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ABSTRACT

Based upon econometric models of sheep supply it is estimated that gross
value of Oregon sheep production was reduced by $31 to $48 million over the
eight-year period 1965-1972. This reduction was associated with, although not
necessarily caused by, restricted predator control policy and increased sheep
losses. Estimated average reduced value of production ranged from $3.9 to $6.0
million per year over the eight-year period, or from 38 to 59 percent of the
actual reported value of Oregon sheep production for the 1965-1972 period. How-
ever, it is not possible, with the data analyzed, to establish what proportion
of the reduced Oregon production was due to increased predation versus other non-
price variables, which may have contributed to the reduced production in Oregon
and other parts of the United States.
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SUMMARY AND CONCLUSIONS

Based upon the econometric models of supply which are presented in this

report, it is estimated that the gross value of sheep production in Oregon may

have been reduced by a total of from $31 million to as much as $48 million dur-

ing the eight-year period 1965-1972. This reduction was associated with, although

not proven to be caused by, restricted predator control and increased sheep

losses. The estimates of reduced value of production ranged from $3.9 to $6.0

million per year over the eight-year period, or from 38 to 59 percent of the

actual reported value of Oregon sheep production during the 1965-1972 period.

Estimated value of reduced production during the last three years considered in

the analysis (1970, 1971, and 1972) ranged from about $6 to $9 million per year.

It should be noted that factors other than increased sheep losses to preda-

tors very likely contributed to the decline in Oregon sheep numbers too, since

sheep production in other parts of the U.S. also declined during the 1965-1972

period. It is not possible, with our data, to establish what proportion of the

reduced Oregon production was due to increased losses from predation versus other

non-price variables. However, research currently being conducted by the U.S.

Department of Agriculture should provide estimates of the separate effects of the

various factors that contributed to the decline of sheep production in the West-

ern United States in the 1965-1972 period.



ESTIMATED ECONOMIC LOSSES BY OREGON SHEEP GROWERS
ASSOCIATED WITH RESTRICTED PREDATOR CONTROL,

1965-1972: SOME PRELIMINARY FINDINGS

William G. Brown and
David Fawcett

INTRODUCTION

A full-scale study of the relationship of predators to ecology, economics,

and the environment can become quite complex.11 Even the relationship of pre-

dators to domestic livestock production is difficult to quantify, because actual

data on livestock losses from predators are usually unavailable or incomplete.

One way of resolving this difficulty would be to survey a sample of the sheep

producers in Oregon to obtain more complete data, as has been done in Utah by

Nielson and Curl [11]. However, such surveys require a substantial amount of time

and money to complete, and may only provide information about present losses,

or losses in very recent years.

A modest research effort was initiated by the Department of Agricultural

Economics under Oregon Agricultural Experiment Station Research Project 128 in

1973, to investigate the impact of predators on domestic livestock production

and game birds and animals. With respect to domestic livestock production, lack

of adequate data on predator numbers makes it more difficult to estimate the aggre-

gate economic losses to domestic livestock producers. Nevertheless, it appears

to be possible to infer the losses suffered by Oregon sheep growers by comparing

the estimated quantity of sheep which would have been produced, with and without

the restrictions on the predator control programs of recent years.

-I For example, cf. Wagner [18].



THE SUPPLY OF SHEEP IN OREGON

The Underlying Economic Relationships 

Although innumerable factors could, in small ways, influence the quantity

of sheep grown, the primary focus in this section is on the economic factors.

From the theory of production, suppose that the short-run production of a pro-

duct q is given by q = f(X1), where X1 represents a variable input, or a given

combination of variable inputs. To maximize profit, n = Pq - p1X1 , where P is

the product price and p1 is the factor cost, we set the first derivative of n

with respect to X1 equal to zero and divide through by the product price, P,

which gives

1
P

dX1

Assuming the usual properties of the production function, q is an increasing

function of the variable input, or set of variable inputs, represented by X1,

at least over the economically relevant range of production. Similarly, X i in

(1) is an increasing function of product price, P, and a decreasing function of

the factor cost, p 1. If p1 is fixed, or even relatively stable as compared to

P, then q should be an increasing function of its own price, P. However, as

will be shown, these relationships can be complicated by the production of other

products which compete for the use of the variable inputs.

If there is another product competing for the variable input X 1, and capital

is unrestricted, then the same relation given in (1) holds for this second pro-

duct. However, if X1 is limited for any reason to Xi = k and all of X1 is to be

allocated between the two products, then only the price ratio of the two products

is important. More formally, suppose that the producer wishes to maximize

profit, given that we denote the variable input devoted to q s by Xis , and that

devoted to qc by Xic . Then,

(2) 71. = Psqs	 Pcqc	 A(Xls 	 Xlc	 k).

Differentiating n with respect to Xic , Xis , and A, we obtain

(1)



(4)	 P
t = 0.309 PWLt + 0.691 PLMB t,

where PWL
t represents the price of wool in dollars per cwt., adjusted for the

thwool subsidy, in the t-- year, and PLMB
t denotes the price of lamb in dollars per  

P f + A =
s sl

P
c
f
cl 

+ A

ls Xlc - k =

==>	

fsl 

P

c
f
cl 

P
s

and Xis + Xic = k

(3)      

In (3), only the product price ratios affect the allocation of variable

input to products q s and qc. This possible effect of the product price ratios

will be tested in the supply models presented in the next section.

Estimated Geometrically Distributed 
Lag Supply Functions 

The general form of the supply functions to be presented in this section

follows the Koyck assumption of a declining geometric sequence of weights. 2/

This method was applied to problems of agricultural supply functions by Nerlove
[10]. Probably a more satisfactory approach to supply response problems is the

polynomial lag distribution scheme suggested by Almon [2] in 1965. Results from

the polynomial lag distribution models will be presented in a later section.  -

Although the polynomial lag model gave a more plausible structure of producer

response to price, a similar estimate of the long-run elasticity of supply of

milk was obtained from the two methods by Chen, Courtney, and Schmitz [7]. There-

fore, it is thought that the economic implications of the estimated Koyck geo-

metrically declining price lag models would be useful to compare with later re-

sults from polynomial lag models.

Before estimating the Oregon sheep supply model, it was necessary to con-

struct a weighted price for lamb and wool. After some statistical analysis, the

weighted price, P t , was computed as

2/
— A discussion of the advantages and limitations of various lag assumptions is

given by Johnston [9], pp. 292-321.



cwt. The weights for each product were based upon the average contribution of

each product to total value of meat and wool for the 27-year period, 1946-1972.

(Basic price and production data are given in Appendix Table 1.)

Given the weighted price of (4), the following model was fitted by ordinary

least squares:

(5)	 it = -176.70 + 0.9854 qt-1 + 4.1550 Pt-1 + 45.789 Xt
(-1.95) (10.024)	 (2.98)	 (1.806)

R
2
 = 0.958

n = 26.

above, 	
refers to the number of stock sheep and lambs in Oregon

year; P -1 	 the lamb-wool weighted price as defined in (4);
t-1

dummy variable equal to one for the years 1947 through 1964 and equal

of t are given in parentheses below their

respective coefficients.) Although not always acknowledged, it should be noted

at the outset that ordinary least squares (OLS) is not entirely appropriate for

economic time series data because of the non-independent, autocorrelated nature

of the observations [12, pp. 239-255]. Consequently, OLS will usually underesti-

mate the variance of the regression coefficients [9, pp. 246-249], as indicated

by generalized least squares estimates in Appendix C.

