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Two potential projects in Washington are examined for their secondary impacts on the
economy of the state. A major impact of these projects is to increase the energy costs to regional
power consumers. After accounting for the negative impacts of rising energy costs, the long
run state level residual income increases by $209 million after irrigating an additional 700,000
acres. The distribution of potential benefits is uneven among sectors of the economy and some
sectors will possibly experience substantial decreases in returns to stockholder equity as a result
of irrigation expansion.

A primary concern of U.S. agriculture
today is how to reduce production in or-
der to increase crop prices and farm in-
come. Since production control is also a
concern in irrigated areas, it is fair to ask
why irrigation development remains so
publicly and politically popular. This re-
port assesses one possible answer, that sec-
ondary impacts of developing additional
irrigated acreage provide the basis for the
political popularity of irrigation projects.
The analysis pertains to two major devel-
opment areas in Washington: the first a
U.S. Bureau of Reclamation financed ir-
rigation project of about 585,000 acres and
the second an area to be privately devel-
oped containing an estimated 221,000
acres of irrigable land. This paper projects
the impacts that future development of
these areas could have on the state's econ-
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omy, and discerns both the positive and
negative impacts of such development.

Benefits and costs of development fall
into four categories: (1) direct primary,
such as the value of production and costs
of construction, (2) indirect primary, such
as energy opportunity costs, (3) in-state
secondary, such as business growth or de-
cline, and (4) out-of-state secondary. This
analysis examines the impacts of in-state
indirect primary and secondary activity
that might be stimulated by irrigation de-
velopment, and examines the distribution-
al implications of additional development
in Washington State.

In Washington, the water used for ir-
rigation is provided primarily by the Co-
lumbia River and its tributaries, which si-
multaneously supports a vast network of
hydroelectric generation facilities. In ad-
dition, the Columbia River system pro-
vides water for other instream and with-
drawal uses: fisheries, recreation, waste
disposal, inland navigation, and wildlife
enhancement. Until recently, water re-
sources in this system were not considered
to be totally employed, and irrigation in
the Northwest did not compete signifi-
cantly with other water uses. The situation
has changed, however, and now there is

Western Journal of Agricultural Economics, 9(2): 233-243
© 1984 by the Western Agricultural Economics Association

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/7043856?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Western Journal of Agricultural Economics

strong competition between irrigation and
other uses of water, particularly hydro-
electricity production.'

As additional land is irrigated, more
water is diverted from the Columbia Riv-
er system, affecting both energy supply
and energy demand. The water diverted
to agriculture reduces the capacity of the
hydropower system. Also, electric energy
is used in the irrigation process itself to
operate the machinery needed to lift and
distribute water to irrigated land. Since
new, more expensive thermal energy fa-
cilities must be constructed if the electric-
ity used and "lost" as a result of additional
irrigation is replaced to meet electricity
demands, a potential problem is created
for the regional economy. It is important
to evaluate whether irrigation develop-
ment be pursued in light of the problems
the additional energy requirements create.

Whittlesey et al. found that the direct
costs of new irrigation development in
both study areas including the costs of in-
vestment in the delivery system and the
opportunity costs of land, water, and en-
ergy used, were far greater than the net
returns from farming the lands after de-
velopment. The economic feasibility anal-
yses in that study did not consider the large
energy costs imposed on the public by ir-
rigation development. In the U.S. Bureau
of Reclamation's East High Project (EHP),
the publicly imposed costs of energy will
exceed $225 per acre per year, while en-
ergy costs will exceed $190 per acre per
year in the privately developed Horse
Heaven Hills (HHH). These costs will be
borne by consumers of electricity in the
region through increased utility rates.

