - 3 9  -1 .61  1.20  4.07 
IT 1 2 0  7,73 -3.27 8.78 11.37 
'T: 1 2 0  8.78 3.78 3 5 - 5 2  13Eo7.14 
Z 1 i O  3.16 - 2 . R Q  1.32 6 . 3 9  

C.87 2.69 5,88 
6.83  

0.88 2.65 1^1.30 
8.92 2 - 7 3  14.79  
1.22 2 - 8 3  13 ,61  
0.31 3 - 0 8  19.64 
1.17 2.919 6 .52  
9.24 3,29 9 . 3 1  
0.a.ia 1.67 5.09 
0 . 3 3  4 , 6 6  471.83  
0.90 2.8& 12.07 

(1) K E Y  TO PROCESSING CODES:  
A: (l 'ICIEAB I A G .  
E: 5 Y E A R  L A G "  
C: 
E: 
E: 
F: 
Ps 
Q: 
X: 

Y: 

2: 
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(1 )  8BS"  AZEBW &TICAS BEWPATIBN E R R O R  ALFHA ALPHA 

A 120 3-54 -16.4C 0 - 7 9  273.78 '0.57 
B 1 2 0  2 - 8 7  -15.13 0-98 263.2'8 1.4Q 
e 1 2 0  4 - 2 3  -15.77 1.29 252.25 1.47 
D 120 Y, 1 ,35  2 6 5 . 6 8  4-56 
E 1 2 0  4 - 3 7  - 1 5 . 6 3  1.29 248.01 1.45 
P 120 4 , Q 3  -15.57 1.48 246.68 1.25 
P 1 2 6  4,2@ -15,76 1.36 252.41 9.39 
Q " 1 2 8  4 - 1 7  -15.83 1. 16 2 5 3 . 9 8  1 .44  
X 120  1.96 -18 .CY 0.68 328.82 C.60 
Y 1 2 0  11.15  -8-85 8.45 150.29 1 .63  
z 1 2 0  3.85 -16.15 1.36 26Q.78 1.33 

3.53 
3 - 9 7  
4.13 
u * 3 2  
4.24 
5 , a o  
Q. 6 8  
4.30 
1 - 9 8  
9.019 
3 . 4 2  

ALP K1 A 

6.38 
6.32 
8 . 3 8  
8.50 
9-00 
9.25 
9.7% 
'7.99 
5.40 

S T .  67 
70.08 

( 1 )  K E Y  TO PROCESSING CODES: 
A: 4 Y E A R  I .AG,  
E:: 5 Y E A R  L A G ,  
c :  
E:: 
E: 
F: 
P: 
Q: 
K: 

Y: 

2: 

RECRUITS O B T A I N E  BY A V E R A G I N G  5 AWE 6 Y E A R  L A G S ,  
6 P E A R  L A G ,  
RECRWUIT'S O B T A I N E D  BY AVERWCIMG 5 ,  6 ,  A N D  7 BlEFaR L A G S .  
7 Y E A R  L A G .  
B v 8 U I T 1 P L E  AGE8$ HQDEL, E X H I E I T  U T - C E .  
*'EGGS ON E G G S v B  klODELv EXHIBIT U 3 [ - 5 & .  
HATTiTX BODEL REF ALFMA * P E P  * E X P  (-BETA * P) 
(EQWATSOB BU]. 

HXTElfX BODEL R E P  s ALPMA * P E P  * EXP ( -EETA * PEP] 

R = ALPHA * P * E X E  ( -BETR * P] 
(eQul&Trcla IQU) 
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TABLE D-22. S W H M A B Y  S T A T I S T I C S  FOR MiOCEk E S T 1  
ALPHA, A PARAMETER IN T H E  ESCKEA 
FOR CASE NOPlBER 1 (RUN N D B B E B  
IFLCW IS I N C L U C E D  IN T H E  F361T3D MOX)EZD 
A I L  MCEEL ESTHlYlATES A R E  IPICL'CIDED, 

1) OB$, ALPBA B I A S  D E V I A T I O N  E R R O R  A f F f I A  ALPHA 

0.44 6153-58 3.28 4 , 3 3  
0.79 595.25 4-05 5,73 
Om89 5-77-73 are12 G a l 2  

2Q 6,29 - 2 3 - 7 1  0,545 567.66 4.08 6-33 
E 120 6" 0 * 8 6  581,03 4. 
F 120 5 -  8.93 601.94 3, 
P 3.214 5. 8 . 8 3  534*27 3.82 5,7B 
Q 4 2 0  5 , C S  -24.91 0.74 626-45 3, 
X 1 2 8  7-95 -28.05 0.49 793-78 0, 
Y 120 17.39 -12-11 3.69 161,38 f3.5u 17.8 

4.15 -25.85 0.80 674,510 2.22 4.04 

ALPHA 

§ .60 
7,8 
R * 2  

* 6 9  
8.13 
8 , 3 3  
7,592 
.s 
.3 

3u-72 
5,19 

( I ]  K E Y  TO EBOCESSING CODES: 
A: 4 Y E A R  LAG,  
8: 5 P E A R  I A G .  
C :  R E C R U I T S  OBTAINED B Y  A V E R A G I N G  5 A N D  6 Y E A R  LAGS. 
D: 6 Y E A R  EAG, 
E: R E C B U E T S  O B T A I N E D  B Y  A V E R A G I N G  5 ,  6 ,  A N D  7 Y E A R  ZAGS, 

$E'' HOBEL, EXHIBIT 03-59,  
GS@$ MODEL, E X H I E I T  UT-5e. 

X: R A T R I X  MODEL REP = ALPHA * PEP * EXP Q-BETA * P) 
I: MATRIX MODEL REF = ALPHA * PEP * EXP (-BETW * PEP)  

Z: H R T R X X  MODEL R zz A L P H A  * P * EXF (-BETA * P )  

~ ~ Q ~ A T ~ Q ~  8 U ) .  

( E Q U A T I O N  13U)  

~ ~ Q ~ ~ ~ ~ O ~  14U). 
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' I A W L E  D-25- S I I M M A H Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHAP A P A R A M E T E R  I N  T H E  R I C K C I H  M O D E L r  
F O R  C A S E  NUNRER 1 (RUN MUMMER 2 t ) .  
F L O M  I S  I N C L U D E D  I N  T H E  F I T T E D  M O D E L .  
M O D E L  E S 7 1 M 4 T E S  OF ALPHA HICH P R E  A S S O C I A T E D  
kfJ7H N E G A T I V E  E S T J N A T E S  O F  R E T A  A R E  E X C L U D E D .  

T R U E  M O D E L  A L P H A  2.5.; 
T R U E  NODEL G A M M A  = o.OOCOS6 

P H O Z .  M O .  PIEAN M E A N  M I N -  
C O D E  O F  E S T .  S T A P I D A R D  S Q U A R E  I P U M  R E D l A N  M A X I M U M  
( 7 1  ORs. ALPHA R I A S  D E V I A T I O N  E R R O R  A L P H A  ALPHA A L P M P  

A 120  2.57 a.07 1 .a3 1.07 0.96  2.38 7 .  c3  
19 1 2 0  2 . 4 4  -cl.c!6 7.89 C.80 0.97 2 - 3 3  5 . 9 3  
c 1?0  2 , 6 1  0 . 1 1  0 . 8 6  C.76 0.94 2 - 5 4  5 * 8 6  
D 120 2 - 7 2  0.22 [! - 9 1  C . R 8  0 .82  2.65 6,28 
E 120  2 . 7 8  0.28 3.95  i1.99 0 , h Z  2 - 7 1  5 . 7 7  
F 120 2.99 0.49 1 . 2 9  1 . 9 1  0.64 7 . 8 3  9 . 4 8  
I) 170  7.7? 0.ZP 1 .IC: 1 . 4 2  1.00 Z , h G  8.77 
ha 1 2 0  3 - 9 2  0.52 1 .19  1 . 5 9  0.92 2 - 8 8  6 . 9 4  
x 111 1 - 8 6  - 9 . 6 4  '1.76 P.99 0 . 6 7  1 .72  4 . 6 6  
Y 1 1 4  5.2!1 2 - 7 0  5.64 39.75 0.75 3 . 7 9  41 .02  
z 117  3.17 0 , 5 7  1 .65 3 . 1 1  0 . 9 6  2.82 9 . 1 9  

(1) K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
0 :  5 Y E A R  L A G .  
C :  R E C R I J I T S  O S T A I N E D  9 Y  A W E R A G I N G  5 A Y D  6 Y E A R  L A G S .  
D :  6 Y E A R  L A G .  

F :  7 YEP??? LAG. 
E: R E C R U I T S  O M T W I N E D  R Y  A V E R A G I N G  S r  6, A M D  7 Y E A H  L A G S .  

P: " M U L T I P L E  A G E " *  R O D E L t  E X H I B I T  U T - S r ? .  
Q: " E G G S  ON E G G S " "  M Q D E L r  E X H X R I T  U T - 5 8 ,  
X :  M A T R I X  M O h F L  R E P  = ALPHA * P E P  Jt F X P  ( - B E T A  * P) 
Y :  W A T R X X  M O D E L  R E P  ALPHA * PEP * E X P  ( - B E T A  * PEP) 

2 :  M A T R I X  M O D E L  R ALPHA * P * E X P  ( - B E T A  * P )  

( E ( a U A T 1 O N  8 U ) .  

( E Q U A T I O N  13U). 

( E Q U A T I O N  
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( 1 3  K E Y  T O  P R O C E S S I N G  CODES: 
A :  4 Y E A R  LAG, 
8: 5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I :  G 5 A N D  6 Y E A R  eaB;s, 
D: 6 Y E A R  L A G ,  

F :  7 Y E A R  L A G ,  
F: R E C R U I T S  O B T A I N E D  R Y  ~~~~~6~~~ 5fn  6 8  AND 1" Y E A R  L h t S ,  

19: " M U L T I P L E  A G E " '  M O D E L @  ~X~~~~~ 
t?: "EGGS ON E G G S "  MYlaDfhp E X H I R I T  
X :  M A T R I X  M O D E L  R E P  = ALPMA * P 

Y :  M A T R X X  M O D E L  R E P  zz ALPHA * PEP * E X P  C - B E T A  * P E P )  

P: M A T R I X  V O D E L  R ALPHA JC P t f W P  C-S-3kT9 * 

( E Q U A T I O N  b U ) ,  

( E Q U A T I O N  1 3 U ) .  

tEQUAB I O N  1 4 U )  * 
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TABLE D-27. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  ESTIPIAIES O F  
A L P H A P  9 P A R A M E T € R  I N  T H E  R I C K E R  M O D E L #  
F O R  C A S E  NUMBER 1 (RUN N U M B E R  3 0 ) .  

M O D E L  F S T l M A T E S  Q F  ALPHA N H I C H  daRE A S S O C I A l t D  
F L O ~  I S  I N C L U D E D  IN r t + E  F I T T E D  M O D E L .  

h X T H  N E G A T I V E  E S T I M A T E S  O f  13ETA ARF E X C L U D E D .  

TRUF M O D E L  ALPt.1A 2 18.00 
T R U E  MODEL.  G A M M A  = OIQ00G36 

PROC. NO. M E A N  M E A N  B I N -  
C O D E  O f  F S T .  S T A N D A R D  S Q U A R E  I IUIUM RWIEDIAN ~~~X~~~~~ 
( 1 )  QRS. ALPHA B X A S  D E V I A T I O N  E R R Q P  ALPHA ALPHA fihPHA 

A 120 3 - 0 9  
B 1 2 0  3.16 
c 120  3 - 4 0  
D 120 3,513 
E 1 2 0  3 .51  
F 1 2 0  3.73 
P 1 2 0  3 .42  
Q 120 3 . 6 4  
X 116 1 .99  
Y 118  111.39 
2 120 3 . 6 0  

- 6 . 9 1  r1.99 49 .12  1 . 4 4  2.85 6,8? 
-6 . a 4  1 . 1 6  48.57 1 . 2 9  ? . ? I  7.85 
-6.60 1 . 3 6  45.75 7 . 6 4  3.C)fi 8 - 9 1  
-6.42 1.50 4 3 . 7 5  1 . 7 1  3 . 2 6  9.88 
-6 .49  1.32 4 4 . 1 8  1 . 5 2  3.71; 8.2C 
- 6 . 2 7  1 . 3 9  4 1 . 5 5  1 .36  3-46 8.n6 
-6 .58  1 . 3 4  4 5 . 5 1  1.35 3 .19  x , 2 0  

-8 .01  0.81 65.44 0.76 1 . 8 9  5 . 7 ( 3  
0.39  2 6 . 5 9  787.43 1.21  6 .17  Z t ? R . Y n  

-6.40 1.67 44.05 1.25  3 - 0 8  10.47 

-6 . 35 1 . 2 7  4 2 . 3 5  1 .67  3 . 4 0  8.13 

(1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
B: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  13Y A V E R A G I N G  5 A N D  h Y E A P  L A G S .  
0 :  6 Y E A R  L A G .  

F :  7 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  H Y  A V E R A G I N G  5, 3 r  A P i D  I Y E A R  L A G S ,  

P :  " M U L T I P L E  A G E "  PlODFLr E X H I B I T  l J T - 5 R .  
8 :  " E G G S  O N  E G G S " *  M O D E L ,  E X H I R I T  IJT-58,  
X :  M B T R I X  M O D E L  REP = A L P H A  * P E P  * E X f  ( - B E T A  * P )  

Y :  M A T R I X  MODEL R E P  = A L P H A  * PEP * EXP ( - B E T A  * P E P )  

Z :  M A T R I X  M O D E L  R ALPHA * P * E X P  <-BETA * P I  

( E Q U A T I O N  8 U ) .  

( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  1 4 U ) .  
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LE 1)-28. S U M M A R Y  S T A T l [ S T L C S  F O R  O D E L  E S T I M A T E S  O f  
ALPHA# A P A R A M E T E R  I N  THE R H C K E R  
F O R  E A S E  N U M B E R  'I ~~~~ ~~~~~~~ 

F L Q U  IS I N C L U D E D  xpn THE t- 
N O D E L  E S Y X W A T E S  O F  ALPHA 
W H T M  N E G B T I V E  E S T I N A T E S  0 

. .  
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T A B L E  D-30. SUMMARY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
G A N M A I  THE C O E F F I C I E N T  RELATXNG R I V E R  F L O W  
TO S U R V X V A L r  FOR CASE NUWBER 1 < R U N  N U M B E R  263, 
ALL G A M M A  VALUES HAVE B E E N  SCALED BY 
M U L T I P L Y I N G  BY 1001ClOC P R I O R  T O  A N A L Y S I S .  

T R U E  M O D E L  G A v m  = 3.60 
T R U E  MODEL ALPHA = 1 - 0 0  

PROC, NO. M E A N  M E A N  M X N -  
CODE O f  E S T ,  S T A N D A R D  SQUARE I Y U M  M E D I A N  M A X I M I J W  
(11 08s. G A M M A  exAs D E V I A T I O N  E R R O R  G A M M A  G A M M A  GAIUIRA 

A 120 -0 .05  
R 120 0.51 
C 120 0 . 5 8  
D 120 0 .59  
E 120 0.46 
F 120 0.32 
P 120 0 .41  
Ci 1 2 0  0.26 
x 120 0.34 
Y 120 0.45 
Z 120 0.36 

-3.85 2 - 7 2  2 0 - 8 3  -9 .60 0.09 8 - 8 2  
-3 .09  2.93 18.17 -7.60 0 . 3 9  12.00 
-3 002 2.90 17-62 -7.10 0 . 3 4  12.00 
-3.01 3 - 0 2  18.29 -7.20 0.41 11.00 
-3.14 2.61 16.78 - 5 . 2 0  0 . 2 5  I2.0iJ 
- 3 . 4 8  2.71 19.56 -5 .30  0 . 1 8  t t . C O  
-3 .19  2 . 4 8  16 .46  - 6 . 4 0  0 . 4 3  10.110 
- 4 . 3 6  2-16 16.01 - 3 . 9 0  -0.06 10.00 
0 3 - 2 6  3 - 4 3  22.49 -13.00 0.37 13.00 
-3.15 2.74 67.48 -6.70 0 . 6 6  12.00 
-3 .z4 2 - 9 5  19 .27  - 8 . 0 0  0 . 4 6  12.QQ 

(1)  K E Y  T a  P R O C E S S I N G  C O D E S :  
A :  4 YEAR LAG. 
€3: 5 YEAR LAG. 
C :  R E C R U I T S  OBTAXNEO B Y  AVERAGING 5 AND 6 Y E A R  L A G S .  
D :  6 Y E A R  L A C ,  

F: 7 Y E A R  LAG, 
E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  6 ,  AND 7 YEAR L A G S .  

P: " M U L T I P L E  A G E "  W O D E L P  E X H I B I T  U T - 5 8 .  
Q :  " E G G S  ON EGGS" N O D E L r  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  W O B E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * PI 

Y s  M A T R I X  M O D E L  REP = ALPHA * PEP * E X P  ( -BETA * PEP) 

Z :  H A T R I X  M O D E L  R = ALPHA * P * E X P  (-BETA * P )  

(EQUATXOW RU).  

( E Q U A T I O N  13U) I 

( E Q U A T I O N  1 4 U )  . 

... ..... 
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T A R L E  D-32 S U M M P R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O f  
CAMMA,  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  FLOW 
T O  S U R V l V A l i  F O R  C A S E  NUMBER 1 (RUN NUMBER 2 8 3 ,  
ALL. G A M M A  V A L U E S  H A V E  BEEN S C A L E D  BY 
M U L T I P L Y I N G  R Y  1001ClOO P R I O R  T O  A N A L Y S I S ,  

?RUE I 4 0 D E L  GAMMA = 3 - 6 8  
T R U E  M O D E L  ALPHA =  sa 

PROC, NO.  F I E A N  M E A N  # I N -  
COQE OF E S T .  S T A N D A R D  S Q U A R E  IMUM M E D I A N  M A X I M U W  
( 1 )  OBS.  GAMMA B I A S  D E V I A T I O N  E R R O R  G A M M A  GAMMA G A M M A  

A 720 0 .21  - 3 . 3 9  
R 1 2 0  0-24 - 3 . 3 6  
C 920 0.34 -3.26 
D 1 2 0  0 . 4 3  -3.17 
E 120 0.19 - 3 . 4 1  
F 120 0.03 -3 .53  
P 120 0.22  -3 .38  
Q 120 0.04 -3.56 
X 120 a - 3 8  -3.22 
Y 120 0 - 4 6  -3.14 
E 120 0 , 3 3  - 3 . 2 7  

2.94 2 0 . 2 4  -12.00 
2 . 8 6  1 9 . 5 4  -8.20 
2 . 6 4  17.7'l - 5 . 9 0  
2.81 1 8 - 0 2  -5 .70  
2.26 7 6 - 8 2  -4.80 
2,71 20 ,21  -8.CO 
2.45 1 ? , S 4  -6 .80 
2.07 17.02 - 4 . 3 0  
3.86 25.38 -10.00 
3.21 2 6 - 2 7  -8.10 
3.27 2 1 . 4 9  -8.90 

0,19 
0.07 
0.38 
0.21 
0.01 
0.07 
0-27 
0.08 
0 . 4 3  
0 . 4 6  
0 . 5 8  

7.30 
10,OQ 

9 - 8 0  
10.00 
8.40 
6 . 6 0  

12.00 
10.00 

9 .90  
8 , 9 0  
8 - 2 0  

( f )  K E Y  T O  PROCESSING C O D E S :  
A :  4 Y E A R  L A G .  
8: 5 Y E A R  L A G ,  
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  S A N D  6 Y E A R  L A G S .  
D: 6 Y E A R  LAG.  

F: 7 Y E A R  L A C ,  
E: R E C R U I T S  O B T A l N E b  B Y  A V E R A G I N G  S r  6 1  AND 7 Y E A R  L A G S .  

P: " M U L T I P L E  A G E "  M O D E L 8  EXHIBIT UT-Sf?. 
Q :  "'EGGS ON E G G S " '  M O D E L @  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  REP = A L P H A  * PEP * EXP ( - B E T A  * P I  

Y t  M A T R I X  M O D E L  REP = A L P H A  PEP * E X P  ( - B E T A  * PEP) 

2 :  M A T R I X  M O D E L  R = A L P H A  * P * E X P  ( -BETA P I  

( E Q U A T I O N  8U) .  

( E Q U A T I O N  1 3 U l .  

( E Q U A T I O F I  14U). 



? 
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T A B L E  D-34.  S U M M A R Y  S T A T I S T I C S  F O R  P l O D E C  E S T I M A T E S  OF 
C l l M M A i  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O U  
T O  S U R V I V A L /  F O R  C A S E  N U M B E R  I ( R U N  ~~~~E~ SO). 
ALL G A M M A  V A L U E S  H A V E  BEEN S C A L E D  BY 
M U L T I P L Y I N G  B Y  1 O O i O O O  P R I O R  T O  A N A L Y S I S ,  

TRUE M O D E L  G A M M A  = 3 - 6 0  
TRUE M O D E L  A L P H A  = 10.0C 

PROC. NO. M E A N  M E A N  HXY- 
C O D E  O f  E S T .  S T A N D A R D  S Q U A R E  I M U M  M E D I A P I  ~ ~ X I ~ U H  
( 1 )  03s. GAMMA B I A S  D E V I A T I O N  E R R O R  GAMMA G A M N A  G A M M A  

A 120 
k3 120 
c 128  
D 120 
E 120 
F 120 
fz 120 
4 120 
x 120 
Y '120 
z 120  

0.10 
0.50 
0.58 
0.68 
0-44 
0.21 
0.57 
0.27 
0.83 
0.79 
0.85 

-3.50 3 . 2 6  2 2 . 9 9  -7.70 O.fi7 8 - 7 3  
-3.10 3.70 23.35 -9,110 0 . 4 9  ?Rmfl9  
-3 - 0 2  3.52 21.63 -8.00 0.44 21.00 
- 2 . 9 2  3.57 21.36 -7.30 0 - 5 8  23-00 
-3 .76  3.22 20.40 - 8 . 6 0  D , S 8  ; Z i ? , O O  
- 3 . 3 9  3.30 22.42  -6.80 0-32 a9.00 
-3 .03  3.42 2C.96 -9.10 0 - 4 3  19.00 
- 3 . 3 3  2-82! 19.13 -6 .80 0.22 1'7.00 
- 2 . 7 9  6.78  53.84 -$5.30 0 . 3 4  4 5 . 0 3  
-2 .81 4.08 24,S8 -7 ,80  0.70 28.00 
-2 .75  5 . 2 9  35.61 -9.50 0.51 38-00 

(1) K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
8: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A C S ,  
D: 6 Y E A R  L A G .  

F :  7 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 1  S c  A N D  7 Y E A R  L A G S .  

P ;  " M U L T I P L E  A G E "  M O D E L i  E X H I B I T  UT-523. 
Q :  "EGGS O N  E G G S "  M O D E L ,  E X H I B I T  UT-58,  
X :  M A T R I X  M O D E L  R E P  = A L P H A  * PEP * EXP ( - B E T A  =i P I  

Y: M A T R I X  M O D E L  R E P  = A L P H A  * PEP * E X P  ( - B E T A  * P E P )  

2 :  M A T R I X  M O D E L  R = A L P H A  * P * E X P  C-BFTA * P I  

{ E Q U A T I O N  6 0 )  I 

( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  ? 4 U I .  
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h 120 - 
B 120 
C 170 
D 120 
E 120 
F 52Q 
P 120 
Q 120 
x 120 
Y 128 
P 12a  

3 * ? 0  2 2 - 6 9  - 7 . 3 0  -0.11 8 . P O  
3 - 3 8  17.67 -7.60 0 , 6 3  10.00 
2 - 7 3  14.53 - 5 . 9 8  0 - 7 2  8.9i l  
2 - 6 3  1 5 - 9 3  -,Q.50 0.7c 8.%a 
2.57 1 4 * 5 5  - 5 . 6 0  a,54 9.30 
2 - 5 7  16.34- -4.50 0 . 1 6  9.20 
2 - 7 8  15.61 - 5 . 6 0  C.66 8.80 
Z.09 1 4 e 5 7  - 4 . 2 0  3 . 7 3  5.40 
4 . 4 u  25.31 - . i 3 , 0 0  1.211 13,lSD 
2 - 5 1  1 4 A 2  - b . Z O  0-48 9.7e 
3 . 3 4  1 8 . 6 5  -11 .00  9,31 9 . 5 8  
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TWULE D-37. S U R M A W Y  S T P I T I S T I C S  F O R  M O D E L  E S T I M A T E S  OF 
A L P H A r  4 P f i K A W f T F H  I N  THE R P C K E H  M O D E L ,  
F O R  C A S E  NUNBER 2 (WIJN N U M R E R  3 3 ) .  
FLOW XS NOT I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
ALL M O D E L  E S T I W A T E S  A R E  I N C L U D E D .  

PROC. N O .  M E A N  M E P M  P I I N -  
C O D E  O F  E S P .  R D  S Q U A R E  IRU M E D I A N  i " r A X I I " U f 4  
( 1 )  O B S .  ALPICA B I A S  D E V I A T X O M  E R R O R  ALPbIbk ALPHA ALPHA 

A 1 2 0  2 . 5 2  1 . 5 2  1 .08 3 - 4 8  
8 129  2 . 2 6  1 .26  0.98 2 . 5 6  
C 1 2 0  2 , 5 7  1 . 3 7  0 . 9 4  2 . 7 7  
D 1 2 0  2 .37  1 . 3 7  0 . B T  2.84  
E 1 2 0  2 . 5 3  1 . 5 3  1 .OS 3 - 4 6  
F 1 2 0  ? , b o  1 . 6 0  1 . 2 5  6 . 1 2  
N 1 2 0  1 .97  0.97 1 . 0 8  2 .10  
P 120 2 . 5 5  1.55  1 - 0 3  3 - 4 9  
Q 1 2 0  2-77 1 . 7 1  1 . t Q  4 - 1 6  
x 120  1 . 8 4  0.88 1 . 6 3  3 -153 
Y 1 2 0  6 - 2 7  5 .27  5 6 . 8 6  312.35  
E 720 3.75 2 - 7 6  3 .31  18 .63  

0.78 
0 . 5 4  
0.49  
0 - 4 3  
0.47 
8.37  
0 . 1 7  
3 - 7 7  
0 ,bJ 
0 .10  
0,Ol  
0.22 

2 . 4 3  7 . @ 5  
2.15  6 . 5 7  
2 . 3 4  5.es  
2.41 6 .19  
2 . 5 2  6 . 5 8  
2 . 4 4  8.23 
1 .95  7 .28  
2.47  6 . 1 5  
2 . 7 4  6 -65 
1 . 5 3  1 0 . 6 6  
2.S4 109 .10  
2 . 7 4  24.79 

( 1 )  K E Y  T O  P R O C E S S l N G  C O D E S :  

Br: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  9 Y  A V E R A G I N G  5 A?1D 6 Y E A R  L A G S ,  
5:  6 Y E A R  L A C .  

F: 7 Y E A R  L A G ,  
N: E Q 1 I A T I O N  1 5 U :  P A R E N T S  A N D  R E C R U I T S  E C H  O B T A I N E D  B Y  

P: "PIUULTIQLE A G E "  M O D E L @  E X H I B I T  U T - 5 3 .  

E :  R E C R I J I T S  O B T A I N E D  M Y  A V E R A G I N G  S P  6 ,  AkQ 7 Y E A R  L A G S .  

S U M M I N G  O V E R  7 Y E A R S #  U ? T d  A 4 Y E A R  L A G .  

4: "kGB,ca% ON E G G S " ;  M U D E L r  E X H I 8 X T  U T - 5 Y .  
X :  R A T R l K  W O D E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * F)  

V :  M A T R I X  B O D E L  R E P  = ALPMA -3r P E P  +S E X P  (-EETW * P E P )  

Z :  M A T R P X  M O D E L  R = ALPUA * P * E X P  ( - B E T A  * P >  

( E Q & 7 A T I Q N  HU) m 

( E Q I S A T I Q N  13U) .  

( E t J U W T I O N  1 4 V ) .  
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T A B L E  D-38- S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHA# A P A R 4 M E T E R  I N  T H E  R I C K E R  R O D F L e  
F O R  C A S E  NUMRER 2 (RUN N U M R E R  3 4 9 ,  
F L O W  IS N O T  I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
ALL M O D E L  E S T I M A T E S  A R E  I N C L U D E D .  

T R U E  R O D E L  ALPHA = 7 - 2 5  
T R U E  M O D E L  G A M M A  = Q.Q 

P R O C ,  NO. M E A N  W E A N  M IN- 
C O D E  O F  E S T .  S T A Y D A R D  S Q U A R E  I M U M  M E D I A N  ~~X~~~~ 
< a >  O R s ,  ALPHA 1 3 I A S  D E V I A T I O N  E R R O R  WhPHA ALPHA ALPHA 

A 120 2 - 6 6  1 - 4 1  1 . 0 4  3 . 0 9  0 .69  2 . 5 8  c p , . % a  
P 1 2 0  2.47 1 * 2 2  1 . 0 4  2 . 5 9  0 . 4 9  2 - 4 4  6 . % 3  
c 120 2.55 1.30 1 .OP 2.75 0.4u 2.40 6 - 7 5  
D 120 2 - 6 0  1 - 3 5  4 . ? Z  3.Q8 0-38 2.48  7 - 4 9  
E 1 2 0  2 - 6 3  1 , 3 8  0 - 9 9  2 " 9 4  0.35 2 * 6 Q  6 .63  
f 1.20 2 - 7 0  1.45 1 .'I6 3 . 4 6  0 . 3 0  2 .64  6 - 1 9  

P 120 2 . 6 4  1 - 3 9  1 . 0 4  3 - 0 2  0 . 3 3  2,63 6.81 
a 920 2.84 1.59 1,21 4 .c33 8,753 
x 120 2 - 3 4  1 - 0 9  1 .66 3 *?5 8.37 
V 1 2 0  7 - 8 5  6.60 25.94  1 1 6 , 6 7  0.20 3 - 0 6  207,30 
z 1 2 3  4,49 3 . 2 4  3 . 7 4  24-63 0 - 3 5  3.32 23,r39 

N 120 2-29 3-04 1 . 2 3  2.61 a.35 2.16 7 0 , a  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG, 
8: 5 Y E A R  L A G ,  
C :  R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  S A N D  6 Y E A R  ERGS. 
lir: 4 Y E A R  L A G .  
E :  R E C R U l T S  O B T A I N E D  B Y  A V E R A G I N G  5 s  6 ,  AND 7 Y E W R  L4T.S. 
s: 7 Y E A R  LAG.  
N: E Q U A T I O N  1 5 U :  P A R E N T S  4 N 5  R F C U U X T S  E A C H  ~~~~~~~~ B Y  

SUMFBlNG O V E R  7 Y E A R S #  W I T H  A 4 Y E A R  LAG, 
P:  " ' F I U L T I P L E  A G E "  M O D E L #  E X H X 6 l T  UT-58 .  
Q: "EGGS O N  EGGS"" HODELF E X H I B I T  tsT-5E. 
X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * EXP ( - B E T A  * P I  

Y :  M A T R I X  M O D E L  R E F  = ALPHA * PEP * E X P  C-BETR * PEP) 

Z :  M A T R I X  M O D E L  R zz 4LPHA * P * E X P  < - B E T A  * F") 

(EQUATXOh FLI) ,  

( E Q U A T I O N  1 3 U ) .  

( E B U A T P Q N  14t9). 
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-2 * 3 1  
- Z , ? j b ,  

- 2 . 1 %  
- a  I 1 
- a  -68 
-1.50 
- 2 . 5 9  
-1 .Q7 
- 7 . 5 %  
-2.92 

1 ,?$ 
-0 - 6 8  

... 
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T A B L E  D-41. S U M M A R Y  S T A T l S T l C S  F O R  M O D E L  E S T I M A T E S  O F  
P b P H h r  A P A R A M E a E R  XN T H E  R I C K E R  MODEL, 
F O R  C A S E  NUMBER 2 (RUM NUMBER 37). 
F L O U  I S  Y O T  I N C L U D E D  XN S H E  F I T T E D  M O D E L .  
ALL MODEL E S T 1  b T E S  A R E  I N C L U D E D .  

T R U E  M O D E L  ALPHA = 1Q,OL', 
T R U E  M O D E L  G A M M A  = 0 . 6 0 0 0 3 6  

P R O C .  Y O ,  M E A N  R E A N  R I M -  
CODE. OF E S T .  S T A N D A R D  S Q U A R E  IPSUM R E D I A N  IYAXINBBFB 
( 1 )  O B S .  ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA A L P H A  ALPHA 

A 1 2 0  2.32 -7.18 0.86 52.75 
R lLci 3.24  -5 .75 1.23 4 7 . 5 8  
C 120 3.69 -5.31 1.51 42-39 
h 120 4.10 - 5 , 9 0  1.74 38.14 
E 120 4.0'2 -5.91 1.69 38.05 
F 120 4 . 8 3  -5.17 2-04 31.11 
P1 120 2.72 -7.28 1.30 55.20 
P 120 3.76 -6 .24  1.50 41.4E 
Q i z a  ~ 4 2  - 5 . 5 8  1.74 3 4 * 4 0  
X 120 1.80 -8.20 U.91 6 8 . 7 2  
Y 170 11.65 1 . 6 5  18-13 331.35 
9 120 3 . 4 5  -6.55 1.31 44.92 

1.65 
1.71 
1.54 
1.62 
1.73 
1.84 
1 .c2 
1.53 
7.15 
0.46 
n - 4 8  
1 .le 

2 "63 7.39 
2-93 lit.12 
3.31 11.48 
3.69 12.76 
3-76 12.41 
4 . 3 8  14.G1 
2 . 4 8  9 . 7 0  
3 . 4 5  11.83 
4 - 0 5  13*59 
1.6C 5.57 
7 - 1 2  163,OQ 
5 . 2 5  9 . 2 3  

T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
8: 5 Y E A R  LAG, 
C r  R E C R U I T S  O B T A I N E D  B Y  A W E R A G I N G  5 AND 6 Y E  
D :  5 Y E A R  L A G .  

F :  7 Y E A R  L A G ,  
M :  E Q U A T I O N  15U: P A R E N T S  AND R E C R U I T S  E A C H  O R S A I N E B  B Y  

E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  51. 4 r  A N D  ? Y E A R  L A C S ,  

SUP4MIPdG O V E R  7 Y E A R S *  W I T H  A 4 Y E A R  L A G .  
P :  "a"BULTIf'LE A G E s g  M O D E L ,  E X H I B I T  U T - 5 8 .  
Q :  " E G G S  O N  E G G S E '  WOODEL, E X H I B I T  U T - 5 F .  
X :  M A T R I X  M O D E L  REP A L P H A  * P E P  * E X P  ( - B E T A  * P I  

Y: F 8 A T R J . X  H Q D E L  R E P  = A L P H A  * P E P  * E X P  ( - B E T A  * P E P )  

Z :  M A T R I X  R O D E L  R = ALPHA * P * F X P  ( - B E T 4  * P )  

( E Q U A T I O N  X U )  . 
( E ' Q k l A B I O N  13U), 

( E Q U A T I O N  1 4 U ) .  
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T A B L F  11-43.. S U R W A R Y  S T A T I S T I C S  F O R  M O D F L  E S T I E A B E S  C F  
ALPWAe A P A R B M E T E R  I N  THE R I C K E R  M O U E b r  
F O R  C A S E  NUMBER 2 (RUN NUMBER 3 3 1 .  
F L O M  IS NOT I N C L U D E D  I N  T H E  F I T I E D  M O D E L ,  
M O D E L  E S T I M A T E S  O F  ALPHA W H I C H  A R E  A S S O C I A T E D  
M I T W  N E G A T I V E  E S T I M A T E S  O F  R F T A  A R E  E K C k l J D E D .  

TRUE M O D E L  ALPHA = 1.00 
TRUE M O D E L  C A Y H A  = U.OO(j036 

P R O C .  NO. R E A M  R E A N  MIM- 
C O D E  O F  E S T .  S T A N D A R D  SQUARE XMIJF"I M E D I A N  RtAXXMUW 
( 1 )  O B S .  ALPHA B I A S  D E M I . Q I T I Q N  E R R O R  A L P H A  . 4 I P H b  ALPHA 

A 120 2-52 1.52 1.08 3 . 4 9  a , n  2.33 7.05 
B 119 2-28 1.78 3 , 9 7  2.58 0.75 2 . 4 6  6 - 5 7  
C 119 2.39 1 . 3 8  8 -92  2.79 0.75 2 * 4 4  5. se 
0 118 2 .40  1.40 0 -95 2.88 0.75 2 - 4 2  5.19 
E 119 Z - 5 5  1.55 1.03 3 . 4 9  8.76 2-53 5 . 5 8  
F 1 1 5  2 - 6 6  1.68 1.21 4 .30  0 - 6 7  2 - 4 8  P.23 
N 103 2.17 1 . 1 7  1 .a2 2 , 5 3  0.79  2.03 7.28 
P 119 2,57 1.57 1.02 3.52 0.77 2 . 4 7  6-16 
Q 118 2.74 1.74  1.08 4 * 2 3  0-87 2.75 6 . 8 5  
w 92 2.28 7 - 2 8  1.65 4-40 0.70 1 - 7 6  10.66 
Y 9 3  7.34 6.91 18.86 4 0 3 . 9 3  0,57 4 . 5 2  109,IO 
z 138 4.10 ~ , i a  3 . 3 7  20.70 0.79 3.01 24 .79  

(1)  K E Y  T O  P R Q t E S S l M C  C O D F S :  
A: 4 Y E A R  L A G ,  
8: 5 Y E A R  LAC;. 
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D:  6 "BEAR L A G .  

F :  7 Y E A R  L A G .  
E:  I P E C R U I V S  O B T A I N E D  B Y  A V E R A G I N G  S P  b r  AND 7 Y E A R  L A G S .  

U A B X O M  1SU: P A R E N T S  AND R E C R U I T S  E A C H  O R T W X N F Q  B Y  

ULTISPLE A G E "  O D E C ,  E X H I B I T  U T - 5 8 ,  
G G S  Ob E G G S e a  O D E L I  E X M I 5 I Y  U T - 5 8 ,  

SUMlrlING O V E R  7 Y E A R S F  k I T M  R 4 Y E A R  L A G .  

X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * EXP ( - B E T A  * P )  

Y :  M A T R I X  M O D E L  R E P  ALPHA * PEP * E X P  ( - B E T A  * P E P )  

2 :  M A T R I X  R O D E L  8 ALPHA -A P * E X $  ( - B E T A  * P I  

( E Q U A T I O N  8U) .  

( E Q U A T I O N  13UI. 

( E Q U A T I O N  1 4 U )  . 
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T A B L E  13-45. S U M Y A R Y  S T A B T I S T X C S  F O R  M O D F L  E S T I M A T E S  O F  
ALPHA, A P A R W P I E T E R  I N  THE R I C K E R  MODEL, 
F O R  C R S E  NUMDER 2 ( R U M  NUMBER 35). 
F L O M  I S  N O T  I % C L I I B L D  I N  T H E  F I T I T E B  M O D E L .  
M O D E L  E S T I M A T E S  O F  A L P H A  W H I C H  A R E  A S S O C I h T E D  
U4TW N E G A T I V E  E S T I M A T E S  O F  DETbl  A R E  E X C L U D E D .  

A 120  2.57 Q,07 0 , B S  0 - 9 1  
8 120  7.53 0 . 0 3  1 . 1 3  1.28 
c 120 2.79 0-27 1 . 5 3  2 .40  
D 120  2.89 P . 3 9  9.77 3 - 2 9  
E 126  2,8X 0 . 4 8  1 . 7 4  3 .?ti 
F 128 3 - 2 9  0.79 2 - 9 0  9.07 
?4 1 1 2  2-59 6 - 0 9  2 - 7 6  7.61 
P 120 3.00 '3.50 1 - 4 6  2 . 3 9  
r;9 1 2 0  3.35 U,Wb z " 0 5  4 . 9 6  
x 96 2.27 - c : , 2 3  1 . 9 6  3 - h8 
Y "05  26 .34  P 3 , 8 4  131 . 3 6 3 3 b 6 3 . 7 %  
z 117 3.77 1 . 2 7  2 - 3 9  7.32 

1 .08  
0.95 
0.99 
0 . 9 5  
1 . g3  
1.02 
0.78 
0.84 
0.34 
0.62 
0.66 
6.74 

2.36 5 . 2 0  
2 * 4 l A  8 -92  
2 - 4 7  1 3 , P O  
2 .46  16 ,03  
2 - 6 0  1 5 . 5 4  
2 . 8 9  2 8 . 5 8  
2 - 1 4  Z'p .73  
2,634 9 . 8 4  
2.99 1 3 - 7 0  
1.83 18.32 
3 - 7 2  1893 ,CO 
3 - 1 5  1 2 - 3 4  
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P R O C ,  NO, M E A N  M E  A M  M I N -  
C O D E  O F  E S T .  S T A N D A R D  SQUARE H M U M  M E D I A N  ~~~l~~~ 
61)  Q @ S .  A L P H A  R f A S  ~&~~~~~~~ E R R O R  ALPHA ALPHA ALPHA 

A 120  2.69 
E3 120  2 . 6 6  
c 120 2 - 8 9  
D 120 3 . 0 8  
E 120 3.72  
F 119 3.52 
bJ 118 2.52 
P 12a  3 * 0 3  
B 1 2 0  3 . 4 6  
x 101 2 . 3 3  
Y 636 6 - 9 4  
z 2 7 7  4 . 4 d  

-2.31 
-2  - 3 4  
-2 .11  
-1 * 9 1  
-1 -88 
-1,423 
- 2 - 4 8  
-?  .97 
-1 "54 
-2 * 6 7  

1 ,84  
- 0 . 5 0  

C l )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG, 
8: 5 Y E A R  L A G ,  
f :  R E C R U I T S  O B T A I N E D  R V  ~ ~ ~ ~ A ~ I ~ ~  5 A N D  6 Y E X R  L A G S .  
D: 4 K E A R  L A G ,  

F s  7 Y E A R  L A G .  
N:  E Q U A T I O N  15; : P A R E N T S  14ND R E C R U J T S  E 

E: R E C R U I T S  O B T A I N E D  BY ~ ~ ~ f f ~ G ~ ~ G  '38 6 s  A N D  ? Y E A R  L 

S U M M I N G  OWE 7 Y E A R S /  U P T H  A 4 Y E A R  
P:  "'MULTIPLE A G E ' a  M O D E L ,  ~X~~~~~ 
Q r  "EGGS ON EGGS" MODEL, E 
X :  M A T R I X  M O D E L  REP =. cI& XP Q - B E T A  * 8, 
V:: M A T R l X  M O D E L  R E P  = AL PEP * E X P  Q-BETA * P E P )  

( E Q U A T I O N  8U) .  

C E Q U R T I O N  13U), 

( E Q U A T I O N  t 4 U )  LI 

Z :  R A T R l X  M O D E L  R 2 ALPHA * P * E X P  Q-BETA * PI 
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T A B L E  D-48. S U f l M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O S  
ALPMAI A P A R A f l E i E R  J N  T H E  R I C K E R  
F O R  C A S E  N U M B E R  2 ( R U N  N U M B E R  3 8 3 ,  
FLOW IS N O T  I N C L U D E D  I N  'THE F I T T E D  M O D E L ,  
M O D E L  E S T I M A T E S  O F  A L P H A  W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T I V E  E S T I M A T E S  OF B E T A  A R E  E X C L U D E D .  

T R U E  M O D E L  ALPHA = 20.00 
T R U E  M O D E L  G A M M A  = o.ooa036 

PRQC.  N O .  FIEIIN ME R N  MaTN- 
C O D E  UT E S T ,  STAWDARO S Q U A R E  I R U M  X E Q I A N  M A X I R U M  
( 1 3  O B S ,  ALPHA # € A S  D E V I A ' T l O N  E R R O R  A L P H A  ALPHA A L P H A  

A 120 3.03 -16.97 
B 1 2 0  3.90 -16.10 
C 7263 4.54 -15.46 
D 120 5.22 -14.78 
E 120 5 m l X  -14.82 
F 1 2 0  6 . 4 3  -13.57 
N 119 2.99 -17.01 
P 120 4 . 8 8  - 1 5 * 1 2  
42 190  5.86 - 1 4 , t 4  
X I16 1 - 5 7  -18.43 
Y 120 12.33 - 1 , 6 3  
P 1 2 0  3 . 4 8  -16 .52  

0 . 6 4  2 9 0 . 8 1  7 - 7 2  3-00 4,?9 
0.98  2 6 2 - 3 0  1.66 3.93 6.31 
1.16 2 4 2 . 2 2  1 - 8 9  4 - 5 3  7 , 5 2  
1-39 222.36 2,108 5 , 2 9  8 - 5 7  
1-32 223.33 2.33 5-12 8.56 
1-71 1158.52 2,40 6 . 4 9  61.13  
0.77 292.30 1 , 3 1  2-89 5 * 6  
1.37 2 3 2 . 4 0  2.18 4.7 '6  10.81 
1.77 2U4,79 2.48 5 . 7 0  1 6 - 2 9  
0.81 3 4 3 . 2 2  o,a? 1 - 4 0  8 - 7 6  
5.72 9 1 - 5 0  1.65 11 .56  37.86 
1 - 0 8  276.33 1.73 5.30 9 ,8S  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
8 :  5 Y E A R  L A G .  
C:: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S ,  
8 :  Q Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  B Y  A W E R A G X H C  5 *  (SI AND 7 Y E A R  t 
F: 7 Y E A R  L A G ,  
N: ~ ~ U A T ~ ~ N  1SU: P A R E N T S  AND R E C R U I T S  EACH O B T A I N E D  BY 

P t  ' " M U L T I P L E  A G E "  M O D E L S  E X H I B I T  UT-58 ,  
: "EGGS O N  E G G S "  M O O E L r  E X H I B I T  U T - 5 8 .  
: H A T R l X  M O D E L  REP = ALPHA * REP * E X P  ( -BETA * R )  

Y :  M W T R I X  M O D E L  REP = ALPMA * PEP * F X P  ( -BETA * P E P )  

L: M A T R I X  M O D E L  R A L P H A  P * E X F  C - B E T A  * PI 

S U M M I N G  O V E R  7 Y E A R S r  W I T H  A 4 Y E A R  L A G ,  

~~~~A~~~~ 8U)  e 

( E Q b l A f l O k  13U)m 

~ E O O A T I Q N  1 4 U )  . 
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A 120 2 - 5 3  1.53 5 .  i 3  3 n m  0 - 7 9  2.33 9-  26 
€3 120  2-28 1 - 2 5  I ,  c 3  2 - 7 3  0.w 2.416 7 . 8 2  
c 1 2 0  2 - 3 9  1 - 3 9  0.99 2.36 @,49 2-32 6 - 5 9  
D 1 2 0  2-39 1 . 3 9  1,%0 2 ,95  c.33 2 - 3 5  6.5Y 
E 126 2.56 7 - 5 6  1 - 7 0  3 - G 6  0.37 2-57 7.89 
P 1 2 0  2-6," 1-62! 1.36 8 - 3 7  0-37 2 , Q Q  9,2Q 
P 120 2-26 1 - 5 6  1. cs 3 - 6 0  Q.53 2.&6 6-94 
Q 120 2 - 7 2  1 * 9 2  1 - 3 7  ; tm3a 0,63 %,72 - ne2 
x 1 2 8  1.99 0 . 9 1  1.67 3.51 0.7% 1 - 5 5  "1*48 
Y 120  6-C. i  5 - C 5  1 5 - 7 0  %7'i,@s? i2-09 2 - 5 1  117-80 
2 1 2 6  3 - 9 8  2.79 3. 38 1 3 - 5 6  0.32 2,49  2 3 - 2 8  
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TABLE D-50- S U N H b R Y  S T A T I S T I C S  F O R  MODEL ESTIMATES OF 
ALPHA, A PARAMETER I N  THE EICRER HODEL, 
F O R  CASE NUHBER 2 ( R U N  NaMEER 3 4 ) .  
FLOW I S  I N C L U D E D  I N  THE F I T T E D  MODEL, 
ALL MODEL E S T I H A T E S  ARE INCZUDEID. 

TRUE MODE1 ALFHA = 1-25 
TRUE HODEL EAMXA = 0 . 0 0 0 0 3 6  

FROC.  Ha, H E A N  H E A N  MIN- 
CODE O F  ESTI, STANDARD SQUARE I H U M  EEDIRN M A X I H U H  
(1) OBS, ALFHA RIAS DEVIATION E R R O R  ALPHA A L P H A  A L P H A  

A 120 2-67 ? . a 2  1.05 3.16 0.61 
0 120 2 . 4 8  1 - 9 3  1 . 07 2.68 C.49 
C 120 2-54 1.29 1.01 2.69 O a 4 0  

E 120 2-63 4.38 1 o c 1  2.94 0.34 
pl 120 2.71 1.46 1. 24 3.69 0.30 
P i i ~  2.63 1 - 3 8  lac3 2-90 0.311 

X 120 2.36 1 - 1 1  1.74 4.29 0.77  
Y 120 7-91 6066 26.37 740.16 0.19 
Z 120 4-51 3-26 3.82 25.30 C,40 

D 150 2.58 9.33 1-10 2 - 9 9  0.38 

Q 120 2.83 1-58 1-18 3.90 0.28 

2- 56 6 a 4 4  
2*15q 6.99 
2.47 6 . 6 8  
2*49 a. 44 
2-61 6-77 
2 . 6 4  8.99 
2 , 6 3  6 - 9 2  
2.78 a 0 3  
2.12 9-61 

3.35 22.94 
2.99 212.56 

(1) K E Y  TC P R O C E S S I N G  CCDES: 
A:  11 YEAR LAG. 
B: 5 P E A R  LAG, 
C: R E C R U I T S  OBTAINED B Y  A V E R A G I N G  5 A N D  6 Y E A R  LAGS, 

E: R E C R U I T S  O B T A I N E D  BY AVERAGING 5 ,  6 ,  AND 7 YEAR LAGS. 
I?: 7 YEAS L A G .  
P: qgt!UT,TIPLE AGE" HODEL, E X H I B I T  UT-5F?. 
Q: "EGGS O N  EGGS" M O D E L ,  E X H I E I T  U T - 5 e .  
X: H A T R I X  HODEL REP = ALPAA * P E F  * EXP ( -BETA * P) 
Y: M A T R I X  MODEL REI: = ALPHA * PEP * EXP (-BETA * PEP) 

2: MATRIX XODEL R = ALPHA * P * E X P  (-BETA * B 

D: 6 YEAE ZAG. 

(EQIJIATXON 8 U ) .  

(EQUATION 130). 

(EQUATION 1 4 0 ) -  
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%E D-51- SUBPI R P  STATISTICS FOR MODEL ESTIMATES OF 
ALPHA, A P A R A M E T E R  I N  THE R I C K E R   DEL, 
FOR CASE NUHBER 2 (RUEJ MUMEER 35). 
€LOW IS 1NCLUDED IN THE F I T T E D  NODEL. 
ALL MODEL ESTIHATES ARE I N C L U D E D .  

TEUE HCDEL ALFHA = 2 - 5 0  
T R U E  NODEL GAHBA = 01000036 

IpWOCo NCm MEA BEAN &IN* 
C O D E  O F  EST. 5 ~ A ~ ~ ~ ~ D  SQUARE '3[Fl?lR MEDIAN ~~~~~U~ 
( 1 )  O B S ,  ALfBA BIAS D E V I A T I O N  ERBOR ALPHA ALPHA ALP 

A 120  2.57 O o Q 7  0.95  0.92 c.95 
B 126 2.54 0.0s 1-19 1-47 0.09 
C 1 2 0  2.79 0 . 2 9  1.67 2.88 C.94 
D 126 2.93 0.43 1.95 3.98 0.94 
E 120 3.02 0.52 1.89 3.83 c.95 
P 1 2 0  3.35 O m 8 5  3, 29 11.55 1.01 
P 1 2 0  3.04 0.5u 1.69 3.13 0.7& 
Q 120 3 - 4 3  O m 9 3  2.54 7-33 0 .85  
x 120 9.97 -0e53 1.86 3.74 0-13 
I 1 2 0  2 2 - 5 0  21*QO 1 6 6 m 8 5 2 8 2 8 4 a 2 8  C e 3 3  
z 1 2 0  3,75 1.25 2.67 8.72 o m 3 5  

2.38 6 - 7 9  
2.. 34 8-55 
2.44 95.97 
2.46 18.42 
2-62 17.16 
2.92 33-32 
2-80 13.58 
3 * 0 1  22.09 
1.68 17.66 
3 . 6 Q  11796.00 
3.08 15,'74 

(1) K E Y  TC FRBCESSING CGDES: 
A: U YEAR LAG. 
B: 5 Y E A R  LAG. 
C: R E C R U I T S  OBTAINED B Y  AVERAGI G 5 A N D  6 Y E A R  LAGS.  
B: 6 Y E R P  LAG. 
E:, R E C B U I T S  OBTAINED BY AVERAGING 5 ,  6, AND 7 Y E A R  LAGS, 
F: 7 P E A B  LAG. 
P: "MULTIPLE AGE" HODEL, E X H I B I T !  U T - 5 8 .  
Q: '"EGGS ON EGGS*' MOCEL, E X H I E J T  UT-58. 
X: EIATRPX IIIBDEL REP = ALPHA * P E E  8 EXP ( - B E T  

Y: PgATRPX MODEL R B F  = ALMA * PEP * EXP (-EETW * PEP) 
Z: MWTBIX PIQDEH, R = ALFHW f B * EXF (-BETA 8: P) 

( E Q U R T I C N  8U) . 
( E Q U A T I O t J  13W). 

( E Q U A T I O N  1 4 U ) .  
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TABLE D-52. S U M N A R Y  S T A T I S T I C S  F O R  MODEL ESTIMATES OF 
ALPHA, A PARABETER I1 THE EICKER MCDEL, 
FOR CASE NUMBER 2 ( R U N  NUMEER 3 6 ) .  
FLOW I S  INCLUDED f W  T H E  FITTED MODEL. 
ALL HODEL ESTIHAIES a m  IEICIUDED. 

TEUE HODEL ALFHA = 5 m O O  
TRUE MODEL GAHHA = 0.000036 

PROC. NC, MEAN MEAN M I W -  
CODE OP EST- STWNDARD SQUARE I R U M  BEDIAN B A X I B U M  
(1) OES. ALEHA BIAS D Z V I A T X O I  ERROR ALPHA ALPHA 

A 110 2 - 6 8  02-32 0.87 
B 1i0 2.66 -2.34 0 ,  e 3  
c 1 2 0  2.90 -2.10 0 . 9 1  
D 1 2 0  3.10 - 9 - 9 0  1.b6 
E 120 3 - 7 3  -1.87 1.01 
F 120  3.51 -1.49 1.35 
P 120 3.06 -1.94 1.10 
Q 120 2-48 -1.52 1.29 
x 120 1.98 -3 .02 1.53 
Y 120 6 - 6 4  9-64 5 - 7 5  
Z 120 4 .18  -0.82 3.43 

6.10 1.48 
6.21 1.22 
5.29 1-24 
4,77 1 - 3 1  
4.5u 1 . Y O  
4-06 1 m O 9  
5.03 l .aU 
4.01 1.63 

11.55 0-27 
48.22 0.23 
12 -45  0.76 

2.4 4 
2.50 
2 - 8 1  
2.98 
3 .06  
3.. 24 
2.87 
3.24 
8 . 6 5  

3.40 
5 - 1 0  

ALPHA 

6 .  67 
6.8U 
6.60 
6,54 
6.62 

7 , 2 8  
8 - 8 2  

13.58 
40.7u 
29 .59  

8.46 

(1) KEY TC FBOCESSING CODES:  
A: Q Y E A R  LAG- 
B: 5 T E A R  LAG. 
C: RECRUITS OBTAINED B Y  AVERAGING 5 AND 6 Y E A R  LAGS. 
B: 6 YEAE L A G .  
E: RECRUITS OBTAINED B Y  A V E R A G I N G  5 ,  6 ,  A N D  7 Y E A R  LAGS. 
F: 7 Y E A R  LAG. 
P: "PlULTIPLE R G E "  BODEL, E X H I B I T  UT-58,  
Q: "EGGS ON EGGS" H O D E L ,  EXHIELT U T - 5 8 .  
X: M A T R I X  MODEL REP = ALPHA * PEF * EXP [-BETA * P) 
Y: N ' A T R I X  ffODEL REF = ALPHA * PEP * EXP (-EETA * P E P )  

Z: H A T R I P  8ODEL B = A X F H A  4 P * EXP ( -BETA * P) 

( E Q U A T I C N  8U) . 
( E Q D A T I Q N  130) - 
( E Q U A T I O N  140). 
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'TEWE FPODEE A L P H A  = 10.00 
= 0.000636 

A 1 2 0  2.83 -7 .17  Q e 8 6  52.58 
B 120 3 - 2 5  - 6 . V 5  1 - 2 3  47.39 
C 120 3-70 -6.30 3 . 5 1  42-35 
B 120 4 - 1 0  -5.9Q 1 - 7 5  3 8 . 9 8  
E 120 4.09 -5.94 1 - 7 1  38.28 
F 920 Ye83 -5.17 2.87 31,28 
P 1 2 0  2 - 7 9  - 6 . 2 3  3 . 5 3  41.53 
Q 1 2 0  11.43 -5.57 1.79 34.48 
?f 7 2 0  '3.82 -8.18 0.97 68-35 
P 120 12 ,09  2 - 0 9  1 8 - 8 2  3 5 8 . 5 3  
Z 1 2 0  3 - 4 8  -6.S2 1.33 44.58 

1 . 6 3  
1.66 
1 .44  
1.59 
1 * 6 2  
1.85 
1.39 
2.15 
@ e  38 
0.64 
I ,  21 

2.65 
2-95 
3 .31  
3.62 
3.74 

3 . u s  
3 , 9 9  
1 - 5 7  
7 . 1 2  
3 , 4 6  

4 - 4 1  

7.23 
9 .91  

92.55 
12.25 
13.98 
11.64 
13.56 
6.02 

757.30 
8.99 

'91.29 

(1) KEY TC FTROCESSI 

B: 5 Y E A R  HAG, 
c: 
8 :  
E: 
F: 
P: 
Q: 
x: 
Y: 

z: 
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T A E L E  D-54- S U H M A R Y  STATISTICS FOR MQDEE ESTIHATES 0 
ALPHA, A PARABETER IN THE RICKER HODEL, 
FOR CASE NUMBER 2 ( R U N  NUMEER 381, 
FLOW IS I N C L U D E D  IN THE FITTED MODEL, 
ALL HODEL ESTIMATES A R E  PMC'IUDED- 

TEWE RODEL ALFHA = 20,06 
TRUE MODEL G A M M A  = 0.OCQ036 

PRBC, NO. R E A N  1YlEAW MIW- 
C O D E  OF EST, S T A N D A R D  SQUARE INUM HEDI 
(1) O B S .  ALEWA BIAS D E V I A T I O N  ERROR iFiLP A ALPRA ~~F~~ 

A 120  3 . 0 3  -16 .97  0.65 
B 120 3.90 -16.1C 0.99 
c 1 2 0  4.5s -15 .45  1. 17 
D 120  5 .22  -1U.78 1-39 
E 120 5 - 7 6  -14.84 I .  32 
F 120 6.Q2 - 1 3 . 5 €  1.70 

4,@6 -15.1Q 7.34 
1 2 0  5.84 - 7 4 . 1 6  1.73 

X 120  1-55 - 1 8 . 4 5  0. e 9  
Y 1 2 0  12-43 -7.57 5.69  
2 I f 0  3.Q9 - 1 6 . 5 1  1.3q2 

290.90 1-73 2-97 rr, 44 
262.29 1 - 5 8  3-92. 6,U2 

6 1,85 4 - 5 2  7 .52  
6 2 - 1 3  5 .27  8 . 5 8  

223-79 2.33 5 - 7 0  8 - 6  
189.88 2 - 3 1  6.Q-7 11.04 
232.89 2 - 1 1  4,$0 9 - 6 2  
205.20 2, 7 5-62 95.73  
3G3-91 L 6 5  3 - 3 6  -67 
90.19 1.59 11-65 37,28 

276.20 1,721 3.28 8 - 8 6  

(1) K E Y  TO PROCESSING CODES: 
A: rY P E A R  LAG. 

C :  BECROITS OBTAINED BY R V E R A G P H G  5 f4NC 6 YE 
C: 6 Y E A R  L A G .  
E: RECRUITS O B T A I N E D  BY A V E R A G I N G  5, 6, A N D  7 PEAP L A G S .  
F: 7 Y E A R  LAG. 
P: 'PflUILTIPLE AGE" MODEL, E X B I E l T  UT-56. 
Q: 8e8GGS ON EGGS" HOfDELI E X H f B I T  UT-58. 
X :  M A T R I X  MODEL REF zz ALPHA * PEP * ?XI? $-BET 

II: R A T R I X  MODEL REP = ALPHA * PEP 8 91 

2: MATRIX MODEL R = ALPHA * P * EXF (-BETA * PI 

E: 5 Y E A R  LAG, 

~~~~~~~~~ Srs) - 
[ E Q O A T I C N  130).  