In (5)
th

for the

and X
t 

is a

to zero for 1965 through 1972. (Values

The purpose of the variable

reduced coyote control resulting

though only significant at the 5

variable does exert considerable

Xt
 in (5) was to try to pick up the effect of

from changes in predator control policy. Al-

percent leve1,21 using a one-tailed t-test, the

cumulative effect, as can be seen from Figure 1.

However, the 95 percent confidence intervals for the predicted reduced production

are quite wide, as shown in Figure 2. The confidence intervals are much narrower

for the later polynomial lag model, Appendix B.

3/ The constant term in (5) is not quite statistically significant. Therefore,
(5) was later refitted with a zero constant term, Appendix Equation (A-1).
The t values for the coefficients, in the same order as in (5), were 15.73,
2.42, and 3.19, respectively. The graph of Equation (A-1) is shown in Fig-
ure 2.
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Figure 1. Predicted versus reported numbers of Oregon stock sheep and lambs,
1947-1972, with and without restricted predator control starting
in 1965.
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Figure 2. Predicted versus reported numbers of Oregon stock sheep and lambs, 1947-1972,
with and without restricted predator control starting in 1965.
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The reason for selecting 1965 as indicative of changed predator policy can

be found from the 1972 "Cain Report," [1, p. 2]:

"The 1964 report to Secretary Udall, commonly referred to as the Leo-
pold Report, led to the formation of the Division of Wildlife Services,
which incorporated the former PARC program. It was based on a philo-
sophy of minimum effective control. The stated tenets were: (1) All
native animals are resources of inherent interest and value to the
people; consequently, basic governmental policy should be one of
husbandry of all forms of wildlife; (2) at the same time, local popu-
lation control is an essential part of management policy where a spe-
cies is causing significant damage to other resources or where it en-
dangers human health or safety. In such cases, control should be
limited strictly to the troublesome species, preferably to the trouble-
some individuals, and only to localities where substantial damage or
danger exists."

Later, in the same report [1, p. 3], it is stated:

"The Division of Wildlife Services of the Bureau of Sport Fisheries
and Wildlife, Department of the Interior, has basic responsibility for
the public predator-control program. Since the 1965 reorganization,
following the 1964 report to the Secretary of the Interior by his Wild-
life Management Board, the Division of Wildlife Services has operated
under the principles enunciated by the report as they were accepted by
the Secretary."

Based upon the preceding, and other similar information, the logical choice

of year to indicate a change in predator control policy seemed to be 1965. How-

ever, it is possible that predator control practices were not altered as much as

stated policy changes would indicate. We also cannot rule out the possibility

that the possible increase in coyote numbers after 1968 (Appendix Table 3) may

have been due more to natural factors, such as the rabbit population, than to

changes in predator control practices.

It would have been better, of course, to have had data on all sheep and

lamb losses to predators, but these figures were not available. However, re-

ported and substantiated predator losses of sheep and lambs in Oregon did show

a marked increase from 1964 to 1972, being 1,866, 2,107, 2,876, 3,337, 3,403,



average price of calves for year t-1. The goodness of fit, R
2 , is only slightly

where (P /PCLVS
t-1

) represents the ratio of weighted lamb-wool price to the
t-1

2,620, 3,485, 4,056, and 3,217, respectively.— These reported losses represent

only a small proportion of the actual livestock lost to predators - only about

22 percent in fiscal year 1973 [17], Exhibit 2.

The supply model given in (5) can be criticized on several counts. For one

thing, the prices of competing products are not included in (5). An attempt was

made to remedy this deficiency by including the price of calves in the model,

along with the weighted lamb-wool price. Unfortunately, the coefficient was

usually not significant at the 5 percent level, as indicated by the t value,

shown in Appendix Equation (A-2).5/ Another possible reason for the lack of

significance of the calf price variable is the inaccurate estimating properties

of the geometrically distributed lag model.

As shown earlier in (3), if the producer had only a limited amount of capital

to be allocated between variable inputs for sheep or cattle, then only the pro-

duct price ratios would determine the amount of inputs for sheep and cattle.

Using this formulation,

(6) it = -8.218 + 0.77191 qt_l + 74.508 Xt + 69.915 (Pt_iirCLVSt_l)

(-0.14) (8.15)	 (2.75)	 (2.25)

R
2 

= 0.952

n = 26,

4 These figures are presented by the Division of Wildlife Services in their
Annual Reports [17] for fiscal years 1964, 1965, 1966, 1967, 1968, 1969, 1970,
1971, and 1972, respectively.

5/— One possible reason for limited substitution of cattle for sheep in Western
Oregon is the increasing problem of tansy ragwort. This weed has continued
to spread and intensify on cutover forest lands, hill pastures, and other
lands. Cattle and horses are very susceptible to tansy ragwort poisoning,
whereas sheep are not. In fact, control of tansy ragwort by sheep grazing
has proven to be effective (Burr [6]).



lower than for (5). However, a larger coefficient for X t , the effect of less

restricted predator control policy prior to 1965, is obtained in (6).

The addition of the weighted lamb-wool price variable to the other explana-

tory variables of (6) was also tried, Appendix Equation (A-3). One other differ-

ence between (6) and (A-3) was that the price ratio was reversed in order to

better detect substitution between sheep and cattle production. Equation (A-3)

can also be compared with earlier Equation (5). Inclusion of both price vari-

ables in (A-3) resulted in a lower t value for the price ratio variable, t = -1.87,

indicating some shifting out of sheep production with higher cattle prices:-

Another possible criticism of the supply model in (5) is that the price of

the variable factor, or combination of variable factors, p l , is ignored. For
a

illustration, suppose that response of production can be approximated by q = AX1.

Then, by using (1) and solving for P,

=P
11 A1 -1/a ql/a-1 == q = A

1-a/a
2 

(a 
all-a

)
(7)	 —

a	
1

Thus, q could be expressed solely as a function of product price P if pl

were a constant, or approximately so. However, there has been a fairly constant

rate of increase in the prices paid by farmers for commodities used in production

since 1946 [13]. However, there has also been a steady increase in productivity

in agriculture which would be reflected in increasing values for A and/or a in

(7). Thus, increasing productivity could approximately offset increasing pl,

permitting the supply of q to be estimated from the product price only.

To partially test this hypothesis, q was estimated as a function of the

weighted lamb-wool price deflated by the index of prices paid by farmers for

all commodities bought, including interest, taxes, and wage rates [13]. Then, the

same equation as (5) was fitted, except that the product price was deflated by

the index'of prices paid:

6/ It is likely that there could be more substitution in production between sheep
and cattle in Eastern Oregon, where the poisonous tansy ragwort is not a seri-
ous problem for cattle production, as it is in Western Oregon.



= -63.732 + 0.90750 q t-1 + 35.545 Xt + 78.309 (Pt_i/Indext_i)

(8.89)	 (1.13)	 (1.77)

R
2
 = 0.948

n = 26.

In (8) above, a lower R
2 value and lower t values are obtained, especially

for the price variable, than for the corresponding model using the undeflated

price variable, Equation (5). Therefore, it appears that increasing productivity

might have, at least partially, offset increasing factor costs in (7). Conse-

quently, based upon the results of Equations (5) and (8), and other fitted equa-

tions, the undeflated sheep product price was chosen over the deflated price.?/

Several other sheep supply equations were also fitted. Equation (A-4) was

similar to Equation (A-3), except that the price of calves, lagged one year, was

also included. However, as was expected, the inclusion of all three price vari-

ables resulted in some multicollinearity, and did not significantly improve the

goodness of fit.

Constant elasticity of supply is given by Equation (A-5) in the Appendix.

