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Abstract 

The bottom temperature and timing of the research surveys in NAFO region 2J3KL are 
shown to have a large effect of the estimated abundance of cod. The uncorrected estimates of 
cod abundance using a stratified random analysis give misleading results if these factors are 
not considered. I have tried to test a series of hypotheses with these data to develop consistent 
series that can be used for assessing the stock status. 

In the future, every effort should be made to carry out the research surveys 
on the same dates each year. 

1 Introduction 

I have analyzed the 2J3KL surveys using the methods that have been described in an ICES . 

document (Myers and Pepin 1986; ICES 1986/D:9). The basic idea of this model is to trans-
form the abundance such that it is approximately multiplicative. The transformation used was 
loge (number + 1). This transformation is justified if the variation in numbers caught per set 
follows a negative binomial distribution in which the parameter k is approximately equal to 1. 
An analysis of intensively fished strata on the Grand Banks showed the observed distribution of 
catch per strata was approximately negative binomial with a k parameter close to 1 (Myers and 
Pepin 1986). Simulation models showed that good results could be obtained if the multiplicative 
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assumption was reasonable and there were not too many zero catches in the data set, i.e. less than 
10%. In 2J3KL there are few trawls in the appropriate depth zones in which no cod are caught. 

The models presented below initially consider a stratum effect, and a year effect in an approx-
imately multiplicative interaction. This model should be regarded as a simple first approximation 
to the variation observed in the data. I have run the analyses several ways to test the robustness 
of my conclusions. In particular, I have used unweighted and weighted (by the area of the strata) 
least squares to estimate parameters. The results were similar in both cases because the number 
of tows per stratum was approximately proportional to the stratum area in depths less than 500m. 
In the results below I have weighted the results by stratum area. 

In general the model residuals were reasonably homoscedastic (see Figures below). The fre-
quency distribution of the residuals was approximately normal (Fig. 1), with some skewness to the 
left because of the presence of zero catches in regions of high mean abundance. These relatively 
large negative residuals can also be seen in residuals plots below, but they should have a small 
effect on my conclusions (Myers and Pepin 1986). 

2 Stratified Random Analysis 

The research surveys are carried out using a stratified random survey design. The estimates of 
abundance for each stratum are combined to obtain an overall estimate, with associated confidence 
limits (Fig. 2; the label STRAP stands for stratified random analysis). Details of the the analysis 
can be found in the latest CAFSAC assessment, they have been updated to include more recent 
information. The stratified random analysis has been included so that the results can be compared 
with my analysis. In both the STRAP analysis and my analysis, the estimate is for all fish caught 
(although I present the results in terms of estimated mean catch per tow). 

Approximate 95% confidence intervals are given in both cases. The confidence limits for both 
sets of analysis are probably overestimated because the entire population is not surveyed each 
year. Furthermore, the confidence limits from my model are inflated because the multiplicative 
assumption does not hold exactly. 

3 Preliminary Information 

• Only a part of the 2J3KL region is surveyed each year (see figures in CAFSAC 87/42). In 
particular, the inshore regions are not surveyed. This problem is most severe in 3K. 

• The timing of the surveys is not constant in each year (see Fig 3). For example, the mean 
date of the 2J surveys varies by a month. 

• There are seasonal migrations between regions and into unsurveyed regions. In particular, 
there is an inshore and southward summer migration, and a return migration in the fall. The 
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return migration appears to be in the late fall in 2J, and early to the south (Henry Lear, 
pers. coin.). The situation is more complex in the 3K region in which fish that winter in 3K 
appear to move inshore and into 3L in the summer. However, a migration into 3L occurs 
into 3K during this period. 

• There is strong interannual variability in bottom temperature (see CAFSAC 87/42). In 
particular, 1985 was very cold (Fig: 3). 

• Bottom temperature usually decreases with depth if depth is greater than 100m (Petrie et 
al. 1988). 

• Bottom temperature within the depth range 100m to 400m usually increases from August 
to December (Petrie et al.1988). This increase is relative small, on the order of 0.5 to 1.0 
degrees. 

• The interannual variability in salinity at depths below 150 meters is greater than the seasonal 
variability (Myers et al. 1988). 

4 Effects of survey timing and bottom temperature 

I investigated the effects of survey timing and bottom temperature using simple linear models. 
The results for NAFO region 2J are reported in Table 1 and Fig. 4, 3K in Table 2 and Fig. 5, and 
3L spring surveys in Table 3 and Fig. 6. For each model I have also plotted the estimated mean 
number per tow (Fig. 3, 4, and 5). The residuals versus depth or temperature (which is labeled 
"temp" in the plots) have been plotted for several of the analyses in Fig. 6. 

The hypothesis that survey timing and temperature were important to the survey results was 
initially tested by examining residual plots of the results of a year and strata effect model. The 
hypothesis was further tested by including the Julian date and bottom temperature for each in-
dividual tow in the above model using an analysis of variance formulation. The Julian date and 
temperature are very significant, and improves somewhat the residuals. 

5 Mitigation of the effects of survey timing and bottom 
temperature 

It would he best to use some other index of abundance, but this is not an option. Therefore I 
investigate several methods of mitigating the effects of the variable timing of the surveys. It must 
be recognized that this is in some ways a hopeless task: we simply cannot project into the regions 
where we have not surveyed. Nevertheless, the following are approaches that were investigated. 



5.1 Compare only years in which the timing and temperature were 
similar 

For example, in NAFO region 2J, we can compare the results for 1982-1984, and 1987 because 
the mean dates of the surveys were similar. The results for both the STRAP analysis and the 
multiplicative model are similar: the 1987 abundance is slightly lower than the mean of the 1982-
1984 surveys. This approach is a good one because it requires no model assumptions. 

5.2 Eliminate early strata and repeat the multiplicative results 

I have included two analyses 2J: one in which I have included only tows from Nova and Dec. , and 
one in which I have included tows only from Nov. 10 to Dec. 31. (Note that 1985 is missing from 
this figure because all the surveys took place before Nov. 10 in that year.) Similar analyses were 
done for 3L (spring). 

The residuals for the analysis leaving out October observations still show strong patterns with 
respect to depth. The residuals using only those observations after Nov. 10 appear to be between, 
and thus are probably more reliable. One obvious disadvantage of this approach is that data is 
eliminated, and that many strata are left empty. 

5.3 Include the timing of the surveys and temperature in the analysis 

The results for the inclusion of the Julian date and bottoni temperature of each tow has already 
been described. This correction may be regarded only as a first order correction of the changing of 
the survey timing. In 2J, the residuals still show patterns with respect to depth, i.e. in 1985 when 
the survey was early there were relatively more fish in shallow water. Nevertheless, this approach 
does provide a first order correction. 

The correction for Julian day, i.e timing of the survey, is probably reasonable because we know 
that the fish are inshore migrating out in 2J during the survey period. Thus, a linear correction 
may be a first step to appoximating the process. Similarly, in the 3L spring surveys, the later the 
survey date, the more fish from 31C will have migrated into the region. 

The correction for temperature may not be justified. If the fish are responding to temperature 
by remaining in the same location but moving up in the water column, then a linear correction may 
be reasonable. Similarly, if they are remaining inshore longer above the cold intermediate layer, the 
correction may also be justified. However, if they are changing position within the region surveyed, 
then it would not be justified to use the correction for temperature in the estimates of abundance. 



5.4 An analytic model of migration 

I have begun modeling the migration using nonlinear models and projecting how many fish are 
in the unsurveyed regions. While, these may be useful in the future models are probably more 
unreliable than the above and will not be reported. 

6 ESTIMATES OF ABUNDANCE 

6.1 NAFO region 2J 

The residuals of a year and strata effect model clearly show that during years in which the survey 
was done early, i.e. 1985, cod tend to be more inshore. Unfortunately, during years in which the 
bottom temperature was cold, the surveys were done early. Note, that during years in which the 
surveys were conducted early, in 1982-1985, 1987, the surveys are negatively biased. This shows up 
very clearly in the residual plots. During years in which the surveys are early the peak abundance 
is at shallow depths, but during years in which the surveys are later the peak abundance is deep. 
Note the shift in the depth of peak abundance. It appears that the depth distribution is deeper 
during warm years. 

The interpretation of the residual plot with depth is made a bit more complicated because some 
of the shallow strata are in fact on Hamilton Bank which is not inshore. However, the abundance 
in the inshore zones is higher than usual for 1984 as well. 

I next considered a model in which temperature and Julian date of the survey were entered 
as covariates. This reduced the trends in the residuals with depth. Both factors entered very 
significantly (Table 1). Using the exponential or the logarithm of temperature or Julian date did 
not significantly improve the fit. 

We should not expect a simple linear model to be an adequate representation of the migration 
pattern; therefore, we must treat the new results as a slightly better approximation at most. 

6.2 NAFO region 3K 

The results for the 3K fall survey were similar to the results obtained for 2J (Table 2). However, 
it is questionable whether the resulting estimates of abundance should be used in an assessment. 

The principal difficulties with the 3K data are: 
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• Much of the inshore region is not surveyed. 

• There are substantial migrations into 3L from 3K, and into 3K from 2J. 

• The confounding of the timing of the survey and bottom temperature as previously men-
tioned. 

• The surveys in 3K were sometimes done before and after the 2J surveys, resulting in a large 
spread of the time required to carry out the surveys. 

I could not obtain an internally consistent analysis for this region. I therefore recommend that 
it not be used in the assessment. 

6.3 NAFO region 3L 

The Fall surveys in this region seem to be more affected by migration and timing of the surveys 
than the spring surveys (this is based upon Henry Lear's tagging studies). Therefore, 1 have only 
analyzed the spring surveys. 

There have been changes in the timing of the 3L spring surveys (Table 3). The bottom tem-
perature has also varied greatly. Note that the effects of temperature appears to have an effect 
mainly below zero degrees. 