Aside from the issue of public energy
costs imposed by irrigation growth, the
present economic situation is not favor-
able for further development. Particularly
in the EHP, large capital subsidies to de-
velopers will be necessary to induce irri-

For example, see Wharton; Hastay et al.; U.S. Army
Corps of Engineers; Wilkins; and Whittlesey et al.

gation growth. The USBR estimates that
the payment capacity of farms in that area
to be about $46 per acre per year, includ-
ing operation, maintenance, and repair
costs, while the capital costs of develop-
ment will exceed $5,000 per acre. Farmers
are expected to repay about $1,500 of the
cost over a 50-year period with no interest
charges, providing a present value of about
$125. The remainder, including all inter-
est charges, will become a subsidy. The
economic rationale for developing lands
in the HHH is more favorable. However,
even there, some capital or interest sub-
sidies will be required to bring about full
development. Should some of the direct
costs of new irrigation development be
subsidized? If so, who should pay these
costs?

This study sought to shed additional
light on the desirability of irrigation de-
velopment in Washington by estimating
the secondary impacts of this activity on
the state's economy. If more agricultural
land is irrigated, producers and consumers
will be affected by (1) increased agricul-
tural output and the primary and second-
ary benefits and costs associated with ex-
pansion in the agricultural production
sectors, and (2) higher electricity rates re-
sulting from a greater reliance on nuclear
and coal fuels to provide the region's elec-
tricity supply. Input-output (I-O) was used
to measure the simultaneous impacts of
these effects on the Washington economy.
The study was expected to show increases
in state-level employment and income at-
tributable to additional agricultural pro-
duction. These positive effects were mea-
sured under two alternative production
scenarios. 2 Scenario I represents what
might occur immediately following com-
pletion of construction, including only
backward linkages to the livestock, meat
products, dairy products, and canning and

2 The crop mixes used and the primary benefits as-

sociated with development in each of the study areas
are detailed in Findeis and Whittlesey.
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preserving sectors. The crop mixes and
yields for Scenario I are based on irrigated
crops currently produced in the study
areas, with yields projected to 1985. Sce-
nario II is hypothesized to represent what
might occur in the long-run as irrigation
development stimulates large-scale expan-
sions of the food processing and livestock
industries. Scenario II includes a more sus-
tainable crop mix for long-run market
compatibility, with more wheat and less
forage crop production. A negative price
effect was estimated under Scenario II for
both fresh and processed vegetables and
fruits due to the expected downward pres-
sure on prices by increased production.
Increases in transportation services need-
ed to haul the additional fresh and pro-
cessed output for export were also includ-
ed. In addition, the magnitude of the
negative effects stemming from higher
electricity rates, as well as the sectoral dis-
tributional impacts of the induced eco-
nomic changes, were estimated in an I-O
framework.

A = an (n x n) matrix of technical
coefficients;

X = an (n x 1) gross output vector;
F = an (n x 1) final demand vector.

Conventional logic treats F as a vector
of exogenous variables. With F given, and
constant technical coefficients assumed,
values of endogenous outputs can be es-
timated as X = (I - A)-1F. Since the sys-
tem is linear, it can also be used to relate
changes in F,(AF), to changes in X,(AX),
as

AX = (I - A)-AF. (2)

McKusick et al. explored the use of in-
put-output for estimating regional devel-
opment project impacts where the initial
effects of the project were to increase ca-
pacity for output, and where certain as-
sumptions could be made concerning use
of the additional output. Essentially, the
conventional classification of X as endog-
enous and F as exogenous is set aside, but
the structure above, or the equivalent one

(I - A)AX = AF, (2')

Methodology

The input-output transactions table re-
flects the structure of an economy, and
can be used to assess the interindustry im-
pacts predicted to occur as direct and in-
direct results of additional irrigation de-
velopment, including those due to the loss
of hydropower generation capability. The
changes predicted to occur can be classi-
fied as changes in (1) final demand, (2)
output, or (3) exogenously determined
prices. The short-run industry impacts
stemming from each of these changes can
be analyzed using input-output.

The flow of products described in an
I-O transactions matrix can be represent-
ed mathematically for an n industrial sec-
tor economy as follows:

AX + F = X (or F = (I- A)X) (1)

where

is retained and imposed as a way of en-
suring consistency in the accounting of es-
timated output, interindustry flows, and
fixed demand changes arising from im-
plementation of a project.