Relatively good t values were obtained from (A-5), which is merely the log

transformation of earlier Equation (5). A similar result was obtained from (A-5),

with the R
2 in terms of the logarithms being 0.973. Predicted values from (A-5)

were quite similar to those of Equation (5), except that the predicted values,

assuming no change in predator control in 1965, were somewhat higher. According

to (A-5), 1970 to 1972 sheep production in Oregon would have increased consider-

ably after 1965 had coyote control not been lessened. Most of the geometrically

distributed lag supply equations gave estimates of reduced sheep production

which were intermediate between Equations (5) and (A-1).

7/ The validity of the above choice is, admittedly, dependent upon the proper
specification of (5), (8), and other equations compared [3]. It is also pos-
sible that the deflation of product price by an index of costs specifically
related to sheep production might have given a better result. However, the
prices of most inputs used by farms and ranches have followed a similar pat-
tern of increase over time.

10

(8)
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Another log transformation, which is sometimes used in demand analysis, was

Appendix Equation (A-6). This equation gave a slightly lower R
2 

value,

R2 = 0.964, in terms of the logarithms of the dependent variable.

Estimated reductions in Oregon sheep production in 1972 associated with

restricted predator control, as predicted by various geometrically distributed

lag supply functions, are presented in Table 1. Consideration of the economic

impact of this reduced production will be discussed in a later section. However,

the estimates of reduced production can perhaps be better understood by approach-

ing the problem from a different direction by asking what would happen if we

predicted Oregon sheep numbers for the years 1965 to 1972, by substituting the

1965-1972 sheep product prices into a supply model estimated only from 1947-1964

data?

Fitting Equation (5), without the dummy variable, to the 1947-64 data, we

obtain

(5-a)
	

it = -143.97 + 0.99717 qt_i + 4.2775 Pt-1'
(-1.00) (6.94)	 (2.61)

where values of t are given under the respective coefficients. Substituting the

1965-1972 prices into (5-a), the results are the following:8/

•	 Projected pro-

Year	 duction, qt
Actual pro-
duction, qt

Estimated reduc-
tion in numbers

---------------------------------- thousands

1965 	 	 667.4 639 28.4
1966 	 	 665.7 582 83.7
1967 	 	 672.6 524 148.6
1968 	 4.111.4. ** * 	 	 677.7 498 179.7
1969..0 :	 	 690.9 483 207.9
1970 	 	 713.5 449 264.5
1971 	 	 736.9 422 314.9
1972 	 761.5 418 343.5

Sums 	 	 5,586.2 4,015 1,571.2

8/
The projection from (1) is as follows:

For 1965, it = -143.97 + 0.99717(673) + 4.2775(32.8) 667.4,

For 1966, tit	 -143.97 + 0.99797(667.4) + 4.2775(33.7) 1- 665.7, etc.
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Table 1. Estimated Reduction in Oregon Stock Sheep and Lambs,
Associated with Restricted Predator Control as Measured
by the Dummy Variable, According to Various Geometric-
ally Distributed Lag Supply Functions

Estimated
reduction

Equation	 in numbers
number	 for 1972

Estimated
reduction
as percent
of reported
1972 produc-

tion of 418,000

Estimated
reduction
in numbers
for entire
1965-1972
Period

(000) (percent) (000)

5 348.1 83.2 1,593

6 285.5 68.3 1,647

A-1 319.0 76.3 1,755

A-3 352.4 84.3 1,741

A-5 384.3 91.9 1,734

A-6 250.8 60.0 1,434

The sum of these projections from (5-a) are exceedingly close to the sum

of the projections from Equation (5). The estimated reduction in production from

preceding Equation (5-a) over the 1965-1972 period is 1,571.2, which is 98.6

percent of the estimated reduction from Equation (5), shown in Table 1. Thus,

if the price-production relationships observed prior to the hypothesized change

in predator control of 1965 had continued, and other non-price variables had re-

mained unchanged, then production of sheep in Oregon would have reversed the

downward trend in sheep production that had persisted during the 1960 to 1964

period.

The question might be raised, would we get the preceding confirmation of

an expected change in the downward trend of production only for Equation (5-a)?

No, the same sort of result was obtained when we included the price of calves,

or if we deleted the constant term, etc.

Estimated Polynomial Lag Supply Functions 

As mentioned earlier, one limitation of the geometrically distributed lag

formulation of the supply model is the rather inflexible geometrically declining
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response assumed. However, probably even more serious is the fact that lagged

values of the dependent variable must be used as an explanatory variable. As is

well known [9, pp. 303-320], treating lagged values of the dependent variable as

exogenous can result in serious bias, especially if the residuals are autocorre-

lated, which is a common problem with time series data. Furthermore, the pres-

ence of autocorrelation can no longer be detected by the standard Durbin-Watson

d statistic when the lagged dependent variable is treated as exogenous. However,

a more recent test for serial correlation when lagged dependent variables are

present has been developed by Durbin [8]. Using this test on the residuals

of Equation (5), a value of h = 3.45 was obtained, which is highly significant,

P = 0.01. Although Durbin's test is a large sample test, there can be little

doubt that the residuals from Equation (5), and from the other geometrically

distributed lag models, are all highly positively autocorrelated. Thus, it is

likely that the coefficients of the geometrically distributed lag models are

seriously biased.

A model with much better statistical properties is the polynomial lag supply

function, since it does not use lagged values of the dependent variable as ex-

planatory variables. Also, a more flexible supply response is provided by the

polynomial lag formulation [7] which apparently was first developed by Almon

[2]. Further details concerning this approach can be found in [9].

Using the same weighted wool-lamb price, P t-1 , the same dummy variable, X
t

,

and the same calf prices variable, PCLVS t_i , as for the geometrically distributed

lag models, the following supply function was obtained, assuming six years for

the lagged effect:21

= 181.87 + 4.5020 W
1
 - 0.7324 W

2 + 10.082 
W - 3.6828 W43

(2.06) (8.76)	 (-9.53)	 (1.11)	 (-2.94)

9/— There apparently is no exact procedure for determining the optimal length for
the lagged effects. The length of lag is selected which seems to give the
best parameter estimates, based upon t values [7, p. 81]. Fortunately, the
time period selected had very little effect on the estimated predator effect,
the average estimated reduction in sheep numbers per year, 1965-1972, being
261, 271, 279, 280, and 283 thousands per year for assumed lag periods of 3,
4, 5, 6, and 7 years, respectively.

(9)
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- 5.2345 W
5
 + 0.8303 W.

	

(-9.09)	 (10.64)

R
2
 = 0.995

n = 21.

	

In (9), W, and W2 	the linear and quadratic terms of the wool-lamb
4

price variable, Pt-1 , over the six-year period; W3 and W4 represent the linear

and quadratic terms of the dummy variable for predator control, X t ; and W5 and

W
6
 are the terms for the calf price variable, PCLVS t-1

The significance of the coefficients of (9) can be better interpreted if

the coefficients are "unscrambled", as described by Chen, Courtney, and Schmitz

[7, p. 81]. Rewriting (9) in terms of the actual years involved, we have

(10) t
 = 181.87 - 0.644 P*  + 3.126 Pt-2 

+ 5.430 P*  + 6.270 P*

(2.06) (-0.98)	 (5.87)	 (9.06)	 (9.81)

+ 5.645 P
t-5 

+ 3.555 P
t-6 

+ 72.090X
t
 + 78.488 X

t-1 
+ 77.522 X

t-2
	(9.97)	 (9.99)	 (7.47)	 (29.92)	 (18.53)

+ 69.190 X	 + 53.492 X	 + 30.429 X	 + 1.517 PCLVS
t-3	 t-4	 t-5	 t-1

	

(10.27)	 (7.68)	 (6.43)	 (1.97)

- 2.887 PCLVS
t-2

 - 5.631 PCLVS
t-3

 - 6.714 PCLVS	 - 6.136 PCLVS t-5t-4

	

(-7.11)	 (-14.82)	 (-14.60)	 (-13.69)

- 3.898 PCLVS
t-6*

(-13.06)

In (10), almost all of the lagged variables appear to be highly significant,

as indicated by the t values in parentheses under their respective coefficients.