( E Q t i A T I C N  1W) .  

... 
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T A B L E  D-55- SUlrli"lARY S T A T I S T I C S  F O R  M O D E L  E S T I  
A L P H A @  A P A R A M E T E R  I N  T H E  R I C K E R  M O D E L @  
F O R  C A S E  NUMBER 2 ( R U N  N U M B E R  3 3 ) .  
F L O M  IS I N C L U D E D  I N  THE F I T T E D  M O D E L ,  
M O D E L  E S T I M A T E S  O F  A L P H A  W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G 4 T I W E  E S T I M A T E S  O F  B E T A  A R E  F X C L H D E D .  

T R U E  M O D E L  ALPtrA = "1.00 
TRUE FIODEL GAMMA = 0.003036 

P R O C .  NO. M E A N  M E A N  MXN-  
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I R U M  F I E D I R N  N W X I M U  
(1)  OBS. A L P H A  B I A S  D E V I A T I O N  E R R O R  A L P H A  ALPHA ALPHA 

A 1 2 0  2.53 1.53 1.13  3 - 4 4  0 . 7 9  ? . 3 3  7.25 
E3 119 2.29 1.29 1 .a3  2 " 7 S  0 .74  2.18 7.82 
C 1 1 9  2 . 4 3  1.41  0.96 2 - 9 2  0.75 2 - 3 2  6 . 5 9  
D 118 2.42 1.42 0 - 9 8  3.00 0.70 2 - 3 7  63-54 
E 119 2 . 5 7  1.57 9.09 3.69  0.714 2 - 5 9  '7.89 
F 115 2.70 1 . 7 g  1.26 4 .49  0.54 2.48  9 .70  
P 119 2 . 5 8  1.58 1.06 3 . 6 3  0.79 2 . 4 7  6 . 9 4  
1% 118 2 .75  1.75 1 .15  4 .41  g.84  2 - 7 3  8.42 
x 89 2.38 1 .38  1 .70  4,79 0.63 1 . s a  10.68  

E 108 4 . 1 3  3.13 3 .2R 20.62 0.69 3 - 0 7  2 3 - 2 8  
Y 95 7 . 4 3  6-43 1 7 . 9 9  M L I O  0 . 5 5  3 - 3 7  i i ~ r i u  

(1) K E Y  T O  PROCESSING c o r m :  
A :  4 YEAR L A G .  
8: 5 Y E R R  L A G .  
C r  R E C R U X T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  h Y E A R  L A G S .  
D: 6 Y E A R  L A G .  

F :  7 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 ,  6*  AND 7 Y E A R  L4GS. 

P :  " " M U L T I P L E  A G E ' *  R Q D E L I  E X H I B I T  U T - 5 8 .  
Q: "EGGS ON E G G S "  MODEL, E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  REP = ALPHA * PEP * F X P  ( - B E T A  * P I  

Y :  M A T R I X  M O D E L  R E P  A L P H A  * PEP * E X P  ( - B E T A  * P E P )  

2: M A T R I X  M O D E L  R = A L P H A  * P * EXP ( - B E T A  * PI 

( E Q U A T I O h  8U). 

( E Q U A T I O N  13U). 

< E Q U A T I O l r (  14U) .  
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T A B L E  D-56. SU#MARY STATISTICS F O R  MODEL E S T I M A T E S  OF 
ALPHAP A PARAMETER I N  THE R l C K E R  NODELI  
F O R  CASE NUMBER 2 (RUN NUMBER 3 4 ) .  
f t O U  IS I N C L U D E Q  I N  T H E  F I T T E D  M O D E L ,  
R O D E L  E S T I N A T E S  O F  ALPHA W H I C H  A R E  A S S O C I A T E D  
U I T W  N E G A T I V E  ESTI lvlATES O F  BETA A R E  E X C L U D E D ,  

TRUE M O O E L  ALPHA = 7 - 2 5  
TRUE M O D E L  G A M M A  = 0.~0oa36 

F ' R O C .  NO. WEAN M E  AN R I N -  
C O D E  O F  F S T .  STANDARD S Q U A R E  IMUM M E D I A N   AX^^^^ 
( 1 3  OBS. ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 118 2 .71  1 . 4 6  1 * 0 3  3.20 0 .84  2.57 6 . 4 4  
E3 117 2.53 1 . 2 8  1.05 2 . 7 4  0.77 2 .44  6 . 9 9  
c 118 2 . 5 7  1 . 3 2  11.99 2-73 0.63 2 . 4 3  6 - 6 8  
a 118 2.61 1 . 3 6  1.08 3 - 0 4  0 , 6 4  2 . 5 9  7 . 4 4  
E 117 2.68 1.43 0 - 9 6  3.00 0.91 2.53 6 , ? 7  
F 117 2.77 9 . 5 2  1 .20  3.77 R.79 7 . 6 5  8 - 9 9  
P 118 2.66 1.41 1 - 0 0  3.02 Q.85 T , 6 Z  6 - 9 2  
Q 118 2.87 1 . 6 2  1 .14  3 - 9 5  0.84 2,130 13.43 
x 91 2.92 1 - 4 7  1-64 5 . 5 1  0.78 2.62 9 * 6 4  
Y 709 8 - 6 6  7 . 4 1  27 .57  8 1 5 . 4 9  0,71 3 . 2 4  272 .50  
7 1 1 4  4 . 7 1  3 . 4 6  3 - 8 1  2 6 - 6 2  0.h7 ' 3 . 5 2  22.94  

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
8: 5 YEAR L A G .  
C :  R E C R U I T S  O B T A I N E D  E3Y A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D: 6 YEAR L A G .  
E: R E C R U I T S  O B T A I N E D  EY AVERAGING 5 ,  6 r  A N D  7 YEAR L A G S .  
F: 7 Y E A R  L A G .  
P: " M U L T X P L E  A G E "  MODEL# E X H I B I T  U T - 5 8 .  
Q: ' ' E G G S  O N  EGGS" H O O E L , r  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  MODEL REP = ALPHA * PEP * E X P  < * B E T A  * P ?  

Y :  M A T R I X  M O D E L  REP = ALPHA * PEP * EXP ( -BETA * P E P )  

2 :  M A T R I X  HODEL R = ALPHA * P E X P  ( - B E T A  * P ?  

( E Q U A T I O N  P U ) .  

( E Q U A T I O N  1 3 U )  .) 

( E Q U A T I O N  1 4 U ) .  

.... 
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T A B L E  D-57. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHAI A P A R A M E T E R  I N  THE R I C K F K  MODEL, 
F O R  C A S E  NUMBER 2 ( R U M  NUMBER 35). 
FLOW I S  I N C L U D E D  IN THE F I T T E D  M O D E L ,  
MODEL E S T I M W T E S  OF ALPHA W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T I V E  E S T I M A T E S  O F  S E T A  A R E  E X C L I J D E D .  

T R U E  M O D E L  ALPHA = 2.50 
T R U E  M O D E L  G A M M A  = 3.0081036 

P R O C .  NO. M E A N  M E A N  MXN-  
C O D E  O F  E S T ,  S T A N D A R D  S Q U A R E  XMUM P I E P I A N  ~~X~~~~ 
( 1 )  O B S .  ALPHA B I A S  D E V I A T I O N  E R R O R  A L P H W  ALPHA A L P H A  

A 1 2 0  2 - 5 7  0 .07  0 . 9 5  0.92  0.95 2 - 3 8  6 . 1 9  
B 1ZQ 2 . 5 4  0 .04  1 - 1 6  1 .41  0.8Q 2 . 3 4  8 . 5 5  
c 9 2 0  2-79 3 .29  1 .6T 2.88  0.94 2 .44  15.97 
D 1 2 0  2 . 9 3  0 . 4 3  1 . 9 5  3 .98  Q.94 2 , 4 5  18 .42  
E 420 3.02  0-57 1 .89  3 .83  0.95 2,62 17.16  
F 920 3 . 3 5  0 - 8 5  3 . 2 9  11.55 1 . 0 1  2 . 3 2  33 .32  
P 1 2 0  3 . 0 4  Q.54 1.63  3 .13  0 . 7 4  2 - 8 0  1 3 - 5 9  
Q 128 3 - 4 3  0 . 8 3  2 - 5 4  7 . 3 3  0 . 8 5  3.01 22.09 
X 96 2.28  -0.22 1-95 3.86  0.57 1.8Y 17 .66  
Y 115 Z4.5Q 2 2 . 0 0  173 ,4029524 .67  G.66 3.89 1796.CO 
2 117 3 .83  1 . 3 3  2 - 6 6  8 - 8 6  0.70 3 . 1 4  15 .74  

( 1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG. 
8: 5 Y E A R  L A G .  
e: R E C R U I T S  O B T A I N E D  B A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D :  6 Y E A R  L A G .  

F :  7 Y E A R  L A G .  
P:  "'MULTZPLE A G E * '  R 0 D f L . r  E X N I E I I T  U T - 5 8 .  
Q: " E G G S  O M  E G G S "  M O D E L 8  E X H I B I T  U T - 5 P .  
X :  M A T R I X  M B Q E L  R E P  WtPHA * PEP * E % P  ( - B E T A  * P I  

Y :  M A T R I X  M O D E L  REP = ALPHA *. PEP * E X P  ( -BETA * P E P )  

Z :  M A T R I X  M O D E L  R = ALPHA *. P * E X P  ( - B E T A  * P) 

E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 ,  h i  A Q Q  7 Y E A R  L A G S .  

( E Q U A T I O N  8 U )  . 
( E Q U A T H O I V  1 3 U ) .  

( E Q U A T I O N  I l P U ) .  
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T A B L E  D-58. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I F I A T E S  O F  
A L P H A r  A P A R G M E T E R  I N  THE R I C K E R  NODEL, 
FOR C A S E  NUMBER 2 (RUN NUMBER 3 6 ) .  
FLOirl IS I N C L U D E D  IN ?HE F I T T E D  M O D E L .  
W G D E L  E S T I N G T E S  O F  ALPHA W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T I V E  E S T I M A T E S  O F  B E T A  A R E  E X C L U D E D .  

TRUE R O D E L  ALPMA = 5 - 0 0  
TRUE M O D E L  G A M M A  = 0,000U36 

P R O C ,  NO, HEAN M E A N  #IN- 
C O D E  OF E S T .  S T A N D A R D  S Q U A R E  I M U M  P IEDIAN MAXIMUM 
( ' 8 )  OB$, A L P H A  B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

.... 

A 120  2 - 6 8  -2.32 n .8T 6.18  1 . 4 8  2.44 6.67 
B 120 2.65  - 2 . 3 4  a .tu 6.21 1 - 2 2  2 . 5 0  6 . 8 4  
C 120  2 . 9 0  -2.10 0 -91 5 . 2 9  1 . 3 4  2.81 6 , 6 0  
D 120 3 , l Q  -1.90 9.06 4 - 7 7  1 - 3 1  2.98 6 - 5 6  
E 120  3.13 9 1 - 8 7  1.01 4 ,54  1 . 4 0  3 - 0 6  6 . 6 2  
F 119 3 - 5 3  - 1 . 4 7  1 . 3 4  3 . 9 7  1 ,48  3 . 2 5  8 . 4 6  
P 120 3.Q6 - 1 - 9 4  1,10 5.03 1-44 2 - 8 7  7.28 
O l20 3 - 4 8  - 1 . 5 2  1 .29  4.01 1 - 6 3  3.24 8,132 
X 98 2 - 2 6  -2.74 1.56 t U , O l  0-72 Z , O 1  63.58 
Y 117 6 - 7 9  7 - 7 9  6 . 7 7  4 9 - 0 2  l , 0 6  5.24 40.74 
L 116 4.29 -0.71 3,64 1 2 - 3 6  0-76 3.54 29.59  

( 1 )  K E Y  T O  PROCESSING C O D E S :  
A :  4 Y E A R  L A G .  
€3: 5 Y E A R  LAG, 
C :  R E C R U I T S  O B T A I N E D  8 Y  A V E R A G I N G  5 AND 6 Y E A R  L A G S .  
D: 6 Y E A R  LAG. 

F: 7 Y E A R  L A G .  
E: R E C R U I T S  O B T E I I N E D  BY A V E R A G I N G  T c  6 r  AND 7 YEPR F A G S .  

P: "RULTXPLE AGE' *  M O O E L r  E X H Z B l T  U T - 5 8 ,  
""EGGS 8 N  EGGS'" flQofe8 U T - 5 8 .  

X :  R A T R I X  M O Q E L  R E P  = ALPHA * PEP * E X P  (-BETA * P) 
Y: M A T R I X  M Q Q E L  REP = ALPHA * PEP * E X P  ( - B E T A  * PEP) 

2 :  # A T R I X  M O D E L  R = ALPHA * P * E X P  C-BETA * P )  

( E Q U A T I O N  8 U l .  

( E Q U A T I O N  1 3 U ) -  

( E Q U A T I O N  ? b U ) .  

... ..... 
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T A B L E  D-59. SUWM R Y  S T A T P S T X C S  F O R  M O D E L  E S T I W A T f S  O F  
ALPHA# A PWRAREBER I N  THE R I C K E R  M O D E C r  
F O R  C A S E  NUMBER 2 (RUN NUMRER 3 7 ) .  
FLOW IS I N C L U D E D  I N  T H E  F I T T E D  M O D E L .  
M O D E L  E S T I M A T E S  O F  ALPHA W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T I V E  E S T X M A B E S  O F  RETA A R E  E X C L L I D E D .  

T R U E  m a m e  ALPM = 10.00 
T R U E  M O D E L  G A M M A  = 8.000036 

PRO@. N O ,  M E a N  WEAN R I M -  
C O D E  O F  E S T ,  S T A Y D A R D  S Q U A R E  IMUM M E D I A N  M A X I M U M  
( 9 )  OBS.  ALPHA B I A S  D E W I A T I O M  E R R O R  ALPHA ALPHA ALPHA 

A 620 2.83 -7.97 0.86 5 2 , 5 8  1.63 2 . 6 5  7.23 
B 120 3.25 - 6 , 7 5  1.23 4 9 - 3 9  1.65 2 . 9 5  9.91 
c 1 2 0  3.70 -6.30 1.51 42.35 1.44 3,31 11.27 
D 120 4.10 -5.90 1 .75  38.18 1.51 3.62 1 2 - 5 5  
E 120  4,Q9 -5.91 1.71 38-20 1.62 3.74 1 2 - 2 5  
F 1 2 0  4.83 -5.47 2 - 0 7  3 1 . 2 8  1.85 4 . 4 1  43.98 
P 120 3,77 -6.23 1.53 4 1 . 5 3  1 . 3 9  3 - 4 5  1 1 . 6 4  
Q 1 2 0  4 ,  1.79 3 4 . 4 8  2 - 1 5  3 . 9 9  13.56 
x 98 2,BZ - 7 . 9 8  0.96 65.23 0.74 1 .71  S.QZ 
Y 1 1 4  1 2 - 6 9  2 - 6 7  19.13 373 .26  1.150 7.25 1"5.3[;) 
;e 120 3 - 4 8  -6.52 1.33 44-68 1 . 2 1  3 . 4 0  8 - 9 1  

( 1 )  K E Y  T O  B R O C E S S X M G  C O D E S :  
A:  4 Y E A R  L A G .  
€3: 5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 AND 6 Y E A R  L A G S .  
0 :  6 Y E A R  LAG. 

F: 7 Y E A R  L A G .  
U I T S  O B T A I N E D  B Y  A V E R A G I N G  5, 6 ,  A N D  7 Y E A R  L A G S .  

: ""P3UkTIPLE A G E n 0  M O D E L @  E X H I B I T  U T - 5 8 ,  
"'EGGS O N  E G G S m D  F l O D E L i  E X H I B I T  U T - 5 8 .  

T R Z X  M O D E L  REP = ALPHA * PEP * E X P  < -BETA * P) 

T R I X  M O D E L  R E P  = ALPHA * PEP * F X P  ( - B E T A  * PEP) 
E Q U A T I O N  8111. 

( E B I J A T I B M  1 3 U )  . 
8 = A L P H A  * P * E X P  ( - B E T A  * PI 
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TABLE D-60. SURIMARY S T A f I S T I C S  F O R  M O O E L  E S T I W A T E S  OF 
4LPhA8 A P A R A M E T E R  X i %  THE R X C K F R  1YIBDEf-r 
F O R  C A S E  NUMBER 2 (RUN NUMeER 3 8 3 .  
F L O U  IS I N C L U D E D  I N  THE F I T T E D  R O D E L ,  
M O D E L  E S T I M h T E S  OF ALPHA W H I C H  A R E  A S S D C I  
W I T H  N E G A T I V E  E S T I M A T E S  Q F  B E T A  A R E  F X C L L I D E D ,  

T R U E  MODEL ALPHA = 2 0 , O C  
T R U E  MODEL G A M M A  = 0,000036 

PRQC, NO. M E A N  BEAN M X N -  
C O D E  O F  E S T .  S T A N D A R D  SQUARE XWUM ~~~~~~ ~~~~~~~ 

4 1 )  O R S .  ALPHA B I A S  D E V I A T I O N  E R R O R  A L P H A  PILPHA ALPHA 

A 120 3 . 0 3  -16.97 8 - 6 5  290.90 1 , 7 3  2 - 9 7  4 - 7 3  
B 520 3 . 9 0  - l b . I O  0.99 262.29 1 .58  3 . 9 2  6 - 4 2  
c 120 4-55 - 1 5 . 4 5  1.17  242.06 1 - 8 5  4.52 7.52 
0 1 2 0  5.22 - 1 4 - 7 8  1.39 222.16  2.13 5.77 8 - 5 8  
E 1 2 0  S.16 -14.84 1.33 2 2 3 , 7 9  2.33 5.10 8.60 
F 720  6.42 -53.58 3 - 7 0  1 3 8 . 8 8  2,3% 6.47 t l , f ? 4  
P 120 4 , 8 6  -15.14 1 .34  232.89  Z , l 1  4.80 9 ,62  
u 120 5 - 8 4  - 5 4 . 5 6  1.73  2 0 5 - 2 0  1-17 5,62 15,$3 
X 711 1.61 -18.39 0.90 3 4 2 , 1 5  0.84 1 - 4 0  8 * 6 7  
Y 120 7 2 - 4 3  -7 .57 5 . 6 9  90119 1 - 5 9  11.65 JT,78 
it 120 3 . 4 9  -16.51 1 .12  276.20 3 - 7 2  3-28 8,136 

C 1 )  K E Y  T O  P R O C E S S I N G  CODES: 
A: 4 Y E A R  LAG. 
B: 5 Y E A R  L A G .  
C :  R E C R U I T S  Q B T A I N E D  BY A V E R A G I N G  5 A N D  5 Y E A R  L A G S ,  
D :  6 Y f A R  LAC. 

F: ? Y E A R  L A G .  
E: R E C R U I T S  Q B T A i N E D  B Y  A V E R A G I N G  S r  h r  AND ? Y E A R  LAGS, 

P:  "BMULTIPLE A G E "  E O D E L a  E X H f H X T  UT-Sd, 
B:  "EGGS ON E G G S "  M O D E t r  E X H I B I T  U T - T R ,  
x :  M A T R I X  MODEL REP = ALPHA * PEP * EXP < - B E T A  * R )  

Y :  H A T R I X  M O D E L  REP = RLPHA * PEP * E X P  (-BETA * B E P I  

Z: M A T R I X  M O D E L  R z ALPHA * P * E X F  < - B F T A  * P I  

( E Q U A T I O N  8 U ) .  

(EQUATION 1 3 U )  

( E Q U A T I O N  1 4 U ) .  
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T A B L E  D-62. S~~~~~~ S T A T I S T I C S  FOR HODEL E S T I M A T E S  OF 
G A M M A @  ?HE C O E F F I G X E N T  R E k 4 T f N G  R I V E R  F L O W  
T O  S U R V I V A L ,  F O R  C A S E  NUMBER 2 (RUN N U M B E R  3 7 1 .  
h L L  GAMPlA V A L U E S  H A V E  B E E N  S C A L E D  
R U L T P P L Y I N G  R Y  10t).~OQ0 P R I O R  TO I B N A L Y S I S ,  

T R U E  M O D E L  G A M M A  = 3 - 6 0  
T R U E  M O D E L  ALPHA = 10,oO 

P R O C ,  Y O ,  M E A N  M E A N  P! PN- 
C O D E  OF E S T .  S T A N D A R D  S Q U A R E  L N U M  R E D I A N  ~~X~~~~ 
E l )  O R S ,  GAMMA B I A S  D E V I A T I O N  E R R O R  G A M M A  ~ A f f ~ A  G A  

A 120 8.57 -3-03 

c 120 0.78 -2 .82  
0 120 0.87 - 2 . 7 3  
E 120 0,50 -3.10 
F 125 62-18 - 3 . 4 2  
P azo 0 . 4 6  - 3 . 1 4  
4% 1 2 0  0 . 2 3  - 3 . 3 7  
x 120 1 , O l  -2.59 
V 120 Q-31 - 3 . 2 9  
2 120 0.87 -2.73 

B ~ Z O  a m  -2-73 
3 - 2 7  19.92 -6,10 Q.4? 43.00 
3 . 1 3  17-33 - 7 , b O  O.75 
3.08 17 ,5§  -8.00 9 . 1 5  
3 - 1 6  1 7 . 4 7  - 7 . 9 0  1 * 3 0  
2 . 9 1  l a .as  -7-49 0-76 
3,661 21.39 -7-70 O,16 
3,fS 21 .07  -11,oa O,§O 
3.31 21.17 -12,QO 0 - 5 9  
5-46 36.62 - 1 9 , Q Q  8.91 
2,32 16-30 -4 .20 0.11 6 * 5 0  
3.65 20-85 - 1 4 . 0 0  0,417 33,630 

( 1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
3: 5 Y E A R  L A G ,  
C :  R E C R U I T S  OBTAXNED BY A V E R A G I A G  5 ANI) 6 Y E A R  L A G S .  
0 :  6 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A ~ ~ R ~ ~ ~ ~ 6  5~ 6, AND 7 Y E A R  L A G S .  
F: 7 Y E A R  L A C .  
P: "MULTIPLE A G E "  H O D E L P  E X H X B I Y  L8T-58, 
Q :  "EGGS O N  EGGS" MODELI  E X H I B I T  UT-58 .  
X: M A T R I X  M O D E L  REP ALPHA * PEP * E X P  < - B E T A  * P 

Y :  M A T R I X  M O D E L  R E P  -= ALPHA * PEP * E X P  8;-BEKA * P E P )  

Z :  M A T R I X  RODEL R ALPHA * P * E X P  [ -BETA *. P 

( E Q U A T I O N  8U) .. 
( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  14U). 
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T A W L E  D - 6 3 .  S U M R A R Y  S T A T I S T I C S  f O R  M O D E L  E S T I M A T E S  O F  
G A M M A ,  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O W  
T O  S U R V P V A h r  F O R  C A S E  NU B E R  ? ( R U N  NUPIPREW 3 P ) .  

M U L T I P L Y I N G  B Y  1 0 0 # 0 0 0  P R I O R  T O  & F J A L Y S I [ S .  
A V A L U E S  H A V E  B E E N  S C A L E D  BY 

QDEL G A M M A  = 3 - 6 C  
TRUE M O D E L  ALPHA = i ' O . Q I !  

P M C C .  NO. ffEJBh M E A &  M I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U  R E  X M U M  W E D B A N  M 
( 5 )  O B S ,  G A M R h  B I A S  D E V I A T I O N  E R R O R  G A M M A  G A  

A 120 -0 .13  - 3 . 7 3  3 . 3 7  25,37 -12,OO -0.96 8 - 9 0  

c 120  6-27 - 3 - 3 3  3 . 6 4  24.41 - 1 8 - 0 3  0.37  11.00 

E 120 O * Z Q  - 3 . 4 8  3 , 3 8  23.04 -17 .00  19.54 11.00 

I> 1 2 0  0,18 -3.42 3.55 24-40 -17.00 0.41 10,OO 
Q 120 0.04 -3 .56  2,234 2 0 , 8 9  -13.00 0.29 9 . 6 0  
x 190 8*3Q -3 .30  6 , 4 9  5 3 . 0 7  -19 .00  0.3Z l 5 . U Q  
Y 120 0,3Q - 3 . 3 9  1 . 9 3  1 4 . 7 2  -5.83 0.319 5 .30  
;P 128 0 ,ZP  - 3 - 3 7  4 . 3 9  3 0 . 2 8  -13 .00  Q-65 10,OO 

0 120 0 - 2 6  - 3 , 3 4  3.60 24.25 -113.08 0 , 3 4  9 . - w  

D 12'0 0 - 3 4  -3 ,25  3 . 5 7  2 3 . 5 0  - 1 7 . ~ 0  0.72 i 2 . m  

F 120 -h1,06 - 3 - 6 6  2.94 2 2 ~ 7  -15.00 0.07 i i . n o  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E 4 R  LAG. 
B :  5 Y E A R  L A G .  
C :  R E C R U I T S  Q B T A X N E D  B Y  A V E R A G I M G  5 A N D  6 Y E A R  L A G S .  
D :  6 Y E A R  LAG. 
E: R E C R U I T S  O B T A I N E D  RW A V E R A G I N G  5 ,  6 1  AND 7 Y E A R  L A G S ,  

G E 5 '  M O D E L @  E X H I B I T  U T - 5 8 .  
Q :  ""EGGS O N  E G G S 9 '  M O D E L 8  E X H I B I T  U T - 5 8 .  
X :  M A T R l l X  M O O E L  R E P  E ALPHA f P E P  * E X F  ( - B E T A  * $ 4  

Y :  M A T R I X  M O D E L  R E P  ALPMA * P E P  * E X P  ( - B E T A  f P E P )  

P :  F O W T R P X  M O D E L  R ALPHA * F * E X $  ( - B E T A  * P )  
( E Q U A T I Q R  l 3 U ) .  

U A T I O M  14U). 
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T A B L E  D-64. S U M R A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I P I A T E S  OF 
GAMMA, T H E  C O E F F I C l E N T  R E L A T X N G  R I V E R  FLOW 
T O  S U R V I V A L #  F O R  C A S E  NUMBER 2 (RUN N U M B E R  35). 
ALL GARMA V A L U E S  H A V E  B E E N  S C A L E D  BY 
M U L T I P L Y I N G  BY 1O0~Q00 P R I O R  T O  ANALYSIS, 

TRUE M O D E L  GAMMA = 3.60  
T R U E  M O D E L  A L P H A  2 , 5 Q  

PROC. NO. 
C O D E  O F  
( 1 )  OBS.  

A 120 
B 120 
c 120  
D 120 
E 120 
F 120 
P 120 
Q 120  
x 120 
Y 120 
z 120  

M E A N  
E S T .  S T A N D A R D  
GAMMA B I A S  D E V I A T I O N  

0-03 -3.57 
0 .65  -2 .95  
0.84 -2.76 
1.13 -2.47 
0.76 - 2 . 8 4  
0.65 0 2 - 9 5  
0.70 - 2 . 9 0  
0 . 5 5  -3-05 
0.79 -2.81 
0.52 -3.08 
0.75 - 2 . 8 5  

3.62 
3 -91 
3 - 7 1  
3.50 
3.42 
3 - 4 1  
3.42 
3.07 
4.82 
2.96 
3 071 

M E A N  MIN- 
S Q U A R E  IMU14 
E R R O R  G A M M A  

25.95 -39.00 
2 4 , Q O  -24.00 
21.42 -22.00 
18.40  -15.00 
19.83 -14,00 

20.18 -11.00 
18.76 -12.00 
31-20 -27.00 
18.31 -72.00 
2 1 . 9 4  -;E3,OD 

2 0 . 4 3  - 1 3 - 0 0  

M E D I A N  
GABMA 

0.37 
0.74 
0 . 8 3  
l e 3 5  
1.1Q 
O a f ?  

O e 6 6  
0 * 5 1  
rJ.77 
0 - 5 8  
0 . 8 6  

M A X I M U M  
G A M M A  

.91% 
8,814 
9 - 5 0  
9.88 
9 - 2 0  
10.00 

8 . 6 0  
l a .  
1 2 ,  

7 .  
9.7Q 

( 1 )  K E Y  T O  PROCESSING C O D E S :  
A :  4 Y E A R  L A G .  
8 :  5 Y E A R  L A G .  
C:  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D: 6 Y E A R  LAG, 

F: 7 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 ,  6 r  A N D  7 Y E A 8  L A G S ,  

P Z  "HULTfPLE A G E "  HODELI E X H I B I T  U T - 5 8 .  
Q :  " E G G S  ON E G G S u  W O O E L F  E X H I B I T  UT-SS.  
X :  M A T R I X  MODE& REP = ALPHA * PEP * EXP ( - B E T A  * P I  

Y:  M A T R I X  M O D E L  R E P  = A L P H A  PEP * E X P  l -BEVA * PEP) 

2 :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  8 U ) .  

(EQUATION 1 3 U ) ,  

(EQUATION 1 4 U ) .  



2 3 2  

T A B L E  D-6s. M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
R A s  V M E  C O E F F I C I E N T  R E L A T I N G  R I V E R  FLOW 

TO S U R Y I V A L r  F O R  C A S E  NUMBER 2 ( R U M  MUfr lBER 3 4 ) .  
k GAFPRA V a h U E S  H A V E  B E % M  S C A L F D  BY 
B T I P L Y I N G  BY lQO,UO0 P R I O R  T O  A N A L Y S I S .  

T R U E  N O D E L  GANMA = 3 . 5 0  
T R U E  M O D E L  A L P H A  = 1.25 

P R O C .  NO. WEAN M E A N  %$IN- 
C O D E  O F  E S T .  S Y A N D A R D  S Q U A R E  I M U M  M E D I A N  N A X X M U  
( 1 )  O B S .  G A R M A  B I A S  D E V I A T I O N  E R R O R  G A M M A  ~ A ~ ~ A  G~~~~ 

A 120 0 . 5 7  - 3 . 0 3  2-58 15.93 -5.40 0 ,57  7.60 
B 12a 0.91 - 2 , m  2-72 1 4 . 6 9  -6.90 0-87 8 . 8 0  
C 120  0.94 - 2 . 6 6  2 - 5 5  1 3 . 6 3  -5.10 0 . 7 6  9 . 3 0  
D 120 0 . 9 5  -Z,br, 9.75 14.64  - 4 , 9 0  0 . 5 3  11.00 
E 120 Q,94 -2.86 2 - 3 0  13.55  -3.5Q 0 - 3 2  7.70 
F 126 0,46 -3.19 2 - 6 2  97.13 -5.630 0.38 9.00 
P 120 0.74 - P , E I B  2.52 1 4 . 5 5  -5.80 6 . 5 6  1 0 . 0 8  
4 120 0.51 -3,c18 2 - 9 9  1 4 - 4 5  -4-70 0 . 3 3  8 . 7 0  
r( 120 0 . 6 3  -2.97 3.35 20.12 -8,80 0-54 8.7Q 
Y 120 0.63 -2.97 3.00 17.93 - 9 . 7 0  0.43 8.30 
1 120 0.50 - 3 - 1 8  2.90 18.15  -6,$O 0.30 7 . 8 0  

(1)  K E Y  T O  P M B C E S S X M G  C O D E S :  
A :  4 Y E A R  L A G .  
€4: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  

E: RECWUXTS O B F A X M E O  BY A V E R A G I N G  5 r  S r  AND 7 Y E A R  L A G S .  

M O D E L 8  E X H I B I T  UT-58 .  
M O D E L r  E X H I B I T  UT-58 .  
R E P  = ALPHA * P E P  .di EXP ( -BETA * P)  

REP ALPHA * PEP * EX13 ( - B E T A  * P E P 1  

R = ALPHA * P * EXP ( - B E T &  * P I  
( E Q U A T E O N  14U). 
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TABLE D-66. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
GANPlAp THE C O E F F I C I E N T  R E L A T I N G  R I V E R  FLOW 
TO S U R V I V A L r  F O R  C A S E  N U M B E R  2 ( R U N  N U  
ALL G A M M A  WALUES H A V E  E E E N  SCALED BY 
M U L T I P L Y I N G  BY 100~000 P R I O R  T O  ANALYSIS. 

TRUE M O D E L  G A M M A  = 3 - 6 0  
T R U E  M O D E L  A L P H A  = 1 , O C  

PRQC. NO, M E A N  M E A N  M I N -  
C O D E  0 6  E S T .  STANDARO S Q U A R E  E M U M  M E D I A N  M A ~ ~ ~ ~ M  
( 3 )  685. GAWMA B I A S  D E V I A T I O N  E R R O R  GAPIMA G A M M A  GISMMA 

A 120 -0,07 - 3 . 6 7  
t3 120 0 . 4 9  -3.11 
C 120 0.28 -3.32 
D 320 0 . 3 4  - 3 . 2 6  
E f Z Q  0.13 -3.47 
F 120 0.03 - 3 . 5 7  
P 120 -0.07 -3.87 
Q 120 -0.21 -3-81 
X 120 0 - 6 8  -2.92 
Y 120 Q.60 -3.00 
Z 120 0 . 6 3  - 2 . 9 7  

2.78 21.35  - 9 . 4 0  - 0 - 2 1  7-33 

2.84 19 .17  -7.?0 0,37 30.DO 
3 , 0 6  2 C . 0 5  -8.10 3.22 f 3 . 0 9  
2.73 1 9 . 5 6  -6.40 0.10 7 0 , O O  

2 . 9 8  22.51 -12 .00  0,20 9 , 7 0  
2 . 9 5  23.35 -11.170 0.0Q 8 -2Cl 
3 . 6 3  21.77  -7.80 0.26 73-00 
3.56 21.78 - 7 - S Q  0.34 17.00 
3 , 3 6  2 0 . 2 0  - 1 1 , D O  0.62 dl.QU 

3.08 19.26 -7.80 0 - 4 1  s.m 

3 - 2 9  2 3 . 6 7  -7 .10  -0.09 l lb.00 

e ? ,  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  I Y E A R  L A G .  
0:  5 Y E A R  L A G ,  
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D: 6 Y E A R  LAG. 

F :  7 YEAR L A G .  
E: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  61 AND 7 Y E A R  L A G S ,  

P: " M U L T I P L E  A G E e n  P l O O E L r  E X H I R I T  U T - 5 8 .  
Q Z  "EGGS O N  EGGS'* M O D E L #  E X H L B I T  U T - 5 8 ,  
X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * EXP ( -BETA * [PI 

Y :  M A T R I X  M O O E L  REP = ALPHA * PEP * E X P  < - B E T A  * P E P )  

Z :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - & E T A  4 P I  

{ E Q U A T I O N  8U) .  

( E Q U B T I O r u  13U). 

( E Q U A T I O N  1lrU). 
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T A B L E  0-67. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
A L P H A #  A P A R A M E T E R  I N  THE F B I C K E R  M O D E L s  
F O R  C A S E  NUHBER 3 (RUN NUMBER 3 9 ) .  
FLQU IS N O T  I N C L U D € D  I N  THE F I T T E D  M O D E L .  
ALL M O D E L  E S T I M A T E S  A R E  I N C L U D E D .  

TRUE M O D E L  A L P H A  = 1 .25  
T R U E  M O D E L  G A M M A  O.OOi1036 

P R O C .  NO. M E A N  R E  BN WLN- 
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I M I J M  FIEDBAN M A X I M U #  
( 1 )  0 8 s .  WLPHA R I A S  D E V I A T I O N  E R R 0 8  A L P H A  ALPHA RLPHA 

ba 120  2.66 1.41 8 . 6 0  2.35 1.25 2.64  3 - 8 8  
B 120 2.76 1 .51  0 . 7 3  2.82 1 .52  2 - 4 2  4 - 9 5  
C 120 2.86 1.61 a.53 2 .89  1 . 5 8  2 - 8 7  4 - 2 1  
D 1217 2 - 7 9  1.54 3 .73  2 . 9 2  1.21 2 - 7 9  4 .73  
E 120 2.89 7 - 6 4  '5.48 2 . 9 5  1 . 3 6  2.87  4 .17  
F 1ZQ 2.78 1 . 5 3  0 .73  2 .89  1.15 2.73 16-60 
N l 2 i l  2.46 1 . 2 1  0.94  2 .35  0.60 2.35 6 . 4 2  
P "90 2-88 1.63 0 .52  2 .94  1 . 4 7  2.83 4 . 2 9  
Q 1 2 0  2 - 9 5  1 .70  7 . 4 7  3 . 1 2  1 . 5 5  2,wz 4 . 3 5  
X 120 1 . 5 1  0.26 0,57 0 .40  0 .4% 9 . 4 6  3.87 
Y 120  5.92 4,67 9.97 1 2 6 . 3 5  0.30 3 . 5 4  102.90 
E 120  2 - 8 9  1 . 7 4  1.20 4 . 4 9  a , x 9  2 - 7 5  7.57 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
B: 5 Y E A R  L A G .  
C: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
0: 5 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  5 r  6 ,  A h D  7 Y E A R  L A G S .  
F :  7 Y E A R  LAG. 
N: E Q l J A T I O N  5 5 U :  P A R E E J T S  WND R E C R U I T S  E A C b f  OBTAHGJED B Y  

SUWBVrHIJG O V E R  7 Y E A R S F  W I T H  P 4 Y E A R  LAG. 
U C T I P h E  A G E "  FSODfLr E X H I B I T  U'V-SSX. 

B :  "EGGS Oh E G G S c u  M O D E L r  E X M X B I T  U ' P - 5 8 .  
X :  M A T R I X  M O D E L  R E P  ALPHA * P E P  * EX13 ( - B E T A  * P )  

Y :  I"IATRSX P O O E L  R E P  ALPHA * PEP * E X P  ( - B E T A  * P E P )  

E :  R A T R I X  [ + O D E L  R zz A L P H A  * P * E X P  ( - B E T A  * kb 

( f Q U A T E O h  8 U ) .  

( E Q U A T I O N  1 3 U ) .  

( E Q U 4 T I O N  1 4 Y ) .  
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T A B L E  ka-68. ~~~~~~~ S T A Y I S T I C S  F O R  M O D E L  E S T L N A T E S  0F 
A l P H A r  A P A R A M E T E R  I N  T H E  R P C K E R  M O D E L F  
FOR C A S E  NUMBER ?I ( R U Y  N U M B E R  4 0 3 ,  
FLOW XS NOT I N C L U D E D  I N  T H E  F I T T E D  BODEL. 
ALE R O D E L  E S T I M A T E S  A R E  X N C L # D F D .  

2.88 
2 . 5 8  
2 - 8 4  
2.80 
2 - 8 9  
2.81 
2.67 
2-85 
2.83 
7 - 5 3  
6 .17  
3 , 1 5  

-2.12 
-2-32 
-2 - 1 6  
-2 , 28 
-2 - 1  1 
-2 -19 
- 2 . 3 3  
- 2 * 1 5  
-2.07 
-3.47" 

1 . 1 7  
-1,837 

4 . 9 9  
5 .eo 
5 .Q3 
5-38 
4.78 
5 * 4 6  
6 .24  
4.98 
4 - 4 9  

1 2 - 4 6  
2 9  e 8 7  

5.01 

7 - 5 8  P,?8 4 * 7 7  
1 . 3 5  2"57 4 - 3 3  
1 . 8 2  2 . 7 6  & * t i 2  
1 . 4 1  h * b 4  5 - 2 7  
5.74 2 . 8 6  4 , 9 R  
6.35 2 - 7 0  5 - 9 0  
0.72 2 , 6 4  5 3 5  
1 - 7 8  2.78 4.73; 
1,78 2-86 4 - 7 1  
# , & E  1 . 4 9  3 " 3 3  
0.27 4.76 3 5 - 3 4  
1 . 0 3  2 . @ 8  7 - 9 5  
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T A B L F  n-69- S U M M A R Y  S T W r I S T I C S  F O R  MODE!.  ESTIb ls lATES O F  
A L P H A #  A P A R A M E Y k R  I N  THE R l Z K f R  i V i O D E L a  
F O R  C A S E  N U M B E R  3 (RUN NU"9ER 4 1 1 .  
FLOW IS NOT I N C L I I D E D  I N  THE: F I T Y E 2  M G D E L .  
A L L  M O D E L  E S Y l W W T E S  ARE I N C L U D E D .  

T R U E  M O D E R  ALPHA = 20,OQ 
T R U E  M O D E L  G A M M A  = O . O O l P 3 6  

P R O C .  NO. M E A N  PIERN M H F J -  
C O D E  O F  E S T ,  S T A Y D 9 R D  S Q U A R E  S M U M  X E D I A M  PlAXIT?UN 
(1) O B S ,  ALPHA B I A S  D E V I A T I O N  E R R O R  AB.PI.iA ALPHA ALPHA 

n 120 
B 1 2 0  
6 120 
D 1 2 0  
E 1 2 8  
F 1 2 0  
N 120 
P 1213 
Q 120  
x 120  
v 1 2 0  
11 120 

2 - 9 3  -17.10 '1.62 2 9 5 . 3 0  1 . 6 8  2 - 6 7  5 . 2 3  
2.96 - 1 7 . 0 4  0.72 2 9 3 . 3 2  1.66 2 - 9 3  6 . 8 6 
3.10 -16.90 d . 6 5  288.52  1 . 7 4  3 - 0 4  5.06 
3 - 0 1  -16.99 0.713 2 9 1 . 5 4  1.69 Z , B G  5.59 
3 . 3 9  -16.93 0.61 2 8 8 , 8 8  1.78 3 . 0 6  L ,Y,r 
2 - 8 8  -17.72 0 . 9 8  Z96.ZQ 1.314 2.PO 4 . E . $  
2.82 -17.18 Q.92 2 9 8 . 4 8  0.79 2,8G 5 . 0 5  
3.10 -16,SaQ 0,153 288.57 7 . 6 7  9.01 6.PS 
3,!38 -16.92 0.53 289 .13  P , ' ) 7  7-98 4 . 4 . 2  
1.65  - 1 8 , 3 5  0 . 5 9  33'3.92 0,OO 1.6% 4 - 1 3  
7.08  -12,92 6 - 7 3  2 1 3 . 6 5  0 - 3 8  5 . 1 7  h 2 - 7 8  
3.35 -16.85 1.2% 28C.97 1.30  3 , 0 8  7.25 

(1) K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG. 
B: 5 Y E Q a R  L A G .  
C :  R E C R U I T S  O B X W I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S ,  
D r  6 Y E A R  LAG. 
E :  R E C R U I T S  O B T A I N E D  B Y  A Y k M A f I N G  5 1  b r  A N D  7 YEEAR L A G S .  
F :  7 Y E A R  L A G ,  
N: E Q Y A T X O N  15U: PAREPJTS A N D  R E C R U I T S  E A C H  O M T A I N E Q  R Y  

P :  " M U L T I P L E  A G E "  M Q D E h r  E X H I B I T  U T - 5 8 .  
Q: " E G G S  Q N  E G G S "  M O D E L @  E X E - E Z R I T  U T - 5 8 .  
X :  M A T R I X  MODEL RE? = ALPHA * PEP * t X P  ( - B E T A  * P I  

Y E  M A T R I X  M O D E L  R E P  A L P H A  * PEP * E X P  ( - B E T A  * P E P 1  

21: M A T R I X  MODEL H = ALPhA * P * E X p  ( - B E T A  * P I  

SLJi'?#+lING O V E R  7 Y E A R S #  W I S U  A 4 Y E h . 8  LhC. 

( E Q U A T I O N  8 U ) .  

( E Q U 4 1 T  I O N  13111 

( E Q U A T J O l u  14U).  
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T A B L E  a-70. S U M M A R Y  S T A T P S T X C S  F O R  M O D E L  E S T X M A T E S  O F  
h L P H A r  A P A R A M E T E R  I N  THE R I C K E R  F T O D E L r  
FOR C A S E  NUMBER 3 (RUN N U M B E R  3 9 1 ,  

M O D E L  E S T I I 4 8 f E S  O F  ALPHA WHICH A R E  A S S O C I A T E D  
k 1 T H  N E G A T I V F  E S T I M k T E S  O F  P E T A  A R E  E X C L U D E D .  

F L O W  as Nor I N C L U D E D  I N  T H E  F I T T E D  M O D E L .  

T R U E  M O D E L  ALPHA = 5 .25  
TRUE M a D f t  G A M W A  = O . O O U O T 6  

e ,  hO. R E A  B E A N  Q I N -  
E O F  E S T ,  S T A N O A R D  SQUARE IRiliM M E D I A N  ~ A ~ I ~ ~ ~  

( 1 1  O B S ,  ALPHA B I A S  D E W l A T l O N  E P f f O R  ALPHA ALPHA ALPHA 

2.35 3 . 2 5  2 - 6 4  3 . R 8  
2.82 1 . 5 2  2.62 4 " 9 5  
2.89 1 .58  2.87 4 - 2 4  
2 .92  1 . 2 4  2.70 4 * 9 3  
2 - 9 5  1 - 3 6  2.87 4 , 1 7  
2 . 8 9  1 .15  2.73 4 . E 9  
2 . 4 3  1.02 2 , 4 ?  6 . 4 2  
2.94 2.47 2.83 4 . 2 9  
3-12 1.50 2 - 9 2  4 - 3 6  
0.41 9 - 8 7  1 - 5 1  3.97 

1 2 7 . 7 8  0.F3 3.77 102.4;O 
4 . 5 6  1 .30  2 * 7 8  7 - 5 7  

[ I f  K E Y  T O  P R O C E S S I N G  C O D E S :  

T A I N E O  B Y  AVERAGING 5 At40 6 Y E A R  L A G S .  
13: 6 Y E A R  L A G ,  

F r  7 YEAR LAG, 
Nz E Q U A T I O N  15U: P A R E N T S  A N D  R E C R l J I T S  E A C H  O B T A I N E D  P Y  

E :  RECRUITS O B T A X N E O  B Y  A V E R A G I N G  5 c  6 ,  A N D  7 Y E A R  L A G S .  