Their approach may be generalized by
regarding the basic structure in (2) or (2')
as merely n equations in 2n variables (AXi
and AFi, i = 1, 2, ... , n) which must be
satisfied after the change in economic ac-
tivity that is contemplated. Assumptions
regarding initial impacts may be stated in
terms of n consistent independent linear
conditions on AXi + AFi. These n condi-
tions are appended to the basic structure
in (2), permitting a solution for all 2n vari-
ables as measures of the final impacts of
the change in economic activity that is
contemplated. The simplest conditions to
impose are those that merely set AXi = 0
and AFi = 0 for sectors which are unaf-
fected by the activity change, but the ap-
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proach is much more general than this and
permits substantial flexibility in evaluat-
ing realistic scenarios. The requirement
that the conditions must be consistent and
linearly independent also has the advan-
tage of implicitly defining bounds on the
applicability of the approach.

Lee, Blakeslee, and Butcher provided
an analogous framework for analyzing ex-
ogenous price changes in conjunction with
changes in final demand. The I-O meth-
odology used by Lee et al. to assess price
change impacts is based on the simulta-
neous solution of three equations that de-
scribe the transactions matrix embodied
in equation (2), with input and output
prices implicit to equation (2) being ex-
plicitly modeled. To calculate changes in
output, total income, and residual income
due to exogenous price changes, all prices
and final demands are indexed, a proce-
dure that simplifies computation and
eliminates the necessity of knowing base-
period prices explicitly; it is only neces-
sary to know by what percentage prices
change from the base period. Using this
method known as the "constant dollar"
method,3 the following equations were de-
veloped:

Dap(I - A)X - CY = DapDaT 0 (3)
Y = R E' + APwWX + Y, (4)
R = [ Da(I - A) - APW - eD^,pm]D (5)

where

D,p = an (n x n) diagonal matrix with
indexed prices, (Pi/P°), on the
diagonal, where P° is a base pe-
riod price and P, the new price,

C = an (n x 1) vector of marginal
propensities to consume,

Y = total income (a scalar),
TO = an (n x 1) vector of base peri-

od final demands,
DA = an (n x n) diagonal matrix with

indexed final demands, (Ti/T°),
on the diagonal,

3 Lee et al. present a detailed discussion of this meth-
odology, as do Bezdek and Wendling.

R = a (1 x n) residual income vec-
tor,

E = a (1 x n) vector of ones,
AP w = Pw/P° (a scalar),
W = a (1 x n) labor requirements

coefficient vector;
Ya = autonomous income (a scalar),

Dpm = an (n x n) diagonal matrix with
indexed import prices, (Pmi/
Po,), on the diagonal,

M = an (n x n) matrix of import
coefficients,

Dx = an (n x n) diagonal matrix of
sector outputs. 4

Equation (3) specifies that total output by
sector (DpX), minus interindustry sales
(DApAX) and interpersonal consumption
expenditures (CY)5 is equal to exogenous
final demand (DapDa,,T). Equation (3) is
analogous to equation (1) except that the
prices are specified explicitly and house-
hold consumption is modeled as a func-
tion of total income.

Since total aggregate income is, in turn,
a function of output, equations (4) and (5)
become necessary to ensure consistency.
Equation (4) defines total income (Y) as
the sum of three components: (1) residual
income (Re'), (2) total wages paid
(APwWX), and (3) autonomous income
(Ya). Total wages paid are assumed to be
proportional to output, and autonomous
income, all income payments made to
households from outside the economy
being modeled, 6 is determined exogenous-
ly. Residual income is determined by

4 Note that D, e' = X.
5 Although the consumption function specification

used here differs from the traditional Keynesian
consumption function which includes an intercept
term, it is consistent with the I-O specification of
household consumption. Future I-O modeling ef-
forts however, may be aimed at incorporating an
intercept term to improve the realism of I-O.