To determine if timing of the surveys had on the I analyzed the data using only tows before 
July (Table 3a), using data before June (Table 3c), and using data before May 20 (Table 3d). The 
results are probably most reliable for the data before May 20 because this is before the migration 
from 3K probably occurs. The results for my analysis for the data collected before May 20 show an 
increasing abundance in 3L before 1983; that is reasonably consistent with the STRAP analysis. 
The very large estimate for abundance in 1981 is caused by one strata and should be interpreted 
with caution. The analysis of the 3L surveys using Julian date as a covariate should be considered 
as a reasonable estimates of abundance as well (Table 3e). 

There was a change in the vessel and gear during this series. It is believed that the fishing 
efficiency is the same for the two vessels but I do not know how reliable this belief is. In any case 
there is no indication of a large change in abundance since the 1985 estimate. 

If the fishing efficiency is the same for the two vessels, then there appears to be a general 
increase since 1982, consistent with the trend seen in 2J. 



7 GENERAL CONCLUSION FROM THIS ANALYSIS 
OF RESEARCH SURVEYS 

2J. There is convincing evidence that the abundance from 1982 to 1987 is greater than in previous 
years. There is no reason to believe that there are any large changes in the last three years. 

3K. The data from 3M cannot be reliably interpreted at this time. 

3L. There is no evidence for a decrease in the population during the last 5 years. If the data from 
the Cameron are comparable to the Templeman, then there is a similar increase in 3L as is 
observed in 2.1. However, it is unlikely that the change in catchability is greater than a factor 
of 2; thus, there is good evidence that there has not been a decrease in 3L, and probably an 
increase. 

GENERAL The tinting and bottom temperature both have large influences on the estimates of abun-
dance. 

GENERAL Every effort should be made to carry out the research surveys on 
the same dates each year. 

8 Acknowledgments 

I thank H. Lear, C. Bishop, D. Wells, and J. Baird for answering endless questions about cod. J. 
Pope and P. Pepin made excellent suggestions for improving the analysis. I thank N. Payton for 
programming assistance. 

9 References 

Myers, R. A., S. A. Akenhead and K. F. Drinkwater. 1988. The North Atlantic Oscil-
lation and the ocean climate of the Newfoundland Shelf. NAPO SCR. Doc. 88/65 Ser. No. 
N1508. 22 p. 

Myers, R. A., and P.Pepin. 1986. The estimation of population size from research surveys 
using regression models. ICES 1986/D:9 

Petrie, B., S. Akenhead, J. Lazier and J. Loder. 1988. The Cold Intermediate Layer on 
the Labrador and Northeast Newfoundland Shelves, 1978-86. NAFO Sci. Coun. Studies, 12: 
57-69. 



• 	in 	Z 	.o 	la. 	HI 
> r4  4 in 	 o 

• or, 	14 	N 	" 	0 
U N t e0 	 0 0 

In 	0 
N Z r0 	44 o o 
In 7 0 

co 	cr 
.-. 	..4 

O m 
O 
4 

14 	04 HI 
N 

N 	 4 N 
C4 N 
4 N 
• Ul 
• N 
V) 	rn 

a o 

VI 	0 CO 
VI 	V) 0 

0) 
H 1-• 10 
H m HI 
H M o 

Its 	14 	cr 	 a 01 

Ul to 	14 r  NO 
re 	. . 

O 	N 	H H rl 
C4 	• 	Et 	■O 	F 	r CT, 
04 0  0 N 	 rn m 

O 0 	 co r- 
0 	VI 	 r-• o 

eri 

4 
4 

TS 
o 41 	r- 
O 7 cO 

1-1 	• 
Co 	 4 	•q' 
4J 41 	 > 	4 
ma 
40 	 Ii.. 
4-,  IC) 
VI 14 

• 4. Li 

H 	NO 
O a 

1:1 	1:4 
o . 

O U 0 
O 4 	 (4 cr 

O ❑  W 	 CG 4 
44 	4 	 4 tn 

U 	> 0 	7 N 
O 0 2 	 0 0 

44 	Z 	 in 	--1 
‘1.1 	re en 
0 	-0 4 	 7 	<IN 

O 14 	 4 	• 
Co 	0 2 	 ta 	,0 
.0 	H 	 Z en 
N 	 •cr 
aa 	0 	 1/4to 
V 	o 4 	 en 
N o 4 

v 0 
. 	41 

41 	2 2 
Co 	EG 41 
CD 	P. 0 
In 	ra 

O 0 CO 
O (.4 	In 
-1 	- 	 44 	Hi 
01. 	II 	 4 	0 
e N 	 a .0 

0 cv 
CI 	- 	 VIa, 

re 	 r- 
O o 	 e. 	• 

..e 	U 	 0 H 
✓ 	 CO 

• 0, 
... 	 7 	In 
O 01 	,,D 

44 	 4 
... 

0 
0 

V. 0 N 

0 
— II 
EG Z 
— 4 

IQ 

--I ,--1 4 4 
0 o o o 
o o o o 

o o o o 0 o o 0 0 0 0 

q .-I N AZ 
la 

0 0 0 0 0 0 0 0 0 0 0 

CO a 

0 0 
P4 2 

tfi 1:4 2 CONONcrcrrncr r- m M 
IL, •-4 

0 
Z 
4 

014  
10 04 

MICCI.1.61M0M ,DONLO 
.4 COMendlc001011,  ch cr 

A 0 14 Z cl al m to cc) en CI b 01 4 N 
0 0 t 0v) 011:1030l0e1C003 worn 

CT C4 • . for co 
In 
N 

M 

0, 0 0 Cl 
14 
g 

Cl .0 0 01 01 .0 ril 'V LC cr .0 'I' 
rrl eN I-1 r•I rl .1.-1,1,4,-1.-1 
ii.... 	im 	• 

N 
P1 

H 
.n 

1.4 r-- co 

4 
b 
a 
tn 

0 0 o o 0 0 0 0 0 0 0 

0 0 .0 o E. Z 2 Ln 4 Ln N .4 en o, r•• co .,r <7 
in 4 • • o 7 4 -4,  W W m 10 en e co r- 4 .0 
cr 4 43 co 4 0 Ea ..1 N 03 el H 01 01 0 an an 00 
HI • 

a. 

H 14 
4 

4 Z 
o o 
0 4 
4 

m rn VI m ..1 co N r- co -4 ,  co 
cr a> en Ln oo 4 mg Lio 10 o) cy. 
en r- cn -r cr N a in o cr N 
or, 0 o m H eN .r, en o co a 
.o. 044 0 0 0 CO CD 0 CO 1-1 0 

0 0 N 04 IN 0 N 0 0 rn IN 

N M VI CO CO 
4 N Lil H 0 
co N n.1 1:4 
W N H P.0 4 
In in CO 44 04 r- co or, o 4 N rn 0. tn ko r- 
o cr PP 4cr 0 04  r- r- r• co co co co co co to c0 
W 
In 

0 
o 

P. 
>4 

0 re 
r- 0 

o co 
Er 

0 .1 
In 
va 
co 
4 

CO 
W 
cr 
co 
an 

0 rn 
W en 
co r•-• 
In a 
-I 0 

N M H 

Z 	1.. 	N 	N 	Ch 	w 	cza N 
o 7 	❑  en co .4 	❑  4 N 
1.. 	 CO 10 	 cri 	0 
4 	 4 4 	 .-i 
Z 	 0 14 

0a 
N a4 
0 

44 	 • • 

14 
Co 4 
.m+ 	 01 
H 	 4 
7 	 H 	 4 
41 	 a 	 E. 
co 	 4 	 0 
CC 	 > 	 r•-• 

. 	 E-1 	 ❑  
m 	 7 	 Id 

.-4 	 E-• 
0 EA 14 	 U  

0 	 7 7 U 4 CG 14 	
41 
U 	

4 
04 

4 	 ca 0 C4 ra 	o 	re 	a CG 4 
.0 	 lay H 0 ❑  0 0 	7 4 0 
m 	 (4 140 0 0 0 	0 t4 el - 	_ 	.... 	•. 	.• 



• n 	Z 	‘0 	Ia. 	-I 	el .-1 

> cc 4
N 

 cr 	 0 0 0 

• 0 /0 	ea 0 0 0 

U cr E to 	0 o 0 a 

	

N 	PG 	• • • • 

	

.-I 2 o■ 	O. 0000  
N 	2 	•-I 
P 	(37 	et 
-a 4 

0 2 
 0 

O  
43 	to or, m N 

0 	el r- co cr 
▪ • 	• 	• 	• 

4.1 	 4 	cc 2 in 
% r- 	 > 	ry N 

4 to 
• o 	 Lt. 
O N

. 	V1 	rn 

• O 

tel 	/0 LO cr• In 

LI) 	in In Ill 0 

O 01 NH 

H re el 01 ea 

H 01 N. N el 

O H 0/ H ka 2 
t 

▪ 	

W 	O 	nri m r• In 
6 	 cf) 	c. 	la 	03 val /21 la 

n n 	E el 	0. 

0 	cal 	In 0 ea 0 a0 
0) 	 M 	E 	r 	le 	el 01 01 ea 
> .-4 	 Cu 	0 	0 	el 	 el N 0 Ln 
C 	o 	 0 o 	 ‘.0 %CI H 0 

M 	V 	 04 to 	 el N 2 2 
O Cal C0 

0) 	la 	 c0 
✓ er 
z 	ai 
✓ 0 	 0 -4-40'-4

— II 0 0 N N 0 

O 1-,  
O —E. 4 0 0 0 0 0 0 0 0 0 0 0 

a 	 14 	Ce 	 4./ 	0 N el el 	 41 
g 7 el 	 0 el 01 	 0E 00000000000 

7 	el 	 I-1 	• 	 0 
Po 	 4 	in 	 Ca a 

> .-I 	 w 
✓ 7 2 	 PC 	2 0 
C 	I-1 0 	 h. 	 0 	 2 2 
o ❑ 	 ❑ 	 . 