~U~~~~~ O V E R  7 Y E A R S #  k f T H  A 4 Y E A R  LAG,  
P:  "MULTIPLE A G E "  M O D E L #  E X H I B I T  U T - f i P ,  
0 :  " 'EGGS O N  E G G S "  W B D E t r  E X 1 4 1 6 1 7  U T - 5 8 .  
X :  R A T R I X  #UIODEL R E P  f ALPHA * PEP * E X P  C - R E B A  * P I  

~~~~~~~~~ 8 .u ) .  

~ € ~ ~ ~ ~ ~ O ~  13u1,  

A T I O N  d 4 U ) ,  

A T R X X  M O D E L  R E P  = ALPHA * PEP * E X Y  C - E E T A  * PEP) 

Z:, ~ A ~ ~ ~ X  M O D E L  R ALPHA * P * E X P  ( - B E T A  * P I  
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TABLE D-72. S l t M f l A R Y  S T A T I S T I C S  F O R  lr lODEL E S T I M A T E S  O F  
ALPHA, A P A R A M E T E R  I B  T H E  R I C K E R  M O D F t r  
F O R  C A S E  NUYBER 3 (RUN ? V U b l H E R  411, 
F t O t b  XS NOT I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
Y O D E L  E S T X M A T F S  OF ALPHA W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G k T I W E  E S T I H A T E S  OF B E T A  A R E  E X C L U D E D ,  

T R U E  @ O D E L  ALPHA = 2 0 , 0 $  
TRUE M O D E L  G A M M A  = 0,000036 

P R O C .  NO. M E A N  MEAN M I Y -  
C O D E  O F  E S T ,  S T A F d D A R D  S Q U A R E  I M U M  M E D I A N  ~~~~~~~ 

(11 OBS,  ALPHA B I A S  O E V X A T I O M  E R R O R  ALPHA ALPHA ALPHA 

bi 620 2.90 -17.10 0.62 295,30 1.68 2.87 5 * 2 3  
R 1 2 0  2.96 -17 .04  0.72 2 9 3 , 3 2  1.66 2,93 4 - 8 6  
c 120 3-10 -'06.90 0 - 6 5  288.52  1 - 7 4  3 - 0 4  5,ng 
D 120  3-07  -16 .99  0.78 2 9 1 , 5 4  1.69 2.96 5 .59  
E '?PO 3 - 0 9  - 1 h - 9 1  O.61 TbE;,88 7.78 3-06 4.92  
F 420 2,S8 -17 .12  0.78 296.20 1 . 3 4  2,230 & * P e s  
N 118 2-85 -3J,14 6 - 8 9  297.30 0 , 9 3  2-87 5 ,ip5 
P 120 3,IO - 1 6 . 9 0  0 . 6 3  288.57 1.67  3,c11 4 , 8 8  
Q 120 3.08  -56.92 0.53 289.63 2.97 2.98 4 - 4 2  
M 111 1.72 - 1 8 . 2 8  0 - 5 6  337.54 0.91 1,47 
Y 118 7 . 1 9  -12.87 6 . 7 3  2 1 0 . 8 4  1.90 5 , Z J  42,J8 
Z 120 3.35 - ? S . 6 5  7 . 2 3  2HG.97 1 . 3 0  3 . 0 8  7,75 

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
B r  5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  Q YEhR LAGS. 
13: 6 W E A R  L A G ,  

F r  7 Y E A R  L A G .  
N: E Q U A T I O N  15U: P A R E N T S  A N D  R E C R U I T S  E A C H  O B T A I M E D  B Y  

E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 r  6, A N D  T W E A R  L A G S .  

S U M M I N G  O V E R  7 Y E A R S ,  L l T H  A 4 Y E A R  LAG. 
P: " M U L T I P L E  AGE" '  M O O E L *  E X H I B I T  U T - $ 8 .  
8 :  ' "EGGS O N  EGGS*' M O D E L ,  E X H l R I T  U T - 5 8 .  
X I  M A T R I X  M O R E L  REP = ALPHA, * PEP * E X P  ( - B E T  

Y :  M A T R I X  M O D E L  R E P  ALRHA * PEP * E X P  ( - B E T A  * PEP) 

2 :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  8 U )  

( E Q U A T I O N  13U) rn 

(ERUATIOhr  1 4 U )  I 

... 
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%WOE HODEL ALPHA = 1.25  
TBWZ HCBEX GAflE4A = 0,000036 

(1) OES, ALPHA B I A S  DE I A T I O I S  E R R O R  

A 1 2 6  2.66 1 . 4  
B 1 2 0  2.76 1 - 5 7  
c 128 2-86 1.61 
a 920  2.79 4.54 
P I220 2.89 1.6 
P 1 2 0  1 . 7 3  1 , 5 2  
F 1 2 0  2.87 1 . 6 2  
c-! 1 2 8  2.95 1.70 
ge 128  1.50 0-25 
Y 128 6.0Q 4.79 
z 1 2 0  2 - 9 7  1 .72  

8 . 5 8  2 , 3 5  
8.76 2.89 
8 * 5 5  2-92 
0 .75  2.. 94 
0 .50  2,96 
0.75  2.90 
Q*52 21 93 

3, lri 
8 - 5 2  0.33 
9 - 3 9  111.37 
a .  11 4,22 

ALFBA RLPHP, AXPHA 

1.20 
1.39 
4.57 
1.29 
1 -36  
1-15  
1.47 
1.50 
oe4-7 
0.06 
6). 89 

2 1  64 
2,452 
2.87 
2.68 
2,84 
2,69 
2.84 
2,9 
1.35 
3.419 
22-77 

3.0Q 
4.92  
4 - 1 9  
4*9& 
4.28 
5 . 3 8  
u.35 
4.40 
3.09 
93.97 
5.83 

(1) K E Y  TO PROCESSING CODES: 
A: 4 PEAE %AG. 
E!: 5 Y E A R  L A G .  
c: 
E: 
E: 
F: 
P: 
Q: 
X: 

Y: 

2;: 

R E C R U I T S  O B T A I N E D  BH AVERAGING 5 AEJSI 6 YEAR L A G S ,  
6 Y E A R  L A G ,  
RECRUITS O B T A I N E D  BY A V E R A G I N G  5, 6, A N D  7 YEAR L A G S .  
7 Y E A R  L A G .  
" H O I T I P L E  AGE@' HODEL, E X R E E I T  UIP-E;f!, 
f 'EGGS ON E 6 G Z g g  HQDEL, E X H I B I T  UT--58, 
B A T R I X  EODEL R E F  ALPHA * PEP * EXP (-BETA * P) 
( E Q U A T I O N  80). 
HATETX MODEL REP = AXPHA * P E P  * EXP (-BETA * PEP) 
( E Q C A T T O M  13U), 

H A T R I X  MODEL R = ALPHA * B * E F (-BETA * P) 
(EQCATICJN 140). 
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PROC. NO. M E A N  BEAN LI P- 
CODE OF EST. S T A N D A R D  SQUARE IMV 
(1) QES, ALPHA BIRS DEVIAIIIOR ERBQR #I@ 

A 1 2 0  2.91 -2. O I  64 
El 7 2 0  2 - 7 0  -2, 0*66 
c 1 2 0  2.84 -2, - 6 1  
D 120  2-79 -2, .a2 
E 120 2.90 - 2 a  * 59 
F 120 2 , 8 3  - 2 * 1 a  0 . 8 5  
P 120  2.85 - 2 - 1 5  
Q 120 2.94 -2.6)6 
x 120  7 -55  -3,45 
Y 120 5 - 7 7  1.77 
Z 120  3 . 1 6  -le84 

(1) KEY TC FRQCESSI 
A:: 11 P E A R  L B G  
8:  5 YEAB LAG. 
C: RECRf3TTS ~~T~~~~ B Y  ~~~~~~~~~ 5 

E: R E C R U I T S  O B T A X N E D  B Y  ~ ~ ~ ~ A ~ I ~ ~  5, 6 
F: 7 TEAR LAG.  
P: "NULTIPLE AGE" MQDELI EXHZBTT 
6:  "EGGS ON EGGSn 8IO@EL, EXBXBPT 
X: HIRTRTX MODEL R E P  =Z ALPHA * PEP * EXP (-SETA * P 
Y: MATRIX HODEL R E F  = ALP P [ -EETA * PEP) 

2: M A T R I X  MODEL R = ALPHA * P * EXF (-BE 

D: 6 Y E A R  LAG. 

( E Q D A T I Q S  8U) 

~~Q~~~~~~ 1 3  

(EQTJA'TIQN 10 
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T A E L E  D-75- SOPaMARY STATISTICS FOR IlODEI, ESTIInPITES OF 
ALPHA, A PARAMETER IN THE EXCREW MCDEL, 

FLOW IS I B C L U D E D  IN THE P I T T E D  MODEL. 
ALL HODEL E S T I N A T E S  A R E  I M C Z O D E D .  

MEER 3 (RON N U  

MEAN 
CODE Q F  E S T ,  S T A N D A R D  SQUARE 
(1) QBS. ALFHA B Y A S  D E V I A T I O N  E R R O R  

A 120 2 - 9 0  -17 .10  0.62 
B 120 2.86 -17 .04  0.72 
c 1 2 0  3.11 -16.89 0.66 
ID 120 3-02 -76.923 0. @ O  
E 1 2 0  3.09 -16.91 0.62 
F 1 2 6  2 - 8 7  - 1 7 * 1 3  0.79 
F 120 3 , 1 1  - 1 6 , E 9  0.65 
Q 1 2 6  3.08 -16.92 0 . 5 5  
x 120 1.67 -18 .23  0.67 
P 120  9.27 -12.73 8-  29 
Z 1 2 0  3 . 3 9  - 1 6 . 6 1  1.38 

295.34 
293.32 

291.23 
288.79 
296.64 
288.26 
289.15 
339.12 
232. a9 
28Q.15 

B I N -  

ALPHA ALPHA 

1.78 
1.41 
1.79 
1 - 5 6  
1.88 
1 .33  
1.74 
9.88 
0 - 5 0  
0.56 
1.09 

2-85 
2,545 
3,84 
2 .87  
3.06 
2.82 
3.02 
2.97 
1 . 6 1  
5.16 
3 - 1 1  

ALPHA 

5. 26 
as.85 
5.98 
5.65 
4.92 
4.83 
4.89 
4.45 
b$,  22 
64.92 
8.86 

( 9 9  REP TO PROCESSI'MG CODES: 

E: 5 Y E A R  L A G .  
C: RECROITS OBTAX'MED BY A ~ ~ ~ A ~ I ~ ~  5 AME 6 Y E A R  LAGS, 
c: 5 P E A R  L A G ,  
E: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 ,  6 ,  AND 7 YEAR L A G S .  

GE" HOBEL, E X R I E T T  U T - 5 8 .  
GS*' RBDEL, E X B I B P T  UT-58. 
L BEF = ALPHR * P E P  * EXB (-BETA 18: P) 

( E Q U A T I O N  E(U) , 
Y: M A T R I X  MODEL REP = ALPHP, * P E F  * EXP ( -BFTA * PEP) 

(EQUATICN 13U). 
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TABLE a-76. S U M M A R Y  S T A T I S T I C S  FOR MODEL E S J I P l A T E S  86 
ALPHAP A P A R A R F - T E R  Ip1 T H E  R I C K F R  M O D E L r  
FOR C A S E  NURBER 3 (RUN NUMBER % ? I .  
FLOW IS I N C L U D E D  I N  T H E  F I T T E D  PIIQDEL. 

M I T H  N E G 4 T I W E  E S T I M A T E S  O F  B E T A  A R E  E X C L  
R O D E L  F S T I M W E S  O F  A L P H A  i d H r c H  A R E  A S S O C I A T E D  

TRUE M O D E L  ALPHA = 1,25 
T R U E  M O D E L  G A M M A  = 0 ~ ~ o ~ a ~ 6  

P R O C .  NO, M E A N  M E A N  M I N -  
E O F  E S T ,  S T f i P I D A R Q  S Q U A R E  M U M  M E D I A N  ~~X~~~ 

B B S -  ALPHA B I A S  D E W P A T I O M  E R R O R  CPHA ALPHA ~~~~~ 

A 120 
€3 1 2 0  
c 120 
D 120 
E 120 
F 320 
P 120 
Q 120 
x 1 0 4  
Y 1 3 5  
x 118 

2.66 
2.76 
2.86 
2.79 
2.89 
2.77 
2 ,87  
2 . 9 5  
1.62 
6.29 
3.01 

1.41 
1 .SI 
1 .61  
1.54 
1 - 6 4  
1 . 5 2  
7 . 6 2  
1 .78  
0.37 
5 -144 
1.76 

2-35 .a,za 2.64 3 , 8 4  
2.89 1.39 2.62 4-92 
2,92 1-57' 2 - 8 7  4.79 
2 - 9 4  7 . 2 4  2 , 6 8  6 - 9 4  
Z"96 1-36  2-84 4.28 
2-90 ?..I5 2 - 6 9  "j38 
2 . 9 3  1,47 2 . 8 4  a, - 3 5  
3 - 1 4  1-50 2.94 4-40 
0.34  a.91 1 * 5 2  3 . 0 9  

1 1 6 - 2 3  0.84 3-52 93.17  
4-28 t,oa 2,as 5p83 

C1) K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
€3: 5 Y E A R  L A G .  
C: R E C R U I T S  O B T A I N E D  B Y  ~ W ~ ~ ~ ~ ~ ~ G  5 N D  6 Y E A R  L A C S ,  
0: 6 Y E A R  L A G .  

F: 7 Y E A R  LAG. 
E: R E C R U I T S  O B T A I N E D  B Y  A V ~ ~ # G ~ N G  5 1  6 r  ND 'p Y E A R  LAGS, 

P: "MULTIPLE A G E "  M O D E L I  E X H I B I T  U T - 5 8 ,  
Q :  " E G G S  ON E G G S "  M O D E L I  E X H I B I T  1111-S8. 
X :  M A T R I X  R O D E L  REP = ALPHA * PEP f E X P  [-BETA * P%, 
Y :  M A T R I X  WOOEL R E P  = ALPHA * PEP * EXP ( -BETA * P E P )  

Z: R A T R I X  M O O E L  R = ALPHA * P * EXP (-BETA PI 

lEBUATlCON 8U) .  

( E Q U A T I O N  '13l.1. 

< E Q U A T I O N  14U). 

... . 
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T A B L E  B-77. SUPIMAWY S T A T  S I P C S  F O R  M O D E L  E S T 1  
ALPMAI A PAW M E T E R  I N  T H E  R I C K  
F O R  C A S E  NUM ER 3 <RUN NUNRE 
f L O Q  IS I N C L l J D E B  I N  ? H E  F I T T E D  M O D E L .  

LPHA W H I C H  A W E  A S S O C l A T E D  
IES O F  W E ? A  A R E  E X C L U D E D .  

TRUE M O D E L  ALPHA = 5.0C 
T R U E  M O D E L  G A R H A  = O.QOE1036 

P R O C .  NO.  M E A N  HEAN M X N -  
C O D E  O F  E S T .  S T A ~ ~ R ~ ~  S Q U A R E  ISUtrl M E D I A N  R A X I  
( 1 )  OB$.  ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 120 2.91 -2.99 0.64  4 , 8 6  1 .57  2,82 5 . n R  
5 120 2,70 -2 .30  0 . 6 4  5.78 1 .3s  2.63 4.33 
c 120 2.84 -2.16 0 - 6 1  5.08 1.76 2 - 7 6  4.76 
D 120 2.79 - 2 . 2 1  0,72 5.43 1 . 5 7  2 - 4 6  5.09 
E 1 2 0  2.90 -2.18 0 . 5 9  14-78 1.70 Z-$9 4 -96 
6 120 2-83 - 2 , 1 7  0 .85  5 .45  1 . 3 1  2.72 6 .13  
P 120 2*85 -2 .15  0 - 4 1  5.02 1 . 9 9  2 - 8 2  le .70 

120 2.94 -2.06 0 , 5 6  4 . 6 0  1 . 7 4  2-92! 4 -84 
X 103 1.58 -3-32 0.57  11.49 6.71 1.58 4 , S B  
Y 114  7.10 2 - 1 0  5 .83  3 8 - 3 9  0.8'8 5-39 2 7 . 5 9  
II  119 3.78 -1.82 1 . 3 3  5.12 1 .17  2 - 9 5  6.19 

( 1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A:  4 V E A R  LAG. 
8 :  5 Y E A R  L A G ,  
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
0: :  6 Y E A R  L A G ,  
E: R E C R U I T S  O R T A I N E B  BY A V E R A G I N G  5 r  6 r  AND 7 Y E A R  L A G S .  
F :  7 Y E A R  LAG. 
P: "RULTPPLE A G E "  M O D E L *  E X H I B I T  U T - 5 8 ,  
Q :  "'EGGS O N  E G G S "  RODELI  E X H I D I T  U T - 5 8 .  
X :  R A B R I X  M D E L  R E P  = ALPH * PEP * E X P  < -  

R E P  I' ALPHA f PEP .f E X P  ( - B E T A  * PEP) 

X: P I A T R J X  M O D E L  R = WLPHW * P * E X P  ( - B E T A  * P) 
(~~~~~~~~ 1 4 U )  a 
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T A B L E  D-78. SUPIMARY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
A L P H A #  A P A R A M E T E R  I N  THE R I C K E R  M O D E L s  
F O R  C A S E  N U M B E R  3 (RUN N U M B E R  41) .  

M O D E L  E S T I M A T E S  O F  A L P H A  W H I C H  A R E  A S S O C I A T E D  
W I T H  N E G A T I V L :  E S T I M A T E S  OF B E T A  A R E  EXCLUDED. 

FLOW IS INCLUDED IN T H E  FITTED t(1oaEL- 

T R U E  M O D E L .  ALPHA = 20.00 
TRUE N O D E L  G A M M A  = CI,OC!OQ3b 

PROC. NO, M E A N  M E A N  M I N -  
C O D E  OF EST. S T A N D A R D  S Q U A R E  I M U M  M E D I A N  b r l A X l M U H  
( 1 )  OBS,  A L P H A  B I A S  D E V I A T I O N  E R R O R  ALPHA A L P H A  ALPHla 

A 120 2 - 9 5  -17, l r I  D -62  
B 120 2-96 - 1 7 . 0 4  0.72 
t 1 2 0  3.11 -16.89 0 -66  
D 120 3 - 0 2  -16,98 0.8D 
E 120 3-09  -16,91 43.62 
F 120 2 - 8 7  - 1 7 - 1 3  0 .?9 
P 120 3.51 -16.89 0 - 6 5  
P 120 3.08 -16.92 0-55 
X 110 1.75 -18.25 0 -64 
V 118 7.38 -12.62 8 - 3 1  
2 120 3.39 -16.61 1.38 

295.34 1 - 7 0  2.85 
293.32 1 - 4 9  2.95 
288.25 1 - 7 9  3 - 0 4  
293.23  1 - 6 6  2-87 
2 8 8 . 7 9  1 - 8 8  3 . 0 6  
296 .54  1.33 2.82 
288.26 1.74 3.02 

336.34 0.91 1 . 6 4  
229.73 1 - 0 5  5.17 
280.15 1 - 0 9  3 - 1 1  

2 8 9 - 5 5  9 - 9 8  2 - 9 7  

5 - 2 6  
4.85 
5.18 
5.65 
4-92 

4-89 
4-42 
4 -22  

64 .92  
8 . 8 6  

4.88 

(11 K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y € A R  L A G .  
€3: 5 Y E A R  L A G .  
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  5 Y E A R  L A G S ,  
b:  6 Y E A R  LIIG, 

F: 7 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  S P  6 r  A N D  ? Y E A R  L A G S ,  

P: " R U L T I P L E  A G E "  BODEL/ EXHIBIT U T - 9 8 .  
Q: " E G G S  ON E G G S "  R O D E L F  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  H O D E L  REP = A L P H A  * PEP * E X P  < - B E T A  * P )  

Y: M A T R I X  M O D E L  REP A L P H A  * PEP * E X P  ( - B E T A  * PEP) 

Z: M A T R I X  M O D E L  R = A L P H A  * P * EXP ( - B E T A  * P I  

( E Q U A T I O N  8U).  

( € Q U A P I O N  1 3 U )  

( E Q U A T I O N  1 4 U )  I 

.... 
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T ABLE D-80. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  CIF 
G A M M A I  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O t l  
TO S U R V I V A L r  F O R  C A S E  Nt lR8ER 3 ( R U N  N U M B E R  403, 
ALL G A M R A  V A L U E S  H A V E  B E E N  S C A L E D  BY 
MULTIPLYING BY f30,OCO PRIOR T O  A N A L Y S I S .  

T R U E  M O D E L  GAMMA = 3 - 6 0  
T R U E  MODEL A L P H A  = 5 - 0 0  

PROC, NO. MEBM M E A N  M 9 N -  
C O 0 E  O F  E S T .  S T A N D A R D  S f f U A R E  IMUM M E D I A N  M A X I M U M  
(1) O B S .  GAMMA B I A S  D E V I A T I O N  E R R O R  GAMMA GAMMA GAMMA 

A 120 0 . 3 5  -3.22 2 . 8 9  18.13.3 -8.60 0 . 4 3  9.10  
B 120 O a 4 6  -3a14 3.23 20-37 -8.30 0.57 8.30 
c 120 1.01 -2-59 2 - 4 0  12.52 -5.00 1.0s 7.00 
D 120 1.49  -2.11 3.21 14.79 -6,70 1.30 10.00 
E 120 0.85 -2.75 1-98 1 1 - 5 3  -3.80 0.78 5.70 

P 120 C . 9 5  -2.65 2.21 11.96 -4.30 0 . 9 3  6.00 
120 0.65 - 2 . 9 5  1-65 11.49 -3.20 0 . 6 3  5-70 

X 320  0 . 7 6  -2.84 3.78 22.47 -9.30 0 . 9 0  9.30 
Y 120 0.37 -3.23 3,71 24-30 -10.00 0 . 5 8  9-70 
z 120 0 .57  -3.03 3.73 23-22 -11.00 1,03 8 . 6 0  

F 120 0.46 -3 .14 3 . 0 4  1 9 . 7 4  -8.m 0 . 3 9  i i ,m 

3 K E Y  T O  PROCESSING C O D E S :  
A: 4 Y E A R  L A G .  
B r  5 Y € A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  4 A N D  6 Y E A R  L A G S .  
0 :  6 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 8  6 r  A N D  7 Y E A R  L A G S .  
F: 7 Y E A R  L A G ,  
P: “l!JiULTfFLE AGE” ’  RODELI E X H X B I T  U T - 5 8 ,  
Q: ” E G G S  O N  E G G S ”  PIQDELe E X H I B I T  UT-58 .  
X :  N A T R I X  MODEL REP = ALPHA * PEP * E X P  ( - B E T A  * PI 
V :  M A T R I X  M Q O E L  R E P  = A L P H A  * PEP E X P  ( - B E T A  * PEP) 
2 :  M A T R I X  MODEL R = A L P H A  * P * EXP ( - B E T A  * P )  

( E Q U A T I O N  8U),  

Q E Q U A T I O N  13U). 

( E Q U A T I O N  14U) . 
... 
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A 120 0.88 - 3 - 5 2  2*93 2 9 . 1 1  -8,50 0.00 8.76 
120 1.83 - 2 . 5 7  3 , 2 6  1 9 . 2 9  - l a * a o  0.79 8.40 
120 Oe8Q -2.71 2.49  13.53  -7*90 0 . 8 5  7.20 
120 0-75 - 2 . 8 5  3 . 3 3  1 9 . 2 5  - 8 - 1 0  8.56 8.40 

E 1zu 6.46 - 3 . 1 4  2 - 6 8  14.18 -7.1111 0.45 5 . 9 3  
F 920 -0,PT -3 .85 3 - 3 8  26 .44  - 9 . 9 0  -0.28 92.no 
0": 120 0,57 - 3 . 0 3  2 , 2 6  14.32 -7.60 8.79 6 . 9 0  
Q 120 O,QS - 3 . 5 5  1.76 1 5 . 7 9  -5.UQ 8.15 5.50 
K 12U 8-83 -2 .67  4.22 2 4 . 9 6  -16,QO 0.67 12.00 
Y 120 1 . 1 5  - 2 . 4 5  3 . 4 4  17.86 -7.80 1 . 3 5  11.00 
91 120 7 -12  -2.48 3 - 7 8  20.54 - 1 2 , O O  1.15 12.00 
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T A B L E  D-82. S U M M A R Y  m u i s r i c s  F O R  M O D E L  E S T I M A T E S  O F  
A L P H A #  W PARAMETER I N  THE R I C K E H  M Q O E L P  
FUR CASE N U M B E R  4 ( R U V  NUMBER 4 3 ) .  
FLOW IS NOT I N C L U D E D  I N  THE F I T T E D  f 4 Q B E L ,  
ALL M O D E L  ESTIIvillTES A R E  I N C L U D E D ,  

TRUE M O D E L  ALPHA = 1 . 2 5  
T R U E  M O D E L  G A M M A  = Q,OQfl036 

P R O C ,  M O .  MEAN M E A N  y4 IN- 
C O D E  OF E S T .  S Y A N D A R D  S Q U A R E  P R W M  M E D I A N  ~~X~~~~ 
('113 O B S ,  ALPHA B I A S  D E V l A T I O N  ERROR ALPHA ALPHA ~~~~~ 

A 123 2.77 1 . 5 2  3 . 6 6  2 . 9 6  l , S ?  2 - 6 7  5.45 
B 1 2 0  2.73 1 . 4 8  0.71 2.7% 1 . 4 7  2 - 5 9  5.93 
C 120 2 .76  1 , 5 1  0.56 2 .52  1.71 2 . 7 1  4,27 
B 120 2 - 6 6  1-41 0 . 6 6  2.43 1 - 4 2  2 - 5 b  6,22 
E 7 2 0  2 - 8 4  1 - 5 9  0.54 Z,P3 1.63 2-82 4 * 5 d  
F 120 2 . 7 9  1 . 5 4  0 . 8 3  3 . 0 9  1.52 2,Q7 3 * 2 2  
N 120 2-40 7 . 1 5  0,89 2.11 o a 7 0  2 ,35  &,b7 
P 220 2 - 8 2  1 - 5 7  rJ.57 2,8Q 7 - 2 9  2.83 4 . 5 1  
Q 120 2 . 8 8  1 .53  0 - 5 2  2 . 9 5  1 . 5 2  7,87 6 , P P  
x 12a 9.74 0.49 0 . 7 7  0 . 8 3  0 . 4 9  l , 6 6  5 - 7 4  

z 120 3,SG 2 . 2 5  1 . 6 9  7 . 9 7  1 .12  3 . 1 4  d3,PSi 
'91 120  5 . 6 4  4 . 3 9  6 . 8 4  6 ~ 2 0  0.52 3 , 2 ~  u i ,s2  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 YEAR L A G .  
8: 5 Y E A R  L A G ,  
t: R E C R U I T S  O B T A I N E D  B Y  AVERAGING 5 AND 6 WEAR L A G S ,  
D: 6 Y f A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 r  6 1  AND 7 Y E A R  L R G S ,  
F :  7 Y E A R  LAG. 
N: E Q U A T I O N  15U: P A R E N T S  AND R E C R U I T S  E A C H  O B T A I R E D  BY 

S U M M I N G  O V E R  7 Y E A R S ,  W I T H  A 4 Y E A R  L A G .  
P C  " M ( I L f 1 P I E  AGE'"  M Q D E L i  E X H I B I T  U T - 5 8 ,  
a: " E G G S  O N  E G G S "  P l O Q E L r  EXHISL? UT-SB. 
X r  M A T R I X  M O D E L  R E P  =: A L P H A  * PEP * EXP ( - B E T A  * P )  

Y :  M A T R I X  M O D E L  REP = ALPHA * PEP * E X P  ( - B E T A  * P E P )  

Z :  R A T R I X  R O D E L  R = ALPHA * P * E X P  (-BETA *. P I  

(EQUATION 8 U )  m 

[ E Q U A T I O N  93U). 

( E Q U A T I Q N  14U) a 
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T A R L E  D-83. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T l W A T E S  O F  
ALPolAr A PARAFTEVER I N  T H E  R I C K E L !  M O D E L ,  
F O R  CASE N U M B E R  4 (RUN NUMBER 441. 
F L O W  IS NOT I N C L U D E D  I N  THE F I T T E D  HODEL. 
ALL R O B E L  E S T I % " F A E S  A R E  I N C L I J D E D .  

P R O C ,  N O .  TrlEAN H E A N  B I N -  
C O D E  O F  E S T .  S T W Y D A W D  S Q U A R f  I M U M  M E D I A N  ~~~~~~~ 

( 1 )  O R S ,  ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 1213 2,70 -2.3Q 
E 120 2.72 -2.28 
c 1 2 c  2 - 8 9  -2.20 
D 120 7.68 -2.32 
E 120 Z , $ 6  - 2 - 5 4  
F 1 2 0  2.80 -2.20 
!d 1 2 0  2,56 - 2 . 4 4  
P 120 2.86 - 2 - 4 4  

x 12Q 1.57 - 3 . 5 3  
Y 120 5.23 0 . 2 3  

Q 1 2 0  9 - 9 4   LO^ 

2 1 2 0  2 - 9 9  - 2 ~ 1  

0 - 7 4  
0.70 
3.53 
0 . 6 9  
0 . 5 4  

0 - 9 5  
0.54 
0.54 
0.58 
5.47 
1 . 2 6  

0.32 

5.87 1 . 4 1  2.61 5.c7 
5.72 1 . 5 8  2 .6?  5 - 3 8  
5 . 1 5  1.81 2.80 4,59 
5 ,99  1 . 4 5  2.57 4 - 7 1  
4.90 1.8'9 2.83 5-10 
5.74 1 . 3 4  2 . 5 1  7-30 
6 . 9 1  0 . 7 1  2.51 4 , 2 1  
4 - 9 1  1.77 2.81 4 - 5 4  
4 . 5 8  1 . 7 2  2 . 9 1  5 -no 

1 2 . 8 7  0 - 1 5  1 . 4 4  3 - 1 4  
41 .87  0 - 2 9  3.49 43,1*2 

5.73 0.35 2 . 7 4  7,s'; 

( 1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L h G .  
B: 5 Y E A R  L A G ,  
C: R E C R U I T S  O B T A I N E D  B Y  & W E R A G I N G  5 A & D  6 Y E A R  L A G S ,  
0: 6 Y E A R  L A C .  

F :  7 " E A R  L A G ,  
E :  R E C R U I T S  O B T A I N E D  '3'9 A V E R A G I N G  f i r  6 r  A N D  9 Y E A R  L A G S .  

N :  E Q l J A ? I O N  1 5 U :  P A R E N T S  AND R E C R U I T S  E A C H  O B T A I N E D  BPI 
S U P I M I N G  O V E R  7 Y E A R S I  N I T H  A 4 Y E A R  L b G .  

P :  "P3ULTIPLE A C E " *  H O D E L r  E X M X H I T  U T - 5 8 .  
B :  ""EGGS O N  E G G S " *  M O D E L r  E X H I D I T  U V - 5 ? 9 .  
X :  R A T R L X  R O D E L  R E P  = A L P H A  * P E P  Ik- E X P  ( - B E T A  * P) 

Y :  M A T R I X  M O D E L  REP A L P H A  * PEP * E X P  ( - B E T A  * PEP) 

Z :  M A T R I X  M O D E L  R ALPHA * P * E X P  ( - R E T W  * P I  

( E Q L I A T  I O N  R U ) .  

( E Q U A T I O N  1 3 U ) .  
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T A B L E  D-84. S U M M A R Y  S T A T H $ T I C S  F O R  M O D E L  E S T I M A T E S  OF 
ALPHA8 A P A R A W E T E R  I N  THE R I C K E R  M O O E L r  
F O P  C A S E  NUMBER 4 (RUN RlUMRER 45). 
FLOW IS NOT I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
ALL P O D E L  E S T I ( ? v l A T E S  A R E  I N C L U D E D .  

A 120  2,82 - ) ? * I 8  0.82 2 9 8 . 4 3  6.52 2 , h b  6 - 0 9  
B 1 2 0  2.85 -17 ,15  Q.80 297 .35  - 5 8  2 - 6 9  5 - 7 0  
C 120 2 - 8 6  -17 .14  9-62 2 9 6 - 7 5  1 - 5 7  2.79  5 . 5 5  
D 125 2.69 -1?.31 0-67 3 ( ? 2 , 6 8  1-46 2.65 4 - 9 6  
E 120  2 - 8 4  -39.16 0,52 2 9 7 , 3 5  3 - 6 5  2.80 3 * 9 8  
F 120 2 - 6 6  - 2 7 . 3 4  0,7Q 303.78 7 - 5 6  2-56 5 - 1 4  
N 1 2 0  s.6a - v e 3 2  0,97 3 0 3 - 3 5  9-86 2 . 6 3  6 - 4 4  
P 3 2 8  2 - 8 3  -47,117 0.5s 2 9 7 , 5 4  3 . 5 3  2,8C 4 - 7 6  
Qf l z a  2, 0 .48  296.78 j-57 2,81 4 . 3 0  
x 12(3 1.56 -18 .44  0.59 3 4 3 - 0 7  0,153 1 - 4 8  3.62 
V 12Q 5.48 -14 .52  5.30 240.68 0.47 3 * 9 Q  36.71 
z 120 3 . 3 9  -16.81 7-39 286.96 1-24 2 . 9 5  8 - 7 4  

(1 )  K E Y  T O  P R G C E S S I N G  C O D E S :  
8 :  4 Y E A R  L A G .  
8: 5 W E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  % Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D: 4 Y E h R  L A G .  

F: 7 Y E A R  L A G .  
N: E Q U A T W O M  15U: P A R E N T S  AND R E C R U I T S  E A C H  Q ~ ~ A I ~ ~ ~  BY 

E:  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  S s  6, AND 7 Y E A R  H A G S ,  

SUMMl1NG O V E R  7 Y E A R S ,  W I T H  A 4 Y E A R  L A G ,  
P :  ""PILGHPLE A G E "  M O D E L #  E X H I B E T  UT-SP, 

E " E G G S  O N  E G G S ' B  M O D E L ,  E X H I B I T  U T - 5 8 ,  
X: M A T R I X  M O D E L  R E P  = A L P H A  * PE * E X P  C-BETA * P I  

V :  M A T R I X  R O O E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * P E P )  

2 :  M A T R I X  M O D E L  R f ALPHA * F * E # $  C-BETA * P I  

~ ~ Q ~ ~ T ~ ~ ~  PV). 

 TI^^ a 3 U )  L 

( E ~ ~ ~ ~ ~ Q ~  7 4  
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T B i f t L E  Jj-85. S U M M A R Y  S T A T I S T I C S  F O R  FEiOBEl E S T 1 H A T E S  OF 
ALPHA, A P A R A H E T E R  I N  ? H E  R H C K E R  M O D E L ,  
F O R  C A S E  NUMBER 4 (RUN NUPIPER 4 3 9 .  
FLOW IS NOT l N f L U D E D  X h l  T H E  F I T T E D  H O D E L .  
M O D E L  E S T X R A T E S  O F  ALPHA WWICM A9RE A S S O C I A T E D  
U I T H  N E G A T I V E  E S T I M R T E S  O F  FiE' i3 A W E  E X f k l l D f D .  

TRUE M O D E L  ALPHA = 1 . 2 4  
T R U E  R O D E L  G A M M A  = 0,000036 

A 1 2 0  2.77 1 . 5 2  
B 1 2 0  2,73 1 . 4 8  
c 128 2.75 1 - 5 7  
D 1 2 0  2.66 1 . 4 1  
E 128  2,84 1.5Y 
F 1 2 0  2 . 7 9  7 - 5 4  
N 1 1 8  2-42 1 . 1 7  
P 1 z n  7.82 1 . 5 7  
B 1 2 a  2.88 1 . 6 3  

Y 1 5 7  5 ,77  4.52 
x 120 3 - 5 8  2.25 

x 113 1 . m  0.55 

8 . 6 6  
2 - 9 1  
0 . 5 6  
8 . 6 6  
0.54  
9 . 8 3  
0.87 
0 . 5 9  
0.52 
0.75 
6 - 8 8  
1 . 6 9  

2.76 1 . 5 7  2 . 5 9  3 . 4 %  
2 . 7 1  1 - 5 1  2 . 5 9  5 - 8 3  
2.62 1 - 7 5  2.71 4. -21 
2 . 4 3  1 . 5 2  2 . 5 5  6 - 2 2  
2 . 8 %  i . 6 3  2-82 4 , 5 1  
3 . 0 9  1 - 5 2  2.67 5 , z z  
2.14 O , P 4  2.3s 4 . 6 7  
2.80 1 . 2 9  2.80 4 , 5 1  
2 - 9 5  5 . 5 2  2 . 8 7  4.22 
C.87 8 , 8 9  1 . 7 7  5 . T 4  

47.89 8 . 8 3  3 . 4 7  (E6.62 
7.9'6 1 . 1 2  3 - 1 4  1 3 . 2 8  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S : :  
A :  4 Y E A R  LAG, 
B r  5 Y E A R  L A G ,  
C: R E C R U I T S  O B T A X N E B  B Y  A V E R A G I N G  5 AND h Y E A &  L A G S .  
D :  6 Y E A R  L A G ,  

F :  T Y E A R  L A G ,  
N: E Q U A T I O N  15U:  P A R E N T S  AND R E C R U I T S  E A C H  O B V F I N E D  M Y  

E:  R E C R U I T S  O B T R I N E D  BY A V E R A G I N G  5 ,  6 ,  AN9 7 Y E h P  L A G S ,  

SUiVRPNG O V E R  7 Y E A R S I  U X T H  A 4 Y E A R  La.&. 
P: "NEBLTXPLE A G E "  ?4QDELs E X N I R L T  U T - 5 8 .  
5: " " k G G S  O N  E G G S s E  MQDDELI E X H I B I T  U T - 5 8 .  
X :  M A T R I X  B O D E L  R E P  ALPHA * P E P  * EX63 ( - B E T A  * P I  

V :  M , B T R I X  M O D E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * P E P )  

Z :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - B r f A  * P 3  

( E Q U A T I O N  8U). 

( E Q U A T I O N  1 3 U ) -  

( E Q U . 4 V I O N  1 4 U ) .  



253 OR NL /N IJR EG /TM - 3 8 5/ V 3 

-2 * 30 0.74 5.87 
-2,28 c.70 5 r 72 
-2.20 c.53 5 . 5 5  
- z , 3 2  3 , 6 9  5 "90 
- Z , 1 &  9 . 5 4  4 . 9 0  
-2.20 0 -92 5.74 
-2 - 4 0  2 . 9 4  6.73 
-2,1/9 0 . 5 4  4 - 9 1  
-7,06 0 . 5 4  4.58 
- 3 . 3 8  0.5? 11 .77  

0 * 5 T  6 . 5 8  4 3 - 5 5  
-1 - 9 3  5 - 2 5  5 . 6 0  
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T A B L E  11-87. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPMAP A P A R A M E T E R  H N  T H E  R l C Y E W  M Q D E L c  
F O A  C A S E  NUMBER 4 ( R U N  NUMBER 45). 
F L O W  HS N O T  I N C L U D E D  I N  T H E  F I T T E D  WODEI . . ,  

A T E S  O F  ALPHA M H I C E l  A R E  A S S O C I A T E D  
L a i I f W  N E G A T I V E  E S T I R A T E S  0 6  8 E T A  A W E  E X C L U D E D .  

T R U E  M O D E L  ALPhA -Z 2@l.i?c 
TRUE M O D E L  G A M M A  = 0.000036 

PWOC, NO.  WEAN M E A M  M I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U R R E  I Y U M  M E D I A N  MRBXIMUW 
( 1 )  O B S ,  ALPHA R H A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

R 1 2 0  2 .82  - 1 7 . 9 8  0 - 8 3  2 9 8 . 4 3  1 . 5 2  2,615 6 .09  
5 120  2 - 8 5  -17 .95  0.80 297 .35  1 . 5 8  2 . 6 9  5 . 7 0  
C 128  2 - 8 6  - 1 7 . 7 4  r3.52 296 .75  1 . 5 7  2.79 5 . 5 5  
D 120  9 - 6 9  -17 .37  0,67 3 0 2 . 4 8  7 . 4 4  2 - 6 5  4 - 9 6  
E 1 2 0  2 . 8 4  -77.16 0.52 297.35  1.65 2 - 8 0  3.93 
F 120 2 - 6 6  - 1 7 . 3 4  i3,70 3133.78 1 - 5 4  2 .56  5 .14  
N 119  2*70 - 1 7 . 3 0  " - 9 6  3 0 2 . 8 9  0.86 2 - 6 3  6 . 4 4  
P 120  2.133 -77 .97  c . 5 9  257 .54  1 . 5 3  2 , 8 0  4 . 7 5  
Q 120  2.85 -17 .95  0 . 4 8  2 9 6 . 7 8  1 . 5 7  2.81 4 . 1 0  
X 106  1.66 - ? 8 . 3 4  0 . 5 5  3 3 9 . 8 3  0.92 9 . 5 4  3 - 6 2  
Y 115 5.69 -74 .31  5 .31  234 .83  0 .92  4 - 2 5  56.71 
Z 1 2 0  3 - 1 9  - 1 6 . 8 1  1 . 3 9  296 .96  1 . 2 4  2 . 9 5  8 . 7 4  

( 1 1  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
B: 5 Y E A R  L A G .  
C r  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 AND 6 Y E A R  L A G S .  
D :  6 Y E A R  & A G O  

F r  7 Y E A R  L A G .  
N: E Q U A T I O N  1 5 U :  P A R E N T S  AND R E C R U I T S  FiaCH O B T A I N E D  B Y  

E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  S r  A N D  7 Y E A R  L A G S .  

S U M W I N G  O V E R  7 Y E A R S ,  W I T k I  W 4 Y E A 2  L A G ,  
P :  " H U L T X P h E  A G E "  B O D E L r  E X H P B I T  UT-5E ' .  
Q t  ""EGGS Q N  & G G S a '  NODDECa F X H X B T T  U T - 5 F .  
X :  F n A T R I X  PI0 E L  R E P  = A L P H A  * PEP * E X P  (-BETA *. P I  

Y :  M A T R I X  M O D E L  R E P  = A L P H A  * PEP * E X P  ( - B E T A  * P E P )  

9 :  M A T R I X  M Q D E L  R = A L P H A  * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  8 U ) .  

(EouAr I O N  I 311). 

( E Q U A T I O N  7681). 
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T A B L E  Jl-58. SUsHMAfiY STATISTICS FOR M O C E L  EST1 
L P R A ,  A P A R A M F T E F  IN T H E  E I C R E R  HODEL, 

FOR CASE WUHBEB 4 (RUN NUMBER 183). 
ELCW IS I N C L U C E D  IN THE F I ? ' I E B  flOCIEL, 
ALL IYCDEL E S T I M A T E S  ARE IWCLWDED, 

TRUE MODE& ALPHA = 1,25 
TgUE NODEL G A M P I A  = 0,000036 

1) OES.  ALPHA B I A S  D E V I A T I O N  E R R O R  LPBA AkPHA 

A 1 2 0  2.77 1 - 5 2  0.67 2.80 7-59  
E 1 2 0  2 - 7 1  9.46 0.72 2.68 7-49 
C 3 5 0  2 - 7 7  1 - 5 2  0-57 2.64 1.68 
ID 120 2.67 7.42 0,653 
E 720 2 - 8 4  1 . 5 9  0 .55  2.85 3 , 6 3  
F 1 5 0  2-80 4 - 5 5  0, e 4  3 - 1 3  1,su 
P 120  2 . 8 1  1 - 5 6  8.57 2 - 7 8  ?+29 
Q 320 2.88 1 - 6 3  0.52 2.94 1.353 
x 120 7-74 0-49 0.80 0.09 C-48 
'Y 1 4 0  5.85 4.68 8 , C I  85.52 0-25 
z 1 2 0  3,50 2.25 1.80 8.35 1.10 

ALPHA 

5.37 
6.0 
Y.  22 
4-67 
h e  49 
5 - 2 6  

48 
4 - 2 0  

9 5 , Q O  

(1 )  K E Y  T C  E B Q C E S S I N G  CODES: 
A: hq P E A R  L A G .  
B: 5 YEAR TAG. 
C: R E C R O I T S  OBTWIWED B Y  A V E R A G I N G  5 A N D  6 Y E A R  LAGS.  
D: 6 Y E A R  HAG. 
E: RECRClITS  O B T A I N E D  B Y  A V E R A G I N G  5, 6 ,  A N D  7 Y E A R  LWCS, 
P: 7 PEAR EAG. 

LTIPLE AGE''" MODELI  EXHIBIT U T - 5 8 ,  
Q: ""EGGS ON EGGSe0 MODEL, E X H I B I T  U T - 5 8 .  
X:  M A T R I X  HODEL REP = A L P H A  * P E P  * EXP ( - B E T A  * P) 

H: H A T R I W  PIODEL R E F  = ALPHA * PEP * EX?? ( -BETA * PEP) 
2: B A T K P X  HODEL B ALPHA * P * E X F  [ - B E T A  * P) 

[ E Q t A T I O N  sng c 
( E Q U A T I O N  13n 

( E Q Q A T X O N  I 4  a )  e 

.... 
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T A B L E  11-89. SOfiPI R Y  STATISTICS FOB MODEL ESTEflIATES OF 
W PARAflETER IN THE EICKEW HODEL, 

FOR CASE NUfl iBE 4 ( R U N  ZUlUtlEER 864). 
PN THE FTTTED NOBEL,  

YES A R E  SMCLUDED.  

A 1 5 0  2 - 7 0  -2.30 0.76 5.93 
B 420 2-74 -2-26 0-76 5.32 
c 120  2.81 - 2 * l 9  0.56 5 - 1 5  
%a 1 2 0  2-67 -2 .23 0 - 6 8  5 - 9 2  
E 920 2-87 - 2 -  43 0.55  e 88 
F 120  2.8'8 - 2 - 1 8  0.97 5.  '7-7 
P 1 2 0  2 . 8 8  - 2 . 1 2  8 - 5 7  a *  84 
Q 1 2 0  2-95 - 2 - 0 5  0.56 4 - 5 6  
x 1 2 0  1.50 -3,50 0.65 12.78 
Y 1 2 0  5 - 9 9  0.99 1 0 - 9 6  121.21 
x 1 2 0  3.92 -1 .98  1.35 5.82 

1 - 3 8  2,5@ 5 . 4 7  
1 - 5  2-65 5.26 
1. e, 2 "  8 1  4*42 
1.24 2-55 4*72 
1.65 2 , 8 3  5.09  
1.29 2*66 "4.88 
1.67 2-88 eg, 5 4  
1.76 2.9 4 * 9 8  
0.75 1 . 4  4.53 
0.95 3.49 106.30 
0.35 2-73 8-64 

(1) K E Y  TC FRBCESSI8Gl CODES: 
A: YEAR L A G ,  
B: 5 Y E A 2  TAG. 
C: R E C R U I T S  O B T A I N E D  B Y  AWE8 S I N G  5 A N D  6 YE 
D: 5 YEWE ZAG. 
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5, 6 ,  AND 7 YEA 
F: 7 Y E W E  LAG. 
P: PsHWLTIPEE AGEg8 HODEL,, EXPIIBTT U T - 5 8 ,  
Q: P 8 E G G S  Q M  EGGS%$ H O D E L ,  EXNIEIT UT-58. 
X: M A T R I X  EODEL REP = LPHA * PEP * EXB (-BET& * Pj 

II: M A T E E X  NCIDFL REF = ALPHA * P E P  * EXP (-!?ETA * PEP) 
Z: H A T R I X  MODEL R A t P H A  * E: * EKE (-'BETA * P) 

(EQVJATICN $0) . 
(EQoATsaw 1 3 U )  0 

( E Q n w T I o N  14D). 
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.... 

(1) OES. ALEHA BIAS DEVTATPOI ERROR WILPHB ALPBA 
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T A B L E  D-92. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
AhPHAr A P A R A M F T E R  I N  T H E  R I C K E R  M O D E L #  
F O R  CASE NUMBER 4 (RUN NUMBER 44). 
FLOki 1s l N C L U D E D  I N  THE F I T T E D  RODEL. 
M O D E L  E S T I M A T E S  O F  ALPHA W H I C H  ARE A S S O C I A T E D  
W I T H  N E G A T I W F  E S T I M A T E S  OF BETA A R E  EXCL 

T R U E  M O D E L  ALPHA = s,oo 
TRUE MODEL GAMWA = 

P R O C .  AIQ,  R E A N  M E A N  R I N -  
C O D E  r3F E S T .  STANDARD S Q U A R E  I M U M  M E D I A N  H A X ~ ~ ~ m  
$ 1 )  0135. ALPHA B I A S  D E V I A T X O N  E R R O R  ALPHA ALPHA ALPHA 

A 120 2.70 -2.30 0.74 5 . 9 3  1.38  2 . 5 4  5 .e1 
B 3 2 0  2.74 -2.26 0.76  5.72 1 - 5 0  2-65 5 . 2 6  
C 120 2.81 -2.19 0 . 5 6  5 . 1 5  1.59 2 - 8 1  4 -42 
D 120 2.67 - 2 . 3 3  0 . 4 8  5 . 9 2  1 - 2 4  2 . 5 5  4-72 
E 120 2.87 -2.13 0 .5s  4 - 8 8  1 .6s  2*83 5-09 
F 120 2.81 -2.19 0 . 9 7  5.77 1.29 2 . 6 6  7.08 
P 120 2-38 -2.12 0 .57  4-84 1.67  2.88 4*67 
6)  120 2.95 -2 .05 0.54 4 . 5 6  1 - 7 6  21-96 4 -98 
X 98 1.67 -3.33 0 . 5 8  1 3 . 5 2  0.87 1 . 5 2  4 - 5 3  

z 119 3 .04  -1.96 1 - 3 5  5 .69  1-05 2 - 7 3  064 
Y 108 6 .58  1 - 5 3  11 .41  132.74  0 . P 4  l(96.30 

( 1 1  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
R :  5 YEAR L A G ,  
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 AND b Y E A R  L A G S .  
D: 6 Y E A R  L A G ,  

F: 7 Y E A R  L A G .  
E: R E C R L l l T S  O B T A I N E D  B Y  A V E R A G I N G  S r  6 r  A N D  ? Y E  

P: “MULTIPLE A G E ”  N O D E L I  E X H I B I T  U T - 5 8 .  
4: ” E G G S  O N  E G G S ”  M O D E L #  E X H I B I T  U T - 5 8 .  
X r  M A T R I X  MODEL REP ALPHA * ‘ P E P  * E X P  ( -BETA * P I  

Y :  M A T R I X  R O D E L  R E F  = ALPHA * PEP * E X P  ( -BETA * PEP? 

Z :  M A T R I X  H O D E L  R = ALPHA * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  BU). 

( E Q U A T I O N  1 3 U )  

(EQUATION 1 4 U ) .  
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S A B L E  13-93. SUIUlWAFiY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHA# A PARAEelE'IER Ibd fhE  RXCKER W B D E L r  
F O R  C A S E  MklF44"BFR t ( R U N  NUFIBER 4 5 ) .  
FLOM I S  I N C l H D E D  I N  T H E  F I T T E D  R O D E L ,  
N O D E L  E S T I H I A T E S  O F  ALPHA M H I C M  A R E  A S S O C l A T E D  
W I T H  N E G 4 T I W E  E S T I M A T E S  O F  B E T A  A R E  E X C L U D E D .  

TRUE M O D E L  ALPHA 2Q.Clr) 
TRUE M O D E L  G A M M A  = Q.OL30836 

P R O C .  NO. M E A N  WEAN M P M -  
C O D E  O F  E S T ,  S T A N D A R D  S Q U A R E  I H U M  H E D I A N  M A X I M U M  
( 1 )  O B S .  ALPHA B l A S  D F V J A T I Q M  E R R O R  ALPHA ALPHA ALPHA 

A 120 2.82 -17 .18  
8 120 2.8 
C 120 2 .86  -17.15 
0 120 2.68 -17 .32  
E 120 2.85 -17.15 
F 120 2 .69  -17 .31  
P 120 2 . 8 5  -17.15 
e 120 9 . 8 6  -17.14 
X 109 1 .67  -18.33 
Y 11s 6.15 - 1 3 * 8 5  
z 120  3.21 -15 ,79  

0.85 298.73% 1.42  2 . 6 6  6 .64  
0-82 296.29 1 . 5 5  2 . 7 5  s -97  
0 - 6 3  295.54 1 .53  2 - 8 2  5.42 
C.67 3 0 3 - 0 3  1.45 2 .63  4 . 9 3  
0.52 2 9 6 , % 3  1.62 2 . 7 9  4 , 0 7  
0.94 3 0 2 . 6 5  1.53 2,54 5.19  
0-59 296.92 1 - 6 6  2-82 4-75 
Q % 4 9  2 9 6 - 3 5  1.53 2,82 4 . 1 4  
0 - 6 0  3 3 9 . 6 4  0.85 7 .50  3 * 5 9  
5.15 231.24 O,W8 3,953 3 5 . 2 1  
1 .45  286.49 1.11 2-90 8.69 

( 1 )  K E Y  TO P R O C E S S I M G  C O D E S :  
A :  4 Y E A R  LAG. 

T W I N E D  B Y  A V E R A G I N G  5 AND 6 Y E A R  l. 
DE 6 Y E k R  L A G .  
E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  6 r  A N D  7 Y E A R  L A G S .  
F: 7 Y E A R  L A G .  

eELT1Pl.E A G E D @  M O D E L r  E X H I B I T  U T - 5 8 ,  
G G S  O N  EGGS** n D E L @  E X H l R I T  U T - 5 3 ,  
T R I X  BOi)FL R P ALPHA * PEP * E X P  ( - B E T 4  * P I  

T R I X  H O D E L  R E P  = ALPMA 7% PEP * E P ( - R E V P I  * P E P )  
E Q U A T I O N  'I 3iJ) . 

2 :  H & T R I X  Zal0DEC R A L P H A  * P * E X P  ( - B E T A  * P I  



267 

.... 

TABLE D-94. SUMMARY S T A T I S V X C S  FOR M O D E L  E S T I M A T E S  O F  
G A M # A I  THE C O E F F I C I E M T  R E L A T I N G  R I V E R  FLOW 
Y O  S U R V I W A L r  F O R  C A S E  N U M B E R  4 ( R U N  NtlWBER 4 3 ) -  
4 L L  GAMMA V A L U E S  H A V E  B E E N  S C A L E D  BY 
MULTIPLYING BY I O U I O O O  PRIOR TO A N A L Y S I S .  

T R U E  M Q D E L  GAMMA = 3 - 6 0  
TRUE W O O E L  ALPHA = 1 . 2 5  

.... 

PROC, NO. MEAN 
C O D E  O F  E S T .  STANDARD 
(11 OBS, G A M M A  B I A S  D E W I A T X O M  

A 1 2 8  -0.10 -3*70 2.80 
B 120 Q.63  -2.97 3.25 
c 120 0.61 -2.99 2 " 4 1  
.Di 120  0.64 - 2 - 9 6  3.24 
E 120 0 . 3 9  -3-21 a ,533 
F 120 -0,17 - 3 - 7 7  3 - 0 4  
P 120 O"45 -3 .15 2.12 
Q 120 0 .76  - 3 - 4 4  f ,56  
X 120 0.46 -3.14 3 078 
Y 1 2 0  0 . 6 4  -2.96 3.63 
E 120 0 . 5 6  - 3 . 0 4  3 - 5 7  

MEAN 
S Q U A R E  
E R R O R  

21.67 
18.50 
14 .85  
1 9 - 3 4  
r4.111 
23,56 
114.45 
1 4 , % 8  
2 4 . 2 9  
22.01 
2 2 . 0 9  

M I N -  
I M U M  M E D I A N  HAXPMUM 
G A M M A  GAHMA GAMMA 

- T , ? Q  - 0 - 2 9  7.40 
-9.650 0.72 8-50 
-5,OQ 83.58 7-00 
-6 .90  Q,51 9,oo 
-4,OQ 0 , 4 6  5 -30 
-5.90 - 0 . 5 4  7 - 7 0  
-6-20 0 - 4 6  6.00 
- 3 - 9 8  0,01 6,70 
-7,3Q 0 . 4 3  I d . O Q  
-7.18 0.83 10.00 
-6.60 0 . 6 5  1 1 , O O  

(13 K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 YEAR LAG.  
8: 5 YEAR L A G ,  
C: R E C R U I T S  O B T A I N E D  BY AVERAGING 5 AND 6 YEAR L A G S ,  
D: 6 Y E A R  L A G .  

F: 7 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  BY AVERAGING 5 s  6 r  AND ? Y E A R  L A G S ,  

P: " R U L T I P L E  A G E ' *  M Q D E L r  E X H l B I T  UV-58.  
Q :  " ' E G G S  ON E G G S o o  NODELI E X H I B I T  U T - 5 8 ,  
X :  M A T R I X  MO5EL R E P  = ALPHA * PEP * E X P  ( -BETA * P I  

Y :  M A T R I X  M O D E L  REP = ALPHA * PEP * E X P  <-BETA * P E P )  

2: M A T R I X  M O D E L  R = ALPHA * F E X P  ( - % E T A  * P) 

(EBUATPON S U I .  

(EQUATION 1 3 U )  .I 

( E Q U A T I O N  140). 
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T A B L E  a-95. SUFOMWWY S T B i T I S T P C S  F O R  M O D E L  E S T I M A T E S  O F  
? H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F C O U  

Mb\ WALUES H A V E  B E E N  S C A L E D  BY 
M U L V P P L Y I N G  B Y  I O Q r C O B  P R I O R  T O  A N W L Y S I S ,  

T K U E  M O D E L  G A R  
T R U E  R O D E L  ALPHA 5 . l i C  

P R O C .  NO, HEAN H E A N  M I N -  
C O D E  OF E S T .  S T A N D A R D  s U A R E  I M U M  P I E D I A N  M W X I P I U M  
( 1 )  O B S .  G A  # A  E H A S  D E V I A T I O N  E R R O R  G A M M A  ~~~~~ G A B M I $  

A 121% 
B 120 
c 1 2 0  
D 120 
E 120 
F 120 
P 1 2 0  
Q 128 
x 1 2 0  
v 120  
Z 120 

0.32 
0 - 6 1  
0.47 
0.3% 
0 . 3 4  
0.07 
0.61 
0.22 
0.84 
0 . 6 9  
0 - 7 5  

-3 .28 
- 2 . 9 9  
-3 .13  
-3.29 
- 3  26 
-3.53 
- 3 - 1 9  
-3  - 3 8  
-2 - 7 6  
-2 -91 
- 2 - 8 5  

2 . 8 9  1 9 . 2 2  - 7 . C U  0.47 8 . l t I  
3.03 1 8 - 2 2  -8 .30  0 .73  8,20 
2 . 3 9  1 5 . 5 7  -7.90 0,34 6.80 
3 ~ 6  24-39 - 7 . a  Q X  i i . o a  
2 - 1 4  15 .28  -8.00 Q-28 5.90 
5 . 2 0  2 2 . 8 1  -8.00 0.09 8.59 
2.197 1 4 . 5 5  - 6 , 3 0  0,73 5 . 4 0  
1.82  1 4 . 8 4  -3 .90 8,11 5.17 

3 , B B  22.15 -10.OQ 0 - 9 4  9 - 4 0  
3 - 5 4  2 0 . 7 9  - 9 . 3 8  0 - 5 8  8.50 

3 , ~  2 2 . 7 2  - i a , o o  B . ~ O  1 1 . 0 ~  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 YEEAR LAG. 

? W I N E D  B Y   AWE^^^^^^^ 5 A N D  6 Y E A R  L A G S .  
0:  6 Y E A R  L A G .  

X M E D  B Y  A V E  A G I N G  5, 61 A N D  7 Y E A R  L A G S .  

ODE!..* E X H I B I T  U T - 5 8 .  
O b E t r  E X H I R P Y  U T - 5 8 .  
E P  ALPHA * PEP * E X F  ( - B E T A  * P I  

EP ALPHW * P E P  * EXP ( - B E T A  * PEP? 

* P $f E X P  ( - B E T A  * P I  
( E Q U A T I O N  1 4 U )  . 
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T A B L E  D-96. S U M M A R Y  S T A T I S T I C S  F O R  PIODEL E S T I M A T E S  OF 
G A M M A ,  T H E  C Q E F F I C X E N T  R E L A T I N G  R I V E R  FLOW 
T O  S U R V l V A L s  F O R  C A S E  N U M B E R  4 ( R U N  ~~~~~~ 45). 
ALL G A M M A  VALUES H A V E  B E E N  S C A L E D  B Y  
MULTIPLYING BY l f 9 0 r 0 0 0  P R I O R  T Q  ANALYSIS, 

TRUE M O O E L  G A B M A  = 3.60 
TRUE R O D E L  ALPHA = P0,CO 

PROC, 618, M E A N  MEAN M XN- 
C O D E  OF EST, S T A N D A R D  S Q U A R E  I M U M  M E D I A N  M A X I M U M  
( d l  OBS.  GAMMA B I A S  D E V I A T I O N  E R R O R  G A f l M A  G A M M A  G A M M A  

A 1 2 0  -0.16 -3 .76  
0.42 -3.18 

C 120 0.16 - 3 . 4 4  
i3 t 2 0  -0.09 -3,459 
E 220 -0.02 -3.62 
F 120 -0,31 -3 .91  
P 1 2 0  0 - 1 1  - 3 . 4 9  
(II 120 -0.01 -3.61 
x 120 0 . 5 3  -3.03 
Y 120 0,61 -2.99 
I 620 0 . 6 3  -2 .97  

3 - 4 2  2 5 - 9 0  - 8 - 5 0  -5 ,14  7.90 
2.96 18.95 - 7 . 8 0  0.51 7 - 8 0  
2 - 3 6  1 7 - 4 9  -6.90 0.08 6.83 
3-28 24-45 - 8 - 4 0  0.13 12.50 
1.95 97.05 - 5 . 7 0  0.05 4,e0 
3.15  2 5 - 3 4  - 9 . C O  -0.27 7 - 7 0  
2.12 16.79 -7.40 0.21 6.00 
1 - 8 0  16.37 -6 .20  -0.11 5 - 2 0  
3 . 9 2  2 4 . 5 1  -31.00 0,83  9.8Q 
3.86 23.76 -16.00 0.66  9.30 
3.75 2 2 . 9 7  -11.00 0.72 18-00  

( 9 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
4 :  4 Y E A R  L A G ,  
8: 5 Y E A R  L A G .  

Q: 6 Y E A R  L A G ,  

F: 7 Y E A R  LAG.  

c :  R E C R U I T S  OBTAINED e y  AVERAGING 5 A N D  ti Y E A R  L A G S .  

E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5~ 6 ,  A N D  7 Y E A R  L A G S .  

P: '*MtJLTXPLE AGE" M O D E L @  EXHIBIT UT-58 .  
Q :  " E G G S  O N  E G G S "  R O D E L 0  E X H I B I T  U T - 5 5 .  
X :  M A T R I X  M O D E L  REP = A L P H A  * PEP * E X P  ( -BETA * P I  

Y:  M A T R I X  M O D E L  REP = ALPHA * PEP * E X P  (-BETA * PEP)  

2: M h T R I X  MODEL R = ALPHA * P * E X P  ( -BETA * P I  

~ € Q ~ ~ ~ ~ ~ ~  AU3, 

( E Q U A T I O N  1 3 U ) .  

< E Q U A T I O N  14t l3 .  
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TABLE D-9%. S l l M M A R Y  STATISTICS F O R  M O D E L  E S T I M A T E S  OF 
ALPHA+ A PARAMETER I N  THE R I C K E f i  W 8 9 E k c  
FOR C A S E  N U M B E R  5 (RUN NSUf9RER 473,,  
FLOW IS N O T  I N C L U D E D  I N  T H E  F I T T E D  M O O E L ,  
At.b M O D E L  E S T I M A T E S  A R E  I P d C F t l D E D  

.... 

-2 . z  
-7.19 
-2.68 
-2 .12  
-2.02 
-2.!23 
-21.34 
-2.09 
-2.00 
- 3 . 3 9  
1 *oo  

-1.92 

0.70 
13-73 
0 . 6 3  
0.72 
0.62  
0.78 
0 e 8 8  
3 - 6 3  
0.s7 
0.52 
5 - 1 0  
1 . 0 9  

5.40 
5 - 3 7  
4.76 
5-07 
4 * 5 0  
4.77 
6.31 
4.78 
4.34 

11,87' 
26 -99 
4.88 

( 1 )  K E Y  TO PROCESSING C O D E S :  
A :  4 Y E A R  L A G ,  
8: 5 Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 ' B E A R  L A G S ,  
D:  6 Y E A R  LAG. 
E: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  6 r  AND 7 Y E A R  L A G S ,  
F :  7 Y E A R  L A G .  
N: € Q ~ A ~ I ~ ~  15U: P A R E N T S  AND R E C R U I T S  E A C H  O B T A I N E D  8'6 

S U M M I N G  O V E R  7 Y E A R S #  &IfH A 4 Y E A R  LAC;. 
P: ' " t 4 U C T I P L E  A G E ' u  M O B E C r  E X H I B I T  iJT-58,  
Q: " E G G S  O N  R O O E L ,  EXHIBIT U T - 5 8 ,  
X:. M A T R I X  M O D E L .  REP f ALPHA * PEP * EXP ( - B E T A  * PI 

Y :  M A T R I X  M O D E L  REP = A L P H A  * PEP * E X F '  Q - B E T A  * P E P )  

2:: M A T R I X  B O O E L  R = A L P H A  * P * E X P  T-BEf 

(EPUATIOh 8 U > ,  

(EELUATIBM 13U) .. 
~ E Q ~ A T ~ ~ ~  1 4 U ) .  
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T A B L E  D-99. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
A C P W W P  A P A R A M E T E R  I N  T H E  R I C K E R  M O D E L t  
F O R  C A S E  N U M B E R  5 (RUN M U M P E P  4 . 3 3 .  
FLOU IS NOT I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
ALL NODE& E S T P R A V E S  R R E  I N C L U D E D .  

PWOC. N O .  M E A N  M E A N  M I N -  
C O D E  O F  EST. S T R N D A R D  S Q U A R E  I M U M  R E D I W N  M A X I R U N  
( 1 1  O B S .  ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA WhPE-EA ALPHA 

A 120  
B 120  
c 120  
D 120 
E 1.20 
F 120 
N 128  
P 1 2 0  
8 7 2 0  
x 190 
'i 120 
z 1 2 0  

3,18 -16.82 @.65 285.66 1.72  3 . 0 9  5 . 0 2  
3 . 4 0  - 1 6 . 5 9  3 . 9 0  7 7 5 . 7 3  1 . 8 7  3 . 3 4  6 . 5 6  
3 . 5 8  - 1 6 . 4 2  8 . 8 4  272.66 2.28 3.602 6 - 3 5  
3.50 -76.50 3.93 2 7 5 . 4 5  1 . 8 0  3 .35  7 . 2 9  
3 . 5 8  -16 .41  17.83 272 .12  2 - 2 2  3 . 4 5  6 . 3 1  
3 . 4 0  -16.60 0.93  278.86 1 .71  3.25 7.15 
3.50 -16.50 1 - 7 0  2 7 5 . 5 8  1 .17  3.53 7.28 
5 - 5 7  -76.43 0 , 8 6  2 7 2 . 8 2  Z,10 5 - 4 9  6 . 3 5  
3 - 4 6  - 1 6 . 5 4  3 , 7 4  276.53 2 .16  3 . 3 7  5 . 6 3  
1 - 6 5  -18.35 0 - 4 4  3 3 9 . 7 3  0 . 8 6  1 - 5 8  2 . 2 8  
9.62 -10.08 7 . 8 2  563.61  1 .16  8 . 4 8  56 .16  
3 , & 7  -16 .53  0 . 9 3  275 .53  1 . 5 2  3 - 3 2  6 .61  

( ' 9 3  K E Y  V i r  P R O C E S S I N G  C O D E S :  
A:  4 Y E A R  L A G .  

C :  R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S ,  
D: 5 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  BY A V E R R G I N G  5 r  61 A N D  7 Y E A R  L A G S .  
F: 7 Y E A R  L A G ,  
N: E Q U A T I O N  1 5 U :  P A R E N T S  AND R E C R U I T S  E A C H  O B T A I N E D  BY 

P r  " *MULTIPLE 4 G E a '  M O D E L P  E X H I B I T  U T - 5 8 .  
Qr " E G G S  O M  E G G S g e  M O D E L *  E X H I B I T  U T - 5 8 .  

Sis8IlviIhlG O V E R  7 Y E A R S #  U H T H  A 4 Y E 4 R  L A G ,  

3 6 :  W A T R I X  M O D E L  REP ALPHA * PEP * F X P  ( - B E T A  * P 1  

'f: M A T R I X  M O D E L  REP = A L P H A  * P E P  E X $  ( - B E T A  * P E P $  

f :  R A T R I X  R O D E L  R = ALPHA * P * E X P  : - B E T A  * Pb 

( E Q U A T I O N  8 U ) .  

( E Q U A T I O N  d 3 U I .  

( E Q U A T I O N  14LBa. 
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T A B L E  9>-100. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  Q F  
ALPHA, A P A R A M E T E R  I M  T H E  R X C K E R  M O D E L F  
F O R  C A S E :  NUMBER 5 ( R U N  N U M B E R  4 6 3 ,  
FLOW I S  N O T  I N C L U D E D  I N  T H E  F I T T E D  R O D E L ,  
M O D E L  E S T I H A T E S  OF A L P H A  U H I C H  ARE A 5 ~ ~ ~ I A ~ ~ ~  
CILTH N E G A I I V E  E S T I l v l h T E S  O F  B E T A  A R E  E X C L U D E D .  

TRUE M O D E L  A t P H A  1 . 2 5  
TRUE M O D E L  GAMMA r3.OQ3036 

OC. N O ,  M E A N  R E A M  M I M -  
C O D E  OF E S T ,  S T A N D A R D  S Q U A R E  I W U M  M E D I A N  ~ A X I ~ ~ ~  
$ 5 1  08S, ALPHA B I A S  D E V I A T I O N  ERROR ALPHA ALPHA ALPHA 

. .. .. 

A 120 2 - 5 2  1.27 0 . 6 6  2 - 0 7  1 . 3 4  2.36 5 -41s 
R 320 2 . 5 4  1 . 2 9  0 * 6 7  Z . 7 2  1 .25  2 , 4 7  4 J S I  
e 120 2 - 8 4  1 - 3 9  0.61 2 , 3 1  3 - 3 8  2.42 4 - 3 0  
D 120 2.58 1 - 3 3  0-75 2 . 3 4  6.34 2 .46  4,59 
E 120 2 - 6 9  1 . 4 4  e - 5 3  2.48 1 . 4 s  2 - 7 4  16.42 
F 120 2 - 6 3  1 . 3 8  0.85 2 . 6 s  1.20 2 - 5 8  5 * 4 1  
N 111 2.11 0.86 0.82 19.42 0.88 2.02 4-79 
P "PO 2 - 7 4  1 - 4 9  O * Q S  2 - 6 6  3 .30  2 - 7 6  5 - 7 5  

720 2.83 1 . 5 8  0 , a t  3.01 1.50 2,K7 S * 9 2  
x 'Bo3 1 - 6 3  0148 0 . 6 1  0 - 5 1  0 . 7 9  1-50 3,163 
Y 711 4.08 2 . 8 3  4.77 3 0 - 8 7  0.83 2 - 7 6  39-77 
f 119 2.8C 1 . 5 5  a ,32 4 . 1 6  0.96 2 . 5 5  7 . 3 9  

< I 1  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
R:  5 Y E A R  LAG, 
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  LBaGS, 
D: 6 Y E A R  LAG.  

F :  7 Y E A R  LAG. 
N: E Q U A T I O N  l 5 V . s  P A R E N T S  AND R E C R U I T ' S  E A C H  O B T A l P i E D  BY 

E :  R E C R U I T S  O B T A I N E D  8Y A V E R A G I N G  5 8  6 r  AND 7 Y E A R  L A G S .  

S~~~~~~ O V E R  7 Y E A R S #  W I T H  A 4 Y E A R  L A G ,  
P :  "f4tJLTIPL.E A G E " "  M O D E L *  E X H I B I T  UT-5P. 
8 :  ""EGGS O N  EGGS'* M O D E L #  E X H l B l l T  U T - 5 8 .  
X :  M A T R I X  R O D E L  R E P  ALPHA * PEP * E X P  ( - B E T A  * PI 

Y :  M A T R I X  M O D E L  R E P  = 9 t P N A  * PEP * EXP ( - B E T A  * PEP) 

2 :  R A T R I X  M O D E L  R = A L P H A  * P * E X P  ( -BETA * P >  

~ € ~ ~ A ? ~ ~ ~  8U1,  

A T I O N  13U) .  

( E Q U A T I O N  1 4 U )  .) 
... 



OR N L / N UR EG/ TM-3 8 5 / U 3 2 68 

a 1 2 0  2 - 7 9  -2.21 0 . T i l  5 . 4 P  1.41 7.62 5 . c 4  
9 120  2.83 -2,19 0 . 9 3  5.37  1.38 2 - 6 6  5 . 4 4  
G 120 2-92 -2,08 0.63 4.76 '1.74 2.85 5.23 
F 1219 2 - 8 8  -2 ,12  3.72 5.07 3.66  7.80 4 . 8 5  
E 1 2 6  2.98 -2,02 0 - 4 2  4-50 1-86 2.92 .92 
F 120 2.97 - 2 . 0 3  0.78 4.77 9 . S i  2.36 5.86 
N 116 2,71 - 2 . 2 9  C.84 5,9a 1.15 2.77 4 - 9 7  
P 120 2 - 9 5  -9.09 4 . 6 3  4 * 7 P  1.59 2.8.'. 5,74 
Q 120 3,QO -2.oa 0.57 4 . 3 4  1.94 3.175 5.12 
x 1 7 1  1.67 -3.33 0.50 1 1 . 4 5  0 . 8 5  l o t 3 4  3e51 
Y 117 6 - 1 4  1.14 5.03 27.20 O,RS 4 . 4 2  23.58 
z 720 3 - 0 8  -1 .32  1.09 4 . 8 8  1-29 3 . 8 8  7-67 



2 69 

... 
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T A E L E  D-103. SBMMARP STATISTICS FOR MODEL E S T I ~ W T E S  OF 
ALPHA, A PARAHETER IN THE B I C K E R  flCDEL, 

sx N W R B E R  5 (RUN N D H E E R  4 6 ) .  
ELOW IS INCLUDED I C W  THE F I T T E D  HODEQ. 
ALL HODEL ESTltHATEES A R E  I N C L U D E D .  

(1) O B S .  A E F - H A  BIAS D E V I A T I O N  E R R O R  ALPHA ALP88  

A 126 2 - 5 2  1 .27  0 . 3 0  
?3 '120 2-53 1 - 2 8  0,66 
c 1 2 0  2.62 1.37 8.59 
D 728  2-56 1 . 3 1  os73 
E 1 2 6  2.67 1 . 4 2  0.62 
F 1 2 8  2.60 1 . 3 5  8.84 
P 1 2 0  2"74 l . sr9 0,65 
Q 1 2 0  2.82 1 .53  0.72 
x 120 1-52: 8 . 2 9  0 .07  
Y 1 2 8  a.09 2-76 4-59 
2 1 2 0  2 . e 1  1 . 5 6  1.38 

2.13 1.26 
2-09 1.26 

2 * 2 §  1 - 3 3  
2.Q0 1.50 
2.55 1.16 
2 - 6 5  "1.36 
3eo0 1.51  
9-53 @.US 

2 8 * 7 5  0.19 
ZS-33 1.00 

2.2 1.48 

9 - 4 1  
2*50 
2 - 6 4  
9i-nU6 
2.67 
21-50 
2 - 7 5  
2.84 
1 .39  
2-53 
2.Q2 

ALPHA 

5" 86 
Q.64 
4,3& 
4 * 6 8  
3 - 3 9  
5 * 0 7  
5 .  $ 9  
5.45 
3, us 

34.27 
7.15 

(1 )  K E Y  TO BROCESSIMG CODES: 
A: 4 Y E B B  T A G .  
E: 5 Y E A R  L A G .  
c :  
E: 
E: 
P: 
]E: 
Q: 
x: 
Y: 

2: 

RECElKCTS O B T A I N E D  BY A V E R A G I N G  5 AN@ 6 PEAR LAGS. 
6 P E A R  L A G .  
WECEUITS QBTATNEI)  BY A V E Z A G I B G  5 ,  6 ,  AND 7 YEAR klr.GS. 
7 P E A R  LAG. 
PgHULTIPILE AGE" HODEL, E X H I E I T  UT-St?, 
''EGGS ON EGGSBs EIBDEEI EXHIBIT UT-58-  

T R H X  B O D E L  REF = ALFNA * PEP * E X P  (-BETA * P) 
( E Q O A T I O N  80) 
HATEPK BODEL REP = ALPHA * P E P  * PWP [-BETA * PEP) 
( E Q U A T I C N  1 3 0 ) .  

M A T R I X  PICIDEL R =: ALPHA * P * EXF: (-BETA * PI 
( E Q O W T I Q I  140) 
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TABLE D-104. S U f l M A E Y  STATISTICS FOR MODEL ESTIMATES OF 
A L P H A s  A P A R A H E T E F  I N  TBE R I C K E R  HODEL, 
FOR CASE NUMBER 5 ( R U N  PlUABEB 47'1, 
FLCW IS I N C L U C E D  IN T H E  FITTED BODEL,  
ALL M C D E L  ESTIHATES A R E  I N C L U D E D 3 ,  

TRUE MODEL. ALPHA = 5.00 
TfrUE HCDEZ G A H H A  = 0 1 0 0 0 0 3 6  

PBOC. NO. M E A N  HEATS CI N- 
CODE OF EST. S T A N D A R D  S Q U A R E  IMUH PaEDIAlM MAXIMUP!  

7 )  O E S -  ALPHA B I A S  D E P I A T X O B  ERROR ALFHA ALFH 

A 1 2 0  2,82 -2.18 0. 'PQ 5 - 2 7  
B 1 2 0  2.82 - 2 - 1 8  0.76 5 - 3 6  
C I f 0  2,93 -2.07 0-65 72 
D 1 2 0  2 - 8 9  -2-11 0. au 5" 03 
E 120 2,99 -2.cJ.l Q . 6 3  4.45 
F 1 2 8  3 - 0 0  - 2 - 0 0  0.82 4*72 
P 1 2 0  2.93 -2.09 0 . 6 3  4.71 
Q 720 :,a2 - 1 . 9 8  0.58 4-29 
X 120 1 - 6 2  - 3 , 3 8  0.56 11.83 
Y 120 6.Q9 7-49 7 - 9 0  6 4 . 6 1  
2 1 2 0  3 - 0 9  - 1 . 9 1  1.12 a. 94  

1 . 3 9  2.64 4 . 8 3  
1.38 2.64 5 - 5 8  
7.70 2.8 8 I6  
4-64 2.7 e 86 
l e 8 6  2 - 9 6  ra-93 

5,88 
5*64 

d.91 3 * 0 3  5.15 
0 . 5 7  9 . 5 4  
o - w l  & , 6 8  7 
1-04 2 - 8 4  @.a52 

(1) KEY TC €RQCESSI:EJG CCDES:  
A: 4 Y E A R  L A G .  
3: 5 YEA?? ZAG. 
C: RECRUITS O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 YEAB LAGS. 
I): 6 Y E A R  LAG. 
E:  RECRUITS O B T A I N E D  B Y  A V E R A G I N G  5 ,  6, A N D  7 Y E A R  LAGS. 
F: 7 YEAR I A G .  
P: @ e # U L T I P L E  AGE" H O D E L ,  E X H I B I T  UT-58. 
Q: "EGGS ON E G G S "  a O C E L ,  E X B I E I T  UT-Ee.  
X: H A T R I K  HODEL REP = ALPHA * P E P  * E X P  ( - B E T A  8 P) 

Y: M A T R I X  HODEL REP = ALFMA * PEP * EXP (-BETA * PEP) 
2: H A T E I X  MODEL R ALFHA * P * E X F  ( - B E T R  * I? 

(EQOATIQN 8 U ) .  

( E Q U A T I O N  13U). 

(EQUATIg.)B 14U), 

..... 
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PITH- 

1 * 5Q 
1-97 
2 -  25 
1-67" 
2 " 2 8  
1. 79 
2-77 
2 "  17 
0.67 
11.18 
1.58 

ALFPHR 

5.29 
6.30 
5 . 9 8  
7.47 

6. 23 
6 . 8 1  
5.63 
3-57 

Q5.62 
6.60 

6 . 3 1  

(1) KEY T C  PRQCESSI  
A: !J Y E A R  L A G .  
w: 5 -YEAR TAG. 

P: 

2: 
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A 1214 2 - 5 2  1 - 2 7  
B 1 2 0  2 . 4 3  1-28 

F 1ZQ 2 - 6 7  

Q t z a  2-82 1 - 5 7  

E 959 2-82 6 * 5 7  

1 ,26  2 v 4 1  5 .86  
1,26 2 . 5 0  4.64 
3 - 4 4  2 - 6 4  4,36 
1,33 2-46 4 . 6 8  

,so 2.67 4 - 3 9  
5.1‘6 2 - 5 0  5.07 

- 3 6  2 - 7 5  s -19  
- 5 1  2 . 8 4  5 . 9 5  
-82 1 - 4 8  3.47 
* 8  P.?4 34.27 
.o 2.67 7 - 1 5  
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T A B L E  D-107. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T l M  
ALPHA, A P A R A M E T E R  I N  T H E  R I C K E R  M O D t C ,  
FOR C A S E  N U M B E R  5 (RUN NUPIBE!? 4 7 ) .  
F L O W  IS I N C L U D E D  Ihi T H E  F I T T E D  Y O D E L .  
N O D E L  E S T l M A T E S  O F  ALPHA W H I C H  A R E  A S S O C X A T E D  
Q T T M  N E G A T I V F  E S T I N A T E S  O F  P E T 4  A R E  E X C L U D E D .  

Y R U F  N O D E L  A L P h A  = 5 .00  
Y R U E  NODEL G A M M A  = 0.0001)36 

PRC'C. NO,  WEAN M E A N  A I N -  
C O D E  O F  E S T ,  S T A N D A R D  S Q U A R E  I M t J M  3 E D I A N  R A X I F 1 U R  
( 1 )  O R s .  ALPHA B I A S  D E V I A T I O N  E R R O R  A L P H A  ALPHA A L P H A  

A 1 2 0  2.82 -2.78 0.70 5.27 1 .39  2 - 6 4  4 , ? 3  
B 1 2 6  2.82 -2,18 9.76 5.36 7 - 3 8  2 .64  5 . 5 8  
e 1 2 0  2 - 9 3  -2.07 (2.65 4 .72  1.7c) 2.88 5 . I 6  
0 120  2-85? -2.11 0 . 7 4  5.03 1.64 2 . 7 9  4 , b b  
E 1 2 0  2.98 -2,01 03.63 4.45 1.86 2.96 4 . 9 3  
F 1 2 0  3.00 -Z,OQ 0 . ? I ?  4.72 1.63 7 , 9 9  5.PX 
P 1 2 8  2 - 9 3  -2.07 C - 6 3  4.71 1.70 2.85 5.14 
Id 120 3,1)2 - 7 . 9 8  n .S8 4.29 1.91  3 . c 3  5.15 
x 1 1 3  1 - 6 7  -3.33 0.53 11.46 0 . 9 3  1.58 3.87 
Y 1 1 7  h , 6 4  1.64 7 . 9 4  6 5 - 9 8  0.97 4 . 7 5  73.15 
z 1 2 0  3 - 6 9  -1.91 1.12 4 - 9 4  1.04 2 - 8 4  8.52 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  

C: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A V D  6 Y E A R  L A G S .  
D: 6 Y E A R  L A G .  
E :  R E C R U I T S  OB6 l N E D  BY A V E R A G I N G  5 r  b r  A K D  7 Y E A R  bhGS.  
F :  7 Y E A R  L A G .  
P: " M U L T P P L E  A G E ' D  I B D E L f i  E X H I B I T  UT-TI?.  
Q:: "€EGGS O N  E G G S "  N Q D E L a  E X H I R X T  UT- '58 .  
X :  M A T R I X  M O D E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * P I  

Y :  M A T R I X  R O D E L  R E P  ALPHA * PEP * E X P  C - B E T A  * P E P )  

Z :  M A T R I X  H O D E L  R = ALPYA * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  8 U ) -  

U A T I Q M  1 3 U ) .  

( E Q U A T I O N  1 4 U ) .  
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T A R L E  D-108. S U M M 4 R Y  S T A T I S T I C S  F O R  NODEL E S T I M A T E S  O F  
A L P H A P  A P A R A M E T E R  I N  T H E  R l C K E R  PlODEk.0 
F O R  C A S E  NUMBER 5 (RUN NUMFER 4 8 1 ,  
FLOW I S  I N C L U D E D  I N  T H E  F I T T E D  BODEL. 
M O D E L  E S T I M A T E S  O F  ALPH9 W H I C H  A R E  A S S O C I A T E D  
k I T H  N E G A T I V E  E S T I M A T E S  Q F  B E T A  A R E  E X C L U D E D ,  

TRUE M O D E L  ALPHA = Z O . U f l  
T R U E  W O D F L  G A M M A  = 0.000036 

PROC, NO. MEAN M E A N  M I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I M U R  M E D I A N  M A X I C U M  
( 1 1  O B S ,  A L P H A  P f A S  Q E V X A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 120 3.16 -16.84 0.67 2 8 6 . 3 3  1.54 3.08 5 . 2 0  
B 120 3 - 4 9  -16.51 0 .89  z 7 5 , 5 7  1 .97  3.38 6.50 
C 1 2 0  3.57 -16.43 0 .80  2 7 2 . 8 0  2,?5 3 . 4 6  5 - 9 8  
D 1 2 0  3.49 -16 .51  0.93 275.91 1 .67  3.32 7,117 
E 120 3 , 5 9  - 1 6 . 4 1  0 . 7 9  272.28 2.28 3.47 6 .37  
F 120 3.40 -16.60 0 . 9 3  2 7 8 . 7 5  1 , 7 8  3,21 6,23 
P $20 3.58 -16.42 0.86 272.55 2-77 3 . 4 8  6 - 8 7  
Q 1 2 0  3.46 -16 .54  0.75 276.30 2.17 3.32 5 . 5 3  
X '113 1 , 7 2  -18 .28  0-44 337 .17  0 . 7 9  1.66  3 , 5  
Y 120 9 - 8 4  -1Q-16 7.02 1 5 3 . 2 6  1 . 1 8  8 . 6 9  4 5 . 6 2  
Z 120 3 - 5 2  -16.48 1 . O O  2 7 4 . 9 8  1.58 3 . 3 %  6.60 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
B: 5 Y E A R  L A G ,  
C :  R E C R U I T S  O R T A I N E D  BY A V E R A G I N G  5 AND 6 Y E A R  L A G S .  
ci: 6 Y E A R  L A G .  

f :  7 Y E A R  LAG. 
E: R E C R U I T S  O R T A I N E D  BY A V E R A G I N G  5 1  6 r  AND 7 Y E A R  LBIGS, 

P: "RMULTIPLE AGE" F I O D E L r  E X H I B I T  U T - 5 8 .  
0 :  " E G G S  ON E G G S "  M O D E L p  E X H I B I T  U T - S E .  
X :  f l A T R I X  MODEL R E P  = ALPHA * PEP * E X P  ( - B E T A  * P I  

Y :  FSATRIX M O D E L  R E P  = ALPHA * PEP * EXP ( - B E T A  * P E P )  

2 :  M A T R I X  MOOEL R = ALPHA * P * E X P  ( - B E T A  * PI 

(EPCIATSOk 8 U ) -  

l E Q U A T I O t v  7 3U)  . 
i E Q l l A T I Q F d  1 4 U I .  

... ..... 



276 

T A B L E  D-109. SUMFZWRId S O A I P S T R C S  FOFZ R O D E L  E S T I P I A T E S  O F  
G A R M A R  T H E  C O E F F I C I E N T  K E L P I P I N G  R I M E R  FLOW 
T O  S U R V l i V A L r  FOR C A S E  N U M B E R  5 (RUN N U M R F P  45). 
4hL G A M M A  V A L U E S  H A V E  B E E N  S C A C F D  BY 
M U L T I P L Y I N G  B Y  " l O i O U Q  P R I O R  T O  W ! d A L Y S X S .  

T R U E  M O D E L  GAPIN& 3 , b r  
TRUE M O D E L  ALPHA = 1.25 

PROC. N O .  M E A N  M E A N  W I N -  
C O O E  O F  EST. S T A N D A R D  S Q U A R E  IVIJFS M E D I A N  M W X I M ! J M  
( 1 )  O B S .  G A M M A  B I A S  D E V I A T I O N  E R R O R  G A M M A  G A M P I A  G A R M A  

A 120  0.38 - 3 , 2 9  3-44 22.27 -7 .10  0 , 1 9  2ci.12'3 
B 120 0.7u -2*98 2 - 9 7  16 .95  -1iP.CJO 0.58 10.00 
C 120 0.94 - 2 - 6 6  2,46 13,19  - 9 . 3 0  0 . 9 9  8 - 1 0  
D 120 1.02 - 2 - 5 8  3,23 17.70 -8 .50  1 . 2 Q  lcl.Q+-! 
E 120 0 . 8 4  -2.76 2 . 4 5  13.73 -4 .70  0.79 8.80 
F 120 0 . 5 9  -3 .01  3.50 21.39 -6 .50  0 , 5 9  1 4 . G O  
P 120  9.81 - 2 - 7 9  2 , 5 1  14.56 -6.211 0 , 6 3  7 - 6 0  
Q 120  0 . 6 6  -2,84$ 2 - 1 4  1 ~ 2 9  - 5 . 0 0  0 . m  6 - 3 0  
x 120 0 . 5 9  -7.01 3.65 22-49 -?.OQ n,61 17.00 
Y 120 0 .53  -3-07 3 - 4 4  2 1 - 3 5  -8.80 0.38 13.00 
z 129 0.58 -3.02 3 , 4 9  2 7 - 3 5  -8 .80  0 .56  16.CQ 

( 1 )  K E Y  TU P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
8: 5 Y E A R  L A G .  
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 AND 6 Y E A R  L i a G S .  
8: 6 Y E A R  L A G .  
E t  R E C R U I T S  Q B T A l N E D  BY A V E R A G I N G  5 ,  6 r  PtND 7 Y E A R  L A G S .  
P :  7 Y E A R  L A G .  
P: " R U L T I P L E .  A G E * '  N O D E b r  E X E 4 I R I - r  U T - 5 8 .  
Q: " E G G S  O N  E G G S "  N O D E L e  E X M l R l T  U3-5*. 

A V R l K  WODEb R E P  = ALPHA * PEP * EXP [ - B E T A  * PI 
( E Q U A T I O N  8 U ) .  

( E Q V 4 T B ' O h  1 S U I  . 
(EULlATIOkd 14U). 

y :  R A T R P X  b"BOOE% R E P  = WLQHA * PEP * E X P  6-BE.TA * P E P )  

2 :  R W T R I X  R O D E L  R .* ALPHA * P * E X P  ( - B E T A  * P I  
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TABLE D-1l.Q. S U M M A R Y  S T A T I S T I C S  F O R  W Q D E L  E S T I M A T E S  O F  
G A M P l A r  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O W  
T O  S U R V L V A L I  F O R  C A S E  N U M B E R  5 (RUN NUMBER 4 7 1 ,  
ALL G A M Y A  V A L U E S  H A V E  B E E N  S C A L E D  BY 
M U L T I P L Y I N G  R Y  1 O U r C O O  P R I O R  T O  A N A L Y S I S .  

T R U E  M O D E L  G A f l M A  = 3 - 6 0  
T R U E  M O D E L  A L P H A  = 5 . 0 3  

P R O C ,  WO,  M E A N  M E A N  M I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  IMtlM M E D I A N  ~ A X I ~ ~ ~ ~  
( 1 1  OBS- G A R M A  B I A S  D E V I A T I O N  E R R O R  G A M M A  G 4 M M A  G A M M A  

... 

A 120 
F9 120  
c 12c 
D 120 

F 720 
P 120 

120 
x azo 
Y azo 
P 120 

E 320 

-0.37 
0,48 
0,S3 
0.67 
0 . 6 9  
t * Q O  
0.50 
0.57 
0.55 
# e 5 3  
0 . 5 9  

-3 .97  2-58 2 2 . 5 1  
-3.12 2 . 7 2  57.23 
- 3 . 0 7  2.52  15 .82  
- 2 . 9 3  3 - 2 0  1 8 . 8 4  
-2 .91  2 . 1 4  13.'84 
- 2 . 6 0  2-96 1 5 . 5 7  
- 3 , l O  2 - 4 5  1 5 - 7 2  
-3 "03  2.05  1 3 . 4 5  
- 3 * 6 5  3 . 3 6  20.66 
-3  *O? 2.88 3 7 - 7 6  
-3 ,01 2 " 9 J  17-73 

-8.40 -0,17 5.70 
- 6 - 4 0  0 - 4 2  4,40 
- 8 . 6 0  D,77 &.?e 
-7.80 0.32 9-60 
-?,Q3 0.53 5 . 9 0  
-7.00 0-97 8.29 
-9 .10 0.76 5,530 
-5 .60  0.53 5 , 3  
-8.UO 0*48 7-20 
-6.80 0,4 7.00 
-6.2C 0,5 6-70 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
Bc 5 Y E A R  L A G .  
C:  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
0 :  6 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I M G  5 ,  6 ,  AND 7 Y E A R  L A G S .  
F :  7 Y E A R  LAG, 
P: " M U L T I P L E  AGE*'  H O D E L r  E X H I B I T  U T - S P .  
Q: " 'EGGS O N  E G G S "  f'400EL.1 E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O O E L  REP A L P H A  * PEP * E X P  < - B E T A  * P I  

Y :  M A T R L X  M O D E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * P E P )  

Z: M A T R I X  M O D E L  R = A L P H A  * P * E X P  ( -BETA * P) 

CEQUATPOF: 8 U ) .  

( E B U A T I O H  1 3 U ) .  

f E B U A i  P O M  1 4 U )  .) 

... 
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T A B L E  D - 1 1 1 .  SUWPIAWY S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
G A M W A i  T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O M  
T O  S U R W I V A L r  F O R  C A S E  NUFIREM 5 (RUN NUWBEK 4 8 ) .  
ALL G A M M A  V A L U E S  H A V E  B E E N  S C A L E D  B Y  
M U L T I P b Y d N G  BY ~ O O I O Q O  P R I O R  TO A N A L Y S I S .  

A 120 Q.02 -3 .58  2.95  24.51 -6 .99 -0 ,12  7.1C 
M 120 8.84 - 2 - 7 6  7 . 9 3  16.30 -1o,t90 9 . 8 3  9 . 2 3  
e 126 0 .78  -2.82 2.32 13.41 - 7 . 1 0  0 - 7 9  7.20 
D 1ZQ 0 . 6 9  - 2 - 9 8  3 . 0 6  18.33 -5.80 0,31 9.70 
E 120 6.69 - 2 . 9 9  2.14 13.56 -4.80 0.41 l Q . C n  
F 120 6,31 -3,P3 3 .11  20.61  - 6 . 8 0  -0 .04 15.00  
f* 120 0.52 -3.08 2 . 2 0  14.39 - 5 . 1 0  0.62 9.20 
4 120 0.10 - 3 . 5 6  1 .91  16.04 -4.50 -0.09 9.90 
x 120 1 - 2 4  - 2 . 3 6  4.77 2 8 . 3 7  -14 .00  8 . 5 5  17.00 
Y 120 1.02 - 2 . 5 8  3 . 2 2  17.09 -8.613 1 - 3 0  8 .90  
2 120 1.71 -2.49 3 . 8 3  2 0 . 9 7  - ~ Q Q  0.74 12.00 

( 1 )  K E Y  T O  P R Q C E S S P M G  C O D E S :  
R: 4 Y % A R  LRG. 
8 :  5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
0 :  6 Y E A R  L A G .  

F: 'P Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5, 61  A N D  7 Y E A R  LkGS. 

P: '*lrrlULVIQLE A G E q m  M O D E L ,  E X H I B I T  U T - 5 8 .  
Q: " E G G S  O N  E G G S "  f r l0BEk. r  E X H I B I T  U T - 5 8 ,  

E L  REP =: ALPHA * PEP * E X P  ( - R E T A  * P )  
( E Q U A T I O N  8U l .  

(EQCJATPQN 13U) . 
( E Q U A T I O N  14U).  

Y :  M A Y W I X  M O D E L  R E P  ALPHA * PEP * E X $  ( - B E T A  * P E P )  

E L  R A L P H A  * P * E X P  ( - B E T A  * P I  
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T 4 E r l E  D-114.  S U M R A R Y  S T i a T I S T l C S  F O R  M O D E L  E S T I M A T E S  O F  
AEPHAI A P A R A M E T E R  I N  THE R I C K E R  M O O E L r  
FOR C A S E  NUMBER 6 (RUN M U M H E R  5 7 1 ,  
F L O V  IS NO? I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
ALL W O O f L  E S T I M A T E S  A R E  IkCLIIDED,  

T R U E  M O D E L  ALPHA = ZD.c l i=  
T R U E  M O D E L  G A M M A  = O . O O i 3 0 3 5  

PROC. NO. ~~A~ WEAN M I N -  
C O D E  a F  E S T ,  S T A N D A R D  S Q U A R E  IYtJIrl W E D 4 8 N   AX^^^^ 
( 1 3  O B S .  ALPHA B I A S  O E U l A T I O N  E R R O G  ALPHA ALPHA ALPHA 

. .  

pi 120 3.54  - 1 6 . 4 6  9.87 
B 120  3 - 9 2  -16.08 1-49 
6 920 3.99 -?6*07 0 . 1 5  
I) 1 2 0  3 . 8 4  -16 .16  1.13 
E 1 2 0  4.00 -16,OQ 1 .us 
F 120 3 . 7 5  -96.25 1 "IS 
Y 120 3.54 - 4 6 . 4 6  9 . 1 4  
P 420 3 - 9 8  -16 .02  1 - 1 1  
Q 120 3 . 8 3  -16 .17  3.95 
X 120 1.67 - 1 8 - 3 3  0.48 
Y 120 10.59 - 9 * 4 1  H - 4 3  
Z 3 2 Q  3.58 - 1 & , 4 2  a - 0 3  

2 ? 4 , 0 3  2.18 3,315 
262.513 2-10 5 - 6 7  2 4 , 5 6  
259.83 2 - 4 1  13-83 G - 5 0  
264,71  l,58 3 * 6 H  P . 3 2  
2 5 9 . 2 5  2 . 3 7  3 - 8 7  8 * 5 6  
267.50 1.82  3 - 6 3  7 . 9 5  
274.65 0 . 9 3  3 - 5 4  7 - 3 3  
260.05 2.28 3 - 8 2  9-9f-I 
2 6 4 . 5 9  2.32 3 , 4 4  8.19 
339 ,10  0 ,56  1 - 5 9  3 - 0 9  
160.36 Q , 3 P  8 - 6 2  3 5 , 9 7  
272.82 1.35 3 . 2 8  6 . 2 1  

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG. 
13: 5 Y E A R  LAG. 
C:: R E C A U X T S  O E f T A I M E 5  B Y  A V E R A G I N G  5 A N D  6 Y F W R  L A G S ,  
D: 6 Y E A R  L A G .  

F r  7 Y E A R  LAG, 
N: E Q U A T I O N  1SU: P A R E N T S  AND R E C R U I T S  E A C H  ~~~~~~~~ b 

P: '*PIMULTIPLE A G E "  W O B E L r  E X M I P I T  kJT-53, 
0 :  "EGGS O N  EGGS'* M O D E L #  E X H I B I T  U T - 5 8 ,  
X :  M A T R I X  R O O E L  REP = ALPHA * PEP * E X P  < - B E T A  * PI 

Y :  M A f R I X  M O D E L  REP ALPHA * P E P  * E X P  ( - B E T A  * PEP) 

2 :  M A T R I X  H O D E L  R = ALPhA * P * E X P  ( - S E T A  4 P I  

E :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 r  6 ,  A h D  7 Y E A R  L A G S ,  

S U M M I N G  O V E H  7 Y E A R S ,  LITH A 4 Y E A R  LAG. 

( E Q U A T l O f U  8U). 

( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  1 4 U I .  
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T 4 B L F  D - 1 1 5 .  S I J R M A R Y  S T A T I S T I C S  F O R  M O D E L  E S ' T I R A T E S  OF 
A L P H A #  A P A R A P 1 E T E R  I N  TWF R I C K E R  M ; Q D E L P  
F O R  C A S E  N U P f B E B  5 (RUN N U M B E R  5 P ) .  
F L U Y  IS N O T  I N C L U D E D  I N  T H E  F I T T E D  W O D E L .  
MODEEL. E S T I R 4 T E S  OF ALPHA W H I C H  A R E  A S S O C I A T E D  
adI've0 N E G A T I V E  E S T I M A T E S  O F  B E T A  A R E  E X C L U D E D ,  

T R U E  M O D E L  ALPMA = 1 . 2 5  
T R U E  R O D E h  G A M M A  = O.OOU1136 

P R O C ,  NO. R E A N  M E A N  M E N -  
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  I N U M  M E D I A N  M A X I M L I R  
(1 )  O B S ,  ALPMA B I A S  D E V I A T I O N  E R R O R  A h P H &  ALPHA &b.PHA 

A 12Q 2 - 9 6  1 .71  
5 1 2 0  2 - 9 9  1.74 
C 120 3 . 1 1  7 - 8 6  
0 120  3 . 6 4  1.79 
E 120  3 - 1 9  1 . 9 4  
F 120  3.17 1.92 
N 1 1 3  2 - 0 8  0 . 8 3  
P 120 3,23 1 - 9 8  
Q 120  3 - 3 4  2 - 0 9  
li 1 0 s  1 . 6 9  0.44 
Y 1G8 6 . 3 3  3 - 0 8  
2 177 3 . 0 2  11.77 

1 , a t  4.18 1.36 2.70 7-86 
1 .I3 6 . 3 5  1 .15  7 . 8 9  9 . 3 6  
1.07 4 . 4 2  1.37 2.99 8.28 
1 . 2 7  4 . 8 4  1 . 2 1  2 . 7 4  9 .30  
1.16 5 - 1 4  1 - 1 5  3 . Q 3  9.79 
1 . 6 4  6.38 1.23 2 - 8 6  1 4 . 2 1  
0 - 8 5  1 . 4 2  0.86 1 - 9 3  5.00 
1 . 1 4  5 .25  0 . 9 2  3 .09  8 . 3 9  
1.28 5.96 1 - 1 5  3.17 10.08 
Q . 6 S  C.65 0.74 1.51  3 , 9 8  
4.87 33.27 0 - 7 0  2.91 30.92 
1.47 5 * 3 3  0.83 2.72 7 - 0 8  

( 1 1  K E Y  r o  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
8: s Y E A R  L A G .  
C :  R E C R U I T S  O B T A I N E O  B Y  A W E R A G I N G  5 AND 6 Y E A R  L A G S .  
D: 5 YFWF? L A G .  
E: R E C R U L r S  O W T  I N E D  B Y  A V E R A G I N G  5 ,  6 ,  AND 7 Y E A R  L A G S .  
F: 7 Y E A R  L A G .  
N: E Q U A T I O N  1 5 U r  P A R E N T S  A N D  R E C R U I T S  E A C H  O B T A I N E D  D Y  

SUMFIt9PIJG O V E R  7 Y E A R S ,  k L T M  R 4 Y E P R  L P G .  
P: "MtJLT IPhE A G E "  M O D E b r  E X M I R X T  U T - 5 3 .  
8 : :  " ' E G G S  ON E G G S "  M O D E L P  E X H I B I Y  U T - 5 8 .  
X :  M ~ . l K I X  M O D E L  R E P  = ALPHA * PEP * FXP ( - B E T A  * P )  

Y :  Y i A T R I X  M O D E L  R E P  = ALPHA * PEP * FXP ( - B E T A  * P E P )  

Z :  M A T R I X  R 5 D f P  R = A L P H A  * P * E X P  < - B E T A  * P I  

( E Q L I A T I O h  E U > .  

( E Q U A T P Q N  1 S U I .  

( E Q U A T I O N  14L.I). 
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T A B L E  D-116. S I J M Y A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  Q f  
AkPhA, A P A R A M E T E R  I t M  T H E  R I C K E R  M O D E L #  
F O R  C A S E  NUNBER 5 (RUN N U M B E R  5 6 ) .  
FLOW IS N O T  I N C L U D E D  PN T H E  F I T T E D  R O D E L .  
R O D E L  E S T I M A T E S  OF AhPPIk W H I C H  A W E  R S S O C I A T E D  
k I T H  N E G A T I V E  E S T I M A T E S  O F  P E T A  A R E  E X C L U D E D .  

TRUE M O D E L .  ALPHA = 5 . 0 2  
T R U E  M O D E L  G A M M A  = 0,000036 

P R O C .  N O .  M E A N  H E A N  W I N -  
C O D E  O F  E S T ,  S T A N D A R D  S Q U A R E  I Y U M  M E D I A N  ~~~~~~~ 

( 3 )  O R S ,  ALPHA P I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 129 3 ,97  - 1 * ? 3  
E( 4 2 0  3.32 -1.68 
c 20 3.45 -7 , sr  
5 1 2 0  3,3T -1.6% 
E 720 3 . 5 4  4 - 4 6  
F 120 3 - 5 2  - 1 . 4 8  
N 116 2 . 7 2  -2.28 
P a20 3.44 - 1 * 5 6  
Q 7213 3 , 5 4  - 1 , 4 6  
x 110 1 . 6 9  -3*35 
Y 1 4 5  7 - 4 6  2.46 
z 7 3 9  3 - 2 9  -1.79 

1 - 2 7  4 . 6 3  0.84 2 - 9 3  5 2 , R 3  
1 - 0 5  3 . 9 3  1.61 3 . 7 4  6 - 0 7  
0 .92  5 - 2 8  1-86 3 - 2 9  6 - 7 3  
0 * 9 9  3 - 8 5  1 . 5 1  3,20 b , C 3  
1 .oc! f * % S  2 - 0 2  3 - 3 2  e.c9 
1 . 2 4  3 . 7 4  1.32 3,79 7 . 5 4  
9 - 8 9  6,02 1 . 1 4  2 - 7 7  5 .50  
rl.941 3 . 3 4  1 * 5 3  3.25 7 - 6 7  
3 . 9 6  3.07 a * s o  3.46 9.13 
0.57 1 1 . 4 2  O . ? S  1 - 6 1  3 .79  
9 - 8 2  1 8 2 . 4 8  0 - 9 3  4.86 8 4 , 3 7  
4 , 2 7  4 - 8 4  1 . 4 4  2,136 9 " 2 2  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A:, 4 Y E A R  L A G ,  
8: 5 Y E A R  L A G .  
C :  R E C R U I T S  O R Y A I N E O  9Y A V E R A G I N G  5 A Y D  6 Y E A R  L A G S ,  
D E  6 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5.e b r  AND 7 Y E A R  L A G S .  
F: 7 Y E A R  L A G ,  
N: E Q U A T I O N  1 S U :  P A R E N T S  AND R E C R U I T S  E CH O B T A I N E D  B Y  

P:: ~~~~~~~~E A G E "  W O D E L P  E X H I B I T  U T - 5 9 ,  
B: "EGGS O M  EGGS" M O D E L I  E X H I H I T  U T - T R ,  
X :  H A T R l X  WOOEL R E P  = ALPHA * PEP * E X P  < - B E T &  * P I  

Y ;  M A T R I X  M O D E L  R E P  = ALPWP * PEP * E X P  ( - B E T A  * P E P )  

Z :  R A T R I X  M O D E L  R ALPHA * P * E X P  4 - 0 E T A  * PI 