6 For example, social security payments by the fed-
eral government represent one example of "auton-
omous income" for a state or regional economy in
the U.S.
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equation (5). Since residual income in-
cludes proprietor's income, rent, divi-
dends, and interest paid, with "rent" and
"dividends" including all returns to fixed
factors of production (whether actually
paid to factor owners or not), the residual
income accruing to each industrial sector
is defined as the gross income earned in
that industry minus costs for nonlabor
variable inputs, wages paid, and imported
inputs.

When solved simultaneously by substi-
tution, the above equations can be used to
assess the output and income changes
stemming from simultaneous changes in
the final demand matrix (DAt) and prices:
prices for imported inputs (DApm), internal
inputs and outputs (Dp), and labor (AP).

The effects stemming from changes in
the wholesale price of electricity will be
assessed in this framework, since addition-
al irrigation reduces low-cost hydropower
production and increases the need for
high-cost thermal generation to meet en-
ergy demands. New irrigation will also re-
sult in increased primary agricultural out-
put, the value of which can be measured
as a function of the crops produced, the
associated yields, and the output price. If
changes in the quantities of primary ag-
ricultural output produced in the state are
modeled as changes in final demand of
the same magnitudes, the amount of pri-
mary agricultural production resulting
from new irrigation will be overesti-
mated, due to the indirect impacts stem-
ming from increased final demand.
Therefore, for this study, a procedure was
used that makes use of the method de-
scribed in the discussion of equations (2)
and (2') above. In addition, the frame-
work developed by Lee et al. was further
adapted to accommodate nonzero intra-
sector transactions rather than assuming
them to be zero as in the original formu-
lation.

The presence of nonzero intrasector
transactions changes the model only by
the treatment of intrahousehold transac-

tions. The inclusion of intrahousehold
transactions was readily accomplished by
including in the income equation a new
term (KY) representing the value of intra-
household transactions. Thus, equation (4)
was redefined as follows:

Y = Re' + APWX + Y, + KY (4')

or

1
Y = - (Re' + APWX + Y,).

iL - Kv
(4")

To accommodate output restrictions in
addition to changes in final demand and
exogenous prices, the simultaneous equa-
tions used to analyze exogenous price
changes were partitioned into two subsets:
(1) those I-O sectors for which gross out-
put changes are restricted to some pre-
determined level, and (2) the remaining
I-O sectors for which changes in final de-
mand are known, and in many cases may
equal zero. Each matrix or vector was par-
titioned to separate the k industries for
which gross output changes are known.7

By solving the partitioned matrices simul-
taneously, short run changes in sectoral
gross output levels, total income, and re-
sidual income can be estimated even when
several gross output, final demand, and
price changes are occurring simultaneous-
ly in an economy. This methodology was
used to measure the economic impacts of
simultaneous increases in agricultural out-
put production and electricity rates due
to additional irrigation development.

Empirical Analysis

The input-output transactions matrix
developed by Bourque and Conway for
the 1972 Washington State economy was
used as the base. Since this study addresses
changes that may occur in the next de-
cade, the transactions matrix was first up-

7 For a discussion of the partitioning of equations (3),

(4'), and (5) and the mathematics involved, refer to
Findeis.
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dated to reflect changes that have oc-
curred or are predicted to occur over time
in the Washington economy.8 The RAS
procedure was used to adjust the original
technical coefficients, aij, to be consistent
with future forecasts for the year chosen
for analysis, 1985. 9

After updating, the electric utilities sec-
tor was disaggregated into two sectors: (1)
electricity generation, and (2) electricity
transmission and distribution. This disag-
gregation allowed more accurate assess-
ment of the effects of changing electricity
generation costs due to additional irriga-
tion development on rates charged to dif-
ferent power consumer classes. If the ratio
of generation costs to distribution costs was
identical for all classes of power con-
sumers, the impacts of an exogenous price
change could be assessed by increasing the
delivered price of electricity by the same
percentage for residential, commercial,
and industrial consumers. However, dif-
ferent types of power consumers face
blended electricity prices that are based
on different generation/distribution cost
ratios. Since the wholesale cost of electric-
ity was assumed to be the same for all
power consumers with differences in re-
tail rates among consumer classes reflect-
ing differences in distribution and trans-
mission costs, it was possible to assess the
impact of an exogenous price change in
the electric generation sector only. The
methodology described for assessing the
effects of an exogenous price change was
used to evaluate the effect of a change in