41 
a1 	MI 	V 	 1.1 
Le 	4.) 	0 	 0 	0 M 	 N• o 
7 	ril 	2 	 Esc 	el 	el 	C0 	Z 	2 4 	er el 0a el r- 0 H r- Ln 
41 4 2 	 o o a 	O. 4 COI elNerNriNNNIO-len 
el 	41 n 	0 	0 0 	 :61 	Z 	r- r- 2 m r- ..-4 el ce le 01 V1
Is 	VI 	VI 	 0 0 0 0 	0 	Z 	CI m0 en re /0 •413 0 O N o cr •cr 
o 	c 	4 	 ca 	r- 	0 	 2 	• • • • 	.1 	F. /.1 	0* CO a 1.0 a) ral Isa el 0 N in 

Os 	u 	Ca 	 1,4 	0 	VD 	 at 	0 0 0 0 	Ca 	Cl 	N 	en el /0 01 0 ul /0 co N r- co 
El 	O. 	❑ 	 4 	N 	o 	 ❑ 	2 	 N 01 IN N IN r-1 ..4 ,I N I-1 I-I 

e 	 0 	 0 	N 	in 	 0 	2 	 • • • • • • • • " • 
✓ a v n Z 4 	'0 a o o o 0 0 a a 0 0 

U 01 22 	 a 
s 	0 4 	 N N 	 M 0 
U ❑  4 	2 cr I-I 	 4 0 

	

/0 	 4 	• 	 CO 	03 01 CI N 	/.1 

M 	> 	Z 	 01 	0- 	C0 	 7 	O N. ea ell 	Z 	F. 	22 	2 o r- o■ na r- .-. c-c a •cr N 
O 0 H 	 Z 0 to 	 4 	• • • • 	H 2 2 4 w n or ,-1 V r- 2 co to r- co 

Z 	a 	 rn 	en 	 4 	2 c0 .-I el 	4 	4 	0 43 IN  VD n1 0 ..0 0 c0 a r- 01 

g O 	N 	 N• 	.-I N N 	 w 4 X to te 01 N enel ca el ON ul ul 
.1-/ 	/-1 	 en 	 4 	.4 	0 V) 	CO N el Ch el er er 0 al 0 er 
U 4 	 2 	 4 	0 .1 	r- r- 43 .-I ON co a ul I--  01 re 

H 	0 2 	 CC 	4 	2 r- c7 V N N N ..0 n CO Ill 

O La 	 W 01 rl CO N .-• 2 a 2 r- co cr, 
✓ - 	2 	 2 	 • • • • • • • • • • • 
o co 	2 	 Id 	 el el 0 0 .4 N ri en el ea el 

2 	a 0 	 0 
on 

a 	•••-• 	 2 	r- 	co 	I-- 	0 	el 0 IA VI 
.1-1 	 /4 	er 	N 	to 	2 	r- el 0 0 
el 	Z 	 2 	r- 	co 	co 	al r-. ori .-1 
w F4 r- a to 	H al el c0 ea 
0 	04 	 7as 	co 	tx, 	ci .. .0 ,-t W 	r- co cc o .--I cc en er /0 ..., re 
O 14 	 CY O 	el 	Os 	14 	r- 2 cs• 2 	 I-- N r-. 2 2 co 2 co co co co 

O 2 	to 	rn 	a. 	Po 	el c0 a to 
. 	 Cr 	‘r 	c0 	• 1 	er •0 0 1.11 

LP 	.. 	 D. 	• 	 r•-• 	• 	• 	• 	• 
4 	11 	 0 CY 0 IV 	 H r 2 to 
ED 	0/ 	 n0 	01 	 r4 n CO CO 

>1 	 E H CA 0 	 0 N er LSI 
- 	 7 	to 	co 	2 	r• LO el 0 

IA 	❑ 	 01 	n 	Da 	N 	 111 r- 1.11 ill 

O 0 	 IN N in 	 H 01 
44 • 	1.1 	 H 	N 	In 

In ✓  
N 

O I. 
M o 	 2 	to 	cr• 	cn 	en 	u. 	0 N el el 

4> 	 ❑ 	0 	rn 	1/40 	o 	❑ 	.4 nr: 
z o 	 co to 	 01 a 

U 	 4 4 	 el 
I. 	 • W 
O le 	 0 2 

44 co 	 4 4 

0 a 	 •• 
✓ 0 	 w 
.-I Ia 	 4 
✓ 0 	 CO 
III 41 	 4 	 54 
o C 	 H 	 4 
O 4/ 	 M 	 E-• 

4 	 0 
> 	 E. 

a 
ci 	 E-0 	 0 
. 2 	 ca 
al 	 EA 
•-, 	 0 E 	la 	 ti 	Ca 	4 2 
4 	 Z = U 0 2 41 	ti 	El 4 
m 	 WO 2 la 0 2 	PC PG 4 H co 
Fl 	 P. IA 	0 	❑ 	2 	2 	2 	4 PG .-1 X 

	

ra La 0 0 2 0 	0 CU E• 2 ra 
❑ 	2 	X 	w 	V 	2 	>t to co E-4 

to 



U 

O 
en 

0 
N 

•-•1 

N
O
1
A
B
U
N
 
M
E
A
N
 

3.
9
8
6
1
3
9
6

9 

R 
—
S
Q
U
A
R
E 

0.
3
1
3
4
9

8 

0 

P. 0 

R
O
O
T
 M
S
E
 

4
9
.
5
2
1
6
9
1
9
3
 

W 0 
7 m 
a 
4 N 
N HI 

44 

G
E
N
E
R
A
L
 L
I
N
E
A
R
  
M
O
D
E
L
S
 
P
R
O
C
E
D
U
R
E
 

3
0
1
6
7
.
  5
7
0
1
9
9
 
2
5
 

W 

2 
4 

2
9
5
2
.
3
9
7
9
7
1
 2
 1 

ui 	r- 
W 1c N 

0110 	 a 
H m i 	 4 

on 	 CO ON 0 N rn a co m H 
W m m 	 D. 	r r r- CO co 03 c0 co .0 c0 
P. 	H ni 
41  
• . . 

a 0 
en oi 
o r 
0 01 

N 

2
1
1

3
9
6
7.

0
5
1
1
8
0
4
0
 

S
U
M
 
O
F
 S
Q
U
A
R
E
S
 

9
6
5
3
6
2
.

2
4
6
3
7
5
9
3
 

3
0
7
9
3
2
9
.

2
9
7
5
5
6
3

3 

0 

to 0  

0 
4  

C 

.0 

• 
a). 

0 

4 

H 
N 

N al 
3 0 

5 

2 

0 
0 

w
h
i
c
h
  
t
h
e
  

2
J
,
  
D
E
P
T
H
 

C 

0 
C 

ia 	❑  
4-1 	o 

U 

- 10 - 
I. 	•-1 

O 
0 
0 0 

Cl o0 

41 a 0 
• U1 o, 
a 
4 

.-t 

W 

01 	en 0 
• ecr 

H 10 
H H 
H rn 
H o 02 

en N 
W 

0. a 0 
F a N 

0 I-- 

en VI 
N  

0 
— II 
E-1  L 

4. o N 01 ❑  .-1 	est A Z 
in 

0 .1 
0 .. 
C4 o 
P. 2 

W CZ 
IN H Z cd 4 

O 4 ro 14 
n .0 41 Z 

00 % 0 tri 
N HO 
Pi 0 0 01 01 

II 
0 
4 

Ca cl) 

0 

7 r01 EC Z Z 
a • . In 7 4 
4 0 rn 4 M 41 
H -I 01 

a 
4 2 
-1 0 

Cl. O .4 

r-I ...I .-I .-I 
0 0 0 0 
tr, o a a 

o cs to a a a 0 0 0 o o 
• • 	• 	4 	 • 	 • 	 • 	 • 	 • 	 • 	 • 

00000000000 

Inmor-kownin a) co ri 
in o r- a N 0 r-I 03 V NU' I 
a ON000Nu1W0 V 
...imulaini01, rno.-ico 
as to o ,-i ”4 rg r-i at r• ri cn 
nnootnrni-ininicno 
v) 0 0 0 0 cil k0 CO 01 V) ..C. 
..1NNN,-1.41-1 .1 rl rl ri 

a 0 o o 0 0 0 0 0 0 0 

0 .0 I.- en 0 kt cn 0 0 tn 0 
r- 0 N w en N al 0 cn 0 co 
0 r- 0 o en ama v1 o 0 
o a m 0 ON to In 1-- r- r- a 
H CO rn 0 cm H H WI en fn 03 
rl o co ID N N o 0 ..4 0 r- 

o r- co en 0 to 
0 en 0 1-1 0 

N N N N N N N m cn m N 

O 2 	4. N N a 	D. 0 N 
4. 	 7 	❑  tn w 0 	❑  ,--; N 
4 	 al tn 	 Co 	co 
Z 	 4 4 

1-1 41 
4 o0 
O 2 4 

■.. 
•• 

tn 	 41 
4-1 	 a 
1-1 	 In 
O et 
O H 
0 	 14 
O 4 

7 

ii 	 (... 
.-I 	 2 

a) 	 ❑  F 43 	 V 	W 	4 
HI 	 2 0 U a 0 W 	U 	F 
A 	 41 0 0 La 0 	1:4 0 4 
twi 	 P. H 7 ❑  C4 a 	7 4 C 
H 	 a rsi 0 0 C  

❑ in 	Z 	43 	V 	in 

• 	

01 01 

T
E
D
 



• 
N 

U 

H
PG 
4 
7 

SI 	 0 
TO 

4./ 	 I 

ma 
in 
a, 

0 

Z 
4 
M 
E 

Z 

• 

co 
a 
ON 

0 
0 

4. 

" 

M 
P. 