~~~~~~~ O V E R  7 Y E A R S ,  W I T H  A 4 Y E A R  LAG.  

~ € ~ U ~ ~ ~ a ~  rw). 

~~~~~~~0~ 53U). 

~ ~ ~ ~ A T I ~ N  ? 4 U ) ,  
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T R U E  HODEL. ALPHA = 3 - 2 5  
TRUE M O D E L  CAPIWA = 0 , 0 0 0 0 3 6  
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T A B L E  D-119.  SUN"llasilwY S T A T I S T I C S  F O R  M O D E L  E S T I W W B E S  O F  
hLPMAr 4 P A R A W E T E R  I N  THE R f C K E R  P l O D f L ,  
F O R  C A S E  N U M B E R  6 (RUN NUMBER 5 6 ) .  
F L O M  I S  I N C L U D E D  I N  VHE F I T T E D  PICIDEL. 
ALL 1"91)DE& E S T I M A T E S  A W E  I N C L U D E D ,  

T R U E  M O D E L  ALPHA I= 5.on 
Y R U E  M O D E L  C A N M A  = 0.0190036 

PKOC. N O ,  R E A N  R E A M  M I N -  
C O D E  OF E S T ,  S T A N D A R D  S Q U A R E  IRkJW M E D I A N  FjOEkXIRUM 
(1) O R s .  ALPHA B I A S  D E V J A T I O N  E A 4 1 3 R  ALPHA ALPHA ALPHA 

R 120 3.35 -1.67 1 .32  4 . 5 5  0.95  5.05 12.25 
1 2 0  3-55 -1 .63  1 .Q8 3-92 1.60 3,15 6.26 

c 120 5 - 4 9  - 1 . 5 ?  1.02 3 , 3 3  1 . 8 1  3.27 8.e0 
D 120 5 - 3 6  - 1 . 6 4  1 .a9 3 . 8 8  1 . 6 2  3 . 1 6  7.69 

F 128 3 . 5 9  -1.41 1.39 3 . 9 3  1.83 3.22 11.09 
P 120 3 - 4 7  -1.53 1.03 3,hl 1.84 3-31 8.88 
Q 120 3.57 - 1 . 4 3  1 .la 3 - 2 8  2.03 3 . 4 5  11.65 
x 120 1.61 - 3 - 3 9  0 . 6 4  11.67 0.22 1.55 4 .27  
Y 121) 8 . 2 7  3 . 2 7  15.73 239.57 0-15 4.90 123 .90  
m 120  3.18 -1 .82  1.32 5.71 0 . 4 7  2 - 9 8  9.76 

E 1 2 0  3.55 - 1 . 4 2  1 .If 3.27 2 . 0 1  3.37 I Q , ~  

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y F A R  L A G .  
8: 5 Y E A R  LAG. 
C: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 ANE 6 Y E A R  L A G S .  
D :  6 Y E A R  LAG.  
6 :  R E C R U I T S  O B T A I N E D  H Y  A V E R A G I N G  5 ,  6 ,  A R O  7 Y E A R  L A G S .  
F :  7 Y E A R  LAG. 
P: " ' R U R T I P L E  A G E "  M 0 D E L . e  E X H I B I T  U T - 5 8 .  
Q:: "EGGS O N  E G G S D a  W O B E L r  E X H E R I T  U T - 5 8 .  
x :  M A T R I X  M O D E L  R E P  = ALPHA * P E P  Q E X P  ( - B E T A  * P9 

Y :  M A T R I X  M O D E L  R E P  = ALPHA * P E P  * E X P  ( - B E T A  P E P )  

2 :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - R E T &  * P )  

( E Q k f P V H O N  8lJ.l. 

(EQLBATHOK 1 3 U ) .  

(EQLtAT I O N  1 4 U )  = 
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TWRLE D-120- S U M M A R Y  S T A T I S T I C S  F O R  M O D F L  E S T 1  
ALPHAP A P A R A M E T E R  I N  THE R I C K E R  M O D E L #  
F O R  C A S E  N U M B E R  h <RUN NUYRER 571, 
FLOW IS INlCLUDED I N  T H E  F I T T E D  M O D E L ,  
ALL M O D E L  E S T I M P T E S  A R E  I N C L U D E D ,  

T R # E  M O D E L  ALPHA f 2 
T R U E  M O D E L  G A M M A  = 0,009C36 

A 120 3 - 5 1  - 1 6 . 4 9  3 - 8 8  274.92 1 - 9 9  3 - 3 6  7-13 
8 320 3-82 -26.08 7 - 5 0  263.07 1.9R 3 . h 8  9 4 , 8 7  
I: 120 5 - 9 8  -16.02 l e 1 1  2 6 O a 1 2  2 .34  3 - 8 4  1 0 - 4 3  
D 120 '3.82 -16.18 1 - 1 5  265-40 1 .53  3 . 5 9  8,7% 
E 1 2 0  3 , 9 9  - 1 6 , O l  1 - 0 1  2 5 9 . 4 5  2 - 4 4  3,H% 5 3 - 5 3  
F 120  3 . 7 6  -96 .24  a . 1 7  2 4 7 , 2 4  7-88 3 - 5 5  8 * 37  
P 121) 3 . 9 8  -16.02 9,as 259.98 2 * 3 7  3 - 7 9  9 - 7 9  
B 120 3 . 8 3  -16.77 0.96  2 6 4 - 5 2  2-32' 3 - 0 3  8.21 
x 1 2 0  1,70 -18.30 0.54 338.01 0.59 3 - 6 6  3 , 8 3  
Y 120 10.35 -9 .65  7 . 1 7  145.34 0.38 8.82 46,Q? 
Z 120 3 - 6 6  - 1 6 . 3 4  1 . 1 3  270,67 3 - 4 2  3 .42  7,952 

(19  K E Y  T O  P R O C E S S I N G  CODES: 
A :  4 Y E A R  L A G ,  
8: 5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A Y E Q A G I N G  5 A N D  b Y E  
D: 6 Y E A R  L A G .  
E: R E C R U I T S  Q B T A I N E D  BY A V E R A G I N G  5 8  6* A N D  7 Y E A R  LBGS. 
F :  7 Y E A R  L A G .  
P: ""a41PLTIPLE AGE" '  M O D E L @  E X H I B I T  U T - S R ,  
Q: ""EGGS O N  E G G S ' *  M O D E L 8  E X H l B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  R E P  = ALPHA f P E P  * E X 0  (-BET& * P I  

V:: M A T R I X  M O D E L  R E P  = AkPt.IA * P E P  * EXP ( - B E T A  * P E P )  
< E Q U A T I O N  8 U I .  

( E Q U A T I O N  7 3 U 1 ,  

( E Q U A T I O R I  ? 4 U ) ,  
A T R f X  PIODEL R = ALPHA * P * E X P  ( - B E T A  * PI 

... 
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T R U E  M O D E L  ALPHA = 1.75 
T R U E  M O D E L  G A M M A  = 0.0010036 

PRDC.  NO, M E A N  WEAN M I N -  
C O D E  OF E S T ,  S T A N D A R D  S Q U A R E  Ip lUM M E D I A N  B A X l R U R  
( 7 )  0135. ALPHA B I A S  D E V P A Y P O N  E R R O R  ALPHA ALPMA ALPHA 

w 120 
B 126 
c 1 2 0  
D 120 
E 1 2 a  
F 120 
P 720 
0 120 
x 100 
Y 108 
z 1'08 

2.97 
2.99 
3 . 0 3  
3.07 
3.15 
3.13 
3.22 
3.33 
1.75 
4-56 
3.194 

1.72 1 .17  4 . 3 6  7.23 2-76 8.16 
1 . ?4  1.18 6 - 4 4  1 - 1 6  2.88 10.44  
7 -84 1 .Q5 4.51'1 1,Lb 3"OQ 8.35 
1.76 1.29 4 - 7 4  1,lO 2 - 7 4  9.57 
1.91 1.15 5 - 0 2  1.29 2 - 9 7  9.54 
1.88 5 - 5 5  5.94 1,24 2,RS 12-67 
1.97 1.15 5.24 0.95 3,lO 8,CI 
2 - 0 8  1.28 6.02 1.33 3-14 10.25 
n .TO 0 - 6 9  0,7K 0.113 1.§3 4 .07  
3 ,34  5 . 7 9  44.61 0 .82  2 , 8 5  35.81 
1.79 1.59 5 . 7 6  0.83 2.72 9.30 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G ,  
B: 5 YE&R LAC. 
C: R E C R U I T S  O B T A I N E D  R Y  A V E R A G I N G  5 A N D  6 Y E A R  L A G S .  
D:  6 Y E A R  LAG. 
E :  R E C Q U I T S  O E 8 T A I M E B  8 Y  A V E R A G I N G  5 r  h o  A M D  I" Y E A R  L A G S .  
F s  7 Y E A R  L A G ,  
P: "RIULTXPLE A G E "  MBODELc E X M X R P T  U T - 5 8 .  
Q: " E G G S  O M  E G G S E S  M O D E L #  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  R E P  =: ALPHA * PEP * E X P  ( - B E T A  * 8) 

Y :  V B T R H X  F"I0DFL R E P  ALPHA -6 PEP * E X ?  ( - B E T A  * P E P )  
( E Q U . 4 T I O N  8 U ) .  

( E Q V A T  I O N  1314). 

( E Q U A T I O N  14U). 
z: E A F R I X  A O D E L  R = ~ C P H A  * P * E x P  < - B E T A  * P i  
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.... 

HAf3L.E  D-122, S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
ALPHA, A P A R A M E T E R  I N  T H E  R I C K E R  M O D E t r  
F O R  C A S E  ~~~~~~ 6 (RUN NlllMF4fR S6). 
FLQU IS ~~~~~~E~ I N  T H E  F I T T E D  MODEL. 
W O D F t  E S T I M A T E S  OF ALPHA U H l C H  A R E  A S S O C X A T E D  

N E G A T I V E  E S T I M A T E S  OF B E T 4  A R E  E X C L U D E D I  

T R U E  M O D E L  ALPHA = 5.00 
T R U E  NODEL G A M M A  = Q.000036 

P R O C ,  NO, M E A N  M I N -  
C O D E  Q F  S T A N D A R D  S Q U A R E  XMUM HEOIAN FtAXlRUM 
( 1 1  0 8 s .  A ; B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 1120 3 , 3 3  - 1 - 5 2  4 - 5 5  
B 120 3 - 3 5  - 1,08 3-92 
c 1 2 0  3,49 - 1 , 5 1  f * 0 2  3 . 3 3  
D 1 2 0  3 - 3 6  - 1 - 6 4  a .Q9 5 . 8 8  
E 120 3.58 -1.42 1.11 3.27 
F 720 3 . 5 9  -1%+41  1.39 3 - 9 s  
P 720 3.4-P -1 .53  1.03 3 - 4 1  
Q 1 2 0  3 . 5 7  -1 .43  1.10 3.28 
X 11% 7-69 -3.31 0.61 1 1 - 4 5  
Y 916 8,54 3 . 5 4  615.3% 247.12  
x 118 3 . 2 2  -11.78 1 . 2 9  4 - 8 7  

0 . 9 3  '4.05 1 2 . 2 5  
1.60 3.15 6-26 
1.81 3.27 8.80 
1.42 3.16 7.69 
2-02 3 - 3 7  1o .so  
1.83 3 . 2 2  11-09  
1.64  3.31 9 . 6 8  
2.03 3 - 4 5  11.65 
0.79 1,59 4 - 2 7  
0.93  5.07 123.90 
1.20 2.98 9 . 7 6  

E E S S H N G  ~~~~~~ 

A G ,  
A G  * 

C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 AND 6 Y E A R  L A G S .  
D r  A Y E A R  L A G .  

: 7 Y E A R  L A G ,  
E: R E C R U I T S  O B T ' I I N E D  BY A V E R A G I N G  5 r  5 ,  A N D  7 Y E A R  L A G S .  

: "MULTIPLE A G E "  M Q R E F r  E X H i R I T  UT-58 ,  
: "EGGS O N  E G G S D *  M O D E L 8  E X H I B I T  U T - 5 8 .  

X r  N A Y R I X  M O D E L  R E P  = A L P H A  * PEP * E X P  ( -BETA * P I  

WE$ = ALPHA * PEP f E X P  rI*%ET'A * PEP) 

B :  1 S A T R I X  HODEL R ALPHA * P * E X ?  C - B E T A  * PI 
~~~~~~~~~ 44813,  

.... 
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T A B L E  D-124. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I B 4 T E S  O f  
G A W P l A r  THE C O E F F I C I E N T  R E L  
TO S U R V I W A L /  F O R  C A S E  Nuns 
BLL G A R M A  V A L U E S  H A V E  B E E M  
R U L T I P LYING B Y  ? ~ O ~ O O O  P R I O R  7 0  

T R U E  MODEL G A M M A  = 3,6C 
T R U E  M O D E L  ALPHA = 1 - 2 5  

P R O C .  NO.  WEAN R E A N  MICR- 
C O D E  O F  EST.  S T A N D A R D  S Q U A R E  I R U M  M E D I A  
(13 O B S .  G A M M A  B I A S  D E W L A T I O N  E R R O R  GWMMA ~ A ~ R ~  

... ..... 

A 926 0.36 - 3 , 2 4  3 , 7 2  24-47 - 7 - 7 0  -0,638 14.00 
8 120  Q.37 -3.23 3.45 2 2 - 4 0  -13.60 8.41 9 . 0  
c 1 2 0  0 - 7 5  -2.85 2 - 5 5  1 4 - 6 8  -8.20 0.86 7,59 
D 120 0 .77  -2.83 3 - 8 9  23.27 -11.00 1,20 12,1sc3 
E 120 0-70 -2 ,90 2 , 5 9  3 5 - 2 1  -7,113 1.00 8-40 
f 120 0-60 -3.00 4.12 2Q.OQ -9,1[B -0, 
P 120 0 .59  -3.01 2-68 16.30 -9-70 0, 
Q 120 0-50 -3.1Q 2 - 3 1  15 .05  - 9 , h l O  0.74 
x 120 0.46 - 3 . 1 4  4 - 3 5  28.86 - 9 , a o  0. 
Y 120 0.38 -3-22 3 - 9 9  26*38 - 
z 128 0.44 - 3 - 9 6  4 . 1 6  27-36 - 

( 1 )  K E Y  T O  P W O C E S S I N G  CODES: 
A :  4 Y E A R  L A G .  
B: 5 Y E A R  LAG, 
C: R E C R U I T S  O B T A I N E D  R Y  A W E ~ ~ G ~ ~ ~  5 AND b Y E A R  L A G S ,  
Dt 6 Y E A R  L A G ,  

F: 7 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  R Y  A ~ E R A ~ ~ ~ ~  5 r  0 1  do IB 7 Y E A R  L A G S ,  

P: ' 'MULTIPLE AGE*' M O O E L r  E X H I B I T  U T - 5 8 ,  
Q Z  "EGGS O N  EGG§"'  M O D E L I  E X H I B I T  UT-58 ,  
X :  M A T R I X  M O D E L  REP = ALPHA * PEP * E X B  ( -BETA * P I  

Y :  M A T R I X  M O D E L  REP = A ~ P ~ ~  * PFP * E X P  ( - B E T A  * PEP 

2 :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( - @ E T A  * P b  

C E Q U A B I O N  8U). 

(EQUATEON 1 3 V ) .  

Q E Q U B I X I O N  14Ul . r  

.... 
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T A B L E  D-125- SUHMPARY S T A G E S T I C S  F O R  M O D E L  E S T I M A T E S  O F  
G A H M A P  T H E  C B E F F I C I E h T  R E L A T I N G  R I V E R  F L O W  
T O  S U R V I V A L r  F Q R  C A S E  NUMBER 6 ( R U N  NUMBFR 5 6 ) .  
ALL GAP3MA V A L U E S  H A W E  B E E N  S C A L E D  B Y  

U L T X P L Y I N G  RY I O Q c O O O  F * W B O R  T O  A N A L Y S I S .  

T R U E  M O D E L  GAMPIA = 3 - 6 0  
T R U E  R O D E L  ALPHA = 5 , O C  

P R O C .  NO.  HEAN TSEAN MIN- 
C O D E  OF E S T ,  S T A N D A R D  S Q U A R E  IIVIUM M E D I A N  f4AXIt.SUP-I 
( 1 )  OBS. GAMMA B I A S  B E V I A T l O M  E R R O R  G A M M A  SAMIVIP, G A M M A  

A 1 2 0  - 0 , t l  -4.09 3.32 27.28 -9.7[9 - 0 , 2 9  8,10 
Ea 120 0.41 -3.19 3-28 21.02 -?.TO 19-48 11.01) 
c 120 Q,49 -3 ,11  2,7Q 17.01 -8.713 0.54 6.40  
D 120 Q,67 - 2 - 9 3  3 .91  2 3 - 9 6  -8.20 0.15  13.so 
E 120 0,62 -2,923 2 . 2 5  14.07 -7.00 O . 6 7  6,2U 
F 129  5.04 - 2 - 5 6  3-40 18,19 -7.80 @ , 6 8  9.29 
P 120  0.48 - 3 - 1 2  2-73 17.31  -9.20 0 . 5 5  8.90 

120 0.54 - 3 . 0 6  2 - 2 6  7 4 . 5 7  -5 .80  0,54 8-80 
x I20 0.47 -3-13 4-10 2 6 - 7 4  - ~ z a  0.29 9 . 6 8  
Y I20 0.42 -9.18 3 .57  2 3 * 7 9  -12.co 0.54 10.r30 
z 120 6.53 - 3 . 0 7  3 - 6 9  23.13 -93.00 0.38 9.40 

( 1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  LAG.  
B:  5 Y E A R  L A G ,  
C :  R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  ’5 A N D  6 Y E A R  L A G S .  
D:  5 Y E A R  L A G .  

F :  7 Y E A R  LAG, 
E:  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 8  6 r  AND 7 Y E A R  L A G S .  

U L T I P L E  A G E s 8  MODEL-, E X H I B I T  U T - 5 8 .  
Q Z  “EGGS O M  E G G S e 3  M O D E L 8  E X H X 8 l Y  U T - 5 8 ,  
X :  R W T R I X  890DEh REP = ALPHA * PEP * EXP ( - B E T A  * P I  

REP = WLPHA * P E P  * E X P  < - B E P A  * P E P )  

Z:  M A T R I X  M O D E L  R 2 hhPMA * P * E X F  ( - R E P A  * P )  
(EWLOATIIQN 1 4 U )  
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T A B L E  D-126. S U M f l A R Y  S T A T I S T I C S  F O R  M O D E L  E S T I M W T E S  O F  
G A M M A P  THE C O E f f l C I E N T  R E L A T I N G  R I W E R  FLOW 
TO S U R V I V A L I  F O R  C A S E  NUMBER b [RUN N U M B E R  5 7 ) .  
ALL G A M M A  V A L U E S  H A V E  B E E N  S C A L E D  BY 
M U L T I P L Y I N G  B Y  1 0 0 / 0 0 0  P R I O R  T O  A N A L Y S I S .  

T U U E  M O D E L  G A M M A  = 3 . 6 0  
T R U E  R O D E L  A L P H A  = zc. 