8 Projections of gross output changes were made on
the basis of projections developed by Wilkins, Ley
and Butcher, Bonneville Power Administration, and
O'Rourke.

9 The RAS procedure is a biproportional adjustment
of an existing technology matrix. The existing A
matrix is premultiplied by a diagonal matrix R and
post multiplied by a diagonal matrix S such that
RAS = A* or riaijsj = ai. The procedure normally re-
quires that the updated technology matrix be re-
balanced after the adjustment.

the generated or wholesale price of elec-
tricity.

Additionally, the 51 industry 1972
model was aggregated to 33 industries
with the household sector being the thirty-
fourth "sector" in the Type II model. The
agricultural and energy sectors were not
aggregated, since changes in these sectors
were the focus of this study. The other
modification made to the I-O transactions
matrix involved a reestimation of the cost
of imported inputs used in the electricity
generation sector. Since thermal power fa-
cilities rely more heavily on imported in-
puts (e.g., equipment and fuel) than do
past generation systems in Washington, the
import technical coefficient for this sector
was increased with a corresponding de-
crease in the value-created coefficient.

The output, employment, labor in-
come, and residual income impacts of ir-
rigation development under each of the
two future scenarios were estimated for
both projects combined. Under Scenario I
initial output changes were assumed in the
field and seed crop sector and in the veg-
etables and fruits sector, while under
Scenario II output increases were assumed
to initially affect the following industries:
field and seed crops, vegetables and fruits,
livestock, canning and preserving, meat
products, and dairy products. To isolate
the effects of electricity rate changes, both
scenarios were analyzed with and without
changes in electricity prices resulting from
additional irrigation development. The
results are presented first without the elec-
tricity price change and then with the
price change considered.

Aggregate Impact Assessment

When the statewide impacts resulting
from increases in agricultural production
are assessed without deducting the effects
of new irrigation on electricity rates, ir-
rigation stimulates statewide economic
development. For example, under Scenar-
io I real gross output increased by $435
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TABLE 1. Statewide Impacts of Irrigated De-
velopment without Increasing
Electricity Rates Considered.

Scenario Scenario
I II

(Short (Long
Annual Impacta Term) Term)

Aggregate Output
(Million Dollars) 435 1,187

Total Incomeb (Million Dollars) 323 634
Residual (Value-Created) Income

(Million Dollars) 199 353
Labor Income (Million Dollars) 102 238
Job Opportunitiesc

(Number of Jobs) 24,820 45,640

a 1972 dollars.
b Changes in total income will exceed the estimated

changes in residual income plus labor income due to
the feedback effects of intrahousehold transactions.

c Including proprietorships.

million, employment by 24,820 jobs, labor
income by $102 million, and residual in-
come by $199 million annually. As shown
in Table 1, gains under Scenario II in
which forward linkages to the livestock,
dairy, meat products, and canning and
preserving sectors are modeled were much
greater.

However, the quantity of electricity
used and lost as a result of this additional
economic activity is significant: 9,438 kwh
per acre in the EHP, and 7,890 kwh per
acre in the HHH. Since the energy used
and lost will be replaced from higher-cost
energy sources, higher electricity rates
which have a depressing effect on state-
wide economic activity will result. Since
most of the nonlabor inputs used to con-
struct nuclear generation facilities are im-
ported into the state, most of the increase
in power gross revenues resulting from
higher electricity rates is exported. There-
fore, the increased utility rates reduce
statewide output, employment, and in-
come from the estimates in Table 1.