-1 .-• 
o o 
0 0 
0 0 

o o 
a 7 ON 
0 0 N 
•-■ 4 

el 

H 
o 

co r- 
N al 

a • • 
to 4 0 r- 
N 

to 
a 

P 

U. 
0 
en 

n7 	 M 0 
C 

e to 	M el 

to 	...I ON 
•-1 	 0 "a 

O H M 4-1 
H CO O. 

O H 	(I. I-I 
0 	 Du H (4 0 	 0' N 
O 0 	VI 	40 	H0) te 
an 0 X 0. 	a• • 

	

0 	N 	>1 	le Lei 
co 	 • 0 	• 	El 	in 	[-• 	a to 
> a. a 0 o 	o oa 
ns 	 0 a 	a •D 
4 	 C4 0 	 ON an 

H tf. 

0 
• u 

N
A
F
O
 2
J,
  
f
o
r
  
y
e
a
  

- n - 

la 	,-.4 
O tu 
.0 t 
13 	o 
w Z 	 DJN 

In 
O RI 	 44 
Z P 	 4 N 

II 	1.1 
O 14 	C4 
■•• 	a 	7 	P. 
O to ❑  

144 	DJ 
CD 
.0 	■4 	0 

>, 	0 
N ch 
3 	. 
O 0 to 

.1-. 	.4 	0 	 fe 	N 	N 

> H 	0 eu o 
O 0 ❑ 	4 o to 
.0 	Z 	0 	 7 	•-1 	el 
P n E 

	

	 0 0 N 
to N V 

rg 	4 

• 	

PG 	 0 	r-I 
O 0 4 	z 0 9-4 
14 	 to 	4 	• 

•0 	2 	H o tn 
• 0 H 	 > CO 0 

0 a 	 0 4, 
g to 	 MI N 
••1 	e 	4 	 .--I 

4 
.-I 	M 	re 
O E. H 
Ti 	0. 	z 
O 41 	DI 
E ❑  0 

•-■ 	ta 
0 

t1.1 

tos 

H 0 
z4 

•-• 0-1 

PG CG 

• 
'0 

F. ❑  
Z 41 

E. 
0 Eu LI U 
Z X U 4 0 41 
to 0 0 41 0 PG 

E-• P. Fi 7 0 a a 
41 41 0 0 0 0 
❑ 3 in Z 41 U 

U. 
❑  

T EN 
N 

0 
— II 
E•Z 
—4 

Ea 
n[1:: 

0 
CO 4 
0 • 
CG o 
P. 0 

VI 1,4 Z 

4. H H X PG 4 
o a 4 ta 0 

,-, o a 
0 0 

Pi 
X 

Z 
❑ in 

M • • E-4 4 
P• o o to to 

H 
C4 
4 
0 
01  

H a o 
VI 

7 N 0 F. Z Z 
4 • • to 74 
4 0 r- 4 a(4 
M 4.1 

a 
4E 
..-I 	in 

U. ••-• 	0 
Z 

to 
to 

ru ra 
co ON 
.-1 a PG 

H 0 I-I 
Cl M 

4 
ra 

Ca 
P. 

0 H 
fr, o 

>I 

>4 ,-I to 
E-• • • 

o• VI 
0 0 
...0 0 
O. W 
rl Le 
.-I Cr 

04 0N 
❑  N 

41 4 
U E-1 
0 
o 
0 
to 

0 4 
pc a 
ta E-4 
>1 0 

9-1 ,-I .-/ .-I .-I v. .-1 .-I 	•-• 
o CI 0 0 0 0 0 0 o 
00000000 0 
aoac0000000 

0000000000 

‘C) k0 CV 0 r- in VI CO lel r-
o N rn 0 rn 1-1 N kJ° <0 or• 
1/40 0 0 M vs m a a co o 
tO to la 01 00 10 M 0 M VD 
o■ a N ,-i rq a rq to 0 T.. 
a CO erl MI N Ill cr a to o 
0 en en PI 01 14.1 M I-1 en ul 
..-1 eV N N 9-1 N IN evl r4 el 

• • 	• 	• 	• 	• 	• 	. 	• 	• 
o o a o 0 CI CD 0 0 0 

c• o• ■D rg (V 1,1 VD CO 1.1 H 
V 0 •1. N 0 Ul el .; to .4 
H In H CO al ‘0 H CO VD CO 
to o 0 o r• 0) IN Ch rn .e. 
en H r• r- a cn co o In 1 1:1 
an ko nl el M 01 cr 03 en Le 
111 M 10 01 0 03 C1OHN 
10 In N n'l rl 0 ,..o .1 ct . o 

• 
CV ni TV fe MI n el M en el 

I. co 01 0 rl N TO cr Qa r- 
r- r- r- co co co co co co co 

to 	to 	co 	0 
W IN N to 
O to VI N 
4 	.-• 	N 	0. 
o in 	.-1 	cf. 
Cy el 0 N 
to 	to 	a 	,I, 

to 0 N 
4. 	• 
O a fn oo 

to o 0 
E le a to 
O 1-1 	to 	N 
VI 	ON 	N 	1-1 

to 	In 	01 
H H 

Z 	L. 	r4 01 0 
0 	❑  el 0 .4. 
or:1 to 	 0 	0 
4 4 



It 

4) 
.61  
A 
0 

4-4 
0 

.0 
0 
A 

F 
ed 

10 

14 
H H N 
0 0 A 
h 0 4 

4.1 D. 
A 
4-1 

RI 
4.1 

It 
a ft. 

•.4 14 0 
> 14 ;i3 

4-1  0 
H LA 0 
0 • 7 
il 
o 

Y 
ta 

P. 

El 441 
- 1-1 Ca 

44  1) 14 It 
I) o 0 4 
o 0 0 a 

44 E 0 
11-1 D 0 
0 0 r4 

0 4 0 
A 1.3 4 
43  43  Z 141 

• 
CD 

V
A

R
IA

B
L

E
 

- 12 - 
• to 	7 	•4 	Di 	H 	.a 

a -a 4 r•I 	o o 
• 0 la h 	" 0 0 

V U1 4 ea 	o o o 
N 	It 	• • • 

E.' 	Z CO 	P. 000  
fel 7 0 

Oa a 
-• 	4 	• 

0 ta 
0 

ta 0 a 
7 o■ o 

14 CO 
	

4

▪ 

	a co 
A 	 N ry 

4 to 
7 	CT 
	

ts. 
Ot 
CO 	en 

0 

LA 01 0 .-I 
M 0 N 1-• 

to IN N 
H 1/40 3 n In 
H 01 01 01 

ga 
VI 

CO 
co 

H 

ta 

•H N CO 
43 co a 
al M P:0 

Z 0% Pi 
0 Cl N N 0 V) 

0 
F 
0 
0 
It 

01 
co 
Cl 
Cl 

EA 00 0 0 
r.• to a 
a■ r4 .-I 
co in un 

co 
a 

- 01 

0 N N vl vr N 
— 0 00000 
E 0 00000 

r• ra. 0 N A 
— 4 

14 
0 o o 0 (7 0 .7 0 o 47 a 

el 0 A ro A Z 00000000000 
• 

In 
0 

rri 	.-1 
.-I 0 - 

a o 

to A 	A 
co 	0 

tn 

P4 Z 

t4 Z 
74 
14 14 

N 4-4 0 l0 en o ru nu r- tn w 
ramalmototoinaroaa• 

m N a A al WI 	o0 r- o) al N 
A o 	o 

o o o 
ta 
E 

4 
al 0 

a a ei r- o ul Cr a Al en M 
tel CO A ct A 1/40 r4 0 ul 1/40 rn 

0 la It • • 	• F. a ar o At • Y 1 1 l e-I LA, r- , 4 co ni 
co 
r• 
mr,  
to 
a 
M 
in 

• 

to 
o 
m 
N 
Ai 
to 
co 

P. 

ta 

ca 0 en 

-4 r- A 

in 
43 
It 
4 
0 
01 

 0 

in Cr) M ul Cn 01 ul k0 r- r4 in 1/40 
HI N ni IN 1-4 N .4 ri N .-1 rl 

0 0 co a o 0 a 0 c, 0 0 

0 0 0b 0  a El Z Z a e.3 m en a in a ON c0 a H 
ca o 4 • • 	• on 0 4 0 co -4 on r- Cr rn 0 co rn to 
co at. 4 1/40 cn A 4 01 1.4 co co co w rn en r- o ri co w 
to 
In 

N 

rt. 

A ru 4.I 
.-1 

4£ 
OVI 
0 a 
a 

N 0 ,C) k0 in 0 in 0 in in v:, 
MencOcoar•mrncor-0 
04 02 01 a co N LO rel p r- N 
co vo vornairnouir-ro r4 
a, 1/40 CU 0 vr ON 0 rn Al N CO 

0 

4 
Pi 

O 

41 

Z 	lo cn to ON 	O. 0 N A 
a 	0 on co A 	0 A co 
01 In 	 Cl 	Cs 
4 4 	 A 
O fa 
O a 
•-1 4 

0 

H 
0 
	

0 
ta 

.0 	 14 A 
It 	 0 E 14 	 0 	ta 	4 Z 
E Z 7 0 .1 4 ta 	V 	EA 4 

W 0 4 W 0 4 	CA 4 4 1.4 
art N o ro g 	a 4 4 a 
ta ta 0 0 4 0 	0 41 EA 7 
O 3 in Z ta u 	0 D. tn M 

m u H 	Z 
44 	0 	•-1 
4-; 
to 	- 	a 

O 4 
'0 0 0 
O In 	14 
45 	V z 

W 1-41-34-39-1NNM rn m m ri 
44  0 0 
It 	E-I 
O O. 	 0 	r- 	In . rn 	0 	co 03 A 
OI 	41 	 14 	r4 	V 	1--• 	0 	a O I-- 

O It r. ill N 	m A CV 
A 	 4 	1-- 	a• 	r- 	H 	a 0 1--- 

.• 	 0 	rn 	in 	cn 	CO A a, 	W 	r- c0 0) 0 el N rn Al VI w h 
Y 	m 	 a In 	--; 	a• 	ta 	ca o co 	D 	a a m co to co co co oz• co m 
O N 	 0 a H In 	P. cm cr a 

44 	 ,..0 	r - 	M 	N 	r- a co 
. 	 r.. 	• 	• 	1-1 	• 	• 	• 

.1 0 	 0 r- o co 	0 A u1 
N 0 	 co Ul M 	ul m a 

✓ Z 	In 	co 	1/40 	 0 fn a 
o a 	r- 	r• 	.:r 	to a ,-• 
o 0 	ri 	to 	to 	LA co in 

	

N In in 	A o 
01 	 H N rn 	 H 



- 13 - 
• 

U 

c0 
c0  

cr 

2 	CO 
4 	m■ 

2m 
in 

4. 