P R O C .  NO, M E A N  M E 4 N  WIN- 
CO'DE OF EST. S T A N D A R D  S Q U A R E  I M U M  M E D I A N  M A X I M U M  

O B S .  GAMMA B I A S  D E V I A T I O N  E R R O R  G A M M A  GAMMA GAMMA 

A 120 -0.10 -3.70 3.r18 2 3 - 3 1  -6 ,80  -0.22 9,CO 
8 120 0.75 -2 .84 3,28 18.92 -18.3t3 0,138 9,40 
C 120 0 - 7 1  -2.89 2.54 14-84 - 6 - 7 0  0 , 7 5  8.40 
0 120 0.50 -3,lO 3.83 24.22 -11.00 0,30 44 .00  
E 720 0.59 -3.01 2-34 14.59 -4.90 0,41 44.c10 
F 120 0.31 -3.29 3 . 6 6  2 4 . 2 6  - 9 4 . 0 0  0,16 38.00  
P 120 0,50 -3,10 2.40 1 5 . 4 4  - 9 - 4 0  0 , 5 8  9.50 
B 1 2 0  0.07 -3-53 2 - 0 4  lB.?2 -4.40 -0 -16  "I.00 
x 120 1 .29  - 2 . 3 9  5-12 32.01 - 1 P . O Q  Q,?? 1;P.QQ 
Y 120 1 - 0 2  -2.58 3-66 2 0 , l l  -14..08 1.40 lO.(BO 
P 120 1-10 -2.50 4.29 24.69 -17 .00  5.97 33.00 

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  
A :  1; Y E A R  L A G ,  
8: 5 YEAR L A G ,  
C: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  L A G S ,  
0 :  6 Y E A R  L A G .  

F :  7 Y E A R  L A G .  
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  S /  6 ,  AND 7 Y E A R  F A G S ,  

P: " M U L T I P L E  A G E "  M O O E L /  E X H I B I T  UT-SR. 
Q: " E G G S  ON E G G S "  M O D E L *  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  M O D E L  REP = A L P H A  * PEP * EXP ( - B E Y A  * PI 
Y :  R A T R I X  M O D E L  REP = ALPHA * P E P  f E X P  ( - B E T A  * P E P )  

2 :  M A T R I X  WODEL R = dSLPMA * P * E X P  ( - B E T A  * P I  

( E Q U A T I O N  8U). 

( E Q U A T I O N  1 3 U 3 ,  

( E Q U A T I O N  1 4 U 1 ,  

... . .  
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TABLE D-127. S U N W A R Y  STATISTICS F O R  M O D E L  E S V S R A V E S  O F  
A L P H R r  A P A R A M E T E R  I N  T H E  R I C K E R  M O D E L #  
F O R  C A S E  N U M B E R  7 ( R U N  NUMBER 58). 
F L O M  .IS M O T  I N C L U D E D  I N  Y W E  F I T T E D  M O D E L ,  
Psh& R G D E 6  ESTIPF IWYES A R E  I N C L U D E D .  

P W O C .  NO.  W E A R  MEAQB w I N -  
C O D E  O F  E S T .  S T A N D A R D  S Q l J A R E  I M U M  M E D I A N  M A X I P I T i l M  
(1) O B S .  A L P H A  B I A S  D E V 1 A V I Q M  E R R O R  ALPHA ALPHA ALPHA 

A 1 2 0  5-40 2 - 1 5  1 . 2 9  6 . 1 7  
w 120  3-37 2.92 1 .55  6.97 
c 120 3 . 3 7  2-12 1.19 5 . 9 2  
0 120 3.22 i . 9 7  F -41 5.90 
E 126  3 . 4 8  2 * 2 3  i - 2 4  6 . 5 4  
F 120  3 . 5 3  2.28 2 .Q1 9 - 2 6  
M 120 2 .34  1.10 0,88 2-00 
P 120 3 - 5 0  2-25 1.28 6 . 7 2  
Q 120 3.58 2.33 9 - 2 7  7.06 
x 120  1-86 Q c 5 5  0 - 8 3  1 .ao 
E 120 3 - 7 9  2-50 1 .sa 9 -93  
Y 1213 7 . 8 9  6 . 6 4  I R A O  3~3.10 

i .a2 
1-14 
1.90 
1.45 
1.69 
1.46 
0 - 6 4  
1.56 
1.83 
0 .le0 
Q*72 
0 . 9 7  

4.11 7 - 9 1  
2 - 9 3  12 .05  
3 - 7 3  7.02 
2-91 10.47 
3.1 3 3 - 6 2  
3 . 0 9  16.92 
2 - 3 9  5.315 
3.21 7.91 
3 , Z Y  9.14 
1 . A 7  5.65 
3.38  150 .10  
3 - 3 7  11.23 

(1 )  K E Y  T O  P R O C E S S I N G  C O D E S :  

5: 5 Y E A R  LAG. 
C :  R E C R U I T S  O B T A I N E D  B Y  A Y E  A G I N G  5 AND 6 Y E A R  L A G S .  
D: 6 ' P E A R  L A G ,  

F :  7 Y E A R  L A G ,  
E: R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  S t  6 r  AND 7 Y E  S .  
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TABLE D-128.  S U M M A R Y  S T A T I S T I C S  FOR M O D E L  E S T I R A f E S  O F  
A L P H A #  A P A R A M E T E R  I N  T H E  R X C K E R  M O D E L F  
F O R  CASE N U M B E R  7 (RUN N U M R E R  5 9 ) .  

ALL M O D E L  E S T l M A T E S  A R E  I N C L U D E D ,  
FLOW I S  NOT I N C L U D E D  I N  T H E  F I T T E D  M O D E L -  

TRUE MODEL ALPHA = 5 , O i l  
TRUE M O D E L  G A f l M A  = 0,000036 

$ R O C .  NO, MEAN M E h N  M I M -  
C O 5 E  O F  E S T .  STANDARD S Q U A R E  IeUM M E D I A N  ~ ~ X ~ ~ U ~  
( 7 1  O B S ,  ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A 920 3 . 5 5  -1.45 1 . 4 4  4 - 1 9  1 . 5 s  3,47 10.56 
ti" 120 3,65 -1 .35 1 . 9 8  5 - 7 6  1 - 2 3  3 - 3 5  2 0 . 1 9  
C 1 2 0  3 . 3 4  -1.26 1 - 2 8  3 . 2 5  1 .81  3.5'8 11.13 
0 120 3 - 6 2  -7.38 1 .95  5 . 7 2  0.86 3 - 1 9  7 7 - 7 8  
E 120 3 . 8 3  -1 .17  1 . 3 4  3 . 1 9  1.97 3 . 5 2  91.32  
F 120 3,?5 -1.24 1 . 8 0  4.80 0.92 3 , 3 0  I 4 , l l  
N 120 2 . 5 8  -2.42 0 - 8 9  6 . 6 9  0.72 2,5u 6-53 
P 120  3 .91  -1.19 1 - 6 0  3 - 3 9  1.76 3 .56  92.01 
c$C 1 2 8  3 e 9 3  -1.07 1.42 3.15 1.80 3.55 11.40 
x 1 2 0  1 . 5 9  - 3 . 4 1  1.25 1 3 . 2 8  0.37 1 . 4 2  7 2 - 9 9  
Y 920 10,59 5.59  3 c - 7 3  Y75.61 0.24 3 . 8 3  286.80 
h 120 3 , 4 9  -1 .51  3 . 1 2  1 2 - 0 6  0.73 2-83 32.18  

4 1 )  K E Y  TO P R O C E S S I N G  C O D E S :  
A :  4 YEAR L A G ,  
R :  5 YEAR LAG,  
C: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 AND 6 YEAR L A G S .  
D: 6 Y E A R  LAG. 

F :  7 YEAR LAG. 
N: EQUATION 1SU: PARENTS A N D  R E C R U I T S  E A C H  O B T A I N E D  B Y  

E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 ,  6 r  A h D  7 Y E A R  L A G S .  

SUHMING O V E R  7 Y E A R S /  W I T H  A 4 Y E A R  L A G .  
P:  " R U L T I P L E  AGE" M O O E L i  E X H I B I T  U T - 5 8 ,  
Q: "EGGS ON EGGS" P I O D E t r  E X H I B I T  UT-58.  
X :  M A T R I X  M O D E L  REP = ALPHA * PEP * E X P  ( - B E T A  * P I  

Y :  W h T R I X  M O D E L  R E P  = ALPHA * PEP * E X P  ( - B E T A  * PEP)  

2 :  M A T R I X  M O D E L  R = ALPHA * P * E X P  ( -BETA * P) 

~ E ~ ~ ~ T I O ~  YU).  

dEOUA7IQIv  13U1, 

C E Q U A T I O h  1 4 U )  m 

... 
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T A B L E  1)-130. S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  E S P l t P J A T E S  O F  
A L P H A #  A P A R A M E T E R  f N  THE R I C K E R  M O B E L s  
F O R  C A S E  N U R S E R  7 (RUN NUF?@ER 5 P l e  
FLQh! I S  %OT I N C L U D E D  I N  THE F I T T E D  M O D E L ,  
M O D E L  E S T I X f i T E S  O f  ALPHA U H I C H  A R E  A S S O C I A T E D  
U X T H  N E G A T I V E  E S T I M A T E S  O F  B E T A  A R E  E 

TRUE M O D E L  ALPHA = q - 2 5  
T R U E  Y O D E L  GAMIMR = '1.0OCf336 

P R Q C ,  NO.  M E A N  M E A N  N I N -  
C O D E  O F  E S T ,  S T A N D A R D  S Q U R R E  I H U M  M E D I A N  ~~~1~~~~ 
(113 O H S .  ALPHA B I A S  D E V I A T I O N  E R R O R  A L P H A  ALPHA I;LPMA 

w 1 2 0  
B 1 2 0  
c l 2 0  
D 7 2 0  
E 120 
F 120 
N 195 
P 12Q 
61 120 
x 114  
Y 168 
E 120 

3 , 4 ?  
3 . 3 7  
3 . 3 7  
3 . 2 2  
3 - 4 8  
3 - 5 3  
2 - 4 1  
3 , 5 a  
3 - 5 8  
1 - 8 6  
8.01 
3.75 

2 . 5 5  7 - 2 2  
2 - 3 2  1 - 5 6  
2.12 1 - 1 9  
1.97 1 - 4 1  
2 "23  1 - 2 4  
2.28 2 - 3 1  
1-76 n . 8 4  
2.25 1,28 
2 . 3 3  f - 2 7  
0 -61  3 * 8 1  
4.76 1 8 . 5 4  
2 . 5 0  1 - 9 0  

6.17 5 - 8 2  3 ,11  a,sa 
5 . 9 7  1 - 1 4  2 - 9 3  fZ.t"iS 
5.82 1.70 3 * a 3  7 - 0 2  
5.90 1 , 4 5  
6 - 5 4  1.69  3 - 1 3  8 * 6 P  
9 . 2 4  1 - 4 6  3,OP 7hS,B% 
2.06 0 . 9 7  2 - 4 4  5 - 3 0  
6.72 1 - 5 6  3 , 2 1  2 - 9 1  
7.06 1.83 3 , 2 9  9 , 1 4  
1.03 0 .83  3 - 7 2  5 . 6 5  

3 8 9 . 6 5  0.84 J , 4 3  150,IO 
9 . 9 3  0.97 3-57 '1'5.23 

( 2 )  K E Y  T O  PROCESSING c m t s :  
A :  4 Y E A R  L A G .  
6: 5 Y E A R  L P G ,  
C: R E C R U I T S  O B T A I N E D  B'v  A V E R A G I N G  5 AP:D 6 Y E A R  L A G S ,  
D: 6 Y E A R  L A G ,  

F: 7 Y E A R  LAG, 
Flc E Q U A T I O M  15U: PPlREMTS A N D  R E C R U I T S  E A C H  ~~~~~~~Q R Y  

E :  R E C R U I T S  O B T A I N E D  HY A V E R A G I N G  S F  b r  AluD 7 Y E A R  LAGS, 

S U M M I N G  O V E R  7 Y E A R S #  W I T H  A 4 Y E A R  L A G .  
P: ~ * M U L Y I P L E  AGE' *  M O D E L  E X H I B I T  U T - 5 8 .  
Q t  " E G G S  O N  E G G S ' *  M O D E L #  E X H T R X T  U T - 5 8 .  
X E  M A T R I X  M O D E L  R E P  = ALPHA * PEP * E X P  (-BET& * PI 

Y :  M A T R I X  M O 5 f L  R E P  = A L P H A  * PEP * E X P  < - B E T A  Jr PEP3  

Z :  F I A T R I X  P O D E L  H = ALPHA * P * EXP ( - B E T A  * f a ]  

C E Q U A T I O H  8U). 

fEBUATXOfU 13u1,  

( E B U A ' T I O N  t 4 U 3 ,  
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T A R L E  D-131 .  S U M M A R Y  S T A T I S T I C S  F O R  M O D E L  l r S T l W A T E S  O F  
4LPWhs A P A R A M E 7 E R  I N  T H E  W I C K E R  M O D E L ,  
F O R  C A S E  NUMBER 7 ( R U N  NUPPRER 5 9 ) .  
F L O W  IS NOT I N C L t J D E D  I N  T H E  F I T T E D  M O D E L .  

Id1Tt.l N E G A T I V E  E S T I M A T E S  OF B E T A  A R E  E X C L U D E D .  
N O D E L  ESTIMATES O F  a u w  M H ~ C H  A R E  A S S O C I A T E D  

T R U E  M O D E L  ALPHA = 5,OC 
Y H I J E  M O D E L  G A M M A  = 0,T)OQQ3f ,  

P R O C .  NO. M E A N  PIEAN WIN- 
C O D E  O F  E S T .  S T A N D A R D  S Q U A R E  XMUM TUIEDIAN f l & X I M k J M  
(1 )  OBS, ALPHA B I A S  D E V I A T I O N  E R R O R  ALPHA ALPMA ALPHA 

A 120  3 . 5 5  

c IZQ 3.74 
0 1ZO 3.62 
E 120  3.83  
F 1 2 0  3 .76  
N 118  2 .52  
P 12Q 3.84 
@ 1 2 0  3 . 9 3  
x 8 4  1.83  
Y 111 1 1 . 4 0  
2 119  3 . S 4  

B i z a  3-65 
-1 - 4 5  1 . 4 4  6 - 7 9  1 .5s  3 , & 7  10 .55  
-1 - 3 5  1 . 9 8  5.76 1 . 2 7  3 , 3 5  20 .19  
-1 .26  1 . 2 8  3.25 1 . 8 1  3 . 5 7  1 9 . 5 3  
-1 038 1 .95  5 . 7 2  Q"86 3 .19  17.73 
-1 e17 1 . 3 4  3 . 1 9  1 . 9 7  3 - 5 2  11 .32  
- 1 . 2 4  1 * e o  4 . 8 0  0 . 9 2  3 - 3 0  14 .11  
-2 - 3 3  0.87 5 . 5 6  0.36 2 - 5 1  5 . 5 3  
-1 .79  1 . 4 0  3 . 3 9  9.76 3.56 1 Z . C l  
-1.07 1 . 4 2  3.16  1.80 3 . 5 8  11 .10  
-3 ,47  1 . 3 1  1 1 - 8 5  0.85 1 .61  1 2 . 9 9  

6 , 4 0  37.82 1 1 3 5 3 . 8 4  0 . 6 9  44-46 Z86.9Q 
-1  - 4 9  3 , 4 3  72.03 0 - 9 6  2 - 8 5  32.18 

( 1 1  K E Y  1 0  P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
E?: 5 Y E A R  LAG. 
C: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 AND 6 Y E & @  L A G S ,  
D: 6 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  B Y  A V E R  GIhiS S r  6, A N D  7 Y E A R  LhGS, 
F :  7 Y E A R  LAG. 

U A T I O N  1 5 U r  P A R E N T S  AND R E C R U I T S  E A C H  O B T A I N E D  141 
S U N M I I M G  O Y E R  7 Y E A R S I  W l T W  Pi 4 Y E A R  L A G ,  

P:  " N I J L V I P L E  A G E ' *  M O D E L r  E X M I B X T  U T - 5 8 .  

x :  RATsq-rWIb; R O D E L  REP = ALPHA * PEP * E X P  ( - B E T A  * P I  

Y :  P P A T R I X  P I O D E L  REP = EahPMA * PEP * E X P  ( - B E T A  * PEP) 

E :  W A T R E X  M O D E L  Fa I- ALPHA * F * E X P  ( - B E T A  * P I  

Q: " " E G G S  O N   EGGS^^ F I O D E L ~  E x W x a I X  U T - 5 8 .  

(EBh4rthTZON 8 U ) .  

( E Q U A T I O N  13U) . 
( E Q U A T  10N 1 4 V ) .  
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TRBLE D-132. SULviMARY S T A T I S T I C S  F O R  M O D E L  E S T I N A T E S  O F  
ALPHA# A PARAMETER I N  THE R l C K E R  N Q D E L P  
F O R  C A S E  NUMBER 7 (RUN NUMflER 6 0 ) .  
F L O W  I S  N O T  I N C L U D E D  I N  T H E  F I T T E D  M O D E L ,  
M O D E L  E S T I M A T E S  OF ALPdA W H I C H  A R E  A S S Q C I  
W I T H  N E G A T I V E  E S T I M A T E S  OF B E T A  A R E  E X C L U D E D ,  

T R U E  H O D E L  ALPHA = 20,Od 
TRUE M O D E L  G A M M A  = 0,000036 

P R O C .  NO.  M E A N  M E A N  M I N -  
CODE. O F  E S T ,  S T A N D A R D  S Q U A R E  I M U M   RE^^^^ # ~ X ~ ~ ~ ~  
( 1 3  Q B S ,  ALPHA B I A S  D E W L A T I O N  E R R O R  A L P H A  ALPHA ALPHA 

A 120  
B 120 
c 120 
D 120 
E 120 
F 120 
N 1 1 7  
P 120 
Q 1 2 Q  
x 103 
Y 115 
z 119 

3.73 - 1 6 - 2 7  1 . 8 2  2 7 0 . 4 1  1 .53  3. 
3.79 - 1 6 - 2 1  9-74 267.91 1 - 4 3  3 .  
3.81 -16 .19  1 . 3 0  266,OI 1.94 3 , 6 3  10.83 
3.57 -16.43 1.31 273,80 1.28 3 . 3 8  9.64 
3-82 -16 .18  1 , 3 5  265.86 2,09 3-57' 1 Q , S k !  
3.51 - 1 6 , 4 9  3 - 7 0  277.08 1.56 3-07 1 7 - 8 9  
2.69 -17-31 0.97 x ~ 0 7  0.90 2, 7.17 
3.81 -16.19 1 .63  267.12 7 . 5 0  3 - 5 4  1 9 - 5 5  
3 .84  -16.16 1 - 5 7  265,70 1.95  3 - 5 3  1 4 . 3 1  
1.82 -18 .98  0.83  334 .57  0.83 3 - 6 4  5 . 4 1  
8.11 -11 .89  1 4 . 9 3  3 6 5 , 4 6  f l -95  4 , 5 1  732.90 
3.63 -16.37 1 - 9 9  274.29 0.95 3.13 ? 0 , 9 6  

(1 )  K E Y  10 P R O C E S S I N G  C O D E S :  
A :  4 Y E A R  L A G .  
8: 5 YEAR L A G .  
C: R E C R U I T S  O B T A I N E D  B Y  AVERAGING 5 A N D  6 Y E A R  L A G S ,  
D: 4 Y E A R  LAG,  

F :  7 YEAR L P G ,  
N: E Q U A T I O N  15U: P A R E N T S  AND R E C R U P P S  E A C H  O B T A I N E D  B Y  

E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  b r  A k D  7 Y E A R  L A G S .  

S U M R I N G  O V E R  7 YEARS, W I T H  A 4 Y E A R  L A G ,  
P :  "HULTPPLE A G E "  f l O Q E L ,  E X H X R P T  U T - 5 R 5 ,  
U: "EGGS ON E G G S "  f l O D E L r  E X H I R X Y  UT-58. 
X: M A T R I X  M O D E L  R E P  ALPHA * PEP * E X P  ( - B E T A  * FP 

Y :  f l A T R I X  R O D E L  REP = ALPHA * P E P  * EXP ( - B E T A  * PEP) 

2 :  M A T R I X  M O D E L  R = ALPHA * P f EXP ( - B E T A  * PP 

( E Q U A T I O N  S U I .  

( E Q U A T I O N  1 3 U ) .  

( E Q U A T I O h  1 4 U ) .  
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A 120 3 - 4 3  2.18 1.41 6 . 7 b  1.61 3 . 3 2  1 1 . 7 9  
M 120 3,38 2.13 1.62 7 - 1 7  1 .14  2 . 9 5  72.01 
c 120 3 . 3 8  2 . 1 3  1 . 2 3  6 - 0 8  1.67 3.16 7 - 8 2  

E 920  3.53 2.25 i - 2 8  5 . 7 3  l . h t  i.l.16 8. T O  
F 120 3 - 5 4  2.29 1.97  9.19 1.35 3.07 15.03 
P 120 5.50 2.25  1-31 6 . 8 2  1.58 3.15 7 - 3 0  
D 120 3.58 2.33 1 . ? a ?  7.14 1.82 3 . 3 6  8.Fb 
x 120 1.30 0.55 c - 8 7  1 .ar  0.39 1.65 4 .a4 
Y 120 7.87 6.52 1 8 - 9 3  4C2.73 0 , 'QY 3-62 1PD.c)O 
Z 120 3-76 2.51 2.UQ 10.33 n m 9 s  3 . 4 - 3  10.21 

c 120 3 - 2 4  1.99 1.42 6.02 1.48 2.39  8.90 
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T k R L E  D-136. SUPIMkRY S T A T I S T I C S  F O R  M O D E L  E S T l R A T E S  O F  
P C P H A r  A P A R A M E T E R  I M  T H E  R I C K E R  M O D E L ,  
F O R  C A S E  NUMBER 7 (RUN ~ ~ M ~ E ~  5 8 ) .  
FLOW IS I N C L U D E D  I N  T H E  F I T T E D  M O D E L .  
M O D E L  E S T I M A T E S  O F  ALPHA W H I C H  A R E  A~~~~~~~~~ 
W I T H  N E G B T I V E  E S T I M A T E S  O F  B E T W  A R E  E X C L U D E D .  

TRUE M O D E L  ALPHA = 1 - 2 5  
T R U E  M O D E L  G A M M A  = 0.m1ao36 

P R B C ,  MQ. IYIEAN M E A N  M I N -  
C O D E  Q F  E S T ,  S T A N D A R D  S Q U A R E  I M U M  M E D I A N  R W X I W  
(1) 08s. A L P H A  B I A S  D F V I A T I O N  E R R O R  ALPHA ALPHA ALPHfi  

A 120 3 . 4 3  2.18  1,411 6,76 3 . 6 1  3 . 7 2  59 .79  
8 120 3 - 3 8  2 . 1 3  1.62 7.17 1 . 1 4  2 * P 3  %Iz,cIQ 
C 125 3 - 3 8  2 - 1 3  1-23 6.09 1.67  3 - 7 6  7-82 
D 120 3 - 2 4  1 . 9 9  1 * 4 2  6.02 l * 4 8  2.90 43-90 
E 120 3,50 2 * 2 5  1 .zz! 6 , 7 3  1 - 6 9  3.16 8.50 
F 120 3.54  2 . 2 9  1 . 9 7  9 * 1 9  2 - 3 1  3.01 1 5 * Q l  
P 120 3 - 5 0  2 - 2 5  1 .34  6.P2 1,56 3.65 
Q 120 3.58 2 - 3 3  1 * 2 P  7.14 1 * E 2  3 . 3 0  8 - 8 6  

110 1 - 9 0  0.65 0.84 1.44 0.72 1.75 4 - 8 4  
Y 1 1 4  8.25 7 - 0 0  19.36 424.07 0.77 3-85 fEO,UO 
z 120 3,7& 2.51 2.00 1 0 - 3 3  0 - 9 1  3 . 4 3  10.27 

(1) K E Y  T O  P R O C E S S I N G  C O D E S :  
A:: 4 Y E A R  L A G ,  
6: 5 Y E A R  LAG, 
C E  R E ~ ~ ~ X ~ ~  O B T A I N E D  B Y  ~~~R~~~~~ 5 AND 6 Y E A R  b 
0: 6 Y E A R  L A G .  

F: 7 Y E A R  LAG. 
E: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5, h a  AND 7 Y E A R  H W G 5 .  

P:  " M U L T I P L E  BGE"  M Q b E L r  E X H I B I T  U T - 5 8 .  
(9: " E G G S  O M  E G G S " "  M O D E h r  E X H X B P T  U T - 5 8 .  
X :  R A T R I X  M O D E L  REP = ALPHA * PEP * EXP (-BEPA * P I  

Y:  M A T R I X  M Q Q E L  REP = ALPHA * P E P  * EXP ( - f f E T  

E :  ~~~R~~ R O D E L  H Z= ALPHA * P * E X P  ( - R F T A  * P I  

( E Q U A T I O N  8 U ) ,  

Q E Q W A T L Q N  13U). 

( ~ Q ~ A ~ ~ ~ ~  14I.J). 
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T A B L E  D-138. SUHRWRY S T A T I S T I C S  F O R  M O P E L  E S T I W A T E S  OF 
A L P H A ,  A P A R A M E T E R  IN THE R X C K E R  M O D € L r  
F O R  E & S E  NUMBER 'P (RUN NUNBER h o ) .  
F h O U  I §  I N C L U D E D  ]IN T H E  FITTED M O D E L ,  
M O D E L  E S T I l Y l A T E S  O f  ALPHA U H I C H  A R E  A S S Q C P A T E D  
WIT!-$ N E G A T I V E  E S V I W B T E S  O F  B E T A  AWE E X C L U D E D ,  

P R O k ,  N O ,  M E A M  B E A M  M I N -  
C O D E  OF E S T ,  S T A N D A R D  S Q l l A R E  /HUM M E D I A N  M A X l M t i P l  
f l )  Q8S, ~~~~A B I A S  D E V I A T I O N  E R R O R  ALPHA ALPHA ALPHA 

A l20 3 .70  -18,3Q 5 279,30 1 . 4 9  3 , 2 9  97.15 

c 120 3 . 8 %  -1fi.17 1-31 2 6 5 . 5 3  1-94  3 - 5 9  6 1 . 5 4  
20 5 - 5 6  -76.44 1.28 274.16 1.02 3 - 3 9  9 - 6 9  
20 3.85 -16-15 1 . 3 4  264,80 Z . 1 5  3.61  1 0 , 9 2  

F 20 3 - 5 9  - 1 6 m 4 1  1 - 7 8  i'94,62 t . 5 7  3 - 1 6  13.26 
P 120 3.83 -66.17 1.66 766,31 1-60 3.58 16.28 
6)1 120 3.85 - 1 6 * ? 4  6 .56  265.93 1.86 3-52 14.44 
fE 103 1.88 -98 .12  1 - 0 3  332 .52  0.89 1.58 7 . 2 4  

1 9 , O S  4 6 6 . 8 1  0,8P 4.63 139.40 
Z,P6 272 ,77  0.76 3 - 1 5  32-14 

B 120 3 . 8 4  -"16.16 a m ~ 6 3  I A O  3 . 4 0  9 6 . 5 0  

3 K E Y  T O  ~~~~E~~~ 
A:  .% Y E A R  L A G .  
€3: 5 Y E A R  L&G. 
C: R E C R U I T S  O B T A I N E D  BY ~ V E ~ ~ ~ ~ ~ ~  5 A N D  6 YEAR L A G S ,  
D: 6 Y E A R  L A G .  

T r  7 Y E A R  L A G .  
E :  R E C R U I T S  O B T A I N E D  BY A V E R A G I N G  5 1  6, A N D  7 YEAR L A G S .  