One unexpected result was the negative coefficient for the weighted wool-lamb price

for the year t-1. However, the total effect of the wool-lamb price over the en-

tire six years is positive. For example, suppose the price were increased by 10

in Year t, and then remained at the increased level; after seven years an increased

number of sheep and lambs equal to 10 • (-0.644 + 3.126 + 5.430 + 6.270 + 5.645

+ 3.555) = 233.82 thousand per year would be predicted.
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A similar interpretation can be made of the calf price (PCLVS) coefficients.

The positive coefficient for the year t-1 is unexpected; however, the effect of

an increase in calf prices over the entire period is to reduce stock sheep and

lamb numbers, as would be expected. For example, a single increase in calf

prices by $10 per cwt. in Year t is predicted to lower stock sheep and lamb

numbers three years later by 10 • (1.517 - 2.887 - 5.631) = 70.01 thousand. Four

years later, numbers would be lowered by 10 • (1.517 - 2.887 - 5.631 - 6.714) =

137.15 thousand, etc. This apparently significant effect of calf prices on

sheep numbers is in contrast to the results from the geometrically distributed

lag model, Appendix Equation (A-2), where the calf price variable was not statis-

tically significant (with t = -1.59). However, as mentioned earlier, of the two

types of models, the statistical estimates from the polynomial lag model should

be more accurate, since the polynomial model does not contain a lagged dependent

variable in its set of explanatory variables.

Of most interest in (10) are the coefficients for X
t' 

the dummy variable

for predator control, which was defined as before with X t = 1.0 for the years

1947 through 1964, and Xt = 0.0 for the years 1965 through 1972, when increasing

restrictions were placed upon predator control. The effect of the coefficients

for X
t 
is as follows, according to (10): If predator control had not been re-

stricted in 1965, 1966, •••, 1972, the numbers of Oregon stock sheep and lambs

would have been much higher, as shown by the predicted values in Table 2.

Surprisingly, the polynomial lag supply function, (10), indicates a greater

loss of sheep production during the 1965-1972 period than for any of the geo-

metrically distributed lag models. The reduced sheep production predicted by

the geometrically distributed lag models in Table 1 ranged from 64 to 78 percent

of that predicted by (10).

It is important that the estimated reduction in stock sheep and lambs, shown

in the last column of Table 2 and the shaded area of Figure 3, be properly inter-

preted. According to Equation (10), if there had been no structural change in

the supply mechanism for Oregon sheep in the 1965-1972 period, as measured by the

dummy variable ,
 
X
t' 

then the prices of wool, lamb, and calves were such that
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Shaded area represents estimated
reduction in numbers assumed to
be due to change in predator con-
trol policy starting in 1965.

Actual reported numbers.

Predicted numbers, assuming
no change in predator control
'starting in 1965.

17

300-
0.■• •-0.•••••• •••0

Predicted numbers from poly-
nomial lag formulation of
sheep production response,
Equation (10).

200

100

Figure 3. Predicted versus numbers of Oregon stock sheep and lambs, 1952-1972,
with and without restricted predator control, starting in 1965.
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sneep production should have started to increase in 1965, rather than continuing

to decline from 1965 to 1972. These improved price conditions after 1964 for

sheep production can be seen by inspecting the lagged weighted lamb-wool price

defined in Equation (4), P	 and the lagged price of calves over the 1956-1972t1'
period:

Year

Weighted woRl-lamb
price, 

Pt-1

Price of calves,
PCLVSt-1

---------- (dollars per cwt) ---------

1956 	 30.9 16.70
1957 	 31.5 15.30
1958 	 32.3 20.60
1959 	 32.2 26.00
1960 	 31.9 27.10

1961 	 30.9 23.50
1962 	 29.3 23.40
1963 	 31.3 24.90
1964 	 31.6 23.90
1965 	 32.8 19.20

1966 	 33.7 21.00
1967 	 35.7 25.40
1968 	 35.3 25.20
1969 	 37.2 26.80
1970 	 39.4 30.10

1971 	 39.6 32.80
1972 	 39.9 33.50

From the preceding prices, it can be seen that the weighted wool-lamb price

was relatively favorable, compared to price of calves, during the 1956-1958

period. However, the wool-lamb price became relatively unfavorable during the

1960-1964 period, and sheep production was predicted to decrease, as shown in

Figure 3. But in the 1965-1969 period, wool-lamb prices became relatively favor-

able again, and sheep production should have started to increase again, continu-

ing to increase until 1970, when unusually favorable beef calf prices should have

reduced sheep production slightly, as shown by those predictions from Equation

(10) in Figure 3, which assumed no change in the dummy variable representing

predator control. Actually, of course, sheep production continued to decline

rather rapidly throughout the entire 1965-1972 period, and this decline was pre-

dicted by the effect of the dummy variable, X t , assumed to correspond to the

change in predator control policy which started in 1965.
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Although often used in econometric studies to measure effects of policy

variables, the dummy variable approach can be criticized, since it represents

the total of all changes in the supply situation for sheep production which

occurred during the 1965-1972 period, not just the assumed change in predator

control. However, an attempt to evaluate the importance of some of these other

changes, such as increased labor costs, is made in the next section.

The closer fit of (10) to the actual data points can be seen from Figure 3,

as compared to the geometrically distributed lag models in Figures 1 and 2.

Perhaps more important than the closeness of fit is the better distribution of

predicted values above and below the actual numbers, which implies a more inde-

pendent distribution of the residuals. As noted previously, the earlier geo-

metrically distributed lag models suffered from positive autocorrelation of the

residuals. The Durbin-Watson d statistic was computed from the residuals of (10),

and a value of d = 2.51 was obtained. Although larger than 2.0, the expected

value for independent residuals, the Durbin-Watson test is inconclusive for (10)

because of the relatively few observations, n = 21, combined with six explanatory

variables. Nevertheless, the behavior of the residuals of (10) is obviously better

than those of the geometrically distributed lag models, which are highly signi-

ficantly autocorrelated. Furthermore, the consequences of autocorrelation should

be less serious for polynomial lag models, where no bias of the parameter esti-

mates would be expected from autocorrelation, in contrast to the case for the

geometrically distributed lag model.

Again, the same variables of Equation (9), except for the dummy variables

represented by W3 and W4 , were fitted to the 1947-1964 data, giving

(9-a)	 qt 551.007 + 4.6106 Wi - 0.75323 W2 - 5.4473 W5

(8.24)	 (-8.95)	 (-8.70)

+ 0.86455 W6.

(10.17)

R
2
 = 0.96

n = 13.
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Substituting the 1965-1972 sheep products and calf prices into

predicted values averaged 279.6 thousands above the actual reported

the 1965-1972 period. Thus, the estimated reduction in stock sheep

was almost the same for Equations (9-a) and (9).

(9-a), the

numbers for

and lambs

Other Polynomial Lag Supply Functions 

In addition to Equation (10), several other polynomial lag models of supply

were fitted. One such function was the same as (9), except that the dependent

variable was the number of ewes one year and older in Oregon. For an assumed

lag effect of six years, (11) was obtained:

= 89.33 + 4.1561 W - 0.6868 W2
 + 9.4275 W31

(1.18)	 (9.43)	 (-10.43)	 (1.21)

- 3.2315 W4 - 4.2852 W5 + 0.7012 W6.,

(-3.01)
	

(-8.69)	 (10.48)

R
2
 = 0.995

n = 21.