A 

2 

9-1 
2 
0 
a a 

. 	. 
N 2 N P. 0 0 
A- 0 V 
CO CO N 

-1  4 
0 N 

0 

14 in 
2 In CO 

4.1 H 4 2 z- 
C4 ,-I > .-I 
4 UI 
7 N 4. 

01  
in 

1 

N 
AI 

• 
2 0 

Cl) r-1 tV 
Cl) 01 (V 

N 

H M 

H 

H 01 

L. 14 In H 
N 1.1) 

A N 

N  

PI . 	• 

0. 
• 

o 
E. 
0 

‘a• F 
Ln 
m N 

rn 

0 CO N co 
N co 

in 

.1 0 

0 Al 	 AI 
II 0 	 0 

0 EI 2 0 	 0 
0 — 4 00000000000 
0 Ca N 1... 0 In Ca • • 	• 	• 	. 	• 	• 	• 	• 	• 	• 
e 
it 

a 
4 

N 

In 

❑  ..-e IN A2 
in 

m.4 

000000 00000 

4-1 	IP > AI 

0 2 2 0 
IA a Co P. 2 

.1-1 	❑  
CO Id 
•■ 	I, j 

la 0 VI 2 2 N in 01 V1 	N tel 0 H AI 0 

• P,  2 Ix. Al 2 6 4 in WI 0 0 V In 0 1/40 N co rl 
H 0. 0 4 Ca CA Pi AI V 0 All H At a O up N 
0 • A en la S. AI CO 0 0 0 m• 0 P N 01 Al 
M 0 in 0 0 Z ❑ V) 0 en Al I-. ON 0 Al 0 AP V AI 
0 0 4 W 0 Ar 2 • • H A co P 	M H r- AI in in in 0 
2 C:1 IA 

❑  
> 0 

2 
4 
0 

V 
m 
0 

P 
V. 
en 

P. 

A.. 
 

0 0 in 
la 
2 

in AN r- r- vo .a. n P we IN P 

An Al AI AI Al ...I ..1 AI H At At H 
• • 	• 	• 	• 	• 	• 	• 	• 	• 	• 

4-1  
M 
I.. 

■-■ 
N 

0 2 
2 

a 
.0 4 
0 ra 

cy 
0 

2 
4 

HI 
Al 
c0 
r- 

• 

IA 
rl 
0 
H 

ta ‘o In 

4 
0 
CY 
in 

00000000000 

02 CAI 0 A/ 0 AI c0 H 22 N ON 0 Ch co 0 0 	o a AI 
H 2 M 0 4 • • 0 a 4 AI 0 M 01 TA CO .-4 0 AI 0 In 

la 
0 
0 
›.1 

• 4 
0 
a 4 
0 4 
••• 2 

M 
0 
AI. 

0 
N 

4 
>. 

ti. 

2 r- 
• 

4 
W 
0 

co W 
4 2  
0 ii, 
0 4 
.-1 

co H II I “ - I 0 m r. N r- r- P 
co in H r- in (3) r- co love  2 
AI 0 H Ch N %.0 0 0 CO 0 0) 
M H en M en 1-1 P-1 r- ru .7 on 
r- m r-..-1 N cr, co r- cm r- w 

.. W ,-I in r- Pm N in .-i N r- 0 

2 
in 

2z 
H W 

• • 	• 	• 	• 	• 	. 	• 	• 	. 	• 

m N N N IN N Al Ai H N r. 

A 0 
C 2 
o ❑  in 

4.1 
Al 
0 

N 
rn 

M 
H 

VI 
0 

CA Al 
0 N 

tO • CP en N co 0 r- 
a) 9 4 Cl .-. a H N 0 
1.4 en a 

0 
.7 
AI 

V. 
0 

I,  
*A Ca 

01 in 
0 Ar 

r- GO 0 CI AI N In .d. 0 HI N 
A. N N 0 c0 c0 0 OP co co GO 

0 
4. 

.- 
0 

CO 0 
co 

AI 
Hs 

Al 
ID 

P. ul Ar 
N 0 

4 0 Is. • F • • 
2 

.14 

U 0 

Z 

ch 
r- 
AI 

cm 
cr 
en 

o 
N 
in 

.0 m 
on 1,4 
CO 1.1 

0 

N 

0 
in 

AI 
M 
en 

Al 
M 
N 

H 
0 
0 

N co 
.1. c0 
A4 0 

a 
H N Al. AI 

PI 
H 
it 
a 
it 

2 4. en AI An O. a m 
ci) 
A 
a) 

7 
CO 	til 
4 4 

❑  1,1 II 

a 
H 

V) 

a 
.-4 

❑  AI N 

■.0  

tn 

0 Id 

(4 
4.J 4 
Al 2 
7 4 -4 
N 
m 

H 
6 

4 
E4 

6 4 0 

a 
N 

> 

E-• 
z 

E 

❑  
CP 

¢, 
H 

IP A 
01.I 
2 2 

t4 
U 4 2 

F 
U 
ta 

14 
U 

4 
H 

A 41 2 (4 0 2 2 2 4 
.0 
c-, 

A H 
i. 	ik,  n 

0 
0  

2 
2  

2 
0  

a 4 6 



C  

V 
C 

N 

V 

C 

H 
z 
fr) 

H 
(1/ 

0 

U 
di 

LW 

C 

U 

>1 

rn 

0 
0.1 
cn 

0 

O 

C 

H • 
ta 
C a) 

'0 

0 -I 
4 U 

0 id 

P 
tO 

H U 
ro 

io  
t o 

t.) 

.0 
N 

tk$ 

0 
O 

(1, 
DI 
❑  

❑  
0 
U 

V 
O 
C 

C 

C 

HI 
a 

Li 	VI 
4-0  
En 	Id 
* 
U 0 

E 

O
c
t
 
N
o
v
  
D
e
c
,
  

G
E
N
E
R
A
L
 
L
I
N
E
A
R
 

P
R
O
L
E
 D
U
R
E
 

4. 

0 

0 

R
O
O
T
 
M
S
E
 

4
9
.
7
0
2
6
8
0
3
2
 

41 	in 
0 0 
i 4 
4 N 
> H 

to 

z 
4 

Ca 

24
7
0
.

3
5
6
4
3
1
4
5
 

4
2
1
2

7 
.
0
9
9
0
 6
 6
 7 

3 

3
9
8
1
8
6
0
.
2
4
5
2
5
7
0
0
 

0 

vi 

0 

VI 

2
5
0
7
4
1
1
.
7
7
7
9
2
1
5
7
 

1
4
7
4
4
4
8
.
4
6
7
3
3
5
4
4
  

2
.

7
3
6
5
3
4
8
7
 

R 
—
S
Q
U
A
R
E 

- 14 - 
H 0 0 

A 0 00 
0 000 

0000 

cn 
H m co m 
a 
4 	

• • • • 
N m r- 

DI 	O r- T ‘r 
01 	VI N 01 cO 

r. LO co 
H m 0 0 
H 	113 CO N .7 1  
H 	r .01  IN I-- 

CI HI in H 
N P P io 

• • 	. 
cn cn cn 
co m co 
P CO N ul 

m N 
P 

O 

o 

— 11 

H 1-1 	HI H 	H1 
o0 	00 	0 

I-1 Z 
— 4 

00 	00 	0 
o o 0 0 0 0 0 0 0 0 0 

w. o m ri .-i 14 • • 	• 	• 	• 	• 	• 	• 
0 ,1 ni A t 0 0 0 0 0 0 0 0 0 0 0 

0 
oi a 

. 

7 0 
O. 1 

til C4 t Hi H P r r. N N N 
O. a 	to •-■ Z g et MlOcr MrINM in in In cn 

0 	0o 4 1:1E4 •••Ir000rnaitno4,-,ONrn 
A 0 	0 0 (a E COVHCO ormminnr- cr. 