Pr "MULTIPLE A G E "  M Q O E t r  EXHIBIT UT-58,  
E G G S  ON EGGS" R O D E L /  E X H l R I T  U T - 5 8 ,  
A T R I X  MOOEL REP zz ALPHA * PEP * E X P  (-BETA * P) 
A T R I X  M O D E L  REP = ~~~~~ * PEP * E X P  ( -BETA * P E P )  
~~~~~~~~ 7 J U I e  
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TABLE D-140. SUMMARY S T A T I S T X C S  F O R  M O D E L  E S T I M A T E S  O F  
GAMMA8 T H E  C O E F F I C I E N T  R E L A T I N G  R I V E R  F L O M  
T O  S U R V I V A L . +  F O R  C A S €  N U M B E R  7 (RUN ~~~~E~ 5 9 1 .  
ALL GAMMA VALUES H A V E  B E E N  S C A L E D  B Y  
M U L T I P L Y I N G  B Y  1 O l i r a O O  PRIOR T O  A N A L Y S I S .  

TRUE RODEL G A M M A  = 3 . 4 0  
TRUE M O D E L  A L P H A  = 5 , O O  

FPROC.  NO, M E A N  MEAN M X N -  

(1) O R S .  G A R M A  B I A S  D E V I A T I O N  ERROR GAMMA GAMMA GAMMA 
E OF EST, S T A N D A R D  S Q U A R E  I M U R  M E D I A N  WAXIMUM 

A 12Q 
B 120 
c 120 
0 120 
E 120 
F 120 
P 120 
Q 120 
x 120 
Y 120 
z 120 

0.38 
0 - 9 3  
0,515 
0 . 3 9  
0 . 3 6  
0 . 3 9  
0 . 3 9  
0.18 
1.16 
1 - 0 9  
1-08  

- 3  * 22 4 - 0 5  2 6 . 9 0  - 1 4 . 0 0  0.88 12-00 
-2.67 4 - 4 1  26.64 -13.ffQ 0.5? 16.00 
- 3 . 0 4  2,93 1?.90 - 1 2 . a O  0 , 3 3  7*33 
-3 .21  S e ? O  3 6 - 4 3  -21.00 0.20 I 2 . C l O  
- 3 . 2 4  2.54 1 7 . 0 4  -12,QO 0 . 3 4  7.?0 
-3.21 4.72 32,67 -13-00 0 - 4 4  Z1,B) 
-3.21 2 - 7 0  17.68  - 1 2 - 0  
- 3 . 4 2  2 - 3 1  1 7 - 1 4  -11,ff 
- 2 . 4 4  5 . 1 2  32,19 - 1 3 - 0  
- 2 . 5 1  4 . 9 7  31.02 - f 2 . 0 0  
-2.52 4 . 8 1  2 9 - 5 9  -12.00 0.61 

( 1 3  K E Y  T O  P R Q C E S S I N G  CODES: 
A :  4 Y E A R  L A G .  
8: 5 Y E A R  LAG.  
C :  R E C R U I T S  O B T A I N E D  BY AVERAGING 5 AND b Y E A R  LAGS, 
0: I5 Y E A R  LAG, 

F: 7 Y E A R  L A G .  
E :  ISECRI I1 ITS  O B T A L N E O  B Y  AVERAGING S r  6~ APID f Y E A R  L A C S .  

P :  * M U L T I P L E  A G E "  R O O E L r  E X H I 8 1 8  U T - 5 8 ,  
Q: " 'EGGS ON E G G S "  M O D E L #  E X H I B I T  U T - 5 8 .  
X :  M A T R I X  HODEL R E P  = ALPHA * P E P  * E X P  (-BETA * P I  

Y :  B A T R I X  MODEL R E P  = ALPHA * PEP * EXP ( -BETA * PEP) 

2 :  M A T R I X  MODEL R = ALPHA * P * EXP ( - % E T A  * P I  

( E Q U A T I O N  8U), 

l E Q U A T I O N  1 3 U ) .  

( E Q U A T I O N  1 4 U ) .  

.... 
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TRUE M O D E L  G A M W P I  = 3 . 5 0  
O Q E L  ALPHA = 20,UO 

A 1 2 0  -6.28 - 3 . 8 8  4.40 3 4 . 5 3  -33,oo -1?.12 1 3 - 0 0  
B 1 z a  0.33 - 3 - 2 7  4 .12  27.74 -JCJ,QO 0,87 12,8(9 
c 120 0.12 - 3 . 4 8  2-97 21.06 -16.00 0.13 5 ,?0  
B 420 -0.23 -5,83 4 , 6 5  3 6 - 3 7  -29.Ofl  (7.24 l2,CiO 
E 120 -0,13 - 3 , 7 3  2,86 21 .84  -18 .00  0,11 7.4@ 
F 120 - 0 - 5 3  - 4 . 1 %  4.w 40 .40  -zz,oa - C L I P  w , o a  
P 12a  O , Q ~  -3.58 2-86 2 1 . 1 2  -17.00 0 - 1 0  7.60 
Q "920 -0.13 - 3 , 7 3  2 - 4 9  20.29 -16.08 - 0 - 2 3  5.68 
x 920 0.74 - 2 - 8 6  5-00 3 3 , Z l  -15 .00  Os78 19,uo 
Y 120 0 .75  - 2 . 8 5  5 . 1 8  3 4 - 6 9  - S ? . O Q  1 . 2 5  1b.UQ 
z 120 6 . 7 9  -2.81 4.92 3 2 . 9 9  - ~ b s . o O  1.90 1 7 - 0 0  
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"PE5'8 RESULTS FROM THE V A L I D A T I O N  A N A L Y S I S  

This appendix presents summary results, analogous to those in 

Appendix D for the curve-fitting exercise, from application of the 

validation methodology to the utilitiesb "prior estimation of beta'l 

{ P E B )  technique for Cases 1 through 7. The conditions governing these 

Cases are explained in a general way in Chapter 3, and are summarized 

i n  Table 0-1. The PEB technique i s  explained in Chapter 5 .  

Tables E - 1  through E-56 are o f  the same general format as Tables 

2-5 i n  the main text. This format i s  explained in some detail i n  

Chapter 4. Tables here a r e  grouped in order of Case, so that all tables 

pertaining t o  Case 1 are grouped together. Within a Case, they are 

drranged by Run number, within type o f  analysis. For example, the 

first type o f  analysis presented within Case 1 i s  a l p h a  estimated by 

the PEB technique without exclusions; Tables E-1 through E - 7  present 

the results for this analysis from Runs 26-32. The next and final type 

of analysis is that far alpha estimated by the PEB technique w i t h  

exclusions (see Chapter 5 ) ;  Tables E-8 through E-14 present these 

results. This pattern i s  then repeated for Case 2, and so forth. 

Because of space l i m  

exponential notation. 

2.93E323 means 2.93 x 

tations, some o f  t h e  tables use computer-style 

As an example (first occurrence in Table E - I ) ,  

ioz3. 



O0+880 'E 
0 0 +a 80 - 2 
00M29 '2 
00+ZLl 'Z 
oo+atrs'l 
00+~12 '2 
00+8 8 1 '2 
00G3ES '2 
00 +aZE - 2 
00+X66' 1 
00 +ais - z 

ZE-BZ9'1 
1 b-ael 'Z 
ZE-aOO'l 
ZE-800 '1 
92-390 'E 
8Z-HZE'6 
Zf-XO8'9 

OE-3hL'L 
OE-TT 9E 'S 
ZE-aOO '1 

Liz-a co - i 

z94azs '2 
19+aOtr'8 
9LtX90'S 

L 9 +a Otr '8 
LO+E[&Z '8 
O2+3L E '1 
SZ+BEO '1 
C2+388 '6 
trz+a19 'L 
6D+BbO'L 

Lz+asE -L 

Ot: +3QS '2 
62 48 EE '8 
kO+a 50 2 
2 1436.L 'h 
62+2EE '8 
EO+32O '1 
60*BtrO 'L 
Ll+Z88 'E 
1 L +3L8 't 
LL +a28 'Z 
E2 +3E6 '2 

OLE 

02 1 
02 1 
02 1 
02 L 
021 
02 1 
02 1 
02 1 
021 
02 1 
oz 1 

'S00 
dQ 
'ON 

EA/ 5 8E - W1/33WlN/ 1N 80 
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TABLE E-?. 

NO. 
PFIOCESSING OF 
CODE (1)  OBS 

A ( 2 )  120  
B ( 3 )  120 
c (2) 120 
D ( 2 )  120 
E (2 )  1 2 0  
F t2)  120  
8 120 
P 62) 120 
Q 12Q 
Y 13) 120 
z {2) 120 

SUHlARY S T A T I S T I C S  FOR NODEL ESl 'IflATES O F  ALPHA, A PARAUETER 
I N  ERE RICKER BODEL, FOR CASE BQRBER 1 (BO?l NUNBER 27). TRESE 
RESULTS ARE P R O M  TEE APPLICATTOI OF TBE TECHNIQUE IWWOLVIlG 
TUE P R I 3 R  ESTIRATION OF BETA, THE OTHER PABAUETER IN THE 
BICKER EODEL. ALL OF THE MODEL ESTIRATES ARE I 1 C L O D E D .  

TRUE MODEL ALPHA = 1.25 
T R U E  BODEL GAUHA = 0 . 0 0 0 0 3 6  

BELN flEAPf 
ESTIIQAZED STANDARD SQUARE U I M I N O U  FIEDfAN 1IAPI(IOM 
AL?HA BIAS DEVIATION ERROR BLPBA ALPBL BLPHL 

(1) KEY TO PROCESSING CODES: 

l 1 0 5 E + 1  0 
8 . 3 3 E + 2 P  
4 . 4 8 3 + 2 3  
2 . 7 1 E + 2 4  
2 . 3 % + 2 5  
2 . 7 9 E + 2 5  
4 . 9 5 3 + 1 6  
5 .. 78E+21 
Q. 1 0 E + 0 4  
8.333*29 
6.6 1E+l6 

1. Q 5 E + 1 5  
8 .33E+ 29 

2.71E+2U 
2- 33E+ 2 5  

4 . 4 e ~ + 2 3  

2 . 7 9 E + 2 5  
4 , 9 5 E +  16 
5 . 7 8 3 + 2 1  

% . 3 3 E + 2 9  
6.61 E + 1 6  

4.10E+OY 

1.15E+lt 
9 . 1 3 E + 3 0  
4 . 8 6 ~ + 2 a  
2.29E +25 
2.55~*26 
3.06E+26 
5 . 4 2 E + 1 7  
6 . 3 4 3 + 2 2  
4 . 3 8 E + 0 5  
9 . 1 3 E + 3 0  
7.243+17 

1.333+22 
a. P O E + ~  1 
2 . 3 9 E + 4 9  
5 . 3 0 E + 5 0  
6.57E+52 
9 . 4 5 3 * 5 2  
2.973+35 
4 . 0 5 E + 4 5  

5.. 2 9 E + 3 5  

1 .94E+ 11 
8. QOE+61  

3.27E-16 
2.16E-14 
3.863-21 
5.283-28 
1.llE-21 
1.OOE-32 
1.26E-03 
I .I 00E-32 
2 . 5 1 E - l l  
1.. WE-23 
1 - 0 0 E - 3 2  

3 . 7 9 E + 0 0  
2 . 9 6 E + 0 0  
2 e Q9E+OO 
2 .53EtOO 
2 . 6 7 8 + 0 0  
2 ,99E+OO 
1 . 8 8 E + 0 0  
2.65E+O 0 
3.03E+OO 
2- 0 5E+O 0 
3 . 0 2 E + 0 0  

1 . 2 6 ~ + 1 2  
1 .00E+32  
5 . 3 3 E + 2 5  
2 . 3 4 E + 2 6  2.80C+21 

3 . 3 5 8 + 2 7  
5.94E+1 B 
6 . 9 4 t l t 2 3  
U . 8 0 E + 0 6  
?.05E+32 
7.93Et18 

A: 
B: 
c:  
D: 
E: 
F: 
N: 

P: 
Q: 

2: 
-. 

4 YEAR LAG. 
5 YEAR LAG. 
RECRUITS 3 B P k I N E D  B Y  AVERAGIlG 5 A N D  6 YEIR LAGS. 
6 YERR LAG. 
RECRWITS OBPAINED BY AYEFAGIIG 5, 6 ,  A N D  7 YEAR LAGS. 
'? YEAR LAG. 
EQUATIOB 1 5 0 :  PARENTS A N D  RECRUITS EACH OBTAINED B Y  SUNNING 3VEB 
7 YEARS, WITH A 4 YEAR LAG. 
"MULTIPLE AGE" MODEL, EXHIBIT UT-58. 
"EGGS ON EGGS" MODEL, EXHIBIT  UT-58. 
BATRIX HODEL REP = ALPHA * P E P  * EXP (-BETA * PEP)  (EQUATIOH 'l3U). 
NRTRIX NODEL R = ALPHA * P * EXIP (-BETA * Pi (EQUkTI3M 1 4 0 ) .  

42) AT LEAST ONE VERY SMALL NUHBER (<IO**-32) WAS ERCOOWTERED D U R I N G  
THE CALCULATION OF THE ESTIMATE OF ALPAL OR D U R I N G  CALCDLATION OP THE 
S T A T I S T I C S .  THE VALUE FIAS SET TO A IPOBBER AT LXASZ 4s  SHALL I S  90**-32. 
SO GREAT INACCURACIES SKDOLD APPEAR 1% TKE RESULTS. 

(3) AT LEAST O N E  VERY LARGE WUHEEX (>10**32) WAS EICOUWTERED D U R I N G  
TRE CALCULATION OF TAE ESTIMATE O F  BLPRA OB DURING CLLCQLAFLQN OF TBE 
S T A T I S T I C S .  THE VALUE WAS SET TO A KrJnBER AT LEAST AS LARGE AS 10**32. 
SOME OF THE RESULTS ARE LIKELY TO BE VERI XU4CCUBATE. 



:z 
:A 
:o 
:a 
:N 

:a 

:3 
:a 

:a 

:a 

LL+'JlL 't 

ZS+BOO'L 
ZE+iiOO * 1 
Ze+aOO'l 
2C*800'L 

ZE+BOO'l 
ZE+aOO'l 
Zt'+BOO - 1 
ZS+BOO '1 

YHdlY 

zE+aoo - L 

zf+aoo -1 

unw-utg 

z 1-ans -z 
LL-BCL'l 
60-3E9 'E 
7E-800'1 
tr-XOO-1 
It-BRL '1 

I~-PCO'l 
ZE-PO0 - 1 
2E-aOO-L 
ZE-800'1 

IIHd?Y 
BDBIIIW 

zc-a co - t 

s 1 +26C 'E 
OE+BOS '2 
Of+SIL9'1 
6Z+aEE'E 
6Z+8EE '8 
Of +a05 '2 
OE+ak9'1 
62+3S9 '8 
OE+3OS 'Z 
OE4X6.9'1 
6Z-PaEE-B 
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lCABLE E-4. SUt?i&)IRY S T A T I S T I C S  FOR NODEL ESTILIATES OF ALPHR, A PABBqETER 
I N  THE E I C K E R  1IODEL, FOR C A S E  WUXBER 7 ( R U N  LBORBER 2 9 ) .  THESE 
RESULTS ARE PROM THE A P P L I C A T I O N  OP T H E  TRCBNISlUE INYOLBING 
THE PBI3R E S T I X A T I O N  OF BETA, THE OTBER PARAHZTEB I# TKZ 
B I C K E R  FRDEL. A L L  OF THE MODEL E S T E H L T E S  ARE XWCLIIDZO. 

TFUE MODEL A L M A  = 5 - 0 0  
TRUE RODEL GANWA -= 0.000036 

NO. BEAN B E R N  
PROCESSING OF ESTIt lAl 'ED STANDARD SQUARE W I N I X U X  NEDIAN HAXXNIJK 
CODE ( 1 )  OIS. RLPBA BIAS D E V I A T I D H  ERROR ALPHB &Leva ALPHA 

A (3) 120  
I1 (3 )  120 
c ( 3 )  120 
D (3) 120 
E ( 3 )  120 
F ( 3 )  120 
I [ 3 )  120 
P 120 
Q ( 2 )  120 
Y (3) 120 
2 { 3 )  120 

2 . 5 0 3 + 3 0  
1 . 6 T E + 3 0  
8.33E+29 
0.3 3 ~ +  29 
9 . 3 3 E e 2 9  
8 . 3 3 E + 2 9  
8 . 3 3 E t 2 9  
6 - 2 1  E+06 
2.14E+07 
8.3313*29 
? . 6 7 E + 3 0  

2.5OEi30 
1.673+30 
8.333+29 
0,33B+29 
8 , 3 3 E + 2 9  

8.332+29 
8 , 3 3 E : + 2 9  

8.21 E 4 0 6  
2 . 1 4 3 4 0 7  
8.333+29 
1.673430 

' 1 , 5 7 E + 3 1  
1.29E+3l 
9 . 1 3 E 4 3 0  
9*13E+30 
9.13E330 
9 , 1 3 E + 3 0  
9 . 1 3 E i 3 0  
8,5BE*07 
2-34E+08 
9. ' l 3 E + 3 0  
1 I 2 9 E  +J 1 

3.49E-07 
2 . 3 7 2 - 0 5  
5 . 4 5 E - 0 7  
1.38E-26 
4.30E-21 
1.00E-32 
7.229-12 
3 - 6 3 E - 3 8  
9.QDE-32 
8.463-23 
1.00 E-32 

5.6 2E+00 
4 5 1 E+ 00 
3 . 7 3 E t 0 0  
3.34EiD0 
4 . 0 6 ~ 4 0 0  
5 . 0 8 ~ + 0 0  
2,19E+00 
3.77EtOO 
3 . 7 4 ~ + 0 0  
1 . 0 8 E + O ?  
5 . 2 1 ~ t O O  

{I f  KEY TO PROCESSING CODES: 
A: 4 I X A R  LAG. 
B: 5 PEAR LAG. 
C: R E C R U I T S  O B ' P a K N E D  BY AVERAGING 5 A I D  b YEAR LkGS. 
D: 6 I l X R R  LAG. 
E: RECRWITS OBTAINED BY IWEBAGING 5, 6, ABD 7 YEAR LAGS, 
P: 7 YEAR LAG. 
ti: E Q U A F I O N  154: P A R Z I T S  B H D  R E C R U I T S  EACH OBTAINED BY SU14flX:NG 3PEB 

7 Y'EhRS, WITH A 4 Y E I B  LAG. 
P: "MULTIPLE AGE'' I D D E L ,  E X H I B I T  UT-58. 
Q: "EGGS ON EGGS" XODEL, E X H I B I T  UT-56. 
Y: I A T I I I X  BODEL RSP E ALPHA * PEP * 3XP [ -BETA * PEP)  {BQUiiTIO# 13U$ 
$5: K A T R X X  MODEL R = ALPHI * P * EXP (-BET& * P) (EQUATE38 ? & a ) .  

(2) AT LEAST ONE VERY SflALL WUnBER ( < 6 0 * * - 3 2 )  WAS EUCOUBTERED D U R I N G  
THE CALCULATION OP TAE E S T I H A T E  OF BLPHA 03 D U R I N G  CALCVLAPXOl  OP TEE 
S T A T I S T I C S .  THE VhLWE WAS S E T  T O  A W E B E R  hill LEASZ AS SHALL AS 10**-32. 
NO G R E B T  1 N I C C U R I C I E S  SHOULD APPEAR I1 THE RESULTS. 

( 3 )  AT LEAST ONE VERY LARGE ElDtlBER ( > 1 0 * * 3 2 )  WAS XBCOUHTERED DURING 
THE C&LCULATIOW OP THE E J T I l h T E  OF ALPHI OB DURING CALCUCITION OF T H I  
S T A T I S T X C S .  THE VALUE U A S  S E T  TO A NUMBER AT LEAST AS. LIRGE AS Y0**32, 
SOUE 01" THE RESULTS ARE L I R E L Y  TO BE VER? PHACCOBBTE. 



I 'ABLE E-5. 

NO. 
PROCRSSING O F  
cnnE (1 )  OBS. 

A (3)  120 
R (31  120 
17 [3)  120 

3 ( 2 )  120 
P ( 2 %  120 

P (29 120 
8 120 
I (3 )  120 
z 13) 120  

D ( 3 %  1 2 0  

N 121 120 
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S U R U h R Y  S T b T I S T I C S  FOR HODEL ESTII&TES O H  ALPHA, A PRRANETE:B 
I N  THE RICKER RODEL, FOR CASE N U R B E R  1 (BUN NDIIBFH 3 0 ) .  THESE 
RESULTS & R E  PROH TBZ APPLICBTTON OF TAX T X C H N I Q U E  INVDLVING 
THE PRIOR ESTIMATION OF BETA. THE: OTHER PARANETER I N  THE 
R T C K E R  RODEL. ALL OF THE H O D E L  ESTIMATES ARE I N C L U D E D .  

TRUE NODEL ALPHA = 10.00 
T R U E  RODXL G A H H A  = 0.000036 

REAN MIEABN 
E S T I k A I B D  STANDARD SQUBBE MININUH REDIAN H A X I R O I S  
ALPHA BIAS D E V I A T I O N  E R R O R  ALPHA ALPHA kLPHC. 

8.333+29 
1.67&+30 
1.67E+30 
1.49E+3@ 
2 . 3 6 ~ + 2 9  
3.43E+19 

3.47E+21 
2.71dE+ 18 
8.36E429 
8.33E+29 

4.11E+12 

8,33E+29 
1.673+30 
1 . 6 7 m 3 0  
1.49E+30 
2.36E925 
3- 43Ev19 
4. l l E +  12 
3.145E+21 
2. 7 Y W  16 
8.363*29 
8.333429 

9 .13EeN 
1.29E*3? 
1.29E+3 1 
1.1YE+31 
2.58E+30 
3.75E*2D 
4.5039 93 
3.81E922 
3.00E+19 
9.13E938 
3.13E43Q 

8. I$QE+61 
1.68E+6 2 
1.68Ec62 
1.323+62 
6,- 73E960 

1. (C6Ee45 
5 . 0 5 ~ ~ 3 8  
8.40E+61 

1.42E+41 
2.043427 

8. &OE+61 

2.24E-I 3 
1.18E-14 
9.03E-17 
1.00E-32 
1.003-32 
1.003-32 
1.00E-32 
6.77E-20 
9.29E-14 
1.59E-20 
3.52E-06 

1E. 092+00 
4 . 9 0 E + 0 0  
4.1 O E + O O  
4.BlWOO 
4.16E+00 
4.24E400 
2.77Et00 
IF. 14Et00 
4.1OE+OO 
6.62E400 
5.80E+00 

1.00E+32 
1.00Et32 
1. O O E  +32 
1.00E432 
2.83Ec.31 
& a  l l E + 2 1  
4 .93E+1 ii 
4.1784.23 
3.28E+29 
1.00e+32 
1.00%+32 

(1) KPjl TO PROCESSING CODES: 
A: 4 YEAR LAG. 
B: 5 YEAR LAG. 
C: RECRUITS OBTAINED B Y  AVERAGING 5 AND 6 YEAR LAGS. 
D: 6 YEAR LAG. 
E: R E C R U I T S  O B T h I N E D  BY AVERAGING 5. 6, hND 7 YEAR LAG$,  
P: 7 YEAR L A G .  
8 :  EpnarIoH 450: P A R E N T S  A N D  RECRUITS EACH OBTAINED B Y  S O H H K N G  ~ V E R  

7 YEARS, WITH A 9 Y E & R  LAG. 
P:  "RULTTPEE AGEo' BODEL, EXHIBIT UP-58. 
Q: "EGGS O N  EGGS" MODEL, E X B I B I T  UT-58. 
Y: I A T P P X  RODEL REP = ALPH?! * PEP * EXP [-BETA * PEP)  ( E Q U k ' E I O M  13U). 
2: HATIPIX MODEL B .= ALPHA ib P * EXP (-BETA * P)  (EQUATION 1 4 0 ) .  

(2 )  AT LEAST OWE V E R T  SHALL IUHBER (<10**-32) WAS ENCOUNTERED DDRING 
THE CALCULATION OF THE E S T I H A T E  O F  ALPHA O R  D U E L I N G  CALCULATION OF PBE 
STATISTICS.  THE V A L U E  W A S  SET TO A PWHDEB A 8  LEAST AS StIaLL AS 10**-32. 
10 G E E A T  I N A C C O R B C I E S  SHOULD APPEAR IN THE RZSOLTS. 

(3) AT LEAST ORE VERY LARGE MhltaBXR (>10**32) WAS ENCOUNTERED D U R I N G  
THE CALCULATION OF THE ESTEIATE OP &LPH% OR DURING CALCULATION OF THE 
STATISTICS.  THR VALUE H A S  S E T  T O  A NWKBER AT LEAST AS LARGE a.5 10**32. 
SOME O F  THE: XESi lLTS ARE L I K E L Y  TO BE VERY INACCURATE. 
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. .  

P R B L E  E-6. 

no. 
PROCESSING OF 
.MDE [ I )  OBS. 

A (2) 120 
€3 ( 2 )  120 
C (2 )  120  
D (2) 120 
E (2)  120 
P (3) 120  
1 112) 120 
P (2 )  120 
a (2) 120 
Y 120 
z (3)  120  

5UfiHRRY S T A T I S T ' I C S  FOB UODEI. E S T I l A T E S  OLP ALPHA, A PARAMETER 
IN THE BICKER HQDEL, FOR C A S E  NUPlBEHl 1 ( R U N  NTIEEER 3 9 ) .  THESE 
RESULT5 ABE W O K  TEE A P P L I C A T I O N  O F  T H E  TECCHNIQT(E I l V O L l b I N G  
THE P B I D R  E S T I M A T I O N  OF BETA, THE OTBEB PARAMETEB I N  THE 
RICKER BODEL. ALL OF THR BODEL 35l'TBALTES BBE INCLUDED. 

TRUE MODEL BLPBA = 25 -00  
TRUE fiODEL GAMMI = Oe000036 

MEAN I E A H  

ALPtIB BIAS D E V T A T T O I  ERROR 
ESTIMATED m m a m  S Q U A R E  

2 , 0 6 E + I Q  2.QhE+10 
2.81E+16 2 . 8 1 E W 1 6  
I .  6 5 ~ + 1 5  1 . 6 5 E +  I5 
2.47E+ 18 2.47E+ 18 
1 . 6 4 E + 1 3  1 .643+13  
1 .673+30  1 .673+30  

3.05E+2l 3, D 5 E + 2 1  

I , 6 7 3 + 3 0  1,67E+3O 

4.01E+17 4 . 0 1 E 4 1 7  
1 . 8 3 E + 1 7  1 . 8 3 E +  17 

7 . 6 2 3 + 1 1  7 . 6 2 E t l l  

2 . 2 5 E 4 3 1  
3.08E+17 
? . 8 1 E + 1 6  
2a71E+19 
1.70E+ 14 
1 . 2 9 E + 3 1  
4 . 3 9 E +  15 
2. oOE* 18 
3 , 1 0 E + 2 2  

1,29E+31 
7 .91e+12  

B l l b B U i l  
U P 8 A  

1.293-20 
6 .  a 33-23 
2.323-20 
1.11E-18 
8.691-16 
1.382-06 
5.093-29 
1.642-22 
1.12E-09 
5. 03E- 17 
3-96E-I1 

(1) KEY TO PROCESSING CODES: 
R: 4 YEAR LAG. 
B: 5 YEAR LAG. 
C: RECRWITS DBTAXMED BY AVERRGIHG 5 AND 6 YEAE LPGS. 
D: 6 YEAR L A G .  
E: R E C R U I T S  OBTBINED BY AVERAGING 5. 6, AMD 7 TEAR LAGS, 
F: 7 YEAR LAG. 
N: EQUATION 150: P a R E H P S  AND R E C R U I T S  EACH OBTAINED BY SURMING DYE!? 

7 YEARS, MITH A 4 YEAR LAG. 
P: " H U L T I P L E  AGE" BODEL, EXHlBi'!T UT-58, 
Q: "EGGS ON EGGS" MODEL, E X H I B I T  UT-58. 
Y: MATRIX MODEL REP = ALPHA * P E P  * EXP (-BET& * PEP) (EQrSkTlcON 13U). 
2 :  MATRIX BODEL R = ALPHA * P * EXP [-BETA * P) ~ E ~ ~ ~ T ~ ~ ~  180) .  

(2) AT LEAST DNX VEBY SRALL HDHBER [<?0**-32) 0ili.S ENCOUNTERED DERING 
THE CALCULATION OF THE ESTXMATE OF ALPHA QR D U W I G  CbLCULATXOW OF PKE 
S T A T I S T I C S .  THE V A L U E  Y A S  S E T  TO A bltrMEER A 1  LEAST hS SVALL A S  10**-32. 
MO GREAT I N A C C U R A C I E S  SHOULD APPEAR IN T B E  RESULTS. 

(3) AT LEAST ONE V E R I  LARGE NUMBEE (>10**32) WAS ENCOUNTERED DTIRTNE 
THE CALCULATION OF THE ESTIMATE OF ALPHA O B  DURING CALC!JIATPON QLP T H E  
S T a T I S T I C S .  TKE VALUE YBS S E T  TO A M0RBER AT LEAST A §  L A R G E  h S  l 0 * * 3 2 .  
SOME OF THE RESULTS ARE L I K E L Y  TO BE VERY INBCCURaTE.  
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T R B L E  r 7 .  SUKR-RRT STATISTICS FOR HODEL ES'sfPrlTRS r>P ALPHA, A F R R 2 r K r 6 H  
IN TNE P T C R Z R  LODEL, FOR CilSE ZI'UIIBEB 1 ( R U N  N U Y B E R  3 2 ) -  TtiRSE 
RESULTS ARE FfiOEI THE A P P L T C I T I O I  OF T H E  TELHNIQUE INVOLVlIG 
T B E  PRTDR ESTIBATIOI OF BETA, E R R  W A E R  PARAhETSR IN THE 
RICKER NODEL. ALL OF TWE BODE7 ESL'INABTZS A R E  TNCLDBED. 

T R U Z  M O D E L  A w B a  - 30.00 
T R U E  RODEL G A N K B  - 0.000036 

A ( 3 )  1 2 0  
D 1 2 0  
c 120  
D 120  
E 1 2 0  
F (3) 120  
p1 ( 2 )  120 
P 120  
Q (3 )  120 
P 120  
z (3) 120 

8.33B+213 
1.58E+05 
3 .26Lt08  
6.99R+21] 
4. 93E+24 
8.33Eo23 
1 . 7 7 ~ + 2 9  
7 .31Et16  
8.33Et25, 
3.97i?:a27 
2.5QE+30 

8 . 3 3  842 9 
1,58$.9-05 
3,. 2 6 E + 0 8  
5 .993+29  

1 .77Et29  
7.31 E+ 16 
8 , 3 3 ~ + 2 9  
3.97E+27 
2.5OE+30 

9. 9 3 E t 2 4  
8.33I4+29 

9 . 1 3 E + X  
1.71E+r?b 
2.72Ec09 
7.66Ee3C 
5 . 4 0 E e X  
9.13E+30 
7.94E+ 30 
8 .OOE+ 17 

4.3SF+28 
9.13E130 

1.5731.3: 

5.12E- 75 
7.95E-04 
5*  07E-03 
6. SEE-GL 
1.34E-03 
5.84R 03 
1.003-32 
2. 07E-02 
3.79E- Ob 
1.1iE-21% 
2. U6E-11 

1 .05E+01  
1.08E+01 
8 .04E+OO 
7.00Et00 
7.04R+00 
4.81 E+OO 
4.96R+OO 

5.4 ($Et 0 0  
1.45E+01 
8.86EtOD 

7.66E+OO 

(1) KLY TO PHOLESSING CODE>:  
A: 4 Y E A R  LAG.  
a: 5 Y E A R  L A G .  
C: RECRDITS O B T A I N E D  BY A V E R B E I l G  5 A N D  6 Y E A R  LAC? 
D: 6 YEAR L A G .  
E: RECRir*TS OBEkINED BY AFERaGTNG 5 ,  6, ANT3 I FEAR LAGS. 
e: 7 PllR L A G .  
N: EQJATTOW ISU: P k R Y N I S  A N D  RECRUITS E A C H  ~ 9 f i T U N E D  BY b W U Y I N G  JVEH 

P: "HULTbPLE A G E "  KODELI EXHIBIT UT -58. 
Q: "EGG5 ON EGGSq' KODF'?,, EXHIBIT B E - 5 8 .  

2:  UATBPX H03EL R = ALPBZi * P * EXP (-BETA P) (EQJaTI3W 14U). 

i PEAKS, u r I i  A 4 I T E ~ R  tar, .  

1 :  M A T R I X  BODE1 R E P  _= BLPkA * P E P  ExP (-BETA * PEP) (EQUATION i 3 u ) .  

(2 )  A T  M A S T  O N E  S E P Y  S ~ A L I ,  NUFIBER (<10*+-32)  i i as  R 7'ED DiJBTCIG 
TKE C I I L C U L A T I O P  OF THE ESTZYhTE OF ALPHk O I i  D U R I  CIICAT'LON OF T d E  
S T A T I S T I C S .  TtiE V A L U E  WAS SET 10 A NURBER Ar CBASP I($ SRAF.7  AS 10*a-3?, 
NO GREAT I N A L ~ O R A C ~ E S  SHOULD AP€ZAR TN THE RESDLTS.  

(3) A T  L E A S T  O N E  V E R Y  LARGE NURBER 1;>10+*121 WAS X P C O U F T E R E D  D U R I N G  
THE C A L C ~ J E A T I O ~  OF THE ESIIBATE O F  ALPi-ih O R  D U R I N G  C h L r l l C k P T O B  OF T d E  
STATTSTICS. THE VALUE WAS SET TO A NUMBER AT LEAST A S  L A Q l p  AS 10a*32. 
SOUE OF THE RESULTS A R E  LIKELY PO BE VERY I N A C U J B f i T P .  
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59u-l 
I49 19B2 

4985 
89335 
23237 

92795 1 
1262982 

8603 
227293 
803888 
71rdar87 

lXDIBW 
RfPHk. 

3 - 8 6  
3.35 
3- 99 
3.72 
3-09 
4 . 3 5  
2-89 
3.61 
3-96 
5" 26  
1 .25  

BAXXP184 
&]IFHA 

586,410 
l0114O.QO 

506.30 
2369.00 
1236.00 
5134.00 
8749.00 
3711.20 

4343.00 
5253.00  
74 lB.00  
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TABLE E-9. 

NO. 
PROCESSING OF 
CODE (1) OBS. 

A 87 
B 84 
c e6 
u 8 5  
E 86 
Y 48 
N 74 
P 89 
a 88 
P 66 
z 81 

SWLIARY S T A T I S I L C J  FOB RODEL ESTIUBITRS O B  ILPHA, A PkRAMETER 

RESULTS ARE FROn TWE BPPL.TCATSON OF THE TECflNIQDE I N V O L V I N G  
THE PWI9R E S T I E A T I O N  OF BETA. THE OTHER PARaMETER IN THE RICRER 

IN THE B I C K E R  aomr,, FOR CZISE N U B E E R  1 ( R O N  ~ I B E R  271.  THESF: 

UODEL, ESTfKATES OF ALPHA LiSS THhN ONE OR GRRWFER T H A N  
HAVE BEEN EXCLUDED, 

T R U E  noam ~ P H A  = 1.25 
rRUE MODEL GAMMA = 0.000036 

KEIN U E A N  
ESTPU APED S T A N D A R D  SQUARE 
ALPBA BIAS DEVIATION E R R O R  

322.07 
398.56 
198.23 
371.95 
77.u4 

243.83 
68.19 
97.30 

359.72 
135.82 
188.61 

320.82 
397.31 
196.98 
370.30 

76.19 
242.56 

66.94 
46.45 

358.47 
130.57 
167.36 

1505,50 2370663 
1756.67 3244932 
1072.02 1188478 
1280.19 1777932 

331-43 115723 
1549, 82  2 4 6 1 5 0 9  

314.38 103360 
244.01 61722 

1862.77 3593891 
487.02 255582 
789.87 659441 

H I N I M U H  
ALPRI 

1.06 
1.00 
1.03 
1.04 
1.02 
1.02 
1.02 
1.03 
1.22 
1 - 0 1  
1.00 

I E D I k N  
ALPHA 

5.05 
3.91 
3.63 
4.68 
3.98 
6.29 
3.53 
3. 68 
4.12 
7.90 
4.50 

0 4,254 

tl A X I H Q I  
ALPHA 

12290.00 
11650. G O  

9579.00 
7537.00 
2336.00 

134‘40.00 
243&, 00 
2201.00 

13980,OQ 
3235.00 
6072. D O  

(1) KEY TO PROCESSING CODES: 
A: U. YEAR LAG. 
B: 5 YEAR LAG. 
C r  R E C R U J T S  OBTAINED BY kVEHACHNG 5 A N D  6 YEAR LAGS. 
Dr 6 FEAR LAG.  
E: 3 E C P U I T S  D B r A I N E D  B Y  AVERAGING 5. 6,  A N D  7 Y E I R  LAGS. 
F: 7 FEAR L A G .  
N: EQUnTSON 15U: PARENTS A N D  R E C R U I T S  EACH OBTAINED BY S U M I X U G  OVER 

P:  “KOLls1PI.E AGE” EODEL,  EXHIBIT UT-58. 
Q: ”3EeGS OH EGGS”  HODEL, E X H I B I T  UT-58. 
Y: P I A T R I X  HODEL REP = ALPHA * P E P  * EXP (-BETA * PEP) (EQUArI3tf 13U) . 
Z: MATRIX K O D E L  R = ALPHA * P * EXP (-BETA * P9 (EQURTx-iN 14U) .  

7 YEARS, WTTR A (I P E A R  LAG, 
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TILBLE E-10. 

PROCESSING 
CODE (1) 

B 
El 
c 
D 
E 
F 
B 
P 
a 
H 
z 

NO. 
06 
OBS. 

87 
85 
88 
85 
92 
87 
82 
92 
95 
73 
88 

SUMBARY S T A T I S T I C S  FOR MODEL BSTCIMATES DP ALPHA, B P L R B H E T E R  
I N  TEE R I C K E R  MODEL, FOB CASE NUTMBEB 1 (RON WOMBER 28).  4HESE: 
RESWLTS ARE PROM TAR APPLICATION O F  TEE TECHleEQ0E I L ? V O L V Z I G  
THE PRIOR E S T I I A T I O R  OF BETA, THE OTHER PBRAIETER IhT THE RICKEB 
MODEL. E S T I I B T E S  O F  ALPHA LESS THBN O R E  OR G R E B P E R  PNAN 1 4 , 2 5 4  
RAVE BEEN EXCLUDED. 

TRUE MODEL ALPHA = 2-50 
TRUE flODEL G&.TJMA = 0.000036 

MEAN 
E S T I H B T E D  
ALPHA 

62.90 
173.24 
470.71 
273 .73  
523.55 
437.30 
205.43 
311.41 
3 87.. 46 
529.37 
98, a8 

'8 I A S  

60.YQ 
A70,74 
968.27 
211-23 
521.05 

202.93 
308.93 
184.96 
526.. 87 
96-38 

4 14. a0 

STANDARD 
DEVIATION 

205.56 
555.75 

2010-65  
887.88 

2283 .. 50 
7917.8% 
883-96 

1387.34 
1 197.30 
1956.43 
370.39 

HEAN 
SQUARE 
EBROB 

45947 
338361 

4264456 
833482 

5088855 
3852353 

823079 
2021 779 
14681 03 
4109086 
152574 

NED1118 
A m H a  
5.33 
6 .  Q7 
7" 74 
7 .  Q2 
7"  2 2  
5.32 
3.53 
7.67 
6 . 6 8  
11.65 
5.04 

I & X I  8 CI H 
BLPNk 

1153,OO 
3406.00 

9 2780.00 
72501.00 

1.32Q0,OCp 
42553.00 

5512.00 
I I O U R O .  00 
19540.00 
13410.30 
2950.00 

( I )  KEY TO PROCESSING CQDES: 
k: 4 YEAR LAG.  
8:  5 YEAR L A G .  
c:  RECRUITS OBTAINED BY ABERBGING 5 A N D  B YEAR L a m ,  
D :  6 YEhR Efi6,  
E: RECRUITS OBTAINED B Y  d V E R A G I l G  5. 6, BM D  7 YBRR L&GS, 
F: 7 PEAR LAG. 
P: EQUATION 150: PARENTS A N D  RECRUITS EBCR OBTAIWED BY SBMfiIIG OVER 

P: WS'CTSPLE AGE'' BODEL, E x n m f r  UT-58.  
7 YEARS, HITH A 4 YEAR LAG. 

Q: "EGGS OR EGGSn RODEL, EXHIBIT  UT-58. 
T: BATRIX MODEL REP = BLPBA * PEP * EXF [-BETA * PEP) (EQOATI3S 13rSl I 

2: RATRIX BODBL R = A L P H A  * P EKP (-BETA * P) (EQWATI3K 1411). 

. .  
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NO. 
PROCESS IBG OF 
CGDE (1)  OBS. 

A 86 
B 81 
c 86 
D 85 
F: 91  
P 86 
1 72  
P 86 
Q 90 
Y 74  
2 79 

SURR3iBY S T A T I S T I C S  FOR ROBEL ESTlHATBS OF I L P l i b ,  A P A R A f l E T B H  
I N  THE R I C K E R  MODEL, FOR C A S E  A U R B X R  1 (RON NWRBEB 29).  THESE 
RESULTS ARE FROM THE A P P L I C A T I O N  OP THE TECHNIQUE: I I P ' O L V I B G  
THE P R I 3 R  E S T T T M b T I O N  OF BETA, THE OTHER P A R A H E T Z R  IN T H E  R I C K E B  
RODEL. ESTIIPBTES OF ALPHA L E S S  T H A N  ONE OB G R E A T E R  T H A N  14,254 
HAVE B E E N  EXCEWDED. 

T R U E  NODEL A L P H I I  = 5.00 
TRUE NODEL GAMMA = 0.000036 

RRhN IEIN 
ESTIHRTED S T A N D A R D  S Q O A B E  l I B I M U 4  
ALPBA E lips D E V I A T I O N  ERROR A L P H A  

178.81 173.81 69G.50 512892 1.18 
525.91 
155.42 
257.40 
42-98 

195.55 
151.71 
217.31 
131,33 
337.73 
418.25 

520.91 
150.42 
252.40 

37.98 
190.55 
1'46.71 
212.31 
126.33 
332.77 
4 13,. 25 

2353 68 
970.90 

1088.61 
91  - 9 5  

972.93 
752.70 

1073.12 
627.90 

1562.22 
1720.36 

58 1453 1 
965542 

1249527 
9313 

983322 
588380 

1197198 
410387 

2552794 
3132667 

.oo 
- 0 5  
.03 
- 0 1  
.07 
- 0 3  
. 0 1  
- 0 1  
. 0 3  
-23 

nmriw 
ALPBA 

5.54 
7.24 
6.06 
6.50 
5.93 
7.22 
4.95 
7.46 

17.13 
7.85 

4. a4 

HA XTUULI 
A L P B R  

4543.00 
U070.00 
8902.00 
7854.00 

513.50 
6732.00 
5680. D O  
9064.00 
5263.00 
2830.00 
281D. 0 0  

(1) K E Y  TO PROCESSING CODES:  
A: 4 Y E A R  L A G ,  
8: 5 Y E A R  L A G ,  
e: R E C R U I T S  O B T A I N E D  B Y  A V E R A G I N G  5 AID 6 YEAR LkGS. 
D: 6 YEAR L A G ,  
E: RECRUITS O B T A I N E D  B Y  AVEFfAGIlG 5 ,  6 ,  B N D  7 rEAR L A G S ,  
F: 7 Y E I R  L A G .  
1: E Q D A T I O R  150: PBWXRTS A N D  RECRUITS EACH O B T A I N E D  B Y  SURMIIG O V E R  

P: 'aRULTIPkE AGE" HODEL, EKHIEIn" UT-58. 
Q: "EGGS ON EGGS" I O B E L ,  EXKIFIIP" UT-58 .  
Y: BBTBIX HODEL R E P  = ALPKI * PEP * EEP (-SET& PEP) ( E Q U A T I O N  130) 
2: I I T I I I X  BODEL iB = PaLPHk * P Z I P  (-BETA P)  ( E Q U A T E 3 W  IQUO) 

7 Y E A R S ,  WlTR A G YEAR L l G ,  
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.... 

RO. 
P R O C E S S I N G  OP 
c m ~ :  ran 011s- 

Pi 86 
5 84 
c 89 
D 86 
E 88 
P BO 
111 80 
P 96 
R 94 
f 92 
z 86 

S U H M A R Y  STAXISTICS FOR HaDEZ ESTIIAT'ES OF A L P H A ,  B PkRAUETEB 
IB THY: RICKER UODEE. FOR CASE FJfiBER 1 [ R U N  EIIIIBER 301. lPfIESE 
RESULTS aRE FROH TEE APPLICITIOB OF T E E  TECENXQBE T N V O L l l f N G  
PRE PRI38 ESl!IB?.TIOR OP BETA, THE OTBEB €!&RUEPER ZR THE R I C K E R  
F10DEL. E S T I M A T E S  DP A L P H A  LESS T B H l  O N E  OR G R E A T E R  THAN 14,254 
Raw BEEN EXCLUDBD, 

TRUE HODEL ALPHA = I r 0 , O O  
TRDX MODEL GAUClA * 0.000036 

HEBW a E m  
ESTLYALTED STaLIDERD SQUARE 
A L P R A  BIIS D E F l l A T f O R  ElRDIl  

275-87 
288.94 
266- 06 
423.91 
90.06 

339.. 27 
95.12 

315.19 
100.76 
236.88 
494.85 

265.89 
278.01 
236.96 
113.91 

80.06 
329.27 

a5-12 
105.19 

90476 
226,88 
4M-85 

1097*89 

1319,112 
625-77  
376 64 
1861-64 
484. 5P 
133.79 
526.07 

1056.20 
1756. Is6 

Ir619..a3 
1276879 

1796425 
8013713 
748341 

3575509 
242116 
199355 
285076 
1157591 
3322997 

2 6 9 ~ 1 a ~  

lXRI BUR 
&EPHti  

1.02 
1.11 
1-02 
1.05 
1.15 
1.05 
1.00 
3.06 
1.11 
1.17 
9.15 

J E D I L S  
A L P H A  

4.73 
6.13 
4.56 
5,67 
5-15 
4.10 
4.06 
5. 16 
5.03 
7.41 
7.23 

HIXTHUH 
& t P € I A  

7863.08  
114128.1)O 

5511.80 

1'191oeoo 
3798, a0 
2838-00 
1810.00 
8647.00 

11 170" 30 

1 2  85a, oo 

33m. 00 

[ ' B g  KEY r a  PROCESSXIG CODES: 
a: 4 YEAR LAG, 
6: 5 PEAR LAG- 
Cr BBCRUhTS OBL'&IBED 'BY AVEWAGI[%E 5 U D  ti Y L M  LACS,. 
D: 6 Y E I B  L A G ,  
E: BECRIUITS OBTATMEI) BX B V E R l G E R G  5,  6,  a8D 7 YEAB LAGS. 
FE 7 TEAR LAG., 
N: EQOBTfOl 15U: P A R E H T S  AolD BECRUflS EkCH OBTAINED BI S U I J I I G  OVER 

P: "UULTIPLE AGE" tlODELI EXBPBIT UT-58. 
Q: " E G G S  O N  E G G S "  BODEL, EXHIBIT UT-58. 
Y:: PlaTBIli UODEL REP = ALPBA * PEP * EXP [-BETA * PEP) [EQUATZOW 13U) . 
I: IATRIX UODEL R = & L P H A  * P * EXP (-BZTA * P) [EQOLTI3U 140). 

7 YEARS, WITB A (I m a a  LaG, 

.. . . 



OR NL / N UR E G /TM - 3 8 5 / V 3 322 

TABLE E-13. 

NO. 
PROCESS ING OF 
CODE (1) OBS. 

A 82 
B 92 
e 98 
0 90  
E 97 
I 98 
I 93 
P 96 
Q 97 
Y 9 1  
2 94 

SUIKARI STATISTICS FOR HODEL ESTIMATES O F  ALPHA, A PbRABETER 
IN THE BICKER UODEL, POR CASE NUKBER 1 ( R U N  BOBBER 3 1 ) .  THESE 
RESULTS A R E  FROB THE A P P L I C A T I O N  OF THE TECHNIQUE INVOLVING 
THE P B T 3 U  E S T I B A T I O N  OF BETAL, THE OTHER PARAMETER IN THE R I C K E B  
EODEL. ESTIHATES OF BLPHA LESS THAN OUE OR GREATER TBAR 1&,259 
RAVE BEEN EXCLUDED. 

TRUE MODEL IZPHR = 20..00 
TRUE UODEL GAHE2i = 0.000036 

MEAM BEAN 
ESTIMRTED STANDARD SQUARE M I N I 8 U U  
ALPHA BIAS D E V I L T I O N  ERROg ALPAb 

50,17 
211a.13 
86.. 8 7  

272.51 
230.49 
186.32 

38.85 
254.75 
116.55 
366.78 
219.71 

30. I 7  
194.13 

66.87 
252.51 
2 10.. 49 
166.32 

18.85 
23fl.75 

96.55 
346-78  
199.74 

182.34 34168 
1069.43 1181777 

363.60 139646 
1275.48 1691327 
1434.97 2103903 
1187.41 1437881 

153.51 23926 
1459.18 2184891 
781.27 619810 

1731.68 3120309 
1128.40 1313607 

1.D5 
1.26 
1.05 
1.13 
1.05 
1.01 
1.02 
1.ou 
1.22 
1.14 
1.02 

UEDIAN 
ALPAA 

5.73 
7. 15 
6.02 
6.85 
5.63 
5.54 
5.80 
6.64 
5.22 

16.75 
6.77 

I AXI R il M 
ALPHB 

1183.00 
8236.00 
2820.00 
9660.00 

13190.00 
11 510.00 

1380.00 
13600.00 
7562.00 

13370.00 
9885.00 

(1) KEY TO PRDCESSIKG CODES: 
A: 1 TEBR LAG. 
B: 5 YELR LAG. 
C: R E C B U I T S  OBTAINED BY AVERAGING 5 BUD 6 YEAR LAGS. 
D: 6 YEAR LAG. 
E: RECRUITS D B T A I A E P  BY AVERAGING 5 ,  6, A U D  '9 YEAR LAGS. 
P: 7 YEAR LAC. 
LI: EQUATZOU 150: P I R E H T S  %ND R E C R U I T S  BACB O B T A I N E D  BY SUJBIXNG 3938 

P: * ~ I U L T I P L E  AGE" MODEL, E X H I B I T  UT-58. 
Q: "EGGS OW EGGSsB KIQDEL, EXRIBIT UT-58. 
Y: AATRIK MODEL UEP = ALPKA * PEP * EKP (-BETA * P E P )  (EQUATE08 13U) . 
2 :  NATRIX MODEL B = &LPBL * P C E X P  (-BETA * P )  (EQUATIJFs IQm) .I 

7 TEARS, WITH A 4 YEAR LAG, 
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TihBLB E - 1 4 s  

KO. 
PROCESS I N C  OF 
CDDE 

A 
B 
c 
D 
I? 
F 
N 
P 
Q 
Y 
2 

( 1 )  09s. 

104 
109 
107 
107 
110 
97  
IO1 
113 
110 
107 

96 

SUWIBARY STATISTICS FOB HODEL E S T I B A T E S  OF &LPKB, A P A R B l E P E B  
I N  THE R I C K E R  XODEL, FOB CASE BUIBEB 1 (RUM XDPBBER 32) I THESE 
RESDLXS &RE FROB THE A P P L I C A T f O B  (BP TNE TECHRIQUE I i i Y O L % I I N G  
THE P B I 3 B  E S T I B A T I O N  OF BETA, THE OTHEB PaRAXETER I1 THE RTCRER 
UODEL. ESTIURTES OF ALPHA LESS TBBN OWE 08 GRRRTER I H & R  14,256 
HAVE BEEN EXCLUDED, 

TRUE MODEL ALPHA E 30.00 
TRUE HODEL GAEHA = 0.000036 

UEAN 
E S T I U A T E D  
ALPHk 

72.25 

43 .( 50 
18-85 
11.82 

115.37 
44.93 

9 16.34 
66.21 

136.62 

25.80 

0 I A S  

276.52 
42.25 
-4.12 
13.59 

-11.15 
-18.18 

R 5 c 3 7  
14-93  
86.34 
36.21 
106-42 

SEAN 
STLWDPRD S Q U A R E  N I N I M W B  
DEVI$TION E R R O R  ALPEA 

1336.99 186U754 3.72 
234.57 82837 1.08 
107.49 11571 1.16 
251 * 33 63352 9,14 
62-92 (PO84 - 1 4  
25.74 '396 ,04 
439.74 20093Y . 0 7  
337.00 '113791 .46 
90L1.74 826075 - 0 5  

648-46 631943 -03 
281 46 a 0 5 4 3  - 4 1  

REBLAB 
A L P A b  

10.75 
1 1 . 2 9  

8. 74 
7*56 
7-26 
4 - 9 9  
6.07 
7.91 
5 . 6 8  

1 5 . 2 8  
10.19 

(1) KEY TO P R Q C E S S I N G  CODES: 
A: 4 YEAR LAG. 
B: 5 YEAR L B G .  
C: R E C R U I T S  OBTAINED B Y  AVERRGING 5 A N D  6 TEAR LAGS. 
D: 6 YEhR LAG. 
E: R E C R U I T S  OBTAINED BY AVERAGING 5. 6 ,  APlD 7 TEAR L I G S .  
F: 7 TEAR LAG. 
N: EQUaTIQN 15D: PARENTS hRD R E C R U I T S  EACH ( P B T L I N E D  B Y  SUU5ItBG DVER 

P: 'mMWLTI?LZ %GE'# HODEL, EXEXBIT UT-58, 
Q: "EGGS ON EGGS" IIODEL, E X H I B I T  UT-58. 

Z: MATRIX HODEL R = ALPHA * P * EXP (-BET& * P) (EQUAT13B 14U), 

7 YEAUS, WETK B 4 YEAR LAG. 

Y: MATRIX nomt REP = ALPHA * PEP * EXP ( - B E Z A  * PXP) EEQUATIDN I N )  . 



NO. 
PROCESSING OF 
CODE 

A 
B 
[: 
D 
E 
F 
I 
P 
0 
Y 
2 

(1) OBS, 

120 
120 
120 
120 
120  
120 

(3) 120 
120 
120 

(3 )  120 
120 
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T R U E  HODEL ALPHA = 1.00 
TRUE RODEL GABBB = 0.000036 

HZAN HEAB 
E S T I H A T E D  STANDARD S Q U A R E  H I N I H U N  HEDIAN M A X I M U N  
ALPHA BIAS DEVIATION E R R O R  ALPHA ALPHA ALPHA 

4.2 OE+ 10 
8.3 5E+ 7 3 
2" II. OE+lO 
3.413t17 
6 . 2 0 1 ~ 0 9  
4.043*9 5 
R.33B429 
1 .51Et?@ 
8.95B+12 
1.67Et30 
1.52B+ 12 

4.20Ea 10 
8.353*13 
2. 4OE+ 10 
3.41 Ea1 7 
6.202909 
4.04E+15 
8.33 E+ 29 
1.51E+14 
8.953*12 
1.67E+30 
1. 523+12 

Y.60E+ll 
6.97e+ 14 
2 , 0 2 B + l l  
3.73E9 1 E 
6.57E+ 10 
B. U3E+16 
9.13Ea30 
1.65Ecl5 
9.80 E + I  3 
1.29Et.31 
1.67Et 13 

(1) KEY T O  PP,OGBSSSNG CODES:  
A: 4 YEAR LAG. 

C :  REC9fJITS D B F L I N E D  BY AVER 
E: 5 YEAR EBG, 

D: 6 TEAR LAG. 
GING 5 

E: RECRUITS O B P & I I E D  B 1  A V 3 R I G I F I C ;  5, 
P: '7 Y R R 3  LAG, 

2.1333.23 
4. S3E429 
5.92Et22 
1.413*37 
0.36E421 
1.98E+33 
8.40Ef64 
2.7UE+30 
9,69E+25 
1.68E+6 2 
2.90E+26 

1. QOE-03 
8.77E -04 
7 .  ISB-03 

2.88E-02 
3.64E-03 
1.03E-06 

1.561-32 
1.00E-32 
1.368-07 

5 . 5 a ~ - - o 3  

1 - o 1e-02 

N D  6 Y E A R  LkGS.  

6,  A N D  7 YEAR LAGS. 

3 . 9 9 ~ + o a  
4 . O O E + O O  
3.483+09 
3.30E+00 
3.873900 
3.07E+DO 
1.89E+00 
3.88E+00 
3.52E*OO 
1.60E+OO 
3.7 3 Et00 

5.04Et12 

2 .  L4E +12 
4 , 0 9 E + 1 9  

4.85E+17 
1.00E+3 2 

1.00Et32 1. Q 7 E t l 5  

1.82E+14 

7.07B+15 

7.19E+11 

1.81Et16 

8 :  EQWATIOXS 150: P I R E N T S  BND RECRUITS E A C A  OBTAINED B Y  S U R I I P J G  OYER 

P: "RULTEPLE a t e E "  FIODEL, EXBIBIT UT-58, 
Q: "EGGS ON EGGSag RODEL, EXHIBIT UT-58. 
I: I A T X E X  HODEE REP = ALPHA * P E P  * EX@ (-BETA * PEP) (EQUATION 13U). 
2: I A T R I X  RODEL R = ALPHR * P * EXP (-BETA * P)  (EQUATIDIJ 44U). 

7 YEkRS, BETR A Q HEAR ZAG.. 

(2) AT LEAST OBE VERY SflALL NlJHBER (<10**-32) H A S  ENCOUNTERED D U R T N G  
THE CLLCWLATIOM OP TRF: ESTIMATE O F  ALPHA O R  D U R I N G  CALCULATION D P  THE 

NO GREAP I IBCCUBACIES SHOULD APPEaLW I N  THE RESULTS. 
STPTXSTPCS. T n E  va iaE WAS SET T O  P W E B E R  a ' ~  LEIST AS SXBLL A S  ioe6-32. 

(3)  bT LRkST ONE VERT LARGE NOZIEER (>10*#32) BALs ENCOUNTERED DURIBG 
THE CALCULATION O P  TEE ESTTIATZ DIT ALPHA OR D U R I N G  CALCULATION OF THE 

SOFIE DP THE RESULTS ARE LIKELY TO BE VERY X N A C C U R B F E ,  
STATISTICS. m e  V A L U E  a h s  SET PO A WJBBEH AT LEAS'S AS L A R G E  A S  io*+32. 
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BO. 
OF 
OBS. 

120 
120 
725 
120 
120 
120 
120 
120 
120 
120 
120  

SUUZ%ARY STITISTICS FOR HODBL ESTIMATES O F  ALPHA, A P & R A I E T E R  
IU TBE R f C K 3 R  MODEL, FOR C A S E  B U U B L R  2 (RUE NOTlBER 311). T H E S E  
R E S U L T 5  ARE FBOPl THE APPLXCATIOU O F  THE TECHNTQUE INilOLb'IBG 
THE P R T 3 R  E S T X l A T I O I  O f  BETA, T B E  O T H E R  PABABBTER II TEE 
R I C K E R  MODEL. ALL OF T B E  BODEL ESTIMATES ARE INCLUDED. 

TRUE nODEE ALPHA = 1.25 
T R U E  NODEE G A E I A  = 0.000036 

NEAB BE&X 
ES T I  M A  F E D STIIDABD SQUARE P l I N E l U . 5  I E D I A B  I&XIIUfl 
ALPHl i  B f A S  D E V I A T I O N  ERROR KLPHA ALPBA ALPBL 

2.04E+ $ 8  
1 I SOE+ 20 
5 . 4 8 E +  19 
u. 28x4 16 
8.33E+29 
1 . 6 7 E + 3 O  
1.67IF+30 
a. 33~429 
a.33~+29 
2.50E+30 
0.33B+29 

2.6@E* 19 
1 75E+ 21 
6. O D E P l O  
Qa 30E+ '17 
9 . 1 3 E ~ 3 0  
1 * 29E*31 
1.29E+31 
9,13E+30 
3."13E+30 
1 * 57E439 
9 .131+30  

(I) KEY T O  PROCESSING CODES: _ .  
!4: 
B: 
c6: 
D: 
E: 
P: 
lil: 

P: 
Q: 
1[: 

z: 

4 I E B R  LAG. 
5 YEAR L A G .  
R E C R U I T S  OBThIBED 3 Y  AVERAGXLOC 5 A N Q  6 HEAh LIGS. 
6 Y R A X  L A G .  
RECRUITS O B T A I N E D  BY A V E R A G I N G  5, 6, &ID 7 Y E A R  LIGS. 
7 TEhR LIG. 
EQUATION 1SU: PARENTS A N D  R X C R U I T S  EACH OBTLXIIIZD B Y  S U l l l I N G  OVER 
7 PEARS. WIT6 A 4 YEAR LA6. 
"RULTIPLE AGE" IODEL, EXHIBXT UT-58- 
"EGGS ON E G G S "  MODEL. E X H I B I T  UT-58. 
MATRIX XODEL REP = &LPBA * PEP * EXP (-BET& PEP) (EQUATIOH 130). 
RATRIX EODEL R = ALPHA * P * BXP (-BET& * Pi ( E Q U A T X 3 I  14U). 

[ 2 )  IT LXAST O I E  VERY SllkLL OUMBER (ClO**-32)  PA5 ERCOUITEBED DUSIIG 
THE CALCULATION OF THE E S T l H a T B  DF ALPHA 03 DUlRI[MG CALCOLATIOW OF THE 
S T A T I S T I C S .  TBE VALUE U A S  SGT T O  h WBlBBR PT LEAST AS S l l L L  &Ls 10**-32. 
NO GREAT I N A C C O R A C I E S  SHOULD APPEAR IN TBIE RESIIITS. 

(3) AT L E A S T  ONE V E R Y  LARGE BUHBER (>10**32) MAS EIBCOUITERED D U R I N G  
T H E  CALCULATION OF THE E S T I I A T E  OF &LPHI O B  DURING CALCQL3iTIOR OP 'XIME 
S T A T I S T I C S .  T H E  VALUE U&S SET T O  B RUliBEB AT LEhST AS La868 iiS lD**32. 
SORE OF TEE R E S U L T S  ARE LIKELY TO 3E VERY INACCURLTE, 
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l A B L E  E-17. 

NO. 
OF 
O B S ,  

1 2 0  
1 2 0  
1 2 0  
1 2 0  
1 2 0  
1 2 0  
1 2 0  
120 
1 2 0  
1 2 0  
1 2 0  

SWNBARY S T A T I S T I C S  FOR BODEL E S T I B i T E S  OF ALPHA, A PLRAUEFEB 
I N  THE P I C K E R  RODEL, FOR CASE N U l s B E R  2 (RUN NUHBER 35).  THESE 
RESULTS A R E  P50H TIIE APPLICATION OF T H E  TECKNTQUE INVOLVING 

RISKER NODEL. A L L  OF THE MODEL ESTIEIATES A R E  INCLUDED.  
T H E  P R I D R  ESTIBATXOA a?  B E T A ,  :rBE O T X E R  P ~ ~ R A H E T E R  IN T H E  

T R U E  HODEL ALPHA 1. 2 - 5 0  
T R U E  I IODEZ GBMRI 7 0.000036 

HEIM Real 
ESTPH AT E D SThNDARD S Q U a R E  I INIdUB K R D I A W  I I A X I H U R  
A L P H A  BIAS D E Y T P T L O N  E R R O R  ALPHA ALPHA ALPBL 

1.72E+19 
1.41 E+ 1 3  
2.03E+ 11 
1.12E415 
1 . 8 1 E t 0 9  
1.98E914 
9.83E*2U 
9 .653906 
2.51EE*06 
8.33E+29 
1.92E+ 16 

1.89E+20 
1 .262+44 
2.18E4.82 
1.23E+ 46 
1.961?+10 
2 , 1 7 E + - l S  
l .O8E+26 
6.1OEt07 
l 1 7 6 E + 0 7  
9.13E+30 
2.10E+17 

3.6 OE+40 
1.62E+28 
4.79E+24 
I. 53Ee32 
3. a 9 ~ + 2 0  
4.76E+30 
1.17E+52 
3.8 1 E+ 1 5 
3 . 1 8 E + 1 4  
& 4 0 E + 6 1  
u. 45 E+34 

1.032-32 
1.00E-32 
1.00E-32 
1.00E-32 
1.002-32 
1-00  E-32 
1.00E-32 
5.05E-22 
2.463-23 
8.4OE-IJ 
1.00R-32 

2.99E+00 
3 .29E+00 
3 . 2 5 E t 0 0  
3.4 7e+30 
3 .  Y62tOO 
4.12E+00 
2.4 5 E t 0 0  
3.80E+00 
3.24Eo00 
4.32~+00 
2.80E+OO 

2 .07e+21 
1 .353+15 
2 39E+13 
1.353+17 
2 . 1 5 E + l l  
2.38E+16 
1 .183+27 
5 .38Et08  

1.00E+32 
2 .30E+18 

1.64E+08 

(1) K E Y  TO PBOCETSING CODES: 
K: 4 Y E A R  LAG. 
B: 5 Y E A R  L A G .  
C: RECRUITS D B T a I N E D  BY A V E X A G T N G  5 A N D  6 Y E A R  LAGS. 
D:  G Y E A R  L A G .  
E: RECRUITS O B T A I N E D  B Y  A V E R A G I H G  5, 6 ,  L N D  7 Y E A R  LAGS. 
F: 7 Y E k R  LAG. 
I: E Q U A T I O N  150: PARENTS A N D  R E C R U I T S  E A C H  OBTATNED BY SUNNING O V E R  

P: "EIWT.TIPLE A G E "  NODEL,, E X H I B I T  UT-58. 
Q: "EGGS O N  EGGS" MODELl EXHIaXT MT-58. 
Y: I A T R I X  H O D E L  REP = ALPHA * PEP * EXP (-BETA * PEP) (EQUATION 13U). 
2:  K b T R I X  HODEL R = ALPHA * P * Z X P  (-BETA * P) (EQUkTtrON 1417). 

7 Y E A R S ,  WITH a 4 Y E ~ R  LAG. 

(2)  AT LEAST O N E  V E R Y  SHALL NUMBER (<10**-32) WAS ENCOUNTERED D U R I N G  
THE CAI.CDLI\TION OF T H E  ESPLIATE DP ALPHA O R  DURING CALCULRTION OF 'rm 
STBTISTICS. TAE VALWE WkS SET T O  A IEIIBEB AT LEAST AS Sf l l iLL AS 10**-32. 
N O  GREAT INkCCUKACIES SHOULD AIPPEAR I N  THE RESULTS,  

(3)  AT L E R S l  OEiE V E R Y  LARGE NUflBEE (>10*+32j WAS ENCOUNTERED D U R I N G  
THE CALCULATION OF THE ESTIMATE DF ALPHA OR D U R I N G  C A L C U L I T I O N  OF THE 
S T L T I S T I C S -  TEE VALUE WAS SET T O  A IUHBER A T  LEBSTP AS L A R G E  A S  10**32. 
SOBE OF THE RESULTS A R E  LIKELY TO BE VEBH INACCURATE.  
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PABLE E-18. S U M M A R Y  S T A T I S T I C S  F O R  HODEL ESTIRATES O F  ALPHA, A PRRARETER 
I N  THE RICRER HODEL, FOR CASE NUHBER 2 ( R U N  NUKBER 3 6 ) .  THESE 
RESULTS ARE F R O M  THE APPLICATION OF TAX TECHNIQUE INVOLVING 
THE PRIDR ESTIMATION O F  BETA, THE OTHEU PARAEIETER I N  THK 
RICKER KODEL. ALL OF TRE EODEL ESTIHATES ARE INCLUDED. 

TRUE BODEL ALPHA = 5.00 
TRUE BODEL GAPIMA = 8 .000036  

NO. REBN lEAN 