Again, values of t are in parentheses below the corresponding coefficients.

The "unscrambled" coefficients (see Appendix Table 2) followed the same pattern

as shown in (10). All coefficients were positive and highly significant for the

dummy variable representing predator control, values of t ranging from 6.45 to

29.34. Estimated reduction in the number of Oregon ewes one year and over, asso-

ciated with restricted predator control, averaged about 236,000 per year over the

1965-1972 period. This reduced production represented slightly over 57 percent

of the average number of ewes over the eight-year period. This result is similar

to the earlier figures shown for Equation (10) in Table 2, where the estimated

reduction in stock sheep and lambs associated with restricted predator control

was approximately 280,000 per year, or about 56 percent of the average reported

number over the 1965-1972 period.

In addition to (11), several other functions were fitted in an effort to

test various other hypotheses (other than increased predators) which might ex-

plain the reduction in Oregon sheep numbers since 1965. As mentioned in the



section dealing with the geometrically distributed lag functions, it can be hypo-

thesized that quantity should be a function of product price deflated by costs

or prices paid, as indicated in Equation (7). To partially test this hypothesis

for the polynomial lag model, the wool-lamb price and calf prices were deflated

by the index of prices paid by farmers for all commodities bought, including in-

terest, taxes, and wage rates [13]. Using the number of stock sheep and lambs

as the dependent variable, Appendix Equation (A-7), the predicted reduction due
to restricted predator control was the following:

Predicted reduction in Oregon stock
sheep and lambs associated with

Year	 restricted predator control 
(000)

1965 	 	 70.3

1966 	 	 142.7

1967 	 	 211.5
1968 	 	 271.4

1969 	 	 316.8

19 70 	 	 342.3

1971 	 	 342.3

19 72 	 342.3 
Sum 	 	 2,039.6

Average per year 	 	 255.0

Despite the difference from using a deflated price variable, the estimated

average reduction of approximately 255,000 was only about 9 percent less than

the reduction of 280,000 predicted by Equation (10), Table 2. Thus, deflating

the wool-lamb price by prices paid had little effect on the estimated reduction

in Oregon sheep numbers associated with reduced coyote control.

Another hypothesis, which might be advanced to explain the decline in Ore-

gon sheep numbers since 1965, is that of increased labor costs associated with

the sheep enterprise. To attempt to test this hypothesis, the wool-lamb price

variable was deflated by the Pacific wage rate per hour [13]. Due to changes in

constructing wage indices after 1946, no observation was obtained for 1946.
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Therefore, one less observation was used in fitting this model, Appendix Equa-

effects, was the following:

Predicted reduction in Oregon stock
sheep and lambs associated with

Year	 restricted predator control
(000)

1965 	 68.8

1966 	 132.6

1967 	 188.8

1968 	 234.9

1969 	 268.1

1970 	 286.0

1971 	 286.0

1972 	 286.0

Sum 	 1,751.2

Average per year 	 218.9

The predicted reduction in Oregon sheep numbers was somewhat less than

that predicted by Equations (10) and (A-7). The estimated average reduction

of 218,900 stock sheep and lambs was about 22 percent less than that estimated

by (10) in Table 2. However, the predicted reduction from (A-8) is still larger

than from all but one of the geometrically distributed lag models in Table 1.

Economic Impact of Restricted Predator Control,
Inferred from Supply Functions with Dummy Variable, Xt

The supply functions of the preceding sections can be used to estimate the

loss of revenue to Oregon sheep growers associated with increased restrictions

on predator control from 1965 to 1972. Assuming that the explanatory variables

of the estimated supply function are the most relevant for inclusion, then a

valid estimate of loss can be obtained by multiplying the predicted reduction in

Oregon sheep production times the corresponding price for that production. The

results of these computations are summarized in Table 3.

tion (A-8). All other variables, predator control X t , and price

PCLVS
t-1'

 were defined in the same way as for Equation (9). The

the usual six-year periodtion in Oregon sheep numbers, assuming

of calves,

predicted reduc-

for lagged
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Estimates in Table 3 indicate a considerable reduction in the value of Ore-

gon sheep production, which was associated with restricted predator control dur-

ing the 1965-1972 period. For the entire period, the estimated , value of reduced

production ranged from $38 to $48 million, depending upon the type of equation

used. This estimated lost value of production would average from $4.7 to $6.0

million per year over the eight-year period. Another indication of the signifi-

cance of the estimated lost revenue is that it would amount to from 46 to 59 per-

cent of the actual value of Oregon sheep production during the 1965-1972 period.

An important aspect of all the estimates of lost revenue is that the'great-

est losses are predicted for the most recent years.', During the 1970 to 1972

period, estimated losses in Table 3 range from $6.6 to over $8.9 million per

year, which represents from 67 to 89 percent of the actually reported value of

Oregon sheep production for those three years.

One limitation of the estimates of lost value of production in Table 3 is

that the estimates represent lost gross income rather than lost net income to

Oregon sheep growers. There would also be a reduction in costs for those sheep

growers who have dropped out of production, although for those growers taking

care of their own flocks with operator or family labor, such reductions in cost

would be smaller.

Another objection that might be raised against the gross income figures is

that the sheep growers could offset this loss in income by switching to cattle

production. However, many areas are better suited to grazing by sheep than by

cattle. In fact, some growers attempted to switch to cattle in Western Oregon,

but were unsuccessful because of the increasingly serious problem of tansy rag-

wort, mentioned earlier in this report.121

Losses in Table 3 assume no reduction in prices would have resulted from the

increased production. Actually, if production had been 30 or 40 percent higher

in all western states, lamb prices very likely would have been lower during the

1965-1972 period.

10/
It can be argued that the estimates of lost value of production in Table 3
are under-estimated because of tansy ragwort. Without the coyote problem,
it is argued, more than the usual number would have produced sheep in order
to combat tansy ragwort.
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A further limitation of the estimates presented in Table 3, as mentioned

earlier, is that it is implicitly assumed that the dummy variable, Xt , repre-

sented only a change in predator control policy. In fact, of course, additional

factors other than increased predation have also been operating during the

1965-1972 period to diminish sheep production. An attempt is made in the next

section to more specifically estimate that part of the reduced production that

is related to losses of sheep and lambs from predation. Despite the above limita-

tions, the figures of Table 3 do indicate a potentially serious loss of income to

Oregon sheep growers and to the State of Oregon from reduced sheep production,

even if due only in part to increased predation.

Estimated Supply Functions with Percentage 
of Sheep Losses as an Explanatory Variable 

As noted before, a weakness of the preceding supply functions for measuring

the effect of increased predation on sheep production during the 1965-1972 period

is that one has to implicitly assume that predator control policy and cattle and

sheep product prices were the only important factors which varied from 1965 to

1972. In fact, of course, many other factors have also changed over time, such

as technology, increasing specialization in farming, etc. Therefore, one would

like to measure more directly the specific effect of coyotes or predators upon

sheep production.

Percentage Losses Based Upon Data from 
Division of Wildlife Services 

To estimate the effect of sheep losses to predators upon sheep production,

knowledge of total sheep losses from predators over the entire 1947-1972 period

would be desirable. Unfortunately, numbers of reported and confirmed sheep and

lamb losses are not available for years prior to 1964. For the years from 1964

to 1972, these losses were 1,866, 2,107, 2,876, 3,337, 3,403, 2,620, 3,485, 4,056,

and 3,217, respectively, according to the Annual Reports of the Division of Wild-

life Services, Bureau of Sport Fisheries and Wildlife [17]. These reported losses

represent only a small part of the total losses of sheep and lambs from preda-

tors in Oregon- perhaps about one-seventh - since only about 22 percent of the

losses are reported (Exhibit 2, 1973 [17]) for about two-thirds of the total
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sheep in Oregon. However, these figures do provide an indication of the upward

trend in losses since 1964.