0000 X Qui rilVINOEnoiril-•mulor 
C ha oir-oinomr-o‘rtnr- 
Ai 0000  in in V' 01r bbMMOIMInN 

f:4 

.111Hi HHHHHHH 
. 	. 	. 	• 	• 	• 	• 

0 0 0 0 0 0 0 0 0 0 0 

41 co ri est 

0 

7 N .1. ONO F ZZ 03).003.10•00enenr- 00 
a VI H.J 4 P N rn r- O O m H 01 in en 
4 ocoHco ,n  4 

Ea 
E041 
4 

1/40 r-Nar-rnNvH In HI 
„, co 01 N 	 „ 

a 0 II )0 c0 	rn 10 )01  -I )0 03 00 0 
11.) 0 a arnHoHcor- inaNw 

r- N N N 03 03 N r- IO CO Ill 
nr in 0 1))) 	In 	N 

N N N N 	N N N HI ra 

to 
N P cr 
IN M 0 0 
r- O 0) co 

H O N in •d• 
N a) 0 01) 1-- 03 a) 0 N N m P in CO r• 
H ON 	r- 
r- n H 
cn IO N to 

1,1 r- r- r- co co co co co co co co 

• • 	• 	• 
r- •d• 

N b 0 in 
O nr 0.  la 
.0 00 01 

0.•  N 
N 0 HI 

7 	4. 	in 	on 	0 	0. 	0 m m ,-, 
0 	❑  M nm 	❑  H N
ea 7 	 a 0 
4 4 	 m .-1 
0 o 
0 0 
a 4 
•• 
ta 
a 

4 

C 
4 

Ft 

❑ (4 	(.3 	 14 	w 	4 0 
Z 0 U a 0 w 	U 	(-• 4 
W 0 	IA 	7 	0 	 7 	17 	H 1111 
1111-1 	❑ 	❑ 	14 4 0 aZ 

0 	O. 0 	 0 	ca,E+,0 



- 15 - 
• 	in 	z 0 

> m 4 rt. 
• vi 	W 	-1 

L) 	Z 	•-• 

Z 
in 	o 

w 
.4 4 

ol 
0 
a 

0 	HI 9-1 M a .-1 .0 	•-• 
P-I 	 -.- II 000000 0 
al HI 	 HZ 000000 0 
O .11 	 - 4 0 0 0 0 0 O 0 0 0 0 
O 9 	 Id 	1/40 	 4. 	a m 	la 	• • • • • " • • • 
0 o 	 0 co 	 0 	In 	AZ 0000000000 

	

121 	 a 	. 	 V) 
4-1 	 4 	m 	 01 a 
U C 	14 	 7 	..11 	 0 
CD 	44 	10 	 Z 0 

44 	MI 	0 	 4. 	 14 = 
44 	14 	0 
O 4) 	14 

VI U 
C 	4 	0 	 In 	a Z 	o a 40 VP 444  ON In Al HI 1/40 

.1.0 	4 	On 	 17 	4.1 	Z 	a 4 	m a m ,r, 1/40 01 I"- 40 0 AI 
C 	H 	C4 	 0 	4 	43 14 	r- M to r- ••■• in c• c• t-t I-- 
I.. 	 •••• 	0 	CO 	Z 	-I to rt. ol tr) a* 0 I"- a* co 
Y 	N 	 0 0 	Z 	❑  a to CO 1/40 01 .-1 91 rn r- a m 
In 	0 	14 	 (4 	43 	Al 	 1/4 	• • 	9 a 	Al V 1.4 co 44 Mc0 .-1 a eo 

	

0 Ea 	 Z M 00 	 7 0 0 Z . 1/41I 	AI N H H 01 ri moaa 
- in 0 	4 a) no 	 41 	 N N N Al N IN H AI 0 IV 

14 	v 	0 	. 	0 	up 	o 	 a 	. . . . . . . . . . 
C 	Z 	a o■ a 	 4 	aa000000aa 
a, 	.1 	 a 	1-1 	03 	 0 
71 	•I4 	Z 	 0 	4-I 	 0 

	

0. 	4 	Z 	1-1 	CO 	 In 
41 	4/ 	w 	4 	• 	• 	14 	01 HI 

.4 	0 	Z 	41 	In 	04 	 7 	CO 41 	Ft 	Z Z 	0) 0) HI 01 CO r1 c0 40 Al .0 
4.1 	 ZHI 	40 	 a 	• ' 	Ill 	0 4 	in M 0.,  0 3 01 0- 04 40 40 0 

H 7 	 4 m .4 4 a [a a cr r- r- eo on fo r a co 
m 91 	9 .4 N W4 E co .4 in H M a th H Al 7 

o 41 a 	 a 	 a 0 a ew r- ,.0 a 0 M 03 en 04 a) 
0-1 

 
C 	4 	 ti. 	 0 a r- .4 •-• r- a I-- a M M M 
.4 a 	 a 	r- a .4 coHNOW00) 

	

14 	ILI 
9. C9 Z 
O 0 14 
7 .-- 	0 
4 a 
O Cn 
til 

- 
131  0 
4 0 

I. 
0. 
1/1 
"." 

a 
en 

C 
0 

O 
rs. Z 4. .4 m a w ch N 
4 
Z 

7 
CO a 

0 a In 
Cn 

Co 
en 

0 rn 

la 
4 4 
0 14 

0-1 HI 

0 
44 

0 Z 
a4 

In  
4) 
.-1 

o 

41 
a 
oci 
4 a 

41 
CC 

H 
a 

4 
E. 

4 0  

ea 
en 

nu 

H 

F 
Z 

El 

0 
ta 
E. 

1-1 0 En (4 U Ea 4 
0 Z a V .1 a 41 U F 
ea 41 0 a 41 0 % a a 4 
F WH 7 0 a a 7 4 a 

to :a 0 0 CC 0 0 La E4 
0 01 Z 41 U In 94 En 

0 
" 

0. a 

In 
ta 

7 
.1. 

.0 
l•-• 

HI 
IN 

In 
VI 

r4 r- 
V 0 

1.- 	I-. 
• • 

HI HI 

Vol 
• • 

IN AI 

•.0 0) N to 
• • 	• 	• 

1-1 44 N CO 

en a, 
• • 

AI 	C1/41 

Z 01 In in 0%O 1:4 
4 ON to to H In V 4 
0 a co In H Ill (4 7 09 01 0 v4 01 ul 40 04  to 
0 o 1/40 7 14 M r H r- M. IM CO 03 CO cc) 9/0 40 40 
V/ 0 

0 
0 
IA 

CD 
In 

7 
H 

03 .0 
m.4 

7 • • • EI • • 
0 CO 7 1/1 In 40 

Z 
M 
Z 

V 
a 

GO 
N 

CO 	1.11 
Al In 

71•1 W 0 VI 03 
In 0 

HI 
CV 

ON 
41. 
en 

0 
40 
7 

IN 7 
en 0- 

.-1 



L
O
G
A
B
U
N
  
M
E
A
N
 

N 
O 

• 

2.
5
9
7
9
4
2
2
4
 

O 

W 

8
-
S
Q
U
A
R
E 

13 

0 
0 

0 

0 

4
8
.
9
6
2
1
2
4
5
5
 

ra 	In 
O M 
a 
4 N 
> N 

W 

Id 	H 	In 

M 	P 

0 

CO m r 
E o m 

to 
C4 O O 
M P 	r 
4 In 01 P 
O VI 	01 	1n 
0 	o 
M 01 01 W 

2 
4 

2 

5 

0 

O

▪ 

a 
Ti 
o Ci 

0 
U M 
CD 	• ••■ 
• ol 
W 7 0 
CD 

 • 

CO 
it 	91-1 CO 
O CO. 
.0 	Cc 
O 0 tn 

CO 
O 0 
N O 

M 	Lc 

O 1:14 
OI 

s.4 

CI 	4 
•-• 

H 
0 

C 
O 

u 

to 

O 
4. 
4 
2 

0 
(4. 

f
o
r
  
t
h
e
  
y
e
a
r,

  

CD 

• 

C 

- 16 - 
b. .4 9-4 	9-4 

0 P1 0 

M 0 

0 0 0 o 
• • • 	• 

'-I 

4 
N 

tn 

H 
H 

Id 

PI 

Crl o r- 113 
MI CO H 

H r- tr4 .-• 
cc 

ct O ct 
to co to 

9.0 OI N 
0 r- Y1 rn 
CO ml 

cr H co 
mc 03 03 CI 
CP 0 M 

• . 	• 
H 0 rl 

M N M P1 
LI) 01 r H 

LII 
0 '43 ml 
N n 	N 

0 
••-• 	a 
E-t2 

I-I WI ml H of H 	ol of H 
0 0 0 0 0 0 	0 0 o 
000000 	000 

— 4 000000000o 
(... 01 N H pil C4 
0 MI MZ 0000000 0 a 0 

LO 
CO a 
0 	- • 
0 o 
% 7 

0  M 2 01 0, 0  M " O. M M 0 M 
(0 H 	MI .-1 2 cG 4 03 IC/ 0 MI tO 0 1-1 CO H N 

0 	0 0 4 Id La CO iii CP M Ch H 01 N 0 ON 
n• 0 	0 0 Id Z Ol ten cr CO M CP II1 U1 0 ■0 

0000 Z MU/ r- 4, sr cn 0 at r. to al 03 
0 El a 03 0 M CO MI 0 CP CP yr M 

Ph 0000 m 0 mIcliNHION010100 

a 
NMINNNMIHt-INN 

• • 	• 	• 	• 	• 	• 	• 	• 	• • 

ca ,-I o rn w 

0 0 0 0 0 0 0 0 0 0 

0  n 0, 1/40  ‘0 F Z Z IN Im Ul P1 N 0 99-I Pil tf1 an 

•••1 m 0 4 CO 0 ON CP H V ml CP N ON 

4 .a. (N N mil 4 CO LI rnr-ontoot icr H 43 0 

1:I. 1-1 f4 H Ch 4 Z M0101111/40MCOHOM 
00 MOMHOOMHON 

13. 0 4 
a 

CO Cli CP tfl •.0 CO H CO ii0 H 
c0 PI N CA CP M I/1 01 01 MS 
•CI. CO 1.11 Im M all Im Ill N M 

• • 	i 	• 	• 	9 	• 	• 	• 	• 
H 0 1.-I .-1 ml H N N N N 

0 CP VI IN CI 
01 MI N 01 W 

ml cti PI 10 P4 
H CP VD ml M 4 

0 M V Mi P4 I-- 0 01 Ci •-I IN tiT1 MI Im CO 
LI H la r4 0 >4 r- r- H c0 CO 0 c0 CO CO CO 

P. 
}I 

N H CT 0 
or 01 Pil P1 

E4 • • 	• 	• 

2 	Cic 	10M 	OD 	Da 	01 MI H ml 

O 0 PM li-- 	0 	M 
CO M 	 M M 
44 	 -. 	.•-■ 
O 4.1 
O a 
DI 4 

•• 

a 

4 
H 

4 

O

• 

E4  f4 	 C4 	4 
• M U 	a 	

• 	

E. 4 
Ca 0 r4 1.4 0 	a 	a 	a 4 H PC 
O. t-t 7 0 % m 	O 4 a a Z 
Ca Ca 0 0 % O 	0 CO E. 0 C4 
O 0 M F. [4 	 °) 

L 

Cu 
O 0 r r 	 CO Om 03 MI 

CO 01  H MI 

Z 01 	 M ID MI Mi 

O v1 r CO In 0 0 
W N 01 H 	 0 M M H 

M Mi N 
1-1 3 2 5 



A 
4 

•-• 	0 
44 

0 	0 
O .0 
7 	• O .. 