PROCESSING OF ESTIEAFED STANDARD SQUARE %INIflU'9 BEDIAN I(AXI4UR 
CODE (1) OBS. ALPHA B I A S  DEVTATION ERROR ALPHA ALPHA ALPHk 

n 13) 320 
B 131 123 
c (3) 120  

E (3) 120 
F ( 3 )  120 
1 (3)  120  
P (3) 120 
Q ( 3 )  120 
P ( 2 )  120  
2 ( 3 )  f 2 0  

D 1 3 )  120  

8 . 3 3 E c 2 9  8 . 3 3 E + 2 9  
1 . 6 7 E + 3 0  3 . 6 7 3 + 3 0  
8 . 3 4 E + 2 9  8 . 3 4 E + 2 9  
8 . 5 1 3 + 2 9  8 .513+29  
8 . 3 3 E + 2 9  8.333+29 
8.331+29 8 . 3 3 E 4 2 9  
1.67E+30 1.67E+ 30 
2. I2E933 2 . 1 2 E + 3 0  
8 . 3 J E + 2 ?  B . 3 3 E a 2 9  
5 . 8 8 3 + 2 5  5 . 8 8 E + 2 5  
8 , 3 3 3 9 2 9  8.333+29 

9.133330 
1.293+31 
9 . 1 3 E + 3 0  
9 . l 3 E + 3 0  
9 . 1 3 3 + 3 0  
9 .13E+3O 
1 . 2 9 E + 3 1  

9 , 1 3 E + 3 0  
6.423+26 
9 , 1 3 E + 3 0  

1 . 3 7 E t 3 1  

8 , 4 0 E + 6 1  

8 . 4 0 E + 6  1 
8.4 1 E + 6  1 
&40E+61 
8 . 4 0 3 + 6 1  
1.68E+62 

8. UOE+61 

8 . 9 0 E + 6 1  

1 . 6 8 E + 6 2  

1.923+6 2 

4 . 1 6 E + 5 3  

4 . 8 4 E - 1 1  
1. !WE-06 
1,2@E-85 
3 .723-06  
4.61E-06 
1 .333-06  
1 .12E-20  
5.24E-06 
3.82E-06 
1.00E-32 
5, USE-27 

4 , 6 3 E + 0 0  

3 . 7 3 % + 0 0  
3.39E+OD 
3.88&+ 00  
3.78Et00 
3.98E+00 
3.76E+00 

8.27E+OO 
2 . 5 7 E 4  00 

4.15E+00 

3 . 5 2 E + 0 0  

1 , 0 0 E + 3 2  
1 .. 0 0 E t 3  2 
1.0OE+32 
1.0OE+32 
1.00E332 
1 O O E + 3 2  
1 . 0 0 ~ 3 2  
1 I 0 O E c 3 2  
1 .I 00E+3 2 
7 , 0 0 e + 2 7  
1 0 0 E + 3 2  

(1 )  KEY TO PROCESSING CODES: 
B :  Q Y E A R  LAG. 
B: 5 YEAR LAG, 
C: RECRUITS OBThINED BY AVERAGIAG 5 A N D  6 YEAR LAGS. 
I): 6 YEAR LAG. 
E: RECRUITS OBTAINED BY AVERAGING 5, 6, A N D  7 YEAR LAGS. 
P: 7 PEAR LAG. 
W: EQUATION 150: PARENTS A N D  RECRUITS EACH OBTAINED BY SUHlIlG OVER 

P: "BQLTIPLE AGE" HODEL, EXHIBIT  UT-SS, 
Q: "EGGS ON EGGS" LIODEL, EXHIBIT UT-58. 
Y: I R T R I X  HODEL REP = ALPHA * P E P  * EXP [-BETA * PEP) (EQnATIOls 130) 
Z: I A T B I X  HODEL X = ALPHA * P * EXP (-BETA * €?) (EQUkTxON I U U ) .  

7 YE%RS, WITH A 4 YEPB LAG, 

( 2 )  AT LEAST ONE VERY SXALL NUEBEB (<10**-32) V A S  XNCOUNTERED DfJRIUG 
THE CALCULATION O F  THE ESTIHATE OF ALPHA OR DURING CALCULATION OP THE 
S T A T I S T I C S .  THE VALUE H A S  SET T O  A WHBER AT LEkST AS S I A L L  h.5 10**-32, 
NO GREAT XNACCUPACIES SHOULD APPEAR IB THE RESULTS, 

(3)  AT LEHST ONE VERY LARGE NUHBER (>10**32) WAS EBCOWNTERED D U R I N G  
THE CALCULATIOl OP TEE ESTIHATE OF ALPAA O R  D U R I N G  CALCULATIOI OF THE 

SOFE OF THE RESULTS ARE LIKELY TO BE VERY INACCURATE. 
S T A T I S T I C S -  THE VALUE Y A S  SET TO B HU4BEB AT LEAST AS LPRGE &S 1 0 * * 3 2 *  
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NO. 
PROCESSING OF 
CDDE (1) oas. 

A (3)  120 
B (3)  120 

D (3)  120 
E (3) 120 

e (3) 120 

P (3) 120 
I (3) 120 
P (3)  120 
0 (3) 120 
I: (3) 120 
z (3) 120 

S U H R A R Y  S T A T I S T I C S  FOR MODEL ESTXRATES OF ALPHA, A P & R A ! l E T & R  
I N  TRE RICKER MODEL, FOB C A S E  BUHBSB 2 (RUN N U H B E R  3 7 ) .  THESE 
RESULTS A R B  FROB THE APPiIibPIOW (PP THE TBCHOIQUE INVOLVING 
THE PRIDE! ESTBIAT'ION OF BETA, TtiE O T H E 3  PARAHETER I N  THE 
R I C K E X  HODEL. ALL OH THE MODEL I S T I R A T E S  ARE LNCLUDBT,. 

TRUE MODEL ALPHA = 10.00 
F R W E  HODEL s m i ~  = a.000036 

IlEAP H P I I N  
€5 T I & &  TE D STANDARD SQUARE 
ALPHA B I A S  DRVIAPS.ON ESROB 

8.33E+29 

1.0 2 ~ + 3 0  

1.678+319 

1.67E+3O 
1.70$+3D 
2. 5QE+30 
1.673+30 
8.3 3E+2 9 

8.333+29 

2.5 OE+30 

3.333430 

8,33E+29 
A. 3 3 E *  29 
l.O2E+ 30 
2.50E430 
1.6%+ 3 0  
3.333330 
1.67E+30 
1.70&+30 
2- 50E+30 
i . a m 3 a  
8,333+29 

9.13E+3O 
9.13E+3O 
9.33Ee30 
1.57R31-3 1 
1.29ES31 
1.80Ec34 
1.29E.C.3 1 
1.293+31 
1.573+3 1 
1.29E+31 
9.13E+30 

8.40E*6 1 

2.521+62 
1.68Et.62 
3 . 3 6 ~ 6 2  
1.68EtbP 
1.683+62 
2,52E+62 
1.68Ea62 
8. f4OE+6 1 

8.4CEt.61 
8 - 8 1  E+6 7 

R T R I l U M  
kLPHk 

1.00E-32 
1..00E-32 
1.OOE-32 
1. 35E-26 
4. WE-32 
2.72E-03 
1.903-32 
1.OOE-32 
1.00L-32 
1.00E-32 
5.832-25 

i4EDPAN 
ALPHh 

U. 6 1 E+ 0 0  
5.6 OE+00 
6.37 Et 00 
4.73 E+OO 
5.07E+ 0 0 
5.7 9 E t  0 0 
2.53ECOO 
5 . 2 7 ~  00  
S.15%+0 0 
9.13Et00 
4.43E+DO 

m x I n u n  

1.00Et32 
1.00E+32 
1.00293 2 
l.OOEc32 
1.00E+32 
1.00E+32 
1.00E+37 
1.0OEc32 

1.0OEa32 
1 . 0 0 ~ + 3 2  

1.00E+32 

(1) K E Y  TO PROCESSING CODES: 
A: Ib PEAR LAG. 
B: 5 YEAR LAG. 
C: RECRUITS OBTAINED BY AVERAGING 5 A N D  6 YEBR LAGS. 
D: 6 PEAR L A G .  
E: B S C R U I T S  OBTBINED BY &VERACI:BG 5, 6, AID 7 YEAR LAGS. 
F: 7 YERR LAG. 
N: EQUATION 150: P I R E N T S  &LBD B B Z R U I T S  EACH OBTAINED BY SBIYi3lHG O V E R  

7 YEARS, USTB L 4 Y E A R  LAG. 
P: " R U L T I P L E  AGEp+ f lODEE, EXHIBIT U'P-*58. 
Q: "EGGS ON EGGS'* EODEL, E X B I B I T  UT-58. 
I: LlAPRfX HODEL REP = ILPAA QI PEP * EKP ( -BRl"L * PEPI (EQUATION 13U). 
z: I A T B X X  HODEL R = ALPHA * P * EXP (-BETA Q: PJ [sgvnnr jn  IW). 

(2)  hT L E b S T  ONE VERY SBAZP. NUHBEB (<lo*+-32) WAS E N C O U N T E R E D  DIJRTNG 
TWE CALCULITIOW OF THE ESFI#ATE OF ALFBB O R  DnRiNG CALCDLATION OF THE 
STATISTICS. THE VhLUE BIS SET TO A ZJUlBER AT LEAST AS SI1LL A S  10**-32- 
10 GREAT INACCURACIES SHOULD APPEAR 1 N  THE RESULTS, 

(3) AT LEAST ONE VERI LARGE NUBBZB (>10**32) W B S  EHZQKTITERED D U R I N G  
THE CALCULATION OF TEE ESTIMATE OP ALPHA O R  D U R I N G  CALCOLATIDN OF THE 

SOIE QP THE RESULTS kXE LXKELY TO BE VERY I N A C C U R A T I .  
STATISTICS. T E E  V A L U E  W M  SET T O  a WUHBER AT LEAST ns L A R G E  A S  io*e3a.  
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FRBLE C-20 .  SUCIIBBX STkTISTICS FOR SODEL ESTIIIATES OF ALPHA, A PARARETER 
I N  THE R I C K E R  PIODEL, FOR CASE HUMBEE 2 (RUN NUNBER 33) .  THESE 
RESULTS ARE PROM THE APPLICATION OF THE TIECWlT9OE I N W O L V I N G  
THE P R I 3 R  ESTIMATION OF BETA, THE OTHER PARAMETSB I N  THE 
RICKEE EIODEL. ALL OF THE BODEL ESTIMATES ARE INCLUDED. 

TRUE MOBEL ALPHA i 2 0 . 0 0  
TFUE PIODEL GAHNR = 0,000936 

NO. 
PROCESSIWG OF 
CODE ( 1 )  OBS. 

A ( 3 )  120 

c (3 )  120  
a (3) 120 

N (3 )  1 2 0  
P ( 3 )  120  
Q 120 
Y ( 3 )  120  
2 ( 3 )  920 

B (3)  1 2 0  

E /3)  120 
F 120 

MEAN 
E SPIn AT E D 
ALPBA 

2 . 5 0 E + 3 0  
%.SOE+3D 
1 . 6 7 1 + 3 0  
1 . 6 7 E + 3 0  

2 .13E+24  
8 . 3 3 2 + 2 9  
1 .67Et32)  
3 .9$E+2? 

1 , 4 7 E + 3 0  

a. 33e+29 
8 . 3 3 E + 2 9  

BEAS 

2. SOX+30 
2.50E+ 30 
1 . 6 7 E t 3 0  
1 . 6 7 E 3 3 0  
3 . 6 7 B t 3 0  
%.13E+24 
0.33.W 29 
1.67E+ 30 
3 . 9 8 3 + 2 7  
8.33Et29 
8 . 3 3 3 + 2 9  

STANDPRD 
DEVIATION 

1.57B+31 
1 . 5 ? E + 3 1  
1.29E4.31 
3 * 2 9 E + 3 1  
a .  29~t31 
2.33E+25 
9 a 13E+30 

0 . 6 3 E + 2 8  
9 . 1 3 ~ + 3 0  
9.13E+30 

1 , 2 9 E + 3 1  

fiEAA 
SQUARE 
ERROR 

2 . 5 2 E + 6 2  
2.523462 
1.683+62 
1.6 8 E + 6  2 
1.6813+62 
S.riSE+SO 
8. Q O E + 6 ?  
I. 6 8 E + 6 2  
1.7 2E+ 57 
$.4OE+ti l  
8 . 4 O E t 6  1 

B I N I N U M  
ALPHB. 

1.0i)E-32 
1.19E-2% 
2.07E-06 
l.UlE-03 
1. l l E - 0 5  
3.14E-02 
1.53E-24 
5.70E-02 
3.85E-01 
4 , 9 1  E-30 
9 . 4 5 E - 1 6  

KEDIhN 
ILDHA 

4.  BSE+OO 
6 . 7 9 E + 0 0  
6 . 3 3 E t i I 0  
7.08E1.30 
6 . 5 4 3 + 9 0  
9.ZOE+ 00 
2.97E+O 0 
7 . 1 8 E t 0 0  
6 - 9 5  E+OO 
7 .  OYEt 0 1  
4,63E+00 

(1) K E Y  T O  PROCESSING CODES: 
A: 4 YEAR LAG. 
B: 5 YE&€? LAG. 
C: RECRUITS OBTAINED BY AVERAGIIG 5 A N D  6 YEAR LAGS, 
D; 6 YEBB LAG. 

P: 7 YEAR LAG. 
N: EQUATION 15U: PARENTS A N D  RECRUITS E ~ K R  DBTBINED BY S w m w G  O V E R  

E: BECBUITS OBTAINED BY AVERAGING 5, 6 ,  A N D  7 YEAR LAGS. 

7 TEPRS, WITH A 4 YEAR LAC. 
P: "FIULTIPLE AGE" MODEL, EXHIBIT UT-58. 
Q: "EGGS ON EGGS" UQDEL, E X H I B I T  UT-58. 
Y: RATRIX MODEL REP = ALPHA * P E P  * EXP (-BETA * PEP)  (EQUAYIDN ' l 3 U J ) .  
Z: MATRIX SODEL R ALPHA * P * EXP (-BETA * P I  (EQUATIOR 140) 

( 2 )  AT LEAST ONE VERY SMALL BUNBFR j<10**-32) W A S  ENCOfJATERED D U B I M G  
THE CkLCULATION OF THE ESTIMATE O F  ALPHA O R  D W R I N G  CALCULATION D P  TH.8 
STATXSTXCS. THE VALUE WAS SET TO A WUHBER AT LEAST AS SRALL A S  10**-32.. 
NO GREAP INACCURACIES SHOULD APPEAR I N  TEE RESULTS. 

(3)  AT LEA5T ONE V E R Y  LARGE NUHBER (>10**32)  U&S ENCOUNTERED BURLNG 
THE CALCULATION OF THE ESTIMATE OF ALPHA OB D U R I N G  CILCULAFIOI  OP FHE 
STATISTICS.  THE VhLUB: W A S  SET T O  h NUNBE2 XP LEAST AS L B R G E  AS 10**32. 
SOME OP THE RESULTS ARE LIKELY TO BE VERY INACCUSATE. 

... 
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PABLF! E-21. 

NO. 
PROCESSTUG OF 
CODE (1) OBS.  

A 91 
a 90 
c 91 
D 89 
E 91 
F 89 
N 77 
P 96 
Q 3 5  
Y 57 
z 83 

SUMhAHY S T A T I S T I C S  FOR HODEL E S T I K A T E T  3 F  ALPHA, A PARAMETER 
I N  THE B I C K E R  EODEL,  FOR C A S E  NUMBER 2 (RUN NU6BER 33). T H E S E  
RESULTS ARE FROH TKE A P P L I C A T I O N  O F  T H E  T E C H N I Q U E  I N V O L V I N G  
THE P R I J R  E S T I R A T I O N  OF B E T A .  TiIE OTHER PARABETEB I N  THE B I C K E R  
MODEL. R S T I M A T E S  OF ALPHA LESS THAN CINE OR GREATER THAN 
HAVE BEEN EXCLUDED. 

TRUE MODEL ALPHA = 1.00 
TRUE MODEL GAMHA = 0.000036 

MEAN 
E S T I M A T E D  
ALPHA 

896.96 
2245.76 
350.83 
85.24 
193.14 
969.67 
296.55 
620.18 
581.81. 
1560.31 
69.02 

B I A S  

895.96 
2244.76 
349.83 
84.24 

192.14 
968.67 
295.55 
619.18 
590.82 

1559.31 
68.02 

BEAN 
S T A N D A R D  SQUARE 
D E V I L T E O N  ERROR 

4632.01 22267148 
11982.02 148664340 
2166.89 4819137 
325.17 112913 
861 -68 579824 
'1949.85 25449960 
1695.86 2964448 
4022.49 16567876 
3676.48 13857436 
9250- 53 88047159 
301.40 95524 

B I N I N U M  
ALPHA 

1.04 
1.01 
1.03 
1.04 
1.04 
1-01 
1.00 
1.06 
1.00 
1.00 
1.00 

BEDIAN 
ALPHA 

4.91 
4.54 
4. 67 
4.39 
5.33 
4.19 
3.49 
4.91 
4.20 
5. 22 
5.60 

101,817 

I A X I ! ' I V I  
ALPHA 

31800.00 
91760.00 
20160.00 
26 07-00 
5582.00 
30680.00 
13510.00 
37350.00 
29650.00 
6 9290.00 
2631.00 

(1) K E Y  TO P R O C E S S I N G  CODES:  
A :  4 Y E A R  LAG. 
B: 5 Y E A R  LAG. 
C: R E C R U I T S  O B T A I N E D  B Y  AVERAGING 5 AND 6 YEAR LAGS. 
D: 6 YEAR L A G .  
E: R E C R U I T S  O B T A I N E D  BY AVERAGING 5, 6, A N D  7 YEAR L A C 5 .  
F: 7 YEhR L A G .  
N: EQUATION 1511: P A R E N T S  K N D  R E C R U I T S  EACH O B T A I N E D  ay SUMMING ~ V E R  

7 Y E A R S ,  WITH A 4 YEAR LAG. 
P: " M U L T I P L E  AGE: MODEL, E X H I B I T  UT-58. 
Q: "EGGS OM EGGS"  MODELd E X H I B I T  [IT-58. 
Y: R A T R E X  BODEL R E P  = ALPHA 5: P E P  * EXP (-BET& f PEP) (EQUATILPN 13W) . 
2 :  MATRIX RODEL R = ALPHA f P * E X P  (-BET& P) ( E Q U A T I 3 N  14U). 
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FABLE E-27.. SUCIBARY STATISTICS FOR MODEL ESTIHAFES O F  ALPHA, A P A R L B E T E R  
II THE R I C K E R  HODEL, FOR CBSE NUMBER 2 (RUN NURff iER 3Q). THESE 

THE PRIOR ESTIBATION OF B E T A ,  EWE OTWER PARAMETER IN TME R I C K E R  
MODEL. E S T L l I T E S  OF ALPHA LESS THAN ONE OB GREATER r N A l  101,817 
HAVE BEEN EXCLUDED. 

RESULTS A R E  FROM THE APPLICATIOH a F  T H E  TECHNIQUE T W C L I I A G  

TRUE MODEL ALPHA = 1.25 
T R U E  HODEL G A H N A  = 0.000036 

NO. MEaN MEAN 
PROCESSING OF ESTIMATED S T B N D A R D  SQUABE L I I N X R U H  NEDIAN B A X I t ! U 5  
CODE (1) DES. ALPHA BIAS DEVILTION ERROR ALPHA ALPHA ALPHA 

A 
B 
C 
D 
E 
P 
H 
P 
Q 
P 
Z 

7 7  
81  
87 
86 
9 5  
E6 
84 
90 

69 
75 

9a 

82.68  81.43 292.90 
860.78 8 5 9 . 5 3  4972.34 
196.26 195.Ql 795.29 
646.33  645,08 4963.17 
529.63 5 2 8 . 3 8  3458.69 
170.23 168.98  578.08 

P179.63 1 4 1 8 . 3 8  9330.16 
785.92 784.67 4888, OR 
435.78 434.53 2889.61  

2172.16 2170.97 lOE70,89 
2677.74 2676-49 12936.81 

9251 f 
254 72233 

670950 
ZSQ54125 

363069 
88317705 
24 5 15947 

854 06 3 2  
122958498 
174621358 

i 2 2 w i a 2  

1.03 
1-04 
1-02 
1.08 
1 - 0 4  
I J O  
1.00 
1.02 
1.00 
4 . 1 4  
1-03 

5.46 9922. D O  
8.48  43650, '30 
6.20 5522.00  
6 . 3 8  45730.00 
5.77 2 S i 5 0 .  DO 
5.51 3 6 3 6 . 3 0  
3.20 85470.00 
5- 0 2  44730.00 
5 .33  2363O.00 
7 .66  83960.00 
0.07 97630" 0 0  

(1) KEY TO PROCESSING CODES: 
A: 4 YEAR LAG. 
B: 5 YEAR LAG. 
C: RECRUITS OBTBINED BY AVERAGXNG 5 A M 5  6 PEAR LAGS. 
D: 6 PEAR LAG. 
E: RECRUITS OBTAINED BY AVERAGING 5,  6, AND 7 YEAP LAGS. 
F: 7 YEAR LAG. 
N: EQWlTION 150: PARENTS AID REZRUIIPS EACH U B T A I B E D  DP SU148ING OVER 

P: "PlULTIPLE AGE" MODEL, EXHIBIT  UT-58. 
Q: "EGGS ON EGGS" NODEL, EXHIBIT UT-58. 
Y: RATRIX MODEL REP = ALPHA * P E P  * EX? (-BETA * PEP) (EQUATI3B ? 3 U )  _j 

Z: HATRIX RODEL R = ALPHA * P * EIP (-SETA * P)  (EQUATXJM 1411) a 

7 YEARS, MITE A 4 PEA8 LAG. 

.... 
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F % B L E  E-23. 

NO. 
PROCESSING OF 
CGDE ( 1 )  OBS. 

A 8 2  
B 7 8  
C 8? 
D 8 1  
E 8 8  
P 8 7  
N 8 1  
2 9 1  
Q 8 7  
Y 7 5  
Z 70 

S U M P l A R Y  S T A T T S T I C S  FOR BODET. E S T I M A T E S  OF ALPHA, A P$RhrlE:Sfc 
I N  THE R I C K E B  HODEE, FOR C A S E  NUHBER 2 (RUN NUIBER 351. T k E S F  
RESULTS ARE P R O R  THE APPLICATION OF T H E  TECHNIQ!JE i E i F O L F i 1 S G  
THE B R I D R  E S T I H A T I O B  OF BETR, THE O T H E R  PARAMETZR IN PBE H 1 C K E K  
BODEL. E S T I % A T ' E S  OF ALPHA L E S S  THAN ONE OR G B E A T Z E  P n B . :  " '11,817 
HAVE BEEN EXCLUDED, 

TRUE BODEL ALPHA = 2 - 5 0  
F R D E  fiIQDBL G A M n A  1 0 . 0 0 0 0 3 6  

MEAN IEBS 
ESTERA'PED SPfiNDARD SQUARE RIAl i lCUiB 
ALPHA BIAS DEVIbTIUN ERRCR ALPHA 

4 7 5 . 2 5  
1903.8'4 

8 8 1  -37 
3 4 9 . 8 1  

131U.87  
2 0 3 . 9 1  
5 8 4 . 9 e  
9 9 8 . 6 0  
3 5 2 . 1 1  

2596 .28  
141.33 

472.75 
1 9 e 1 . 3 4  

8 7 8 . 8 7  
3 6 7 . 3 1  

1 3 1 2 . 3 7  
201 .41  
5 8 2 . 4 8  
9 3 6 . 9 0  
349 -6 1 

25 93.78 
1 3 8 . 8 3  

2 6 3 2 . 1 0  
9 8 0 1 . 5 8  
4 0 0 3 . 0 2  
1 4 5 3 . 0 3  
8 9 2 4 . 8 2  

8 2 6 . 1 5  
2 5 1 8 . 1 5  
4 6 8 1 .  '74 
2 1 0 0 . 0 6  

1 3 7 8 4 . 0 1  
5 2 6 . 2 4  

7 1  5 4 1  9 7  
9 9 7 3 3 1 i 0 4  
1 6 8 0 6 2 1 9  

2 2 2 4 9 0 5  
8 1  3 9 4 5 6 8  

7 2 3 5 6 5  
6 6 8 4 6 0 1  

2 2 9 2 1 8 9 9  
4 5 3 3 8 9 1  

1 9 5 8 1 7 5 9 2  
2 9 6 4 8 1  

1 . 0 1  
1.17 
1.03 
1.02 
1 .03  
1.00 
1.05  
1 . 0 1  
1.00 
1 - 0 0  
1.05 

M A X I d  il K 
ALPHA 

2 2 2 5 0 . 0 0  
79330.00 
2 8 9 4 0 . 0 0  
1 0 7 2 0 . 0 0  
8 2 6 8 0 . 0 0  

5847 .00  
1 4 2 2 8 . 0 0  
3 6 9 4 0 . 0 0  
16'FYO.OO 
9 9 9 7 0 . 0 0  
3970.00 

(1 )  K E Y  TO P R o c E s s r N ( ;  CODES: 
A: 4 IBhR LAG. 
B: 5 Y E A R  LAG. 
C: R E C R U I T S  O B T A I Y E J  BY AVERAGING 5 AND 6 YEAR LAGS, 
D: 6 Y E A R  LAG. 
E: R E C R U I T S  03181?8EB BY AVERAGIBG 5, 6,  AND 7 TEAR LAGS. 
P: 7 YEEAR LAG. 
N: E Q U l T I O N  15U: PfiRENTS AND R E F R U I ' r S  EACH O B T i r I N E D  BY Sl iHSING D Y E R  

P: " n a m I w . E  A G E "  HOBEL, E K H X B ~ P  UT-58, 
7 YEARS, WITH k 4 YEaE LAG. 

Q: "EGGS O N  EGGS'* RODEL, EXHTBIT U T - 5 8 .  
Y: H A T B I X  SODEL REP = ALPHA * P E P  * EXP ( -BETA * P E F )  ( E O 6 A T T I t i  1 3 U )  . 
7,: H A T R I X  MODEL R = ALPHA * F t EXP (-BETA Q P) ( R Q U A P i 3 K  -801. 
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T R U E  flODEE ALPHA = 5 .00  
TRUE RODEL GAMtIA = 0 .000036  

NO. miti HZAX 
PtaOCESSlNG OF ZSTIPIATED STANDARD SQUARE M I B I A U f l  MEDIAH B A X I I U I  
CODE (1) O B S m  ALPHA B I B S  DEVXABfOPl ERROR ALPHA ALPHA BL PH A 

0 
Y 
z 

eo 973-26 
79 103..Ure 
85 I 2 Q I I . 8 5  
09 3 2 1  .. 52 
90 365” 23. 
8 5  922 - 27 
85 58.93 
89 3 2 1 - 7 6  
99 1023.,86 
88 681.313 
79 372.38 

948.26 
90.(r(r 

11  $6- 0 5  
3 07,s2 
360.21 
9’17.27 
53.73 

3 16-75 
10 10 - 36 

676.14 
367,38 

3831.29 
392.. 13 

B61U. 12 
4P,95,%4 
20 10- 35 
7659 SU 
299.26 
1336.89 
6897.65 
2764.62 
2436 I( 30 

15628176 
463582 

75652 5 16 
3392557 
111’82617 
56361 890 

4479 1 
1888739 
43268 155 

8 105543 
6072235 

8 - 7 2  
1-05; 
1 - 0 5  
I.01 
1 - 0 3  
4.33 
1 .04  
1,07 
3 - 0 0  
1 .06  
1 - 0 0  

5. S’T 
5.20 
4.. 1 9  
4” 49 
1.56 
4 , a a  
5-96 
5. 2 1  
4-07 

0.19 
I 0.. e o  

21540.  a0 
19159.00 

96700. 00 
16430- 00 
15599.00 
58480.00 
1265.00 
9533.00 

U8950.00 
18660.00 
21  560. 00 

.... ..... 
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T A B L E  

P R O C E S S I N G  
CODE ( 1 )  

& 
B 
c 
53 
E 
B 
N 
P 
Q 
Y 
Z 

E-25. 

NO. 
O F  
OBS. 

84 
8 2  
90 
8 3  
88  
85  
70 
91 
94 
86 
83 

S U M M A R Y  S T A T I S T I C S  FOR MC)DEL E S T I I A T E S  OF ALPHA, A PARAFIETER 
IN THE R I E K E R  MODEL, %OR C A S E  NUMBER 2 ( R U N  N U l B E R  371. T H E S E  
R E S U L T S  ARE FROll THE A P P L I C A T I O N  OF T H E  T E C H N I Q U E  XNVOLVLNG 
THE P B I 3 R  E S T I M A T I O N  Oi? B E T A ,  THE OTHER PARAMETER I N  THE B I C K E R  
MODEL. E S T I M A T E S  OF ALPHA L E S S  TBAN OUE OR GREATER TRAH 101,817 
HAVE BEEN EXCLUDED. 

TRUE MODEL ALPHA :: 10.00  
T R U E  MODEL GARMA = 0.000036 

BEAN B E A N  
E S T I M A P P D  SThNDABD SQUARE 
ALPHA B I A S  DEVTATPON ERROR 

1424.97 1414.97 6285.34 4 1 5 3 1 7 7 9  
4290.80 4280.80 16774.33 2 8 3 4 0 5 9 3 8  

860.04 850.04 3999.49 1671131rO 
826.37 1816.37 10312.82 1 0 9 6 9 1 3 4 6  
316.46 1306.46 8791.62 7 9 0 1 9 6 5 0  
647.96 6 3 7 - 9 6  3828.32 1 5 0 7 3 4 8 9  
190.90 1130.90 8595.02 75167Q60 
950.97 940.91  6591.43 44341855 
320.40 1310.UO 7632.30 5 9 9 8 9 4 1 4  

382.22 1372.22 7590.80 5 9 5 1 4 3 7 3  

2498.39 2488.39 i o 0 7 3 . 0 0  1 0 7 7 3 2 8 9 5  

(1) K E Y  T O  P R O C E S S I N G  CODES: 
A: 4 YEAR LAG.. 
R: 5 YEAR LAG. 
C: R E C R U I T S  O B T A I N E D  BY AVERAGING 5 AND 6 YEAR 
D: 6 YEAR LAG. 

NINIIJOM 
ALPiiA 

1.12 
- 0 2  
-00 
-04 . a4 
- 0 4  
- 0 1  
- 0 2  
.23 
- 1 5  
.02 

LAGS. 

MEDIAN 
ALPHA 

5.40 
7.99 
7.54 
5.63 
5.99 
6.51 
3.95 
6. 2 2  
5. 5 2  

10.16 
6.92 

H A X I M U M  
ALPHA 

4 9  170.00 
79800.00 
66640. 0 0  
31360.00 
90610.00 
79330.00 
31460.00 
80830.00 
61860.00 
68260.00 
76030. D O  

E: R E C R U I T S  O B T A I N E D  BY AVERAGING 5, 6, AND 7 YEAR LAGS. 
F: I YEAR LAG. 
N: EQUATION 75U: P A R E N T S  AND R E C R U I T S  EACH O B T A I N E D  BY S U N H I N G  OVER 

P: : ' N U L T I P L E  AGE" KODEL, Z X H I B I T  UT-58. 
Q: "EGGS ON E G G S t J  RODEL, E X H I B I T  UT-58. 
Y: MATRFX NODEI.  R E P  = ALPHA * P E P  * EXP (-BETA * PEP)  ( E Q U a T I 3 N  13U) . 
Z: f i A T R I X  HODEL R = &LIPHA * '2 * E X P  (-BETA f P)  ( E Q U A T I 3 N  4 4 U ) .  

7 YEARS, WITH A 4 YEAR LAG. 
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T b B L E  e-16. SUlRhRY S T A T I S T I C S  FOB FiDDBL ESTIMATES OF ALPHh, B PARAMETER 
I N  THE R I C R E R  HODEL, FOB CASE NURBER 2 (HUB NUqSER 381 I THESE 
RESULTS ARE FROR THE A P P L I C A T I O N  OF T H E  TECHNIQUE I W I O L B I X G  
THE PRI3R ESTIPIATION OF BETA,  TBE OTHER PARBBETEF. IW THE R I C K E R  
MODEL. E S T I M A T E S  OF ALPBA LESS TBAB ONE OR GREATER PHAR 101,817 
HAVE BEEN EXCLUDED. 

TEUE MODEL ALPHA = 2 0 - 0 0  
TRUE HODEL GAMMA = 0.000036 

NO. i l E A N  SEAN 
PROCESSING OF ESTIMATED STANDARD SQUARE MINIifUiT FlEDIAN M A X I R U B  

(19 085. ALPHA BIAS D E V I A T I O N  ERROR ALPHA ALPHA ALPHli  CODE 

A 
B 
c 
D 
E 
P 
N 
P 
P 
Y 
z 

97 
94 
9 7  

103 
104 
1 0 4  

8 4  
106  
108 
'0 06 

85 

820.70 
310.21  

911.81 
7099.90 
2368.66 

191 -80 
135.10 
434.89 
586.95  

1776.93 

6 0 - 5 8  

sao-70 
290.21 
40-58 

691 _. 81  
1079.80 
23Q8-66 
111.80 
115.1 0 
412.88 
5 6 6 - 9 5  

17 56 - 93  

3889.78 
1452.18 

la9.58 
5 9 5 7 . 4 5  
7033. 54 

764.03 
683. Y9 
1873.34 
2945.05 
9391.75 

10305.~9 

I 5 7 7 8 1  82 
2993361  

3 3 9 1 2  
36 29 43 3 5 
50 64796 4 

1 1 1 7 7 6 9 6 0  
613610 
48121'3 

3683138 
8997805 

91 328529 

1.02 
9.21  
1.03 
1.90 
1.20 
1.05 
1.Q3 
9 - 0 5  

1 .23  
1.01 

a . i a  

5 .78 
' 1 .1% 
6,64 
7 - 3 8  
6.54 
9 - 2 0  
4 -96  
7 , 0 3  
6.85 

11.95 
6 - 4 7  

24230,  00 
11250.0[0 

1455,ao 
57790.00 
66990. 00 
70800"  ai, 

e8424.00 
6682.00 

a3710.00 
20780.%0 
74 100. 03 

(1) KEY T O  PROCESSING CDDES: 
A: 4 YEAR LAG. 
B: 5 YEhR LAG. 
e": RECRUITS OBTAINED B Y  AVERAGING 5 A N D  6 YEAR LAGS. 
D: 6 HEAR LAG. 
E: RECRUITS OBTAINED BY AVERAGING 5 ,  6, A N D  7 YEAR LAGS. 
F: 7 YEAR LAG. 
H: EQUhTICON 1511: PARENTS A N D  R E C R U I T S  EACH OBT?JNED BY StJMlrlG 3PEB 

7 Y E A E S ,  i m n  A (I Y E A R  LNL, 
P: "MULTIPLE AGE" MODEL. E X H I B I T  UT-58. 
Q: "EGGS O N  EGGS" IIODEL, E X H I B I T  UT-58, 
Y: E A T R I X  MODEL R E P  = ALPHA * P E P  * EXP (-BETA * P E P )  ( E Q U A T I O S  l3V) . 
2: EATF.IX MODEL R = ALPHA f P * E X P  (-BETA * P) ( E Q U R T l 1 N  1 4 0 )  - 
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T A B L E  E- -27 .  

NO. 
DROCESSING O F  
CODE (1)  OBS. 

A 120  
B (3) 120  
(3 ( 3 )  120  
D ( 3 )  1 2 0  
E (3 )  120  
F ( 3 )  1 2 0  
N (3 )  1 2 0  
P ( 3 )  120  
Q (3 )  120  
Y (3 )  120  
2 (3 )  1 2 0  

S U N N I R Y  STATIST1CS FOR IIODEL ESTIElATES OF ALPHA, A PARAMETER 
I H  THE R I Z K E R  RODEL, FOR CASE NUMBER 3 (RUN N U M B E R  3 9 ) .  THESE 
RESULTS A R E  FROM THE APPLICATION OF T H E  TECHNIQUE INVOLVING 
THE P R X 3 R  ESTIIIATION O P  B E T A ,  THE O'I'BER PGRAMETEB I N  T B E  
R I C K Z R  I O D E L .  ALL OF THE MOD9L ESTIISWTES A R E  INrLUTDED. 

L R U E  AODEL ULPHA = 1.25  
TRUE BODEL GAMMA = 0.000036 

MEAN M E A N  
ES T I  B A T  E D STANDARD SQUARE M I N I M U M  M E D I A N  H A X I M U P I  
ALPHA BIBS D E V I A T I O N  E R R O R  ALPHk ALPHA ALPBA 

2.83E623 
1.67E+30 
8 .33Bt29  
9.333*254 
8.33E+29 
1.67E+30 
1.6'7E+3Q 
8.33G929 
8.3 3 E +  2 9 
2.50~+30 
2.50E+30 

2.83E+23 
1.67E+3O 
8 . 3 3 E t 2 9  
8.33E+ 29 
3.33Et 2 9  
1 .67Et30  
1.67E+30 
3.33E+29 
E. 33E629 
2 .50Et30  
2.50 E+30 

3 .103+29 
1.29E+31 
9.13E+30 
9.13E+30 
9 . 1 3 ~ 3 0  
1.29E+31 
1 .29Et31  
9.13E+30 
9.13E+30 
1.5mt31 
1 - 57E+31 

9 .67E+Q8 
1.68E662 
8. UOE+6 1 

1 . 6 8 E 6 2  

8.40E+61 
8.4OE+6l 
2.52Et62  

8.40E+61 
8.1)06+61 

1 .68Et62  

2 .52Et62  

3-94E-06 
1.00E-32 
1.00E-32 
2.08E-15 
9.27B-lU 
1.28E-OB 
1.00E-32 
4.7 1E- 13 
2.59E-10 
1.00E-32 
1.00E-32 

4.3QEtOO 

3 - 4 3  E + O O  
3.52E+00 
3.783+00 
3" '73 e* 0 0 
2.13E+30 
3.53E+ 00 
3 .I 3 8  R + O Q  
1.2OEtO 1 
3.23E+OO 

4.0 1 E+00 
3.39Et2 5 

1.00E+32 
1.00E+32 
1.00E+32 
1.00!3+32 
1.00Ea32 

1.00E+32 
1.00E+32 
1.OOEt32 

1.00E+32 

l.OOE+3 2 

(1) K E Y  TO PROCESSING CODES: 
A: 1 YEAR L A G ,  
B: 5 Y E A R  L A G ,  
C: RECRUITS O B T k I N E D  BY A V E R A G I N G  5 A N D  6 Y E A R  LAGS. 
D: 6 Y E A R  LAG, 
E: RECRWITS OBTAINED B Y  AVERRGING 5, 6 ,  A N D  7 PEAR LAGS. 
F: 7 Y E A R  L A G ,  
I: E Q U A T I O N  15U: PARENTS A I D  RECRUIPS EACR O B T A I N E D  BY SUBRING OVER 

7 YERBS, W I T B  A 18 T E A R  LAG. 
P: f4MLPLTiPT.E R G E 8 *  HODEL,  E X H I B I T  UT-58. 
Q: "EGGS ON EGGS" MODEL, E X H I B I T  UT-58. 
Y: HAFRIX MODEL REP = ALPHA * PEP * EXP (-BETA * PEP) (EQUATICIN 1 3 0 ) .  
Z: I A T R I X  N O D E L  R = ALPHA * T * EXP (-BETA * P) (EQIIAT'ICIN 14U) .  

(2)  AT LEAST O N E  V E R Y  SHALL NUMBER (< lo*+-32)  HAS ENCOUNTERED D U R I N G  
THE C A L C W t A T i 3 A  OF THE ESTIt4ATE OF BLPAA O R  D U R I N G  CAICULATTON OF THE 
STATISTICS, THE V A L U E  V A S  SET T O  A BUMBER AT LEiiSP AS SYALL I S  1066-32. 
N O  GREAT INACCURACIES SHOULD APPEAR IN THE RESITLTS. 

(3)  AT LEAST O N E  V E R Y  LARGE NDIIBER (>10**32) WAS ENCOUNTERED D U R I N G  
THE CALCULATION OF THE ESTIMATE OF ALPHA O R  D U P I N G  CALCULATION OF T H E  
STATISTICS. THE VBLUE YAS SET TO A WUHBER &IC LEWST AS L A R G E  AS 70**32. 
SONE OF THE RESULTS ARE LIKELSI TO BE VERI! INACCURATE. 
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P A B L E  E-28. SUllBARY S T B T I S T I C S  FOB BDDEL E S T I n A T E S  O F  ALPEA, A PARAMXTER 
IC1 THE F I C K E R  MODELI FOB CASE NDMBEB 3 (RUN NalPBER 40). THESE 
RESOLPS ARB FROB THE APPLXCATION OF TAB TECHNXQUE INVOLVING 
THE P R X O B  ESTLi9ATXOI OF BETA, THE O T H E R  PARAEIETER I N  THE 
IpIClyEiR UDUEL, ALL OP THE HODEL E S P l B A T E S  882 INCLUDED. 

TRUE !IODEL ALPHA = 5-00 
T R U E  A a m L  m n n g  = a.oo0036 

NO. HE&# MEAN 
PROCESSING OF E S T J n A T E D  STANDARD SQUARE N I A I F I U I  MEDIAN F I A X I l l U H  
CODE (1) QRS. &LPHA B I B S  D E V I A T I O N  ERROR ALPBA ALPHA A L P I h  

A ( 3 )  125 
B [3) 1 2 0  
C 120 
P (2) 120 
E 128  
f 120 
a ( 2 )  120 
P 1 2 0  
L? 120 
Y (3 )  120 
z (31 120 

8 .3  3E+29 
8 . 3 3 E + 2 9  
2 . 6 7 E + 1 9  
5-2 1 E + 1 0  
1,368+07 
Y e  5 2 E + 2 $  
9,10E+lB 
2 , 2 6 E 4 0 6  
2 . 8 7 E + 1 0  
?,67E*30 
8.33B429 

9 . l 3 E + 3 0  
9.13E+30 
2.933+20 
5.69E+ 17 
3 - 4 9 ~ 4 0 e  
1.04E+22 
9. ")E I. i s  
2.48E+07 
2.73Etll 
1.293+31 
9 . 1 3 E 4 3 O  

1.563-07 
9.03E-05 
3.60E- 10 
3 . 6 3 E - 1 4  
3.. 67E-OB 
a.  1YE-08 
1 ,00E-32 
1.36E-09 
1 . 2 2 E - 0 2  
'1 f 0 0 E - 3 2  
2,293-13 

4.2 1 E+ 00 
3 . 5 4 E t 0 0  
4 , 3 4 E + O O  
3.9QE+00 
3 II 6 1 E+OO 
3. Q8E+OO 
2.97 Et00 
3.48&+00 
3.192+00 
8.13L+00 
3.201+00 

1 . 0 0 E + 3 2  
1 .008+32 
3 . 2 1 E + 2  1 
6 . 2 3 E * 1 2  
1.638+09 
2 . 1 4 E + 2 3  

2.728408 
2 .953+12  
1 . 0 0 E 4 3 2  

1.09E+17 

1.008+32 

(1) KEY TO PRQCESSING CODES: 
A: 4 YEAE LAG. 
B: 5 TEAR LAG. 
C: R E C R U I T S  O B i + A I N E D  B Y  AVERAGING 5 AND 6 YEAR LAGS. 
D: 6 YEAR LIG. 
E: R E C R U I T S  OBTAIUED BY AVERAGING 5, 6 ,  AND 7 YEAR LAGS. 
E': 7 YEAR LAG. 
E: EQOATTON 15U: PARENTS AND RPICBKLTS EACH OBTAIRED BI SUMlPING OVER 

7 YERRS, W X T M  B 4 YEAR LAG. 
e: " ~ L P I P L E  WE#' RODEL, EXHIBIT UT-W. 
Q: ~ X G G S  ox EGGS"  nDDm., ~ 1 ~ 1 3 1 ~ "  UT-58. 
8: BATRIX PIODEL REP = ALPHB * PEP * EXP (-BETA * P E P )  (%QUATIOH 1 3 U ) .  
2 :  R A T R I X  RODEL B = ALPHB * P * EIIE (-BETk * P) (TQUATIDN ?&a) .  

( 2 )  AT LEAST ONE VERY SflALL MJKBEB (<10**-32) WAS EBCOUNTBRED D U R I N G  
THE CALCULATXON OF THE ESTIMATE OF ALPRA O R  DDRING CALCULATIOU OF THE 
S T A T I S T I C S .  THE VALUE W B S  SET TO A BDLlBER AT LEAST &S S I I h L L  AS 10**-32. 
10 GREAT I B A C C U R A C f E S  SflOULD APPEAR I N  THE RESULTS. 

(3) AT LEAST OBE VERT LARGE NUMBER (>10*+32) M A S  ENCOUHTEEED D O R I N G  
THE CALCDLATION OF THE ESTIHhTE OF ALPHA O R  D U R I N G  CALCULATTOU OF THE 
S T A T I S T I C S .  TtiE VALUE WBS S E T  TO A NUBBE3 AT LEAST AS L I R G E  AS 10**32. 
SOME OF THE FESUETS ARE L I K E L Y  TO BE V E R I  I N K C U R A T E .  
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TABLE E-29. SURPIARY STATISTICS FOR BODEL ESTIHATES O F  ALPHA, A PARANEPER 
I N  THE R I Z K E R  NODEL, FOR CASE NUMBER 3 (BUN N U R B X R  4 1 ) .  THESE 
RESULTS A R E  FROM THE APPLICATION OF T A E  TECHNIQUE I N V O L V I N G  
THE PRIOR ESTIEATION OF BETA, THE OTHER PARABETER IN THE 
R I C K E R  HODEL. ALL OF THE EODEL ESTINATES ARE INCLUDED. 

TRUE HODEL ALPHA = 20.00 
TRUE BOBEL GANHA = 0.000036 

NO. MEAN N E A N  
PROCESSING OF ESTIRATED STANDARD SQUARE f l I N I B U K  R E D I A N  R A X I H U M  
a 7 D E  (1 )  OBS. ALPHA BIAS DEVIATIOK ERROR ALPHA ALPHA ALPHA 

A ( 2 )  120 1.213+28 
B ( 2 )  1 2 0  4.72E+18 
C (3) 120  8 .333+29 
D (3) 1 2 0  8.33E129 
E (3)  120  1.67E.1-30 
P ( 3 )  1 2 0  3.33E+30 
k4 120 1.19E+06 
P (3 )  120  8.33E+29 
Q ( 2 )  1 2 0  2.28E+25 
Y ( 3 )  120  3 .343+30 
Z (31 120 8.333+29 

1. 21 E+2B 
4.72E+ 18 
8. 33E+ 29  
8 .333+29 
1.67E+30 
3 .333+30  
1.19E+06 
8 .33Es29 
2 .283+25 
3.34 E+30 
8.33E429 

1 . 7 6 M 5 8  
2 .70Et39  
8.40E+61 
R. POE461 
1.68E+62 
3 .363+62 

8.40 Es6 1 
6.27E+52 
3 .36E+62 
a. ~ 0 ~ s . 6 1  

1.7 l E +  1 4  

6-253-12  
1.88E-17 
1.00E-32 
l.OOE-3Z 
5.671-21 
2- 29E-03 
2 . 4 2 ~  11 
1.00E-32 
2.543-95 
1.00E-32 
1.00E-32 

4 . 0 3 ~ + 0 0  
3. BYE*OO 
3.77E+00 
4.03E+00 

3 . 3 4 ~ + 0 0  
2.19 E+OO 
3.5 1 E+OO 
3.32E+OO 
2.48E+O 0 
4.77E+00 

3 .763+00 

1.45B*30 
5 .673+20 
1.00E+3 2 
1.0OE*3 2 

1.00E*32 
1.43Eo08 
1.00E+32 
2.73E.1-27 
1. ooe+32 
1.00E932 

1.058+32 

(1) K E Y  T O  PROCESSING CODES: 
A: 4 YEAR LAG.  
B: 5 Y E A R  LAG. 
C: RECRUITS OBTATNED BY AVERAGING 5 A I D  6 Y E A R  LAGS. 
D: 6 Y E A R  L A G .  
E: RECRUITS O B T A I N E D  B Y  A V E R A G I N G  5, 6 ,  A N D  7 Y E A R  LAGS. 
F: 7 Y Z X R  LAG. 
1: EQUATION 9 5 0 :  PARENTS A N D  BECRUITS EACH O B T A I N E D  B Y  S U ? B R I N G  OVER 

P: “MULPIPLE A G E a ’  NODEL, EXHIBIT UT-58. 
Q: “EGGS 08 EGGS” MODEL, E X H I B I T  UT-58. 
Y: IIATRIX EODEL RE? = ALPHA * PEP * EXP (-BETA f PEP) (EQUATION 1 3 0 ) .  
2: IllATRIX RODEL R = ALPHA * P B. EXP (-BETI * P) (EQUATION 1 c ) U ) .  

7 YEARS, WITH A 4 YEAR LAG. 

(2) AT LEAST ONE V E R Y  SHALL NUMBER (<10**-32) WAS ENCOUNTERED D U R I N G  
THP CALCULATXON OF THE ESTIlATE OP ALPHA O R  DUXING CALCULATION OF THE 
STATISTICS. THE V A L U E  VAS SET T O  A NUMBER AT LEAST AS S R A L L  AS 10**-32. 
NO GREILT INICCURACIES SHOULD hP@EAR IW THE RESULTS. 

(3) AT LEAST O N E  V E R Y  LARGE N U H A E R  (>10**32) WAS ENCOUNTERED D U R I N G  
THE CILCULLTZON OF THE ESTIHITE OF ALPHA O R  D U R I N G  CALCULATION OF THE 
STATISTICS. THE VaLWE VAS SET T O  A NUFIBER AT LEAST AS L A R G E  A S  10**32. 
SORE OF THE RESULTS A R E  LIKELY TO BE VERI  INACCURATE. 
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F A B L E  E - 3 0 .  

N O .  
P R O C E S S I N G  OF 
CODE (1) QBS. 

A 83 
B 81 
c 95 
D 87 
E 103 
F 77 
N 77 
P 100 
Q 107 
P 66 
2 74 

s o m m R T  STATISTLCS FOR n O D m  ESFIBAPES OP ALPHA, A PARACIBTRB 
IN TEE R f C K E R  MODEL,  FOB CASE BRMBER 3 {tilug NUIBER 39). THESE 
R E S U L T S  &RE FROB THE A P P L I C A T I O N  OF THE TECsBIQDE I l V O L O I F i G  
T H E  PRIOR ESTZSATI6EI OF BETAl TflE O T H E R  P A B A I E T E R  Il THE BECKEB 

RAVE BEER EXCLUDED. 
U O D E E .  E S T I ~ A T E S  OF a w n 4  LESS TBM owlz aa G R E A T E R  T E ~ N  14.2516 

TRUE BODEL A L M A  = 1.25 
T R U E  n a D m  GARflB = 0,000036 

lEAN HEAN 
ESTIMZirED S T A N D A R D  SQUARE 
ALPHl BIAS D E V I A T I O I  ERROR 

704.81 
75.98 
69.914 

243.1r5 
130.92 
180.02 
331.63 
39.311 
70.07 

572.37 
34.51 

103-56 
78.73 
68.15, 

242.21 
129.17 

'130.38 
38-06 
68.82 

571.12 
33-26 

i m . 7 9  

425.57 
268.56  
274.99 
871.33 
651,QO 

l l f i J . 0 6  
972 I 62 
298.20 
40LI. 01 
1790.51 
95.22 

892219 
47778 
80317 

829060 
YU2945 

1271292 
963215 
63058 

116BU03 
3537107 

10159 

H A X X l C I l  
BLPAA 

2930. 00 
8894.150 
2021.00 
5402.00 
5882. a n  
9698,OO 
8536.00 
2466.00 
3823.00 

12690" u0 
568*90 

(1) KEY TO BROCESSPBG COQES: 
A: 4 YEAR EBG, 
B: 5 PEAR LAG.. 
C: R E C R U I T S  OBTAINED BY ZLVEFAGIPOC 5 A N D  6 YEAR LAGS.  
D: 6 BE&$ L A G .  
E: RECRUITS OBTAINED BY hVER&,GING 5. 6 ,  AWD 7 X E A R  GIGS. 
e: 7 YEAR L A G "  
N: E Q U A T I O I  15U: PXRENTS AlPD R E C R U S T S  EACH DBTALBED BY SUt98Et iG 3rER 

P: nfiULIPIPLE AGE" fIODh'L, Z(KH1BZT UT-55. 
Q: "'EGGS ON EGGS'' UODEL, E X A I B I T  UT-58- 
Y: B A T R X X  n o D m  R E P  = ALPHA * PEP * EXP b-ama * F E P ~  ( E Q U ~ T T D N  IXU . 
2: UA'PSXX MODEL R = ALPHA * E" * E X P  (-BETA * P) $ E Q U & T r D H  3 4 0 ) -  

7 PEARS,  m r H  n T E A B  LAG. 
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TABLE E-31. SLiIWBBY S T A T I S T I C S  TOR K D D R L  E S T I R A P E S  OF A t P H b ,  A PARAHETEW 
IB' THE R I C K E R  MODEL, FOB C A S E  N U R B E R  3 (RUN m t 4 a E R  40). THESE 
RESULTS ARE PROH THE APPLICATION OF THE TECIZNXQUE INVOLVING 
TEE P R I 3 R  E S T I I A T I Q N  OF B E T & ,  THE OTHER PARAHEPER IN THE RTCKER 
IODEE. E S T I H A T E S  OF ALPAX LESS THAN ONE OR GRERTER ZBBl '14,254 
HAVE B E E N  EICLWDLD. 

TRUE IOBEL a m a  = 5,.00 
TRUE HODEL GANtIh = 0.000036 

110. RELl REAN 
PROCESSING O F  ESTIHAPED STANDARD S Q U A R E  XEBIHUI M E D I A N  aaxmufl 
CODE (1) OBS. ALPHA BIAS DEVXI"POB E R R O R  ALPHA ALPHA ALEPH& 

A 
B 
c 
D 
E 
? 
N 
P 
Q 
Y 
z 

92 
93 
102 
88 
103 
81 
69 
107 
100 
66 
72 

252.69 
169.19 
365.86 

99.05 
263.96 
267.02 
27.40 
117.85 
29.48 

870.19 
353.59 

247.69 
164.19 
360. $6 

96.85  
258.96 
262.02 
22.Q0 
112-85 
22.48 

346.59 
a65.19 

1356.77 
820 " 8 1  
1546 e 147 
386.95 
1526.23 
1389.56 
105. CbU 
505.W 
106.53 

1897.35 
1425.68 

1930076 
70097'1 

2523076 
1588263 

23 9709 1 
2000394 

11625 
268429 
21989 

4360007 
2155993 

1.16 
1.08 
1.08 
1-07 
1.03 
1.04 
1.01 
1.00 
1-09 
1.27 
1.17 

6. 15 
4. 15 

5. 50 
4.47 
6.04 
4.51 
3" 9 8  
3.90 

24.69 
5.94 

5.20 

11670.80 
7139.00 

1ozoo,oo 
3114.08 

12960.  no 
11840.00 

867.50 
4565.00 
1388.00 
8 2 9 8 . 0 0  
1026O,OO 

(1) KEY TO PRQCESSIIG C O D E S :  
&: 4 Y E A 8  L16, 
8: 5 TEAR Ll iG.  
t: R E C R U I T S  O B P A X B E D  B Y  AVERAGIRG 5 B I D  6 YEAP LAGS. 
D: 6 YEAR LAG. 
E: RECRWITS O B P L X N E D  BIB AVERAGING 5, 6, A I D  7 YEAR LAGS. 
H: 7 YEAR LAG. 
U: E Q U a l I O l i  15U: P A R E I T S  AND RECRUITS EACH O B T A X N E D  B P  S U H l I 1 6  3VER 

7 YEARS, UIPA il 4 YEAR LAG. 
P: ~ ~ U U L T X P E E  AGE#* RonEL, EXHIBIT UT-58. 
Q: '*EGGS ON EG6Sf8  LIODEL, E X H I B I T  UT-58. 
P: l B T R I X  BODEC REP = &LPHA * P E P  * E I P  (-BETA * P E P )  (EQUATION 13ir) . 
22 M A T R I X  EODEL R = A L P A B  * P * EXP (-BETA * P )  (EQUATION I Q l l ) ,  
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00 '09LOC 
OO'SOLfi 
00 '669 L 
00 '68 CL 
oe 'bo1 1. 
0O"bhQt 
os 'trlE 
00 'SOZZ 
00'6008 
00'6QZ4 
00 -OSOt! 

YBITY 
BlIUiXQH 

81 "8 
88 '8 
BC 'E 
8L"E 
56 "E 
08 'b 
80 "R 
LL "S 
6L 'A 
20 'S 
8S-b 

VH aiv 
iNt3aati 

96 '9s 1 L 
19'216 
L1'281 
EE'90L 
ER'QCL 
8S'BLE 
95 '25 

9S"S901 
6Z'OLC 
EO 695 

HQX&PIALPU 

LE '982 

arimms 

Z1*86L 
86"ELE 
YE "0t 
Z9'60 
98"bOL 
C8 'SS 
ne.0 
EL'9L 
91'091 
EL 'ZY 
9Q "SZ L 

SPI€l 

fl'8CZ 
86'EEE 
9E'OF 
Z9'60L 
98 "BZ L 

118'0Z 
EL '99 
91'081 
€1'28 
9C"5C1 

ta-si 

vnait 
#van 

aa LVUI &sa 

L8 z 
29 I 
L6 0 
96 d 
68 8 
08 d 
E6 a 
tr6 3 
58 8 
88 Y 

06 a 

-SEO (cl aam 
40 SNXSS3XM 
'08 
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T A B L E  

PROCESSING 
a n g  ( 1 )  

A 
B 
C 
D 
E 
P 
N 
P 
Q 
y (3) 
z (3 )  

E-33. 

NO. 
OF 
OBS.  

1 2 0  
120  
120  
120  
120 
120  
120 
120 
120  
120  
120  

SUUMARY STATISTICS FOB PIOODEL ZST1PIATES OF ALPHA, A PARAUETER 
I N  TtiE R I C K E A  UODEL, FOR C F S E  NURBEB 4 (RUN N U i i B E R  4 3 ) -  TifESE 
RESULTS ARE FRO& THE APPLICBflON Q Y  T H E  TECHNIQUE I N V O L V I N G  
TBC PRI3R ESTIMATICIN OF BETA. THE: OTHER PARAqETER I N  TRE 
R I C K E R  B O D E L ,  A L I  OF THE flDDEL ESTIMATES A R E  I N C L U D E D .  

T R U E  MODEL ALPHA = 1.25  
T R U E  t i O n E i  G A R M A  = 0.000036 

U E A N  U E A N  
E S TIM A r E 11 STANDARD SQUARE K I N I K U U  Y E D I A N  U A X I H U q  
ALPHA a n s  DEVIATION E R R O R  ALPHA ALPHA ALPHA 

3 .76Et12  

2.0 1 E t 1 3  
1.36E+28 
2.92E+08 
1.863629 
2.14Et05 
5 .83Et13  
1.3YE.gOB 
1.67E+30 
2 .50Et33  

1 .33Et24  
3.76i3 3 2 
1.333+24 
2.01Eb ? 3  
1. 3 6 E i 2 8  
2 .92Et08  
1 .86Et29  
7- ' i ~ i ? + 0 5  
5.83Et 13 
1.34 E908 
1.67E+30 
2. 5 0 E t 3 0  

2.93E+ 13 
1. &6E+25 
2.2OE t 14 
1. Q9E+29 
3.20E+09 
2.03E930 
1.92E606 
6.39E+ 1U 

1.57Et 3 1 

1 .45Et09  
1.29E*31 

8. 'I 5 E t  26 
2. 14E*5@ 
4.90Et28  

1.03E419 
2 .23ee58  

4.17E+60 
3.74E+ 1 2  
16. 3 7 E t  29 
2.1 1 E+ 18  
1 .68Et62  
2 . 5 2 ~ 6 2  

2.01E-07 
Is, 06E-07 
1.563-05 
8.02E-05 
3.333-07 
1.40E- 12 
1.023-29 
3.775-05 
4.923-05 
6.71E-31 
7.45E-28 

2.633390 
3.99EtOO 
3.3 7EtO 0 
2 . 8 7 ~ t 0 0  
3 .64Et30  
4.04E+00 
2.33E+00 
3 .65Et00  
3.42E300 
3.7 6 E t00  
3.38E+00 

3.01EolU 

2.41E615 
1 .60Et26  

1.63Ec30 
3.50E+10 

7 .00Et15  
1 .58Et10  

2.23E*31 
2.05E+OT 

1.00E+32 
1 .00Et32  

(1) R E I  T O  PROCESSING CODES: 
A: U YEAR LAG.  
B: 5 PE4R L A G .  
c: m x m T s  O B T ~ I N E D  aY AVERAGING 5 A N D  6 Y E A R  LAGS.  
D: 6 Y m f t  L A G .  
E: RECBUTTS OBTAINED BY A V E R A G I N G  5, 6 ,  A N D  7 Y E A R  LAGS. 
9: 7 Y E A R  L A G .  
N: EQUkTIOW 1%: PARENTS A N D  RECRUITS EACH O B T A I N E D  BY SUB'BPIG O V E R  

7 Y E A R S ,  V I T H  A 1( YEkR LAG. 
P: "RULTIPLE A G E P 1  HODEL, E X H I B I T  UT-58. 
Q: "EGGS O N  EGGS'* UODEL, EXHIBIT UT-58 .  
P: h A T B I X  RSDEt.  REP = ALPHIB. * PEP * EXP (-BETA * PEP) (EQUATION 1 3 0 ) .  
2 :  R B T X I X  BODEL R = ALPHA * P * EXP (-BETA * P) (EQUATTOti 14U). 

( 2 )  A T  LEAST O N E  V E R Y  N U M B E R  (<10**-32) W A S  E N C O U N T E R E D  D U R I N G  
THE CALCULATTON OF THE ESTIHATE OP ALPHA OR D U R I N G  CALCULATTON OF THE 
STATISTICS. THE V A L U E  WAS SET T O  A N U U B E R  AT LEAST AS SNALL AS lo**-32. 
N O  G R E A T  INACCURACIES SHOULD APPE89 I N  TdE RESULTS. 

(3) AT LEAST O N E  V E R Y  LARGE #UMBER (>10**32) Q B S  EHCOUNTERED D U R I N G  
THE CaLCOiATPON OF TAX ESTIMATE OF ALPHA O R  DOBIAG CALCULATION OF THE 
STATISTICS.  ' I R E  VALUE WAS SET T O  A NUPiBBR AT LEAST lis L b R G E  A S  IO**32. 
SQBE O F  THE R E S U L T S  A R E  LIKELY TO aE VERI INACCUBATZ. 
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TABLE u - 3 4 .  S U U H A R Y  S T A T I S T I C S  FOR PIODEL ESTIHATES OF ALPHA, A PARAMETER 
I N  THE RICKER flODEL. FOR CASE NUFIBER 4 (RUN SUNBER 44).  TBESE 
RESULTS ARE FROR THE APPLICATION OF TBE TECHNIQUE INVOLVING 
THE PRIOR ESTINATION OF BETA, TEE OTHER PARAIETER IN THE 
RICKER KODEL. ALL OF TBE YODEL ESTIMATES ARE INCLUDED, 

TPUE BODEL ALPHA = 5 - 0 0  
T P U E  MODEL G A R H A  = o.oaoo36 

NO. HEAN HEAN 
PROCESSING OF ESTIMATED STANDARD SQUARE H I A I M ! J R  NEDIAN nAXIriUN 
CODE [ l )  OBS. ALPHA B I A S  DEVIATION ERROR ALPHA r w u a  ALPHA 

... . .  

A (3 )  120 
B (3) 1 2 0  

D ( 3 )  120 
E ( 2 )  120  
F ( 3 )  1 2 0  

c (3) 1 2 0  

N 1'3) 120  
P (3) 120 
0 ( 2 )  120  
Y ( 3 )  120  
2 ( 2 )  I20 

8.333+29 
8 . 3 3 3 + 2 9  
8 . 3 3 E t 2 9  
1 . 6 7 E 4 3 0  
1.383+26 
8 , 3 3 E + 2 9  

a. 3 3 ~ x 2 9  

3 . 3 3 E + 3 0  
1 - 30 E+2U 

1.673+30 

2. 89E+ 15 

9 , 1 3 ~ + 3 0  
9. ! 3 E + 3 0  
9 . 1 3 E + 3 0  
1.29E t3 I 
1 . 5 2 E + 2 7  

1 .I 2 9 E + 3 1  
9 - 13E+ 30 
3.173+16 
1.80 ~ + 3 1  
1 . 4 3 3 + 2 5  

9 . 1 3 E + 3 0  

6.408+61 

8. U O E t 6 1  
a. 4 0 ~ + 6 1  

1.683+62 
2 . 3 2  E+5U 
8 . 4 0 E + 6 1  

1 . 0 1 E + 3 3  
3 . 3 6 E + 6 2  

1.6 8 E + 6 2  
8. UOE+ 61 

2 . 0 5 E + 5 0  

9 . 0 5 E - l l  
9.673-04 
7.63E-07 
2. lOE-09 
1 . 9 7 E - 1 2  
3 . 4 1 3 - 2 2  
1.OOE-32 
2.98E-08 
1.90E-13 
1 - 0 9  E-32 
3 .29E-21  

3 . 6 6  E t 0 0  
3 - 9 4  E + O ~  
3 . 5 6 E t O 0  

3 . 5 R E + 0 0  
3 . 9 6 E t 0 0  
2 . 2  5 E t O O  
3 .  U 3 Z+OO 
3.47E+00 
3 . 9 4 E + 0 0  
4 .  U3 E+OO 

3 . 4 5 E t O Q  

l . O O E t 3 2  
1 . 0 0 E + 3 2  
9 . O 0 € + 3 2  
1 . 0 0 E + 3 2  
1.66E+28 
1.00E+32 
1 , 0 0 E + 3 2  
1 - ODE +32 
3 . 6 ? E + 1 7  
1 00E*32  
1 . 5 6 E + 2 6  

(1) KEY TO PROCESSING CODES: 
A: 4 YEAR LAG. 
8: 5 YEAR LAG. 
C: RECRUITS OBTAINED B Y  AYERAGING 5 A N D  6 YEAR LAGS. 
D: 6 YEAR LAG. 
E: RECRUITS OBTAINED BY AVERAGING 5 ,  6,  AND 7 YEAR LAGS. 
P: 7 YEAR LAG. 
N: EQUATION 154: PARENTS A N D  RECRUITS EACH OBTAINED O Y  SUflMIING DVEB 

P: "MULTIPLE bGE" MODEL, EXHIBXT UT-58. 
Q: "EGGS ON EGGS" MODEL, EXHIBIT UT-58. 
Y: HATRIX MODEL REP = ALPHA * P E P  * EXP (-BETA * PEP)  (EQUATION 9 3 0 ) .  
Z: MATRIX MODEL R = ALPHA * P * EXP (-BETA * P) (EQDATI3R 14U)- 

7 YEARS, WITH A 4 YEAR LAG. 

( 2 )  AT LEAST ONE VERY SMALL NUUBER (<110**-32) BAS ENCOUNTERED D U R I N G  
THE CALCULATION OF THE ESTIBATE OP ALPHA O R  D U R I N G  CALCULATION OF TKE 
STATISTICS.  TUE VALUE V A S  SET TO A NUUBE3 AT LEAST AS SHALL AS lo**-32. 
NO GREAT INACCOEACIES SHOULD APPEAR X N  THE BESOLTS, 

(3) AT LEAST ONE VERY LARGE NUMBER (>10**329 WAS ENCOUNTERED D O R I N G  
THE CALCULATION OF THE ESTIBATE OF ALPHA OR D U R I N G  CALCQLATIOW OF THE 
SThTISTICS. TtlE VLLUE BAS SET T O  A NUHBER AT LEAST AS LARGE AS 1 0 1 1 3 2 .  
s o m  OF THE RESULTS A R E  LIKELY TO BE V E R Y  INACCBRLTE. 

... 
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FABLE E-35. 

NO. 
PRQF&S$ING O F  
CODE (1)  OBS. 

A ( 3 )  1 2 0  
B ( 2 )  1 2 0  

D (2)  1 2 0  
c (2)  1 2 0  

E (2 )  1 2 0  
F (31 120 
ti 1 2 0  
P (2)  1 2 0  
Q (2)  1 2 0  
Y (3)  1 2 0  
2 (3) 1 2 0  

344 

SUHWUPY STATISTICS FOR RODEL ESTIEBTES O F  raPBa,  A P ~ R A I I E T E R  
IN THE B I C K E R  MODEL, FOR CASE N U H B E R  4 (RUN NUHBER 9 5 ) .  THESE 
RESULTS A R E  F R O B  THE APPLICATION OF W E  TECaNIQUE IBVOLVING 
THE P R I 3 R  ESTXRAl'lON O F  BETB,  TEE OTHER PARANETSB T N  TBE 
BICKER UODEL. ALL OF THE QQDEI. ESTIlaTBS ARE INCLUDED.  

TRUE RODEL ALPHB, = 2 0 - 0 0  
T R U E  WODEL GABIYIW = 0.000036 

B E A N  REAN 
ESTIflAYPED S T k N D A R D  SQUARE I ( 1 N I M U W  NEOPAN M A X I K U N  
ALPHA B1F.S D E V I A T I O N  E R R O R  ALPHA ALP HR ALPHA 