By dividing the reported losses by the number of Oregon stock sheep and

lambs, an index of sheep losses was constructed. Since the number of stock sheep

and lambs was 673,000 in 1964, the index for 1964 was computed as 1,866 673,000

• (100) = 0.2773 percent. For 1965 the index was 2,107 	 639,000 • (100) = 0.3297,

etc. For years prior to 1964 the index was set equal to the 1964 figure, 0.2773,

since 1964 was the only year that data on livestock losses were reported before

the reorganization of the Division of Predator and Rodent Control into the Divi-

sion of Wildlife Services in 1965. Using this index of sheep and lamb losses,

L
t' 

the number of stock sheep and lambs was fitted as a function of Lt' of the

same weighted wool-lamb price, P t-1' 
and the same calf prices, PCLVSt-1 

as de-
'

scribed earlier. With an assumed six years for the polynomial lag effect, the

following equation was fitted:

(12) 633.32 + 5.340 Wi - 0.8590 W2 + 251.49 W3
(4.77)	 (-5.29)	 (3.94)

- 28.26 W4 - 5.998 W5 + 0.9198 W6.

(-3.15)	 (-5.02)	 (5.77)

R2 = 0.970 n = 21

d = 1.62.

Equation (12) implies the following lag structure:

	

*	 *	 *
(13) 4

t 
= 633.32 - 1.118 P	 + 3.363 P	 + 6.126 PPt-1	 t-2	 t-3

(-0.70)	 (2.77)	 (4.86)

*	 *	 *
+ 7.172 P	 + 6.499 P	 + 4.108 P t-6 

- 491.49 Ltt-4	 t-5
(5.44).	 (5.58)	 (5.60)	 (-7.85)

- 268.26 L	 - 101.55 Lt-2 
+ 8.626 L

t-3 
+ 62.28 Lt-4t-1

(15.48)	 (-2.91)	 (0.17)	 (1.17)

+ 59.40 L
t-5 

+ 2.874 PCLVS	 - 2 204 PCLVS t-2
 - 5.442 PCLVS t-3t-1

(1.69)	 (1.61)	 (-2.12)	 (-6.13)
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- 6.841 PCLVS t_4 6.400 PCLVS t_ - 4.120 PCLVS
t

(-7.01)	 (-6.93)	 (-6.76)

According to the preceding lag structure for the loss index, Lt , if predator

losses for sheep and lambs had remained at the 1964 level, then sheep production

should have increased from 1965 through 1970, rather than decreased, as shown by

the following predictions from (13):

Year

Predicted numbers of
Oregon stock sheep and
lambs with no change
in index of predator
loss, Lt, after 1964

Predicted reduction in
stock sheep and lambs

due to increase in index
of predator loss, Lt,

after 1964

1965 	
1966 	
1967 	
1968 	
1969 	
1970 	
1971 	
1972 	

Sum 	

--------- ------ 	 thousands

679.1
709.8
758.5
802.4
830.0
841.5
832.0
815.2 

6,268.5

25.8
120.7
240.2
317.6
270.6
337.8
458.1
427.1

2,197.9

274.7Ave, per year 	 	 783.6

According to the above predictions from (13), an average reduction in Oregon

stock sheep and lambs of about 274,700 per year over the 8-year period, 1965-1972,

was associated with the increased sheep loss - from predators and other unmeasured

forces. This result is surprisingly close to the 280,300 reduction predicted by

the dummy variable, Xt , in Equation (10). Therefore, the earlier results are

strengthened somewhat by the results from Equation (12), even though (12) can be

criticized because of the necessary assumption that the percentage of sheep losses

to predators from 1947 through 1963 was equal to the reported losses of 1964.11/

11/
Even though the assumption introduces an inaccuracy, we would expect only
random variations about a low level of L

t
 over the 1947-63 period if the

losses had been recorded, since coyotes reportedly became a more serious
problem to sheep production after 1964.
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Percentage Losses Based Upon Statistical 
Reporting Service Data 

Because of possible objections to the assumption of 1947-1963 losses equal

to 1964, a search for other data pertaining to sheep losses to predators was

undertaken. Although not separating death losses due to predators from other

causes, the Statistical Reporting Service has reported total death loss for

sheep and lambs for the entire period-
12/
 1947-1972 of our analysis [14, 16].

A new loss index was constructed as follows: Total Oregon lamb death losses

were divided by the total number of Oregon stock sheep and lambs. (Lamb death

losses were used, rather than death losses from both sheep and lambs, because

lambs were thought to be more vulnerable to coyote predation.) The interpreta-

tion of the percentage lamb death loss index, LDL t , would be that any unusual

upward trend in the index would be due to increased loss from predators, since

there was thought to be no other unusual change in disease factors, feed, etc.,

which would cause the increased lamb death loss except perhaps increased damage

from dogs. The percentage lamb death loss, LDL t , was the following:

Year
LDL

t Year
LDL

t Year

(%)

1947 6.86 1956 6.96 1965 6.73

1948 5.89 1957 6.27 1966 6.86

1949 5.81 1958 5.67 1967 7.63

1950 4.77 1959 6.24 1968 9.04

1951 5.33 1960 5.21 1969 9.11

1952 5.95 1961 6.62 1970 9.58

1953 5.50 1962 5.78 1971 10.90

1954 4.81 1963 5.66 1972 10.29

1955 6.08 1964 6.98

Note that the percent lamb death loss climbed sharply in the late 1960s and

early 1970s, in accordance with our hypothesis concerning the dummy variable, Xt,

of our earlier models. Fitting qt , number of Oregon stock sheep and lambs, as a

polynomial lag function of the percentage lamb death loss and the same sheep pro-

duct and calf prices used earlier, (14) was obtained:

12/ Death losses were taken from Meat Animals [16] for the years 1947-1969,
then from Livestock and Meat Statistics [14], where the data series were
continued, for the years 1970-1972.
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(14) = a + 5.4810 W - 0.8207 W2 + 45.0864 W3 - 5.5120 Wit

(3.81)	 (-4.12)	 (2.80)	 (-2.46)

- 5.2295 W5 + 0.8212 W6.

(-3.07)	 (3.72)

2
R = 0.947	 4 = 21

= 1.60.

Equation (14) implies the following lag structure:

*	 *	 *	 *(15) 1
t 
= a - 3.342 P	 + 1.318 P	 + 4.337 P	 + 5.715 Pt-1	 t-2	 t-3	 t_4

(-1.50)	 (0.86)	 (3.01)	 (3.85)

*	 *
+ 5.451 Pt-5 + 3.546 P t_6 - 72.087 LDLt - 32.513 LDLt-1

(4.11)	 (4.20)	 (-4.46)	 (-10.10)

- 3.962 LDL	 + 13.564 LDL	 + 20.067 LDL	 + 15.565 LDLt-2	 t-3	 t-4	 t-5
(-0.52)	 (1.10)	 (1.58)	 (1.81)

+ 1.814 PCLVS t-1 - 2.594 PCLVS t-2 - 5.360 PCLVS t-3 - 6.484 PCLVSt-it

(0.66)	 (-1.59)	 (-4.30)	 (-5.02)

- 5.965 PCLVS t_5 - 3.804 PCLVSt..6.