.-4 
CO 	a, 
I, 	11 
o o 

.44 	E 
GI 
.0 	CI 

44 
a 	A 
O e. 
14 	0 
•I-I 	I/) 

et 
• i 	la 

/A 	•. 
a 
O 

0 
ra 	0 
.1 	en 
ra 	0  
7 

• 
N F. 
a 	0. 

ru 
O 0 
C 

•• 
•1 
CV 	LA 
O 0 

4 e. 
en 	P. 

VI 
N — 
C 

0 
14 	0 

0. 
to 	. 

0 
1-1 	0 
en 	V 

7 
0 

tn 
al 

 

se 

0 
4. 
4 
3 

W 

o 
.1.1 

0 
,-. 
- 
0 
to 
ID 
a 

0 
0 

a) 
.-1 
Al 
rts 
E 

- 17 - 

toz 	Eh 	-I 
r- 4 en 	 0 

• en 	w e0 	A 0 
(41 	ell 	7 	en 	 q 0 

o 7 0 	p o 
In 	701 
.71 	CO 	41  

4 
.4 	Al 
en 

ra 	en 
o 

4 0 
a a 
01 	co 
Lel 	en 

a 0 

(4 

u) 	en en 
N o rn 

co a 
H a en 
H cr 0 
H 	rn 1--- 

Pt 	LI H 	 4 0 
0 	Ar 	(4 	to 1-- 
7 	N 	Pa 	• • 

0 	in 	h 0 H 
0 	• 	et 	Ai 	E 	a ,-I 

	

P. 0 0 r. 	 0 0 

	

0 0 	 • 0 
O a 	.o 	03 ON 
a 	 en r- 
” In 	 At 
0 	 In 

mil 

LO 	0 
0 	0  
4 
4o 
N 	IN 

• 

IA 
0 

eh N 
rn 

0 
— II 
h 7 
— 4 

(4 
A 7 

0 
CO 0 
0•• 

AI I-I Al .-1 9-1 01 	H.  AI 
0 0 0 0 0 0 	0 0 
000000 	oa 
0000000000 

• • 	• 	• 	• 	• 	• 	• 	• 	• 
o 0 0 o a o 0 0 a 0 

3 
a 
0 
ra 

I, 
3 o 
Pt 7 

V 
0 en 0 7 etc co co ,r eq al eN a H en 
0 4. 4 Z a 4 0 r- r- a a 01 0 rl r4 0 
C0 0 4 0 04 WO 0) VD (-4 .er •-t •t en o co 

VI 
A 0 

o 0 
41 
7 

7 
0 0 

0 o 0 ce r4 co en ct cce h 
.0 v. Ns a 1.0 N a) m a Ill 

1-1 1.4 01 AI IC 01 4 NOICIMMAIA.A1 in co 
14 P4 I' n H 0. 0 0 VI CP ru ri rq ri en N 01 0 0 0 
o 
0 

4 
0 

IN 
AI 

0 
•-• 

4.1 
14 

N Al IN Al IN CA H At n1 N 
• . 	• 	• 	• 	• 	, 	• 	• 	• 

0 CY ch IN 4 orocr00000rpo 

a 
4 

N 

z 

0 
0 
en 

0 
0, 
H 

0' 
00  
0 

LI 4 • • 41 V 0 
7 41 0 0 n r- 0 E. 2 2 0 0 H co ry 0 co 0 0 r- 
H 7 O H 4 • • in D 4 0 .-I CI I-- r4 0 c0 r- .,e• eo 
0 a a 4 rn -1 4 al DI 01 On -1 0 0 0 0 0 H to 

4 
4 
a 
W 

AI 
tn 

N 0 

ri. 

c-1 CV IC 
4 

4£ 
4-I a 
rl .4 
3 

4-I Al. A. NT IA Ul AI IA in at 
.rr a HcOotHenenr4 
co r- co C4 0 0 co H a a 
0 CA IA r- a N Cn WI CO CO 
a a 0 At 0 m 0 \O r•- c0 

0 
w 

• • 	• 	• 	• 	• 	• 	• 	• 	• 
•A c-I Al CA II IA CA IN IN CA 

0 

0 0 N 1-1 V) Ill (A 
(4 Cri 4 H 0 to in 
0 H 0 co IN Al 0 
4 H N c0 H co en 4 
o 0 r- 0 0 o w 0 .0 0 0 4 Al 0 LID I"- c0 
den 0 0 CO fo r- >4 a a a co co a) Da on 0 co 
V) Pt 

ur 
r•-• 
ul 

co 
0 

P. Yr 0 
r- 	I-- 

0. 
0 

0 
0 

• 
en 
o 
en 
0 

0 
NO 
CA 
co 

• 
en 
IA 
N 
en 

E • • 
0 r- 
CO IA 
r- a 
H 0 

0 4 
At 
N 

0 
en 
en 

0 
0 
in 

4 th 
en 1-• 

H 

7 IA IA CA P tu 0) eV 
0 
co a 

0 0 0 
en 

v. 
rn 

0 en 

44 Ai IA 
I-1 	La 
VI 0 
0 4 

•• 
ra 
4 
al 
4 4 
H 
a 

4 
E-• 

4 0 
N E 

E 
Z 

0 
ra 
E. 

0 H W 0 Di 4 
2 t 0 a a (4 0 E 
ta 0 C4 ta 0 44 C4 I:4 4 
a41-1 0 0 a a 0 4 a 
41 44 0 0 0 0 0 ra El 
0 3 w E 43 U a >. a 



- 18 - 

I 	0 	Z 	N 	ILI 	I-I 
O N 4 m 	a 

• 0 (4 0 	n 0 
L.) 0 2 M 	0 0 

00 	2 
•1 	2 01 	04 0 0 
0 Z ID 
0 	CO or 
N 4 	• 

0 Al 
N 
Si  

• Lo 
7 a 

4 03 N 
• AI N 

P. 

• CO 
O 0 01 

n1 0 
H N N 
H 1-I 
H 	,n or 

C4 b 	 CO 0 

	

VI 	tL1 	rn rn 
Z 	rq 	p• • • 0 	N 	>f 	03 lel 

1:4 	• 	El 	co 	Et 	P mo 
Co 0 0 N 	 N 1,1 

O el 	 N N 
CO 0 	 o rn 

r- 
01 

• 0 	1-11-41-1.01-11-1 	HAI 
0 	m 	 — /I 0 0 0 0 0 0 0 0 
N 	4 	 I. 2 0000aa aa 

— 4 0000000000 
0 	W 	 CO 0 	 IL a, IN 	 ta 
Ai 	a 	 7 N 	 ❑ 	P1 	A2 0000000000 
2 	 .1 	. 	 VI 

4 	cn 	 m...1 
m 	• 	ra 	D 	.--; 
4 	.0 rg 	 g o 
o W 	7 	U. 	 P. 2 

44 	•:1 	0 
0 	0 	/4 
a 	a U 
• 0 	 V) 	g 2 	0, 01.  ol in 1/40 0 CO 00 VD oh 

1E1 	1 2 	 0 Al 	Z CO 4 a cri N m a 01 0 0 co tn 
O 41 	ra. 	 o 	4 	CU I•1 	1.000/-1.-10.01NCOO 
14 	4 	 A 	0 	C4 	2 	Al 41 VP 01 al en co r- in N 

Vol 	14 	VI 	 o 0 	2 	❑  0 	r,  N en co r. rn 01  IN I-- a 
4) 	.4 	 14 	0 	N 	g 	. . 	E. ..1 	to r4 o‘ 0 al as co r- ‘a a 

• , 	in 	w 	 C. 	N 	en 	 la. 	o a 	In 	VI 	AI CV ... 10 r4 Al 0 0 M AI 
H* ❑ 	4 a Al 	 LO 	 NNO1NAINNNNN 
O 14 	0 	 Z 	0 	0 	 Z 	 . . . . . . . . . . 

o 01  2 	 0 cn a 	 4 	o o o o o o o o o o 
O 0 a 	 7 

ro 	 a 	 in n 	 0,  
4. 	0 4 	Z o 0 	 10 
as 	o 	41 	 4 	• 	• 	 41 	.-1 tn 
O tn 	2 	Ea N Al 	 Z 0H 	N 	Z Z 43 I-I 0 \ IN in a r- no n, Cr 

v 	H 	 2 	Ch 	LII 	 a 	• • 	VI 	7 4 	co a r- r- ,n Lo o r- co to 
tn 	 .0 	 N 	or 	 4 	.-t IN 	4 	El 41 	.--; N 1.11 CO .-I on 10 IN 01 rn 
O 2 	 CO 	N 	 • 	I-I el 	0.1 	4 2 	cn in o co m al N nr N co 

N .1 	 •cr 	 .4 	0 0 	10 1-1 Al a 0 co cn rn cn a, 
00 	Pt 	4 	 14., 	 NO 	P101-INCOMAINcOr- 

7 	41 g 	 2 	..o 0 a N N 01 0 01 in en 
❑ Ca 	 co co 10  0 lED CM r- ‘a C. CV 

0 	 Z 	 . 	• 	. 	• 	• 	• 	• 	• 	• 	• 

•• 	a 	 I.-I I-• Al N 4-1 (-4 N el Ns n 
> 
54 	cn 
O 0 	 VI 	0 	1.11 	0 	VI 	N. al 

(4 	0.1 	IA 	N 	VI 	or 01 
w 	 g o H N 	 V 0 	 Pi 

01 	0. 	 4 H co 01 	H CO N 
C 	0 	 ❑ 	01 	N 	H 	 AI N 	w 	r. CO 06 CI 01 Al ✓  0 1--- 03 

.-- 	 0 1.0 	I, 	0, 	Ea 	IN ,r 	 r- r- r- 41 CO c0 00 CO c0 CO 
VI 	CO 	c0 	IN 	2 	co to 

PI 	 I-1 	 a 	01 	0 	N 	r- en 
rn 	 V. 	• 	 Er 	• • 

O 01 IN N 	 N 0 
14 	 ... 	 1-- 	N 	III 	 41 AI 
en 	❑ 	 2 H •rr c0 	co m 

O 0 o AI Al 	 AI r. 
C 	U 	 tn ro aco 	a n
0 	 m AS Al 	 N N 

Al 	Al 	oh 	 Al 
II\ 

4 

0 
Cu 
4 2 	4.• 	Al 	c0 	01 P. Ch Al 

2 Z 	❑ 	01 	01 	nt 
XI 0 	 co 	01 

❑  in 

L. 
o 

4 4 
a 41 

44 N g 
2 4 

N 
.1 
.4 41 

.7 

o 
01 
4 	 .1 

CO H 	 4 
g 	 Er. 