2.50E+30 
6.10E+03 
1 . 0 0 E t 1 0  
1.08E+23 
2.05E+10 
8.35Et2.9 
3 .00Et12  
7.27&+90 
rg. 8'3E+13 
3 . 3 3 3 t 3 0  
8.33Et.29 

2.50E+30 

l.OOE+ 10 
1.08E+23 
2.05B+10 
8.35Et.29 

5 .08$+03 

3 .00E+12 
7.27E+10 
4. 87E+ 13 
3.33E+30 
0.333*29 

1.57E*31 
Ya61E+04 
l , l O E +  11 
l . l B E 3 2 Q  
2.2&E4'!1 
9.13E+30 
3 , 2 9 E t 1 3  
7 .963+91 
4 .74Et  98 
1.80Et31  
9.13E+30 

4,453-04 
1.00E-32 
1.OOE-32 
1. 00E-32 
1.00 E-32 
8.01 E-03 
7.6 1 E- '17 
1. 00E-32 
1.00E-32 
2.812--17 
1 -56 E- I 4 

2.9 7&+00 
2.823*00 
3 . 3 3 m O O  
3 . 5 D E + O O  
3 . 4 3 w 0 0  
3.36E+00 
2.16E+O0 
3.1 4 E+O 0 
3.3 9 E t 3 0  
7.4OE+OO 
3.46 E t 0 0  

1.00E+32 
4.43E+05 
1 - 20E+1Z 
1 .292+25 
2 .46Et12  
1.00E+32 
3 .60Et  19 
8.72EtP2 
5 . 1 5 E i 1 5  
l.OOE+3% 
1.00E+32 

(1) REF TO PROCESSING CODES: 
A: 4 YEaR L A G .  

C: RECXUITS OBTAINED BY AVERAGING 5 %ND 6 HEM? LAGS.  
D: 6 YEAR LAG. 
E: RECFBITS OBTAINbU BY A V E R A G I N G  5 ,  6, A N D  7 YEAR LAGS. 
P: 7 Y E A R  LAG. 
1: EQUATION 1511: PARENTS A N D  R E C R U I T S  EACH O B T R I N E D  RP SUtlNING O Y E R  

P: ""RLTIPLLE A G E "  HODEL, E X H I B I T  UT-58. 
Q: "EGGS ON EGGSn ROBEL, EXHIBIT UT-59. 
Y: HITRIX MODEL REP = AX.PB& * PEP * EX? ( -BETA * PEP) (EQUATION 13U). 
2 :  IATBIX HODEL R = ALPBII * P * EXP ( -BETA * P) ( E Q U A T I O N  14U) .  

8: 5 Y E A R  LAG. 

7 YEARSI W I T U  1 4 YEAR LAG, 

( 2 )  AT LEIST OWE V E R Y  SHALL NBBBER (<10*+-32) I . B S  ENCOUNTERED D O R I N G  
THE CaLCULITXON OF THE ESTIEIATE OF ALPHA OR DDRXBG C I L C O G A P I D N  OF THE 
STPTISTICS. TKE VALUE WAS SET TO A NUHBER AT LEAST AS SPIALL k.5 10**-32. 
no GREAT I N K C U R A C I E S  SHOULD APPEBP IN T H E  R E S ~ T S .  

(3) AT L E A S T  iYlE  VERY L I R G E  BIJnBEP (>10**32) W A S  EXCOUNTERED D O B I N 6  
THE CALCULATION OF THE ESTTB&TE O F  AEPRA O R  D U R I N G  CBLCULATIOI O F  THE 
STITISTPCS. TfiE VALUE UkS SET TO A UWIIBEB AT i.Ei\SP AS LbRSE AS 10**32. 
SORE OF THE RESULTS bBR LIKELY TO BY VERY XNBCCUAAPE. 
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... 

TABLE 

PROCESSING 
CODE 

IL 
B 
C 
D 
E 
F 
N 
P 
Q 
Y 
z 

E-36. 

NO. 
OF 
OBS. 

80  
85 
90 
84 
94 
7 4  
88 
96 

105 
6 0  
7 8  

s u n i a m  STATISTICS FOR BODEL ESTIUATES OF ALPHA,  P L R A R E T E R  
IN THE RICKER MODEL, FOR CASE NUMBER 4 (RUB NURBER 43)- THESE 
RESULTS ARE FROPI THE A P P L I C A T I O N  OF T B E  TECHHIQUE INYOLYING 
THE P E I 3 R  E S T I M a T I O N  OF BETA. THE OTHER P1RAMETEX I N  THE R I C K E R  
MODEL. E S T I M A T E S  O F  ALPHA L E S S  THAN ONE OR GREiiTER P H L N  
HAVE BEEN EXCLUDED. 

TRUE MODEL ALPHA = 1 - 2 5  
TRUE MODEL GAElnA = 0.000036 

MEAH MEAN 
ESTIMATED STANDARD SQUARE E I N I i l U R  
llLPHA B I A S  D E V I A T I O X  ERROR ALPHA 

237.83 
283.93 
54.66 

345.05 
233.11 
214.26 

16.47 

2U2.15 
420.55 

64.99 

398.41) 

236.55 

5 3 - 4 1  

231.86  
213.01  

15.22 
197 .15  
240.90 
419.30  

83.74 

282 .68  

343,eo 

1391 U4 
1276.241 
214-29  

1202.91 
941.98 

1187.79 
47.81 

1092.29 
1353.25 
1460.l(& 

336.60  

1992766 
1709639 
48805 

1566612 
941669 

1456836 
2 5 2 1  

1232374 
1917055 
231 1685 

120105 

1- 18 

7.04 
1-03  
1.02 
1.10 
1 . 1 8  
1.12 
1. I5 
1.13 
1 .01  

1.07 

B E D l h H  
BLeHA 

4 - 3 0  
5.68 
3.92 
3.27 
3 .95  
5.57 
3 .48  
3 . 8 7  
3.68 

15. Q l  
6 . 2 2  

I AXXISOP! 
%LPHA 

10620.00 
8763.00 
2 555.00 

6643.00 
10050. 00 
u07.90 

9642. D O  
12(h30.00 
9Q94.30 
2290- 00 

6a49.00 

(1) K E Y  TO PROCESSING CQDES: 
A: 4 YEAR LAG. 
E: 5 YEAR LAG. 
C: R E C R U I T S  DBTAINED BY AVERAGING 5 A N D  6 YEAR LAGS. 
D: 6 YEAR LAG. 
E: RECRUITS OBTAINED BY AVERAGING 5, 6, A H D  7 YEAR LAGS. 
F: 7 T E A R  L a G .  
8:  EQllATION 150: PARENTS AND R E C R U I T S  EACK OBTAINED BY S U K Y I N G  3VER 

7 YEARS, WITH A 4 YERR LBG. 
P: "MULTIPLE AGE" HODEL, E X H I B I T  IlT-58. 
Q: "EGGS ON EGGS" IODEL, E X H I B I T  UT-58. 
Y: RATRIX MODEL R E P  = ALPHA * PEP * EXP (-BETA SI PEP) ( E Q U A T I Q N  I 3 U )  . 
2: MbTRIX MODEL B = ALPHA * P * EXP (-BETA * P )  (EQUAT'XDN 14U) .  

.... 
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TABLE E-37 .  

CCiDE (1 )  OBS. 

A 59 
B 84 
c 91 
D 79 
E 96 
P 81 
N 77 
P 98  
Q 103 
i 49 
z 7 4  

S U h d A R Y  S T A T I S T I C S  PO8 MODEL BSTiEnk,”,ZS OF LLPBB. A PbRALIET’ER 
1% THE P I C K P F  NODEL, PO3 C A S E  NISf lCER 4 (RUB NONBFR 44) .  PHCSE 
RE’irlLTS A R E  YBdH T E E  A F P L I C A I I o t l  r ?  T B %  T E C H t i i Q U R  I N V U L V I N G  
TiiF P R I 3 R  t S T i X 4 T I O i 4  OF BP:A, TBE O T B C A  PARANBTER I N  THE RTCKER 
HODEL. E S T I M A T E S  O F  ALPHR L E S S  T H A N  O R E  O R  GRELTER THAN 
HAVE BEEN EXCLUDED. 

T R u R  AODEL A L P t l d  = 5.00 
TBSZ ROLEL G&Kf lA  = 0.000056 

MEAN Fi EX .; 
ESTPM AT F: D SYZNDARD S Q U A R E  
ALPHA B i a b  D E V I f i I l O N  EPB3R 

426.63 
393.54 
365.16 
908.55 

62.59 
179.1rS 
181.69 
258.31 

23.21 
169.92 
252.03 

421.63 
388.54  
360.16 
403.55 

57 * 59 
174.14 
186.69 
253.31 

18.21 
164.9% 
247.0-i 

1824-  l a  
1258.1’3 
1346.83 
175Q. Yl! 

265.44 
888.69 
962.93 

127.90  
5 3 0 . .  R2 
833.01 

1479.95 

3509880 
1735R21 
1 3 4 50 9 5 
3 7 1 4 7 5 9  

73808 
820117 3 

962543 
2255089 

16693 
425703 
755761 

(1) RPY TO PROCE5SZNG CODES: 
A: 4 k Z b R  LkE. 
B: 5 YERR LAG. 
C f  i iECR(1ITS OBTAINED B k  bUERkBtiNL- 5 AND 6 Y E A R  
D: 6 YEA2 LAG. 

1U,256 

6INIHUH 
ALPA A 

1.04 
1.03 
1.11 
1.04 
1.03 
1.06 
1.02 
1.07 
1.18 
1 - 1 0  
1.07 

LAGS. 

HEDPAN 
ALP H A  

5.01 
4.33 
4.18 
6.58 
3 .72  
4*  96 
3.93 
3.75 
3 .58  

10 .43  
8. 17 

H A X I  M DH 
A L P n k  

13090.00 
6661-00 
8661. C O  

12SOG. 30 
2036.00 
6685.00 
7is7u.00 

13400.00 
1 2 53.1: 0 
435:. 00 
5228.00 

E: RECaUITS O B T A I N E D  B P  AVEAAGiNG 5 ,  6, AND 7 Y E A R  LkGS. 
P: 7 Y E A R  I A G .  
R: RQGATION 153: P A 3 E I T S  A N D  RECT(E1TS hATR O B T A I N E D  B Y  SuFIYINC ” JER 

7 YEARS,  Y I i d  b 4 YbAH ZAG. 
P: : G H i 5 L 5  TPi.3 ACE’ 1:3UBTA, E X H E B I T  5T-58. 
Q: “EGCS ON EGGSx I40DEL, B X B S B E i  UT-58. 
T: R A T B I X  N O D E L  R E P  - ALPHA * PEP * CLP ( -BEPA 1 PEP1 ( i?QUkTT?W 130) . 
2:  M A T R I X  N O D E L  E - PEPAk * P * EXP ( -BETA * P )  ( E Q D A T I J P  ‘icg:. 
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T K B L E  E-39. 

NO. 
P R O C E S S I N G  OF 
CODE (1 )  OBS. 

A ( 3 )  120  
a (3 )  1 2 0  
c (3 )  1 2 0  
D ( 3 )  1 2 0  
E ( 3 )  1 2 0  
P (3)  120  
N 120  
P 13) 1 2 0  
Q ( 3 )  120  
Y (3 )  1 2 0  
2 (2)  120  

34-8 

S 5 H H 8 R Y  STRTISTICS FOR MODgL E S T I N A T E S  OF &LPHA,  A PARAQlETER 
I N  THE B I C K E B  HODEL, TOR C A S E  BiTRBRR 5 (RUN NUMBER 4 6 ) .  T H E S E  
RESULTS ARE FROH T H E  APPL1CAT;OA OF T H E  TECHNIQUE I N V O L V I N G  

R l C K E R  MODEL, A L L  OF TBE MODEL E S T I M A T E S  ARE INCLUDED.  
THE P R I O R  E>TTN&’YION OF BETA, THE i37HEH PARAHETEE I N  THE 

T B B E  HODEL l iLPHA 1.25 
TRUE NODEL G A K t l A  - 0.000036 

MEAN m a p  
E S T L H A T E D  SPBNDARD SQUARE H I b L f l ’ i d  HEDIAN BBXI f lOA 
ALPHA B I A S  D E V I A T I O N  ERROR ALPHA ALPHA ALPHk 

1.67E63O 
1 .67Et30  
8 .55Et29  
1.67Et3C 
1.6 7E+30 
1 . 6 7 w 3 0  
4.03EtOSr 
1.67E+30 
1.6 7E t30  
1 .67Et30  
5.641?+26 

1.69B+ 3 0  
1 . 6 7 ~ + 3 0  
8.55E+29 
1.67E+30 
1.67E+ 30 
1.67Et  30 
4 . 0 3 ~ 0 9  
1 .673+30 
1 .67Et30  
1.67E+30 
5.64 Et 26 

1 .29Et35  
1.29E+31 
9 .13F+30 
1 - 2 9 E t 3 1  
1 .29Et3  1 
1.29s+34 
4.35E310 
1 .29Et31  
1 - 29E+3% 
1.29Eb31 
6.18E+27 

1.68E+62 
1 . 6 8 f + 6 2  
8 .41Et61  
1- 6 8 2 + 6 2  
1.68R4.62 
1.68E% 62 
1 .91Et21  
1.68E462 
1 .68Et62  
1.682962 
3 .85Et55  

3.00E-07 
2-13E-36 
1.09E-07 
1.00E-32 
1.94E-06 
9.972-04 
2.29E-20 
1.04E-05 
1 - 0 0  E-32 
1.00E-32 
1.00E-32 

2.563*00 
3.1 O R + O O  
3 .34Bt00  
4 .80Et00  
3 .3  9E+O 0 
2.99EtOO 
1 .70Et00  
3 . 6 3 E t 0 0  
3.5 O E + O O  
2.04Et 00  
1 .85E+00 

1.00E+32 
1.00E*32 
1 .00Et32  
1.00%*32 
1 .00Et32  
1 .00Et32  
4 . 7 6 ~ 1 1  
1.00E+32 
1 .00Et32  
1.00E+32 
6 .77Et28  

(1) KEY TO P R O C E S S I N G  C O D E S :  
A: 4 T E A R  LAG. 
B: 5 Y E A R  LAG. 
C: R E C R U I T S  O B T l l i k E D  B Y  A ’ V C R A G T N G  5 AND 6 YEAR LAGS. 
D: 6 Y E B R  LAG. 
E: R E C R U I T 5  O B T A I N E D  BY AVEKAGlHG 5, 6 ,  K B D  7 YEAR LAGS. 
P: 7 Y E A H  LAG. 
N: EQUrlTION 15U: P A R E N T S  A N D  R E C R U I T S  EBCH O B T A I N E D  B Y  SUFiNItii; O V E R  

7 YEARS, WITH A 4 YEAR LAG. 
P: “ H U L T I P L E  AGE‘# PI3DEL,, E R H I R I T  U T - 5 8 .  
Q: “ E G G S  ON FGGS” H O D E L <  E X H I B I T  UT-58. 
Y: h A T R I X  MODEL R E P  = ALPHA f P E P  4 EXP (-BETA * PEF) ( E Q U A T I O N  13U). 
2: H A T R I X  MODEL R = A L P h A  * P * E K P  (-BE?& * P) (EQUATIDN 1 U U ) .  

(7) AT ’LEAST O N E  VERY S H A L L  NUMBER (<lo**-32) U A S  ENCOUNTERED D U R I N G  
T H E  CALCOLATTOW UF THE E S T I H k T E  O F  ALPHA OR DURING CALCULATfON OF THE 
STATTSTKCS. TEE VALUE W A S  SET T O  A N l r M B P K  AT I I I A S T  A S  S H A L L  AS 10**-32. 
NO GREAT 1NB:CURkCiES SHOULD APPEAR I B  THE R E S U L T S .  

(3) AT LEAST O N E  VERY LARGE NUMBEB (>1Ou*32) W A S  E N C O U N T B R P D  DURJNG 
THE CALCULATION OF T h E  X S T I H A T E  OF AZPAh O R  BORTNG CALCULATION OF THE 
S T A T I S T I C S .  THE VALUE U & S  S E T  T O  A NUYBER AT LEAST AS LARGE AS 10**32. 
SOME OF THE RESlJLTS APE L I K E L Y  T O  BE VERY INACCURATE.  
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fhBLE E-40. 

NO. 
PROCESSIWG OF 
C3DE (1) cnas. 

a 9 20 
B 120 
C 120 
D 120 
9 'D 20 
F 1 2 0  
N ( 3 )  120 
P 120 
(2 120 
'k (3) 120 
z (31 " 1 0  

SUMMARY STATISTICS POR COOEL ESTIMATES OF A L P H A ,  A P H W A M Z P E R  

RESULTS A R E  FROM THE RPPLICATIOW OF T H E  T E C H I I Q l l Z  I N V O L V I N G  
THE P R I O R  ESTIMATIOW OF RET.$, THE O T t I E R  PBRANETEE! 1% TBZ 
R t C l i E R  MODEL, ALL OF TFJE NODEL ESTTPIATES & R E  I N C L U D E D .  

EB T H E  P I C K E ~  MODEL, FOR C a s E  NUMBER 5 ( R U M  M U E B F R  4 7 ) ,  THESE 

5.58E*27 
1.61ECl7 
4 "  683+14 
2. WE+25 
1.13E+ll 
2.1 OE+1?3 
8,33E*29 
2 .7  3E+4 2 
1,1BE+12 
8.33Ei29 
1,67E430 

5.58 E 4  27 
1. G If14 1 'B 
4. 6 8 E +  14 
2.  Q3E+25 
1.13E4 1 7  
2.1UE+18 
B.333+29 
2.73Ei 12 
a .  18E+12 
8 . 3 3 & +  29 
?.6'3E*30 

6-11E428 
1 7 4 E +  1 2  
5. ?.#E+ 15 
3 ,21E+26  
?.24E+ 12 
2.30E+ 19 
9. ?3E+30 
3.00Ei 13 
9 . 2 0 2 1  12 
' 3 , 1 3 E + 3 0  
I. 29El.31 

?,.* 772*57 
3.06X*24 
2,66E+31 
d - fl 4E+ 53 
4.553+20 
5.333+38 
8,40E+6 1 
9 ,053*26  
0.6 1 E * 2 5  
9, rro E*S 1 
1 , l B E + b 2  

(1) KEY TO P W O C E S S L N G  CODES: 
A: 4. Y E A R  LAG, 
B: 5 Y E A R  LAG. 
C: PECHUlTS OBTAINED B Y  A Y X P R G I R G  5 AND 6 YEBR LAGS. 
D: 6 Y E A S  L&G. 
E: RECRUITS O B P A I l E D  B Y  A V E R B G L W G  5 ,  6 ,  B N D  7 Y E A R  L A G S .  
P: 7 Y X A R  L A G .  
N: EQGllTxON fSU:  PABENTS AND B E C R I I T T S  EACB O B T A I N E D  BY S l g f l M I N F  O V E R  

P: ' ~ I I I U L T I P L E  AGE'* TIODFL, EXHIBIT ~ ~ - 5 8 ,  
7 Y E A R S ,  WITH A 4 Y E A B  LltG.. 

Q: "EGGS OW EGGS" MODEL, E X H I B I T  [IT- 58, 
Y: 8 A T R T X  B O D E L  REP = ALPHA * PEP * EXP [-BETA * PEP! [ C Q l J & T I 3 8  13U). 
2: I R T H I X  ?IOBEL B = A L P H A  * P * EX!? (-BPTA * P) ( E Q l J 4 T I 3 Y  I 4 U ) .  

(2) AT L E U T  O N E  V E R Y  SHALL NUElBER (<10**-32) U R S  E N C O n N T E 3 E D  DUFINd 
THE: CALCULATION OF T H E  ESTIMATE O F  A L P H A  O R  DOBZNC C A L C U L A l ' X O N  OF TAC 
STATISTICS.  THE VALUE W A S  SET TO A NUglBEB A?! LEAST AS SMALL AS 410**-32. 
NO G R E I T  INACCURACIES SBDOLU APPEAR IN !PHI3 RESULTS. 

( 3 )  AT LEAST ONE VEBY LAR4E NOIB'i?R (>10**32) 'JAS ENCOUWTPHPB DI 'FTNG 
THE YaLC'ULAl'IOX O F  THE ESTIMATE OF BLPHA OB D U R I N G  C A L C U L A T I O N  O Y  ?FIE 
STATISTICS. TBE V A L U E  WAS SET TO B IUPBE:B AT LP,BST AS L A R S E  AS 10**32,  
SOME OF' TEE RESULTS ARE LIEEL? TO BE V E R Y  IKAUCUBATE. 

... 
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PRBLZ b-,JI. S U M N A R Y  S T X T I S T I C S  PUH NODET, FS ' l ' ldATES O P  ALPhA, A PARARRI 'FR 
IN F d L  P I Z K E R  RODEL, FOR CASE NUtrCZR 5 (RUN NUNRER 4 8 ) .  THESE; 
RESULTS ARE F?OM THF A F P L I S A T I O N  OF THE TECHNIQUE IYVOLVING 
THE P R I 3 R  ESTTRATAON O F  B L I A ,  T h E  O T d d R  PARAMETER I N  i'HF 
R I C K E H  Y O D E L .  A L L  OF T H E  ~ ~ O D E I .  P ~ T T ~ J A T E S  A R E  INCLUDED. 

TPUE HODEL ALPHA - 20.00  
TRi lF  MODEL G A M S A  = 0 . 0 0 0 0 3 6  

NO.  MEAN MEAN 
PROCESSING OF ESI ' I? IATED STANDARD S Q V A R F :  Y I I U T ' Z D 3  MEDIAN N A X I N O N  
L3DE ( 1 )  O B 5 -  ALPHA SIAS D6VIAi ;ON ERBOR ALPHA ALPHA ALPHA 

A ( 3 )  120  
B 1 2 0  
C 1 2 0  
D (3)  120  
E ( 2 )  1 2 0  
7 ( 2 )  120  
N (31 1 2 0  
P ( 2 )  1 2 0  
Q ( 2 )  1 2 0  
k (3)  1 2 0  
z ( 3 )  1 2 0  

2 . 5 0 E t 3 0  
3. # 1 E +  i 7  
4 . 0 5 F a 2 1  
e. 3 3 E t 2 Q  
2 .8UE"IO 
2 . 1  l E t l ( 1  
8 . 3 & E + 2 Q  
3.82~+13 
5 . 7 0 ~ o 1 4  
1 . 6 7 E t 3 0  
1 . 6 S F t 3 0  

2 . 5 0 E c 3 0  
3 . 4 1  E t  17 
u. 0 6 E + 2 1  
8 . 3 3 E t 2 9  
2. 8 4 E t  10  
2 . 1 1 E t 1 4  
8 - 3 4  E t  29  
3 . 8 2 E t  13 
5 . 7 0 3 + 1 4  
1 . 6 7 E t 3 O  
1.6512+30 

1 . 5 7 E a 3 1  
3 . 7 3 E + 1 8  
4 . 4 S E t 2 2  
9 . 1 3 E + 3 0  
2 . 7 4 F i  i 1 
2 . 3 1 E t 1 5  
9 . 1 3 E t 3 0  
3 . 9 5 E +  3 4  
6 . 2 4 E +  35 
1 . 2 q E + 3 1  
1 . 2 9 c + 3 1  

2 . 5 2 Z 4 6 7  
1 . 4 1 E t 3 7  
1 . 9 9 E t 4 5  
8 . 4 O P + 6 1  
7 . 6 0 E t 2 2  
5 . 3 8 ~ + 3 0  
R-40&+61 
1 . 6 1 E t 2 9  
3 . 9  2 E t  3 1 
1 . 6 8 E t 6 2  
1 . 6 8 E s 6 2  

8 . 5 8 E - 1 0  
2 . 0 2 E - 0 6  
7 . 6 6 2 .  0 5  
U. 81  E-06 
5 . 2 1 E - 1 2  
2.7rlE- 30 

9 . 8 2 E - 1 2  
1 - 0 0  E - 3 2  
1. OOE- 37 
6 . 7 O F - 1 3  

1.433-77 

5 . 5 6 E t 0 0  
4 .83 E+OO 
4 . 3 0 E t 0 0  
3 . 4  4 E+DD 
4 . 2  5 E t  0 0  
3 . 9 5 E t 0 0  
3 . 2 3 E t O O  
4 . 3 6 E t O i l  
3 . 7 8 E t 0 0  
9 .22E*OO 
3. a 6 E t  30 

1 . 0 0 E t 3 2  
4 . 0 9 E + 1 9  
' 4 . 8 7 E + 2 3  
1 . 0 0 E t 3 2  
2 . 9 8 E t 1 2  
2 .  53Et16  
1 . 0 0 E t 3 2  
Ir - 3  5 E t 1 5 
6 . 9 3 E t 1 6  
1 . 0 0 F + 3 2  
1 . 0 0 E t 3 2  

( 1 )  KFY TD PRCCESSING CODES: 
AI 4 YFAP L A G .  
E: 5 YEAR LAG. 
C: R E C F O S T S  ORTRTNFD BY AVERAGING 5 AND 6 Y E A R  LAGS. 
D: 6 TEAR LAG. 
E :  IIECRIIITS OBTAINED BY AVERAGING 5, 6 ,  A I D  7 Y E A R  LAGS. 
F: 7 YEAR LAG. 
N: EQUATION 15U: PAPRNTS AND R E C R U I T S  EACH OBTAIWKi) B Y  S i W  

7 YEARS, WITA A it  YEA^ LAG. 
E p i  H O D E L ,  E X H I B I T  UT-58.  
S "  MODEL, P X H I A i T  UT-58. 

Y: H A T R ' T K  PiODEi. R E P  = A L P H A  * P E P  * E X P  ( - B E T A  * P E P )  ( ? a r i i r T O N  1 3 u ) .  
Z :  MAr9IX MODEL R = A L P H A  * P * E X ?  [-BET'n P )  ( E Q U A T i 3 N  1 4 U ) .  

( 2 )  AT LEAST ONE 7 E R P  SFIALL NUMEER ( < l o * * - 3 2 )  WAS ENCOUNFSRFD D U D i N G  
T B E  CALCULATION OF THE ESl'TPIATE OF nLPHA O R  D U R I N G  CALCULATION OF T H E  

PI0 GREJT I k i A C C U E A C T I S  SHOULD APPEAR I N  T H E  R E s r l G T 5 -  
S'YATIST'TCS. T H E  sAl.iTF: 88,s  S E T  T O  A NuMaEB AT LEAST A S  S N A L L  A S  i n s ; * - S x  

( 3 )  AT L E A S T  ONE V E q ?  L A R G E  N U M B E R  (>10**32) W A S  ENCOUNTEXED D U R I N G  
"i'EiZ CALCULATION OF T B E  ESTIMATE O F  ALPHA O R  DURING CALCULATION OF T H E  

SCf iE  OF THE R E S U L T S  ARE L I K E L Y  T O  R E  VERY INACCURATE. 
STATISTICS. T H E  V A L U E  W A S  SET T O  A N U N B E R  AT LEBST A S  L A R G E  as 1 0 a + 3 2 .  
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i@ 
Di 
E 
P 
a 
P 
a 
F 
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00'0681 L 
00 '09EZL 
OO'666E 
00 '16 E6 
01 'ZZL 
00 't109 
os "6Cfl 
08 'RLOZ 
00 'RL 19 
00 'COLE 
OO'QL901 

YHdTV 
ZinYIXYY 

82 '5 
OE'OL 
65 'E 
ZO'tr 
8t'E 
RE'R 
88 'E 
BL'R 
66'E 
EL'€ 
69'R 

uaiv 
NYIaPU 

00'1 
ZL'L 
ZO'L 
90'1 
90'1 
ZO'L 
OZ'L 
90'1 
11-1 
DL'1 
LO'L 

VIldlY 
PO U J NIY 

Z8166L.E 
ttLOE9RZ 
L899ZZ 
908SOCL 
hZB 
ZOE96C 
SR8E 
EOSZ9 
6R660R 
E966LE 
LRZ060tt 

26"LBtll 
19 -cESL 
LL'G9R 
E6 'LSLL 
OB '6 1 
19'S69 
65 '09 
58 '$BZ 
AF'SE9 
El 'LtaS 
f1-9561 

SZ'L8f 
Etr'SEE 
06'08 
9L'ESZ 
k9 -5 
9k'OL L 
RL'EL 
02-0s 
EC'RL 
69 'ZC L 
EL -01s 

SZ'98C 
Etl'OlTE 

9L.852 
69-01 
9L'SL 1 
h1.81 
OZ'SS 
E6'EB 
69'Lbl 
EL'SIS 

06.~8 

06. 
LL 
86 
86 
LB 
96 
26 
18 
56 
28 
06 

z 
I 
0 
d 
N 
d 
3 

3 
8 
lI 

a 

ZSE E A / 5 8E- Wl/ 3 3 8 n N / -IN 80 
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TABLE 17-(14. 

IO. 
FROCESSING O F  
CODE 111 OBS. 

B 95 
R 94 
c 102 
D 98 
E 104 
F 90 
La 93 
P I 0 3  
Q f Q 5  
Y 76 
z 7-6 

BE& E3 
E S T L B A F E D  
ALPHA 

304.99 
90-56 

1 5 1 - 4 1  
79.31 
30-66  
42-87 
53 * 8 2  
43 ./ 98 
75.79 

3 15.06 
238.76. 

39213 
122004 

REDTAN 
ALPHA 

6.70 
5 - 8 6  
4 .76  
3-73 
8 . 5 2  
5-92 
8 - 0 1  
4.69 
3 . 9 3  

1 3 - 5 7  
6 - 7 3  

F B B X I I U I  
ALPHA 

1 ~ 2 2 0 * 0 0  
2247.00 

10 -I 70.00 
1849.00 
2129.00 
1806.00 
1452-00 
35a3.00 
7 0 0 7 .  00 
6512.00 
9111.00 
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TABLE 

PROCESS I N S  
CunB 

A 
B 
C 
D 
z 
F 
1 
P 
Q 
Y 
a 

E-45. 

NO.  
OF 
OBS. 

120  
120  
120 
120 
120 
120  
120 
120 
120  
120 
120  

SURNARY S T h T I S T I C S  FOB PIO'UZL E S P I I L P P S  OF ALPHA, A Pb"nAl4ETE8  
I1 THE R I C K E R  BODEL, FOR C A S E  NflRRRR 6 (RUN NUYBER 5 5 ) .  THESP 
R E S U L T S  ARE PRUN T h E  APPLXCATIOA OF T t I E  TEC~~NLQUE TNVOLVIWG 
THE P B I J R  ESTP?lA'IIOii OF BBTA,  TIIE OTBbB PARABETER I N  THE 
R I C K E B  EODEL.  ALL OF THE BODE1 E S T I B I I T E S  A R E  INCLUDED. 

T R d E  I O D E L  ALPBB = 1.25 
TRUE RODEL GAHMA = 0.000036 

N E A N  K i 5 A t i  
E STib il T E D S P B Z J D A R D  S Q i J n R E  
ALPKA 

8 .88E+20  
1 .17Et2 I  
1.58E+lll  
3 . 2  7 E + 1 0 
1.56B413 
6.08E425 
8 .33Et29  
2.192419 
1.53E+05 
2.54B-30 
3.333+30 

B I A S  

8.88E+20 

1.58Et 14  
1. 17E+21 

3 ,27E+10 
1.7bE+13 
6.08E+25 

2.19E+ 19  
1.53E+05 
2.5UEc30 
3 . 3 3 ~ 3 0  

8.33E429 

D E V I A T I O N  E R R O R  

0 . '72 E 3 2 1 
1.28R422 
1.73Ee 15 
3 .22Eu 11 
l . a3E+ 14 
6.66R+26 
9.13E4 30 

1.57E-1.31 

2 .39Et20  
1.60E+06 

1.80X431 

9.53E+U3 
1.66E+44 
3.OOE+30 
1.0 5E+7 3 
3.77R42A 
U.47E+53 
8.40E+ 61 
5.78E+40 
2. 593+12 
2.523+62 
3.36r,+62 

(1) K E Y  PO PROCESSING CODES:  
A: 4 YEAR LAG. 
B: 5 YELR L A G .  
C: R E C R U I T S  O B T A I N E D  BY AVERAGING 5 AND 6 Y E A R  
Dr  
E: 
P: 
Ei: 

P: 
Q: 
Y: 
2 :  

i P 1 N l R L I . Y  
ALPHA 

2.35E-04 
5.07E-05 
4 . 2 3 E - 0 7  
4.83E-08 
1.15E-06 
2.813-09 
5.29E-21 
3.09E-08 
6.87E-07 
1.00E-32 
5.5 1 E-23 

LAGS. 

NEDIAN 
RLPRA 

3 .17Et00  
3 .  U 3E+O 0 
4 .04Et00  
3.57E+00 
3.4 OE+ 00  

1 .89Et00  
3 .53Et00  

1.6 9Et 0 0  
3 .08E+00 

2.9 9E+ 00  

3.6 2E+OO 

t I A X I N a M  
ALPf la  

1 .06Et23  
l . l ) lE+23  
1 .89E3,15 
3.51Et12 
2.12E+15 
7 . 3 0 ~ + 2 7  
1.00E+32 
2 .52Et21  
1 . 7 5 ~ t O J  
1 .00Et32  
1.00Ee32 

6 YEAR LAG. 
RECRUITS O B T i I N E D  BY AVERAGING 5, 6, AND 7 Y E A R  LAGS. 
5 YBbR LAG. 
EQUATION 15U: PARESTS A N T )  R E C R U I T S  EACH O B T A I N E D  BY SUNPIING OIEF 
7 YEARS, WITH A 4 YEAR LAG. 
" R U L ' P I P t F :  I G E "  MODEL, E X H I B I T  UT-38, 
"EGGS ON EGGS'? NODEL, EXHIBIT UT-58, 
M A T R I X  XLIDIL REP - ALPHA * P E P  .+ EXP (-EPTA PEP) (EQGP.TI3N 130) .  
M B T R I K  LYODEL E = A L P H h  * F * EXP (-DETA S: P) (EQUATXDN 1 4 0 ) .  

( 2 )  AT L E A S T  ONE VERY SilRLX, AUHBER (<10**--3T) IjhS ENCOUNTERED DURING 
THE C & L C U L A T I O N  OF THE ESTIBATE DP ALPHA OR D i l R I N G  CALCULATION OF THE 
S T A T I S T I C S .  THE VALUE HAS S E T  T O  A BUSBEB ILT L E A S T  A S  SEALL AS 10**-32. 
10 GREQT I N A C C U R A C I E S  SHOULD &PPBAR IN T R X  R E S U L T b .  

(3) AT LERST OWE VERY L L R G E  NUMBER (>10*7"32) WAS ENCOUNTERED DURING 
TIIE CBLrULATlON OF THE E S T I I A F E  OF hCPHA O R  D U R I N G  C A L C U L A T I O N  OF T H E  
S F A P I S P I C S m  THE V A L J L  WAS SET T O  A NURBER AT Li?&ST AS L A P G E  AS 10**32. 
SOME OF THE R E S U L T S  ARE L I k E L T  TO BE YEBY INACCURATE.  
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I4BLE E-47. S U H H A R Y  S T A T I S T I C S  FOH NODEL F S T Z H A T E S  OF ALPHA, A PILRINETER 
I N  THE P I C K E R  EIODEI,, FOB C 4 S E  NURHER 6 ( R U N  NIIBBER 5 7 ) .  THESE 

l t l h  P R I O R  E S T I H A T I D A  OF B E T A ,  THE O T B E R  PARAHETZR IN THE 
R I C K E R  KOUEL. ALL OF T R E  R O D T I .  ESTXSATES ARE INCLUDED.  

RESULTS ARE FROn THE I P P L T C A T T B N  OF T B E  TECiiNiQUE I N V O L V I N G  
7 .  - 

TRUE NODEL AIPHA - 20.00  
PFUE HODEL b - 4 ~ 8 8  = 0.000036 

NO. PTEAN ,*PCBN 
PROCESSING OP ESTINATEL)  STa?JD)aRD SQUARE M I N I H U t 4  t4EDIAA M A X I 8 U B  
CODE (1) OBS. a m H a  B I R S  D E V I A T I O N  ERROR ALPHA ALPHA ALIPHB 

A (3)  120 

c ( 3 )  120 
B (3)  120 

D (3) 120  
E (3)  120 
P (3)  1 2 0  
N ( 2 )  120 
P (3)  120 
Q 120  
I (3)  120 
b ( 2 )  120 

8.333+29 
8.96i?+23 
1.6 7E+30 
1.673+30 
1.673+30 
8 . 3 3 3 + 2 9  

8.333+29 

7.35E*08 

f4. d2E+09 

9,12E*l3 
8.33E+29 

8.33E+29 
8.96E+?9 
1.673+30 
1.67Et30 
1.6?E+30 
BS33E+29 
U. 12E+09 
8.335429 
9. 1 2 ~ +  13 
8.333+29 
7.35E+08 

9.13Ee30 
9.1SE+30 
1.29E+31 
1.29Eo-31 
1.29E.t31 
9.13E+30 
4.45Eo-10 
9.13E+30 
U.51E+ 1Q 
9.13E+30 
5.7UE+09 

Ra40Et61 
8. YSE+ 6 1 
1.683+62 
1.68 E+ 62 
1.68E962 
8, uOE+6 1 
2,00s+2 1 
8. BOEaG 7 
2.05Eo-29 
8. Y O E b 6 1  
3.35Et19 

1.38 E-0 7 
2.13E-04 
1.89E-04 
4.18E-07 
1.69E-05 
5.66E-18 
1.OOE-32 
4.08E-05 
7.6QE-07 
1-00  E - 3 2  
1-00E-32 

3.96E+00 
4.09 E+OO 
5.29E+00 
4.9 2 E+OO 
4.22E+00 
3.92E+OO 
2.42E.tO0 
4.74E+00 
u - 2 8  E+DO 
6.06E*00 
3, BSE+OO 

l.OOE+32 
1.00E+32 
1.00E+32 
1.00E+32 
1.00E+32 
1 0 0 ~ + 3 2  
4.8BEall  
1.00Et32 
4.94E+15 
1.00E432 
5.7!4E+ 10 

(1) K P P  T O  P R O C E S S I N G  CODES: 
a: 4 Y E A R  LAG. 
8 :  5 YEAR LAG. 

D: 6 YRAF LAG. 

P: 7 YEAR LAG.  
P. EQUATION 15U: P A R S N T S  AND REl l f i i i I i l . 5  EACH O B T A I N E D  B Y  S U K N I N G  OVER 

C :  R E C R U I T S  O B T A I N E D  BY AVERAGING 5 AND 6 YEAH LAGS. 

E: R E C R U I I S  O B T A I N E D  BY AV'ERBGTNG 5 ,  6 ,  k N D  7 Y E A R  LAGS. 

7 YEBRS, H1TU L 4 YEAR LAG. 
F: "KUETTPLE AGE" IIODEL, E X B I B T T  UT-58. 
Q: "EGGS ON EGGStD RODEE, E X H I B I T  UT-58. 
Y: MATRIX NODZL REP - ALPHA * P E P  * EXP (-BET& * PEP) (EQUATION 13U). 
2: H A T R I X  P O D E L  R = ALPHA * P * EXP ( -BETA * P )  ( E Q O 1 \ I I D N  1413). 

( 2 )  AT LEAST ONE B E 2 Y  SPII?EL N O R B E B  (<10**-72) WAS ENCOUNTERED D U R I N S  
T B Z  C A L C U L A T T O I  OF THE ESTIIIATE OF ALPHA O R  DORIXG CALCUlAl 'XUN OF T H E  
STATISTICS. T H E  VZLLUE WAS SET PIJ A N U R B E R  A T  CE&SS A S  S%ALL AS l o * *  32. 
NG GREAT I N A C C D R A C L E S  SHOULD APPRRR T B  TRiE BESOLTS. 

(3)  AT LEWST O N E  VFRY LARGE NUHBER (>10**32) W A S  I3UNFZRE:D DUALN(: .  
T B F  CALCULATIOl i  OF THE E S T I N A T E  OF ALPHA O R  DURTdG CALCULBTTON OF THE 

SOHE OF TCIE R E S U L T S  A R E  L I K E L Y  T O  BE V E R Y  INACCUHATE. 
S T A T I S T I C S ,  TKE VBLiJE W A S  S E T  TO ii HUCIBEF AT LEAST A S  L A R G E  AS 10**32. 
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TRBLE E-&8, S(ilpIIIBRY STLTHSTICS FOB MODEL ESTJMATES OF A L P H A ,  a PARAMETER 
I N  T n E  RECRER MODEL, FOR C A S E  IUHBER 6 (RUM N U N B E B  551.  TAESE 

THE P B I ~ R  EsTInamm OP DZTA,  TBE O T H E R  P A R M E T E R  id T N E  RXCKER 
RESULT5 ABE PRO!! TEE APPLICATIOW OF THE TECHNIQUE I R l V O L V I l s G  

EODEL, ESTZnATES OF aLPHA LESS T R A N  ONE OR GREATEX TBlAN 9 8 , 2 5 4  
H A V E  BEER EK@IUDED* 

B 
5 
c 
D 
E 
F 
1p 
P 
Q 
PI 
z 

07 
87 
92 
85 
96 
87 
73 
96 

a a0 
48 
7 1  

29.11 
30,89 
95.16 

121.83 
16,08 

153.21 
252.29  
100.04 
24-73 

298.3 1 
1380.55 1 

2 7 - 8 6  
97.64 
9 3 - 9 1  
120,63 
14.83 

151.96 
251.04 

98, a9 

339-30 
297-06 

2 2 - 8 8  

1JQ. 09 
398-83 
'762.85 

53.94 

1439.52  
685.60 
124-42  

3184-24 
1358-27 

5 a i - w  

1025.89 

I 7 7 W  
168708 
5 9 0 8 5 2  
352363 

36311 
1075810 
2636105 
479907 
66009 

12082303 
193rS4Ol 

9BDIIP1 
?hLPH& 

4.410 
5 . 3 5  
5.23  
5.. 3 4  
4 - 2 6  
3.92 
3.38 

3.719 
5 0 . 6 8  
5.29 

4, 6 0  



00 '9OL 6 
0 0 'OS 6 0 I 
00 ' 99RI 
06 'b8S 
00 'LL9 
0 0 '00 z 9 
00 'SZtZ 
00'999L 
00-101z 
00 '06kOL 
00'6ZE2 

VR31V 
UBPIXYU 
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A 
B 
c 
D 
$i 
F I 

P 
Q 
Y 
z 

97 
93 
96 
94 

102 
9 2  
Ea2 

f 04  
1 oa 
70 
7 6  

37-83 
160-70 
52-44 
45.91 

21163-77 
IQO-26 
257-69 
12-72 
98. BD 

3 14-23 
93 e 29 

17.8 1 
l(s0,70 
33-44 
25.8Q 

228.37  
120.26 
237-69 
-7.28 
78 .80  

290-23  
7 3 - 2 9  

30053 
1042362 

76768 
85905 

2 534 05 3 
6lQ350 

2262684 
1092 

575335 
1 7u 1 4070 

10 5590 
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P A B L E  E-51. 

NO. 
PROCESSING OF 
O D E  ( 1 )  OBS. 

A ( 3 )  1 2 0  
B (3)  1 2 0  

D ( 3 )  1 2 0  
E (3) 1 2 0  
F ( 3 )  1 2 0  

c (3) 1 2 0  

Fi ( 3 )  1 2 0  
P ( 3 )  1 2 0  
Q ( 3  1 2 0  
Y ( 3 )  120 
z ( 2 )  1 2 0  
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S U R E A R Y  STATISTICS FOR ~ n n r t  E S T I ~ A T E S  3 1  i i r p m ,  A P A R A H E T Z R  

RESULT5 ARF SROH THE A P F L P d Y h H  OF THE ZECHNTQUE I N V O L V I N G  
I N  THE PIChER IODFT., FOR C A S E  YddBEH 7 (RUN H U A B E R  58) .  THESE 

THP P R T S R  ESTTKATION OF DPTX,  ' I R E  O T H E R  PARAMErER I N  THE 
R I C K E R  B O D E L .  A L T  OF THF PIBDEL ESTINAlLS A R B  I N C L V D E D .  

TRUk HODEL ALPHA = 1.25 
TRGE HODEL GARflh .= 0.000036 

UEAN R E A N  

ALPHA B l l l b  DEVIASTSN EBRGH ALPHA ALPHA ALPH% 
ESTIMATED S - i a m q m  S Q U A R E  M I N I ~ U N  MEDIAN IAXIHUN 

1.67!3+30 
8 . 3 3 E t 2 9  
1.67E430 
8 .33E+2? 
8.33 E* 2 9  
8,33R+29 
8.33E929 
1.671?+ 3 0  
1.67E430 
1. 8 2 E t 3 0  
2.961?+15 

1.29 C + 3  1 
9. !3Et30  
1.29E+31 
?. 3 3 z + 3 3  
9.13X*3O 
9 . 1 3 b a 3 3  
9 . 1 3 E t 3 0  
1.29EV 3 1  
1 . 2 9 e t 3 1  
1.29E+31 
2 -  53Et.16 

1.68Et62  
8.40E46; 
1.68Ec52 
8.40E+Sl  
8. UOE45I 
8. '1 0Ph6 1 
8.40E+51 
1.68Ec52 
1.58Eb62 

6. a-3.V+32 
1 . 7 1 ~ + 6 2  

9.49E-17 
3.84E- 14 
7.32E- 1 4  
1. 28E-31 
3 .  ?2E-05 
1.00E-32 
1 - 5 2  E- 1 1 
1. &6E-02 
2.86F1-I3 
1.00E-32 
1.00E-32 

3.52E+00 
4.58E+00 
3 . 8 0 E t 0 0  
3.64 E t 0 0  
3.86E+00 
4.52E+00 
2.33E+00 
(6.1 1 E t  0 0 
3.79E+00 
2.(15?3+00 
4.3 4E+ 0 0 

1 00E+3 2 

1.00E+32 
1.00E+32 
1.00E+32 
1.00E+32 
1.00E+32 
1.00E+32 
1 .00E+32 
2 .62Et  1 7  

1.00E+32 
1 .00Et32  

(1) K E Y  TO PROCESSING CODES: 
k: 4 Y E A R  LAG. 
B: 5 Y E A R  L A G .  
C: RECRUIT.5 O B T A I N E D  B Y  AU'EPAGING 5 ".PD 6 T E A R  LAGS.  
D: 6 YEAR L A G .  
E: RECRUIT'S  O B T A I N E D  BY A V E R A G I N G  5 ,  6 ,  AEtD 7 I E A R  LAGS. 
F: 7 YZAR LAG.  
N: E Q U A T I O N  15U: FARENTS A N D  RECRUITS E B r H  O B T A I N E D  BY SUMNING OVER 

7 YEARS, WITH A 4 Y E A R  LAG. 
P: ~ ~ H T C L T I P L E  A G E "  NODE?., X X H I B T T  a ' ~ - 5 8 .  
Q: W.XS ON E G C S "  MODEL,  EXHIBIT 0 ~ 5 8 .  
Y: FiATRiX NODEL PEP  = ALPHA * P E P  * 2 b P  C-BZTA * PEP) (EQUATION 1 3 0 )  
Z: M A T R T L  MilDZL R - ALPHA * P f EXP ( -BETA * P) (EQWATI3N 14U). 

(2)  AT LEAST ONE VERY. SNbLL NGHBER ( < 1 0 * * - 3 7 )  %AS ENCOUNTERED D U B l N G  
THE CALCUZBTION oh I'HL E W L P ~ A I E  DF A L P H A  O R  D U R I N G  r h i . r u i a r I o N  OF T H E  
STATISTICS. ThZ V A L U E  U&S SET T O  A N U N B L R  AT T.EZiS7 AS SYALL AS lo**-32. 
NO G R E I P  IWAZCUPACIXS SHOULD APPEAR Tk T H E  RESULTS. 

(3) AT LEAST 3NE V E R 1  L A R G E  NUMBER (>10*e32) whS E N r O t l N T E B E D  D I 1 R I N G  
T E E  CALCULATION OF THB ES"llnA'It OF ALPHA O R  DFRING rALCWLATION OF THE 
STLTISTTCS. T H E  V A L O Y  #AS SI;? TO A N U N B E H  AT LFAST A S  L A R G E  AS 10**32. 
SOBE O F  THt, RESULTS A R E  L I K E L Y  TO B E  V E R Y  TNBC'CORATE. 
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TIIBLE E-52. 

NO. 
PROCESSING OF 
CODE (1) GBS.  

A ( 3 )  120  
B (3) 1 2 0  
c ( 3 )  120 
D ( 3 )  120  
E (3) 1 2 0  
P ( 2 )  120 
N 120 
P ( 3 )  120 
Q (31 1 2 0  
Y (3) 1 2 0  
2 [ 2 )  120 

S U R H A R Y  S T A T I S T I C S  FOR HODEL ESTIMATES O F  ALPHA, A PARAUETER 
I N  THE RICKER tlODEL, POP CASE NUMBEB 7 ( R U N  NURSER 5 9 ) .  THESE 
RESULTS ARE FROM THE APFLSCATION OF THE TECHNIQUE INVDLVING 
THE PBIDB ESTIMATION OF BETA, THE OTHER PARAMETER I N  THE 
RICKPR BODEL. ALL OF THE JODFL P S T I 3 A T E S  ARE INCLUDED. 

TRUE HODEL ALPHA = 5.00 
TRUE ilODEL GABMA = 0.000036 

MEAN B E A N  
ESTIHATED STaNDARD SQUARE I I N I ; Y U ! l  BEDIAN 
ALPHA B I A S  DEVIATION ERROR ALPHA ALPHA 

8 .33E+2P  
8 . 3 3 3 + 2 9  
8.3 3 E + 2 9  
8 . 3 3 3 + 2 9  
8 . 3 3 E + 2 9  
1 .24E+10  
1.653+09 
8 . 3 3 3 + 2 9  
8 . 3 3 E + 2 9  
3 . 3 3 E + 3 0  
2 . 3 0 E + 1 7  

8 . 3 3 E + 2 9  

8.333+29 
8 . 3 3 E t 2 9  

1 .65E+O9 
8 . 3 3 E + 2 9  
8.333+29 
3 . 3 3 E + 3 0  
2.30 E+ 17 

8 . 3 3 E + 2 9  
8.33E* 29 

1 , 2 4 E + I O  

9 . 1 3 E + 3 0  

9 . 1 3 E + 3 0  
9 . 1 3 3 + 3 0  
9 . 1 3 E + 3 0  
1 * 3 6 E + 1 1  
1 . 8 1 E +  10 
9 . 1 3 E t 3 0  
9 . 1 3 E + 3 0  
1. BOE+31 
2.51 E + 1 8  

9 . 1 3 E + 3 0  
8.40E+6 1 
8. UOE+61 

8.110E+61 
8 . 4 0 E + 6 1  
1 . 8 7 3 + 2 2  

8 . 4 0 E + 6 1  
3 . 3 6 3 + 6 2  
6 . 3 7 2 + 3 6  

8.UOE+6 1 

3 . 2 9 3 + 2 0  
8. UOE+61 

1.0 1E-05  
1.7l4E-09 
1.07E-07 
5.85E-08 
1.71 E-05 
7 . 7 8 1 - 0 3  
5.993- 1 2  
6 .96E-06  
1. l4E-01 
1 . 0 0 2 - 3 2  
U.13E-22 

3.162+00 
5.06 E+O 0 
4.42E+ 00 
4.5 4 E+OO 
4 , 5 2 E + 0 0  
4 . 4 8 E + 0 0  
2.5 3 E t 0 0  
4.30Et00 
4 - 35 E+O 0 
1 .17E+O1 
3 . 3 6 E + 0 0  

M A X 1 5  U M  
ALPHA 

1 - 00Et32 
1 - 00E+3 2 
7 .00E+32 

1 . 0 0 E + 3 2  

I ,98E+l1 
1.00E+32 
1 0 0 E t 3  2 
1 . 0 0 J + 3 2  
2 . 7 5 E t 1 9  

1.00Et32 

1 . 4 9 E + 1 2  

( 1 )  K E Y  TO PROCESSING CODES: 
A: 
B: 
c: 
D: 
E: 
F: 
1: 

P: 
Q: 
Y: 
2 :  

4 YEAR LAG. 
5 YEAR LAG. 
RECRUITS OBTAINED BY AVERAGING 5 A N D  6 YEAR LAGS. 
6 YEAR LAG. 
RECRUITS OBTAINED BY AVERBGIBG 5, 6 ,  A N D  7 YEAR LAGS. 
7 YEAR LAG. 
EQUATION 15U: PARENTS A N D  RECRUITS EACH OBTAINED 811 SUMNING OVER 
7 Y E A R S ,  WITI? A Q YEAR LAG. 
"MULTIPLE AGE" HODEL, EXHIBIT UT-58. 
"EGGS ON EGGS" MODEL, EXHIBIT UT-58. 
KATRIK KODEL REP = ALPHA * PEP * EXP (-SETA * PITP) (EQUATXON 1 3 U ) .  
HATRIX MODEL R = ALPEA * P * EXP (-BETA * P )  (EQUATION 140)  I 

( 2 )  AT LEAST ONE VERY SMALL UURBER (<10**-32)  QAS ENCOUNTERED D U R I N G  
TIE CALCULATION OF THE ESTIMATE OF ALPHA OR D U R I N G  CALCULATION OF THE 
S T A T I S T I C S .  THE VALUE UAS SET TO A NURBER AT LEAST AS SYALL A S  lo**-32. 
NO GREAT INACCURACIES SHOULD APPEAR IN THE BZSULTS. 

(3) AT LEAST ONE VERY LARGE WURBER (>10**32)  V A S  ENCOUNTERED D U R I N G  
THE CALCULATION OF THE ESTINATE OF ALPHA O R  D U R I N G  CALCULATION OF THE 
STATISTICS.  THE VALUE W A S  SET TO A NUMBER AT LEAST A S  LARGE AS 10**32. 
SOME OP THE RESULTS ARE LIKELY TO BE VERY IBACCURATE. 



T A B L P  E-53. 

NO. 
P R O C E S S I N G  OF 
CT)DE ( 1 )  OBS.  

A ( 3 )  120 
B ( 3 )  1 2 0  
C ( 3 )  1 2 0  
D (3) 120  
E ( 3 )  120 
F ( 3 )  120  
ti (2) 120 
P 120 
Q 120  
Y ( 2 )  120 
z ( 3 )  120  
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S U M M A R Y  S T A T I S T I C S  FOR HODEL E S T I B A T E S  OF ALPHA, A PARAMETER 
J N  THE R I C K E R  HODEL, FOR C A S E  NUMBER 7 (RUN NUVBER 6 0 ) .  T H E S E  
BESUL,TS ARE FROM THE A P P L I C A T I O N  OF T H E  TECHNIQUE I N V O L V I N G  
THE P R I 3 R  E S T I M A T I O N  OF B E T A ,  THE OTHEIi PARAMETER I N  THE 
R I C K E R  HODEL. ALL OF THE YODEL E S T I K i A T E S  ARE INCLUDED.  

T P U E  NODEL ALPHA = 20.00 
T R U E  MODEL GABMA = 0.000036 

MEAN BEAU 
E STIN AT ED STANDARD SQUARE KINIVUH YEDIAN BAXIUIJH 
ALPHA B I A S  D E V I L T I O N  ERROR RLPHA ALPHA ALPHA 

1 . 6 7 E + 3 0  
1 . 7 8 E + 3 0  

8 . 3 3 E + 2 9  
R .33E+ 29  
8 . 3 3 E + 2 9  
1.21 E + 0 4  

9 . 9 7 E + 1 9  
6 . 9 6 3 + 1 7  
8 . 3 3 E + 2 9  

a. 4 2 E +  29 

2 . 0 2 E + 2 1  

1 . 2 9 E 3 + 3 1  
1 . 2 9 E + 3 1  
9 . 1 3 E + 3 0  
9 . 1 3 E + 3 0  

9 . 1 3 E + 3 0  
1 . 2 7 E + 0 5  
2 I 2 1  E + 2 2  
1 . 0 9 E + 2 1  
7 . 6 2 E * l 0  
9 . 1 3 E t 3 0  

9 . 1 3 E + 3 0  

1 . 6 8 ~ 6 2  
1 . 6 9 E + 6 2  

8-4Der-61 
8 . 4 0 E + 6 l  
8 . 4 O E + 6 1  
1 . 6 4 E + 1 0  
4 . 9 4 E + 4 4  
1 . 2 0 E + 4 2  
5.85E4.37 
8 . l l O E + 6  1 

8 , 4 0 F + 6 P  

3.263-19 
1 . 9 7 E - 1 1  
9 . 2 8 E - 1 2  
3 . 7 6 E - 1 1  
3.473-08 
2 . 5 5 E - 1 1  
1 . 0 0 E - 3 2  
4 . 9 2 E - 0 8  
7.07E-07 
1 . 0 0 E - 3 2  
1 . 0 0 E - 3 2  

4 . 0 8 E + 0 0  
3.9 1 E+OO 
3 .  r ) 3 E + O  0 
3 . 4  1 E+OO 
3 . 6 7 E + O  0 
3 . 9 4 E + 0 0  
1 . 7 7 E + 0 0  

.3.56E+00 
4. 4 1 E + 0 0  
7 . 4  6E+00 

3 .321?+30  

(1) KEY T O  P R O C E S S I N G  CODES:  
A :  
B: 
c: 
D: 
E: 
F: 
N: 

P: 
Q: 
Y: 
2 :  

9 YEAR LAG. 
5 YEAR LAG. 
R E C R U I T S  O B T A I N E D  BY AVERAGING 5 A N D  6 YEAR LAGS. 
6 YEAR LAG. 
R E C R U I T S  O B T A I N E D  BY AVERAGING 5, 6, AND 7 YEAR LAGS. 
7 YEAR LAG, 
EQUATION 15U: P A R E N T S  AND R E C R U I T S  EACH O B T A I N E D  BY S U N N I N G  OVER 
7 YEARS, WITH A 4 YEAR LAG. 
" H U L T I P L E  AGE" NODEL, E X H I B I T  UT-58.  
"EGGS ON EGGS" I O D E L ,  E X H I B I T  UT-58. 
MATRIX HODEL RYP = ALPHA P E P  * E X P  (-BETA * P E P )  ( E Q U A T I O N  1 3 0 ) .  
MATRIX MODEL R = ALPHA * P * E X P  ( -BETA * P )  (EQUATION 1 4 U ) .  

( 2 )  AT L E h S T  ONE VERY S M E L  NUKBEX (<10**-32) WAS ENCOUNTERED D U R I N G  
THE CALCDLATION OF THE E S T I H A T E  OF ALPHA OR DURING CALCULATION OF T H E  
S T A T I S T I C S .  THE VALUE W A S  S E T  T O  L NUYBER AT LEAST AS S H A L L  A S  lo**-32. 
NO GREAT I N A C C U R A C I E S  SHDULI) APPEAR I N  THE R E S U L T S .  

(3) bT L E A S T  ONE VERY LARGE N U B B E H  ( > 1 0 * * 3 2 )  WAS ENCOUNTERED DURING 
THE CALCULATION OF THE E S T J H A T E  OF ALPHA OR D U R I N G  CALCULATION OF T H E  
S T A T I S T I C S .  THE VALUE WAS S E T  T O  A NUMBER AT L E L S T  hLS LARGE AS 11)**32. 
SOME O F  THE R E S U L T S  ARE L I K E L Y  T O  BE VERT INACCURATE.  
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TLLEEE E-54. S U K P l A R Y  S T A T I S T I C S  FUR MODEL E S T I E A T E S  OF ALPHA, A PRRAWETER 
I N  THE RICKER IIODEL, FOR CASE RUBBER 7 ( B U N  190HBER 58). THESE 
RESULTS ARE PROM THE A P P L I C a T I O N  OF THE TECHNIQBE IBVOLBIlPG 
THE P R I 3 R  ESTIEATXON OF BETA, THE OTHER PABAWET'ZR I# THE BICKER 
IODBL. E S T I M A T E S  O F  &LPHA L E S S  THAN ONE OR GREATER THAN 44,254 
HAVE BEEN EXCLUDED. 

TRUE MODEL ALPBA = 7-25 
TRUE HODEL GANMA = 0.000036 

NO. BEBN MEaN 
PROCESSIBG OF ESTIWATED STANDARD SQUARE W I l I N U W  NEDIAN H A X I B U M  
mDE 

I 
E 
c 
D 
E: 
F 
R 
E" 
Q 
f 
z 

[I) OES. ALPHA B I A S  D E V I A T I O N  ERROR ALPHA ALPHA 8LPHA 

89 
90  

104 
91  

106 
88 
82 

103 
103 

57 
75 

108.52 
220.96 

52.29 
69.67 
24.20 

135.81 
23.97 
16.62 
8.85 

207.12 
275.73 

107.27 
219.71 

51.04 
118.42 
22.95 

134.56 
22.72 
15.37 
7.60 

205.87 
271.48 

462.16 
1339. U2 

328.28 
238.53 

68.98 
556.70 
106.08 

45.77 
15.84 

606.01 
1027.,18 

225230 
184 285 1 

110398 
59266 

5290 
328229 

11775 
2333 

410392 
1131U63 

308 

1.09 
1.04 
1.. 00 
1.01 
1.07 
1.02 
1-09 
1. a9  
1.02 
1 -05  
9.04 

4.33 
5.92 
3.88 
4. 1 6  
4.03 
6.19 
3.32 
4.51 
U. 07 

10.29 
7.20 

339s. a0 
11790.00 

3197.00 
2 1  07.00 

437.50 
3958.00 

765.60 
357.8Q 

91.55 
359Q. 00 
6205.00 

(1) KEY TO PROCESSING CODES: 
A: 4 YEAR LBG. 
B: 5 YEAR LAG. 
C: RECRUITS 3 B T A I N E D  BY AVERAGING 5 A N D  6 YEAR LAGS. 
D: 6 YEAR LAG. 
E: RECRUITS O B T A I N E D  BY AVERAGING 5, 6, AUD 7 YEAR LAGS. 

N: EQOBTIOA 150: PLBElBTS AND R E C R U I T S  EACH OBTAINED BY SUHMIPG O V E R  

P: "UULTIPLE AGEn HODEL, EXHXBIT UT-58. 
Q: REGGS ON EGGS" flODEL, EXHIBIT UT-58. 
P: EATRIX MODEL REP I L P H A  * PEP * EXP (-BETA * P E P )  ( E Q U k T I O I  1 3 O )  - 
2 :  IIATRIX HODEL R = ALPH1L * P * EXP (-BETA * P) ( E Q I J A T I 3 l  IQU). 

P: 7 P E A R  LaG.  

9 YEARS, PITH A 4 PEAR LAG. 
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TABLE E-55. 

NO. 
PROCESSING OF 
O D E  (1) OBS. 

A 79  
8 84 
C 99 
D 8 8  
E 105 
P 91  
N 82 
P 100 
Q 110 
Y 50 
z 6 2  

SDNKARY S T A T I S T I C S  FOR NODEL E S T I H A T E S  OF ALPHA, A PBRAHETER 
I N  THE P I C K E R  RODEL, FOB C A S E  NIJHBER 7 ( R U N  NUMBER 5 9 ) .  TLIESE 
RESULTS ARE PRO?! THE A P P L I C A T I O N  OF TUE TECHNIQUE INVOLVING 
THE P R I 3 R  ESTIHATXON OF BETA, THE OTHER PhRAHETEE I N  THE BICKER 
HODEL. ESTIMATES OF ALPHA L E S S  THAN ONE OR GREATER THAN 14,254 
H I V E  BEEN EXCLUDED. 

TRUE 
TRUE 

LIEIN 
ESTIHALEED 
ALPHA 

265.57 
159.07 
306.16 

53.79 
27.76 

353.36 
151.63 

95.10 
10.29 

784.98 
486.04 

(1) KEY TO PROCESSING 

MODEL ALPHA = 5-00 
flODEL GANHA = 0.000036 

HEAN 
S T A N D A R D  S Q U A R E  HxNImna 

B I A S  D E V I A T I O N  ERROR ALFAA 

260.51 1092.60 1262542 1.01 
154.07 665.97 467535 1.15 
301.16 

48.79 
22.76 

348.36 
146.63 

90.70 
5.29 

779.98 
481.04 

CODES: 

1833.85 3454621 
179.53 34639 
110.99 12841 

1583.96 2631646 
919.20 866694 
714.97 519199 

22.12 517 
2131.35 5163435 
2007.24 4264219 

1 - 2 0  
1 - 0 8  
1.09 
1.03 
1.03 
1.06 
1.01 
1 - 0 3  
1 - 0 1  

nEDIAl 
ALPHA 

5.00 
6.74 
4.89 
5. 50 
4.74 
5. 8 3  
3.64 
4.66 
4.63 

U6.86 
8.46 

RiaxIwul 
ALPRIb 

1386.00 
4958.00 

13270.00 
11$4.00 

945.00 
12B50.00 

8120.00 
7134.00 

155.70 
9376.00 
9805.00 

A: 
B: 
C: 
D: 
E: 
P: 
N: 

P: 
Q: 
Y: 
2: 

4 YEAR LAG, 
5 YEhR LAG. 
R E C R U I T S  OBI'AINED B Y  AVERAGXNG 5 L N D  6 YEAR LAGS. 
6 YEBR LAG. 
RECRUITS OBTAINED BY ILVERAGIIG 5. 6, A N D  ? YEAR LAGS. 
7 YEAR LAG. 
E Q U A T I O N  15iJ: PARENTS A N D  R E C R U I T S  EACH OBTAINED B Y  S U W l I I G  OVER 
7 YEARS, WITH A 4 YEAR LAG. 
"MULTIPLE AGE" KODEL, E X H I B I T  UT-58. 
"ZGGS ON EGGS" MODEL, E X H I B I T  UT-58. 
HATRIX MODEL REP = ALPHA * P E P  * EXP (-BETA * P E P )  ( E Q U A T I O N  13U) . 
HATRIX HQDEL R = ALPHA * P * EXP (-BE,I'A * P) (EQUATION 14LT)- 
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TABLE E-55. 

NO. 
FBBDCESSXNG DP 
am ( 1 )  am. 

A 01 
B 79 
C 94 
D 84 
E 103  
F 87 
I 75 
P 98 
Q 104  
I 54 
z 78  

S O B N A R Y  S T A T I S T I C S  FOR BODEL E S T I B A T E S  QP ALPHR, A PRRAKETER 
IH TKF R I C K E R  HODEL, FOR C A S E  NIIMRER 7 ( R U N  NUUBEB 60). THESE 
RESULTS ARE PRON THE A P P L I C A T I O N  OF T H E  TECHNIQUE I B V O L V I I G  
THE PRIOR E S T I U A T I O N  OF BETA, THE OTHEB PARAIBTER I1 THE R I C X E R  
ZIODEL. E S T I M A T E S  OF ALPHA L E S S  TBAN ONE OR GREATER THAN 14,254 
XAVE BEEP EXCLUDED. 

TRUE HODEL ALPHA = 20.00 
TRUE HODEL GAUMA = 0.000036 

I E A U  HEAN 
E S T I B A T E D  STANDARD SQUARE 
ALPHA B I A S  D E V I A T I O N  ERROR 

191.00 
239.16 
312.63 
2 0 9 . 0 5  

97.70 
264.54 

53.74 
68.01 
67.05 

968.36 
358.96 

171.00 
219.16 
292.63 
7 8 9 , 0 5  

77.74 
244.54 

33-70  
48.01 
47.. 05  

948.36 
338.96 

1065.13 
1013.53 
1708.59 
1210.31 
629-59 

1520.18 
174.31 
388.52 
506.06 

2710.09 
1376. Cr8 

11641 12 
1075889 
3005652 
150101 2 

402491 
2371443 

31536 
153279 
258327 

826 0955 
201 1083 

I I N I U U I  
ALPKA 

1.10 
1.07 
1-01  
1.03 
1.06 
1.13 
1.01 
1 -01  
1.24 
1.34 
1.07 

OEDIbN 
ALPHA 

5.40 
4.57 
3.85 
4.37 
3.77 
4. 83 
3.54 
3.65 
3.66 

18.55 
10.40 

8 A X I U  Ufl  
ALPHA 

8167.00 
7457.00 

13850.00 
9489-00 
5942.00 

13780.00 
966.80 

3068.00 
5012.00 

13730.00 
8697.00 

(1) KEY T O  PROCESSING CODES: 
A: 4 Y E A R  LAG. 
B: 5 YEAR LAG. 
C: R E C R Q I T S  OBTAINED B Y  AVERAGING 5 I N D  6 YEAR LAGS. 
0: 6 Y E A R  LAG. 
E: I E C B U I T S  DBl'AIUED BY AVERAGING 5, 6,  AND 7 YE&R LAGS. 
P: 7 YEAR LAG. 
N: EQUATION 1SU: Pl lRENTS AND R E C R U I T S  EACH OBTAINED BY SUMNIIG DVER 

P: "MULTIPLE &GE" MODEL, E X H I B I T  UT-58. 
Q: "EGGS ON EGGS" MODEL, EXXIBIT UT-58. 
Y: I A T R I X  flODEL REP = ALPHA * PEP * EXP (-BETA * PEP) (EQUATION 130) . 
2 :  IATR1.X ?lODEL R = ALPHA * P * EKP (-BETA * P) ( E Q U A T I O N  ?&a).  

7 YEARS,  WITH a 4 YEAR LAG. 
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