(-4.89)	 (-4.70)

Interestingly, a specification error for both Equations (13) and (15) appears

to arise from the fact that our computer routine imposed the same length of lag

on all variables. However, one would expect sheep growers to react more quickly

to an increase in loss from predators than from mere changes in price. Thus,

the negative impact of increased death losses tended to always hold for about

three time periods, even as the lag length was varied from 3 to 7 years. Pos-

sibly a better fit would have resulted for (12) and (14) with a shorter lag for

lamb death losses and a six-year lag for lamb, wool, and calf prices.

Predicted reduction in Oregon stock sheep and lambs was computed from Equa-

tion (15) by subtracting the average percentage lamb death loss for the 1947-1964
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period, 5.855 percent, from the lamb death losses suffered for each of the years

1965-1972, then multiplying by the appropriate coefficients of (15). Results

were the following:

Year

Predicted numbers of
Oregon stock sheep
and lambs with no

change In percent lamb
loss for 1965-72

Predicted reduction in
stock sheep and lambs
due to increase in per-
cent lamb death loss

for 1965-72
1■11=■•■•■••••■■•■•■••••■■■••=11MAIIMMWIII••■•=, thousands  

1965 	

1966 	

1967 	

1968 	

1969 	

19 70 	

1971 	

1972 	

Sum

Ave. for year 	

670.3

729.2

769.2

811.4

824.2

802.3

780.8

755.8

6,143.2

767.9

63.1

101.6

164.4

279.5

313.9

328.9

403.1

362.8 

2,017.3

252.2

According to the above predictions from (15), an average reduction in the

number of Oregon stock sheep and lambs of about 252,000 per year resulted from

the increased lamb death loss of the 1965-1972 period. Again, this predicted

reduction is surprisingly similar to the predicted reductions from the earlier

models, such as Equations (10) and (13), even though the effect of increased

predation was estimated by means of a completely different series.
13/

13/— In an earlier draft of this report, only the results of the supply models
with the dummy variable, Xt , had been computed and presented. Use of the

dummy variable to measure the effect of changed predator control policy was
greeted by considerable criticism. Since results from Equations (13) and
(15) are so similar to results from the earlier dummy variable approach,
those earlier results are somewhat strengthened.
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LIMITATIONS OF ANALYSIS AND NEED
FOR FURTHER RESEARCH

In addition to the limitations already discussed for the various supply

models, it has long been known that traditional statistical procedures and tests

are often inappropriate for economic time series data, because of the lack of

independence (autocorrelation) of successive observations [12, pp. 239-255].

With simple linear, non-lagged models, this problem can be diagnosed by testing

the residuals for autocorrelation by using the Durbin-Watson d statistic [9],

which has been computed for the polynomial lag models in this report. However,

the d statistic is inconclusive for the polynomial lag model because of either

too many explanatory variables or too few observations. One consequence of non-

independent observations would be a substantial underestimate of the true vari-

ances of the regression coefficients [9, pp. 246-249]. (Some idea of the under-

estimation of variances by OLS can be obtained by comparing the OLS variance

estimates with the corresponding generalized least squares (GLS) estimates, since

the GLS estimates provide unbiased estimates of variance, cf. Appendix C.)

Additional research, although it should prove useful, will require consider-

able time. Given the fact that there are some producers in Oregon who say they

have the equipment, experience, and desire to raise sheep, but have been forced

out of sheep production because of excessive losses to coyotes, it seems reason-

able at this point to conclude that increased loss of sheep to coyotes was prob-

ably an important factor in the decline in Oregon sheep production since 1965.

Nevertheless, it should also be noted that sheep production has also declined in

the eastern parts of the United States, where increased predation should not have

been a factor. Therefore, research now underway by the U.S. Department of Agri-

culture should be valuable in estimating the proportion of the decline in sheep

production of the western states that has actually been due to increased coyote

predation.
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APPENDIX A

Fitted Equations of Alternative Models, and Basic Data Analyzed 

(A-1) it = 0.81965 qt-1 + 1.8261 P t-1 + 72.249 Xt
(15.73)	 (2.42)	 (3.19)

R
2 = 0.950 (mean-corrected, comparable to usual R

2 )

n = 26.

(A-2) it = -115.93 + 0.92516 q t_, + 5.7149 Pt_i. + 55.653 Xt - 3.1399 PCLVSt_i

	

(8.94)	 (3.43)	 (2.20)	 (-1.59)

R2 = 0.963

n = 26.

(A-3) it = -37.91 + 0.91909 q t-1 + 3.6763 Pt_l + 58.085 Xt
	(9.22)	 (2.73)	 (2.33)

- 118.75 PCLVS t-1
/Pt-1.

(-1.87)

R2 = 0.964

n = 26.

(A-4) it = - 516.28 + 0.98173 qt-1 - 14.88 Pt-1 + 65.044 Xt
(10.00)	 (-1.60)	 (2.76)

- 1082.0 PCLVS t-
1/Pt-1 + 29.536 PCLVS t-1

(-2.24)	 (2.01)

R2 = 0.970

, n = 26.

(A-5) - 0.92132 + 1.006 In q 	 + 0.22895 In P* + 0.11493 In Xtt-1	 t-1
(1.38)	 (12.32)	 (3.41)	 (2.43)

R2 = 0.973 (logs). (Variable X t 
was assigned the value 2.0 for

1947 to 1964, the value 1.0 for 1965 to 1972.)

n = 26.

34
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(A-6) ln q = 5.1866 + 0.0015195 qt-1 + 0.0057335 Pt_i + 0.087994 Xt
(10.41)	 (2.77)	 (2.34)

R2 = 0.964 (logs)

n = 26.

(A-7) = 288.945 + 13.2716 W - 2.0890 W2 + 4.7570 W31
(8.31)	 (-9.38)	 (.63)

- 2.7466 W4 - 14.5969 W5 + 2.3001 W6

(-2.76)	 (-9.04)	 (10.82)

= 0.995

n = 21.

(A-8) it = 676.486 + 5.8341 W i - 0.8024 W2 - 3.7477 W3

(4.33)	 (-4.52)	 (-0.28)

- 1.2876 W4 - 5.4488 W5 + 0.8198 W6

(-0.71)
	

(-5.38)	 (6.17)

R2 = 0.989

n = 21.

Equations (A-9) and (A-10) on the following pages are the "unscrambled"

coefficients for Equations (A-7) and (A-8), respectively.
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(A-9)	 Variable	 a value	 t value 

P
t-1

/It-ia-
/	 -4.425	 -2.327

Pt-2 /It-2	 6.757	 6.801

*
Pt-3/It-3	 13.762	 12.351

*
Pt-4

/It-4	 16.588	 11.931
*

Pt-5
/I

t-5	 15.237	 11.343

Pt-6/It-6	 9.707	 10.946

Xt	70.335	 7.219

X	 72.346	 20.567
t-1

Xt-2	 68.863	 29.550

X
t-3	 59.887	 13.551

Xt-4	 45.418	 9.281

Xt-5	 25.455	 7.413

PCLVS t-1/It-1
a/	 4.779	 1.996

PCLVS t--, /It_2	-7.518	
-5.806

PCLVS t-3/It-3	-15.215	
-14.881

PCLVS /I	 -18.312	 -15.555t-4 t-4

PCLVS /I	 -16.808	 -14.563
t-5 t-5

PCLVS t-6
/It-6	-10.704	

-13.791

Constant	 288.945

n = 21.

a/ In Equation (A-7) the wool-lamb price and price of calves was deflated by
the Index of prices paid by farmers for all commodities bought, including
interest, taxes, and wage rates [13].