. 4 	 0 
'0 
fol 

>. 	 F• 

E4 	 ❑  
0 Z 	 Ca 

.-1 EA 
a 0 E4 	Id 	 U 2 4 
4 2 2 	U 	a 	04 	la U E. 
E-• EU 0 	2 	2 	0 	2 2 g 4 

P41-10022 7 4 g 
I 14 0 	0 	0 	g 	0 0 al En 

❑ 2 	in 	2 	to 	U VI >. 0 



CD 
.4 

0, 
 0 

•21 

-I 
U 
C 

L.,  

.0 

- 
' 	>. 

H 
7 
'1 

cv 
Le 
0 

44 
o 

o 
.... 

-0 

H 
H 
A 

0, 
 C 

C 
7 

01 
eV 
• 
14 
0 
In 

en 
C 

L, 
0. 
V) 

0 • 
rn >, 

0 
C> 
O le 
••4 0 
/3,  VI 
0 
C. 0 

.0 
O .1-. 
11. 
4 a. 
Z 0 

La CD 
O 4-, 

%a ell 
0 

C 
1) C 
H 10 
• d 
M .-1 
O 0 
7 h 

T
a
b
le

  
3
e
.  

- 19 - 

• N 	Z 	to 	4. 	H 	CO 

> en 4 N 	 a N 
• 4, 	41 	,-1 	ec 	CI 	0 

U tn F 0 0 0 

	

01 	W 	• • • 
43 2 en 	as ct 0 a 
a D • o 
0) 	DIIO 
.-4 	4 	. 

0 N 
0 
4 

kt, to .4. 
7 en 0 en 

• • 
2 	to 	 at 	rn 	of■ 

4 

• 

N 
	 N 

7 Cn 
n 

▪ H 

W 

co 
in 

rl 
ri 

VI 
W 

1-1 
H 
H 

W 

N re, H 
0 PI ul 
IN V 03 
ko N N 
H 0 r-
rn tn at 
0 co r 
H fri E/ 

A E 0  0. • • 	• 
0 N 01  0 .11  N 

I:4 
Po 

• 
0 

E. 
0 
0 

N 
to 
a 

Er .0 N co 
ar. in at 
co 03 CV 

-I 
al 

CO CO 

a 
Lf1 

0 CO IN 
en r- 

.-1 

-0 
0 
El 

0 
- II 

H .-4 .-4 •-• .-I .-I 	.-I .-I 
a 0 a a o o 	o a 

Er 2 000000 	Co 
- 4 000000 0 0 0 0 

C DJ .-1 P. cn re H La • • 	• 	• 	• 	• 	• 	• 	• 	• 
C r•••  ❑  el .nZ 0000000000 

-4 4 CO 
•-$ 4 01 0 4 
7 ra 

11 IX 
> -1 

a0 
0 4. P. X 

• 0 
MI 14 
4.) U 
 CO 

14 PO 
.14 Pi 

lo r.1 	oc 
0 	N 

CC Z 
7 4 
TO 14 

ri en co en VI rn 01 LII .-4 in 
re •-.4 un .-I .-4 co In In -a •-• 
icc r- rnen.-itnenaccom 

VI 
.Pi 	0 

A 0 	0 
0 0 0 

Z 
❑ tn 

IN r- co e7 .1 on cr Of in 01 
en  ......c, IN .-I en el ra en 

C. 4 LI re In ig le 4 N cr r-- a r- en .-4 •-.1 r--- co 
Ve 	1.7 
❑  
0 

• Z 

cc 
it 
0 
0 

Ln 
co 
to 
co 

re 
in 
r-
in 

0. 0 a 0 VI re re .-I re la IN a 0 0 0 
P. IN r.4 N IN N ol ri N ni 

a a 0 0 0 0 CI 0 0 0 
O 
0 44 
in 4 
v 2 

VI 

2 
4 

N 
co 
01 

• 

01 
co 
ni 

2 r- en yr 
Z 14 r-  0 0 atom  Z Z co co ch 0 Ln en in co rn OL 

M IA E en ua 4 7 4 .0. (0 0 r. ni N co I-- 0 cr 
E. a Lc Ln 4 .cr .1 co al Ca  0001 0 in ro r. en in 
Pe 
41 4 

o 
ull 

N • .1 1,4 4 X 
• VI 

vl 0 N rn rn in v. a .," •-• 
r- an fn en r- In ui Ln in •-1 

0 4 
CO 

c P1 

IL. 0 4 
4 

0 en I-- N co ve er• a .-I tO 
rn 0) ‘0 a) rn I-. .-I O. 0 GO 
00 f-- Oa N ON 0) CO cl, r- co 

-2 • • 	• 	• 	• 	• 	• 	• 	• 	• 
IT 41 •-4 .. re N .-1 .-1 N rg N Ol 
0 0 
-I 
li CO 00 IN 1-1 N .1 I-- .-4 
0. La 0) N Oa in cl•  0 In 
in C4 n r- Lel 01 a a I:4 
--- 4 n co ko H 01 ell N 4 

7 •,,r a Ln .-1 in r-- 14 r- co 0 ari N un a I-- a 
4 0 0 N 1--- 14 en r- m >4 r- I-- r- co co co co a co co 
rn 

. 

ul 

it. 

co 
N 

• 

N 
N 

0 
in 

P. 

E. 

c0 .-I 1-• 
CO 9-1 IN 

❑  0 tn 0 VI m V N 
0 0 Cl CO CO in Ln 
U Z 

7 
N 

N 
LD
N 
H 
N 

•IP 
en 
N 
cf. 
rn 

N 
a 
o 
1.0 
In 

N In ol 
in co N 
IN I-- N 
rn I-- 

,--1 

2 

ta 0 

Li. 
❑  

N 
V' 

N 
In 
en 

cl. 
01 
PI 

Is, 
❑  

01 N ,-I 
M 

4 4 -• ..1 
• W 
0 W 
4 4 

•• 
4.1 
0 
0 
4 
H 

0 
at 

7 
it 

E. 
0 

> I. 

FI ❑  
2 IA 

E. 
P 

2 5 
LI 
U 4 15 

U 
ca 

Ia 
U 

4 2 
Et 4 

2 7 Iil 0 7 7 7 4 H 
04 H 7 0 7 7 7 4 7  4 
2 ta 0 0 7 0 0 2 Ei 7 
03 0 2 W U to E. 0 2 , 



0 
0 

0 
0 
N 

>-0 
O 	 0 

Z 

(21 

CC 

R
E
S

I
D

 M
ID

P
O

I
N

T  

',O
D,

  2
J,  

D
EP

TH
 <

50
0,

  O
ct

 N
o

v  
D

ec
,  
Y

r
*S

tr
a

ta
  m

o
de

l - 20 - 

Fig. 1. Residuals for the strata and year effect model on 2J cod. All data were used from 
depths less than 500 meters. 
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Fig. 2. Range and mean of the timing and bottom temperature for the reserch vessel surveys 

in 23, 3K, and 3L(spring). 
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Fig. 4a. Cod, 2J, Depth <500, Oct Nov Dec, Yr*Strata Model. 
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Fig. 4b. Cod, 2J, Depth ,500, Oct Nov Dec, Yr*Strata, Julian, temp model. 
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Fig. 4c. Cod, 23, Depth <500, Nov Dec, Yr, Strata. 
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Fig. 4d. Cod, 2J, Depth <500, Day Nov10, Yr, Strata Model. 
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Fig. 4e. Cod, 2J, Depth <500, Oct Nov Dec, Yr*Strata Julian model. 
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Fig, 5a. Cod, 3K, Depth <500, Oct Nov Dec, Yr*Strata model. 
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Fly, 5b. Cod, 3K, Depth <500, Nov Dec, Yr*Strate, Julian, temp model. 

TfTLE=COD, 3K, DEPTH <500, Oct Nov Dec, Yr*Strata, Julian, temp model 

—I 30 E  

4- 
c 
0 

• 20 
uU 
rn 

S  

0 
10 

as 
a 

0 
0 

• 0 

0 
(i) 
2 

77  78  79  80  81  82 
 

83 
	

84 
	

85 

YEAR 

Fig. 6a. Cod, 3L(spring), Depth <500, Yr*Strata model. 
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Fig. 6b. Cod, 3L(spring), Depth <500, Yr*Strata, Julian temp model. 
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Fig. 6c. Cod, 3L(spring), Depth <500, Yr*Strata model, before June. 
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Fig. 6e. Cod, 3L(spring), Depth <500, Yr*Strata, Julian model. 
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