•



(A-10) Variable R value t value

Pt_i/Labort_i
b/
-

Pt-2 /Lab ors-2
Pt-3/Labors-3

Pt-4/Labors-4

Pt_5 /Labort..5

P	 /Labor
t-6	 t-6

Xt

Xt-1

X -2t-2

x
t - 3

Xt-4

X
-5t

PCLVSt-1

PCLVSt-2

PCLVS t-3

PCLVS
t-4

PCLVSt-5

PCLVS t-6

Constant

-6.118

-1.086

2.340

4.163

4.380

2.992

68.842

63.806

46.010

33.248

17 .912

3.181

-1.448

-4.438

-5.788

-5.498

-3.569

676.485

-3.521

-1.719

5.550

5.272

5.019

4.889

4.217

11.072

10.204

5.083

3.470

2.717

2.261

-2.245

-9.486

-8.990

-8.150

-7.664

n = 20.

b/
In Equation (A-8) the wool-lamb price was deflated by the index of
wages paid by farmers [13].

37
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Appendix Table 2. "Unscrambled" Coefficients for Equation 11

Variable 0 value t value.

t-1
-0.210 -0.373

t-2 3.259 7.143

5.355 10.426

P
t-4 6.076 11.096

.	 *
Pt-5 5.425 11.182

Pt-6 3.3993. 11.144

Xt
59.770 7.224

Xt-1
65.966 29.337

Xt-2 65.699 18.318

X
t-3 58.969 10.209

Xt-4 45.775 7.667

Xt-5 26.119 6.447

PCLVS t-1 0.467 0.708

PCLV St..2 -3.117 -8.958

PCLVS
t-3 -5.299 -16.329

PCLVS t-4 -6.078 -15.415

PCLVS
t-5 -5.454 -14.194

PCLVS
t-6 -3.428 -13.395

39



40

. Appendix Table 3. Average Number of Coyotes Observed Per 1,000
Miles of Sample Routes Traveled al

Year

Coyote
numbers
per 1,000

miles traveled Year

Coyote
numbers
per 1,000

miles traveled Year

Coyote
numbers
per 1,000

miles traveled

1947 5.2 1956 6.3 1965 17.0

1948 8.1 1957 4.8 1966 b/

1949 10.2 1958 10.6 1967 13.3

1950 3.2 1959 22.2 1968 13.0

1951 14.8 1960 10.2 1969 18.9

1952 5.5 1961 10.9 1970 19.4

1953 4.0 1962 13.9 1971 28.2

1954 5.8 1963 14.8 1972 21.9

1955 6.7 1964 17.9

a/ Taken from the Annual Reports of the Game Division, Oregon State
Game Commission (now Wildlife Commission), Portland, Oregon.

b/ No number reported for 1966, but indicated to be comparable to
1964 and 1965.
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APPENDIX B

Computation of Confidence Intervals 

In order to assess the reliability of the predicted reductions in sheep

production, confidence intervals for the projected production, assuming no change

in predator control policy in 1965, should be computed so as to reflect the
variance of the dummy variable, Xt. For example, for Equation (A-1) in Figure 2,

the cumulative effect of X
t is the following:

Year

Values for Xt , assuming no

change in predator control,
1965-72

1965 	 1.0

1966.. .. . .... ....... 	 1.81965

1967 	 2.491476

1968 	 3.042138

1969 	 3.493489

1970... ..... . ..	 	 3.863438

1971. 	 4.166667

1972 	 4.415209

To compute the variance of predicted production for 1972 with no change in
A	 A2	 1predator control policy, V(Y) = a C'(X i X)

- 
C, where C' = (422 39.956 4.415209),

for t = 1972. Using this procedure, V(f) 10,024, which implies a 95 percent
confidence interval equal to + 2.069(100.1188) A + 207. Of course, for 1965,
the 95 percent confidence interval is smaller, equal to about + 21. As shown

in Figure 2, the predicted production, assuming no change in predator control,

becomes increasingly unreliable as the cumulative effect of X t increases.

Confidence intervals could be computed differently for Equation (A-1) by

absorbing the increased production from X
t into the qt-1 variable each year.

However, this procedure would greatly underestimate V(f), as compared to the

procedure outlined first.



42

Confidence intervals were also estimated for Equations (5) and (9). For

(5), the 95 percent interval ranged from + 25.5 for 1965 to + 407.2 for 1972.

A much narrower interval was obtained for (9), the polynomial lag model, with

the 95 percent confidence limits being + 39.16 for 1965 and only + 58.53 for

1972. As for Equations (5) and (A-1), all the predicted increase in production

was entered through the dummy variable effect, W 3 and W4 of (9).



43

APPENDIX C

Generalized Least Squares Estimates of Supply 

An important limitation of the ordinary least squares (OLS) estimates of

the supply functions presented in this report results from the lack of inde-

pendence of successive observations for price and production time_series data.

Use of OLS can cause inefficient estimation of parameters and underestimation

of the variances of the regression coefficients [9, pp. 246-249].

An indication of the underestimation of the variances by OLS can be obtained

by comparing the corresponding main diagonal elements of the OLS inverse matrix

with the inverse estimated by generalized least squares (GLS). Suppose that the

true model is specified by the variables of (A-2), or

(C-1)

where

Oq	 + 81)	 + 8X + 8 PCLVS	 +1 t-1	 2 t-1	 3 t	 4	 t-1 
v 
t

+ e with )Ipl< 1 and the c's NID(0, a ,-1	 t 

following Johnston [9, pp. 316-317]. The GLS estimator is approximately equival-

ent to applying OLS to the transformed data,

(C-2) *	 *- pq	 ) = 13. (1-p) + 8 (q	 - pq	 ) + f3
2
(P
t-1 

- pP	 )t-1	 0	 1 t-1	 t-2	 t-2

+
3
(X

t
 - pX

t-1
) + 8

4
(PCLVS	 - pPCLVS ) +t-1	 t-2	 t'

if p were known. Since p was unknown in our case, we used a search routine to

find a value of 0, accurate to three digits, which would minimize the residual

sum of squares of (C-2). Using this method, a value of 0 = 0.518 was found, and

the corresponding GLS estimates of the 8's in (C-2) were the following:

Variable
GLS estimated
coefficient

GLS estimate
of t

Ratio of main diagonal
elements OLS/GLS

-qt 1 0.9439 8.6492 0.53

P
t-1 3.7987 3.0925 1.09

X
t 36.9205 1.4089 0.55

PCLVS
t-1 -2.665 -1.2377 0.68



According to these computations, OLS underestimated the variances of some

of the regression coefficients by a factor of almost 2. If so, then the OLS

estimates of t would be overestimated by almost the square root of 2.

Since the constant term was not significant for either OLS or GLS, it was

deleted and the equations refitted. The OLS estimate was:

(C-3) qt 0.81075 qt_i + 4.9027 Pt_i + 73.244 Xt - 4.0919 PCLVS t-1

	

(16.81)	 (3.18)	 (3.50)	 (-2.24)

and the GLS estimate was 0 = 0.539 and

(C-4) qt = 0.8714 q t..1 + 3.5776 P t...1 + 46.258 Xt - 2.9521 PCLVSt_i.

	

(18.35)	 (2.96)	 (2.06)	 (-1.87)

The GLS estimate was more efficient with a variance of regression, a2 = 563.1,
6%2

as compared to a = 956.3 for OLS. Again, OLS tended to underestimate the vari-

ances of the regression coefficients. Measuring this underestimation by the

ratios of the corresponding main diagonal elements, the following was obtained:

Variable 

OLS underestimation of variance, as
measured by ratio of corresponding
main diagonal elements, OLS/GLS     

.51    

.95
qt-1

Pt-1

Xt   .51

PCLV  .79   

Thus, OLS again gave some estimated variances that were only about one-half

that estimated by GLS. Therefore, it is concluded that OLS probably overesti-

mated some of the t values by about 40 percent.
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