The estimated statewide impacts of ir-
rigation development with higher elec-
tricity rates considered are shown in Ta-
ble 2. Despite the adverse economic effects
of higher electricity rates, the net impact

TABLE 2. Statewide Impacts of Irrigation De-
velopment with Increasing Elec-
tricity Rates Considered.

Scenario Scenario
I II

(Short (Long
Annual Impacta Term) Term)

Aggregate Output
(Million Dollars) 377 1,122

Total Incomeb (Million Dollars) 242 460
Residual (Value-Created) Income

(Million Dollars) 138 209
Labor Income (Million Dollars) 86 220
Job Opportunitiesc

(Number of Jobs) 22,640 43,130

a1972 dollars.
b Changes in total income will exceed the estimated

changes in residual income plus labor income due to
the feedback effects of intrahousehold transactions.

c Including proprietorships.

of irrigation was found to be positive to
statewide economic development. As
shown in Table 2, when the impacts of
higher electricity rates and increased ag-
ricultural production are simultaneously
measured, total state output increased by
$1,122 million, employment by 43,130
jobs, labor income by $220 million, and
residual income earnings by $209 million
under Scenario II. The effect of increased
power rates was to reduce employment by
2,510 jobs and total income by $174 mil-
lion from the levels attributed to irrigation
when changes in electricity rates were not
considered.

Distributional Implications

Although the net effects of additional
development in Washington are positive,
the aggregate output, income, and em-
ployment impact estimates fail to provide
an indication of the distributional impli-
cations of development and do not reflect
the higher cost of living resulting from
higher electricity rates. As energy prices
increase, the cost of living will increase in
the state. For example, if both projects are
developed under a Scenario II pattern, all
residential electricity customers will pay
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TABLE 3. Residual Income Losses Due to
Additional Development under
Scenario II.

Annual Residual
Income Lossa

Industry ($1,000)

Aluminum -18,344
Mining -603
Wood Products -1,926
Pulp and Paper -2,158
Glass, Cement, Stone, and Clay -360
Iron and Steel -745
Other Nonferrous Metals -85
Aerospace -2,090

a 1972 dollars.

an additional $11.36 (1972 prices) per
person annually on the average to main-
tain current electricity consumption levels,
while not all households will benefit. Those
households associated with agriculture will
be the primary beneficiaries of new de-
velopment.

Second, several important industries,
most notably the aluminum industry, will
experience absolute declines in residual
income earnings. Sectors experiencing only
a small decrease in residual income rela-
tive to total output are relatively immune
to changes in electricity rates, and irriga-
tion development will have little impact
on these industries. However, industries
relying heavily on electricity as an input
may be significantly affected by higher
rates. Such industries will experience short-
run declines in residual income and will,
in most cases, find it necessary to pass
along price increases to consumers, adjust
their production processes over time, or
accept lower rates of return on fixed cap-
ital.

By examining changes in residual in-
come earnings on an industry-by-industry
basis, the "gainers" and "losers" of irri-
gation development were identified. If
both projects are initiated under Scenario
II, residual income accruing to the agri-
cultural production and processing sectors
will increase by $147 million, while earn-

ings in the transportation services, trade,
and services sectors will increase by $70
million. These sectors are the principal
"gainers" from irrigation.

The remaining sectors of the economy
would experience an absolute residual in-
come loss. These industries are the "los-
ers" from development. Unlike the "gain-
ers" which tend to be concentrated in
agriculture, the "losers" are diverse, with
the negative impacts spread throughout
the Washington economy. Since the major
source of negative effects are electricity
rate increases that are needed to recoup
the costs of power replacements, the en-
ergy-intensive industries and particularly
the aluminum industry, will lose the most
if irrigation is undertaken. If development
of both projects is initiated, the aluminum
industry could lose as much as $18 million
per year in residual income earnings un-
der Scenario II. As shown in Table 3, ab-
solute residual income losses will also oc-
cur in mining, wood products, pulp and
paper, glass, cement, stone and clay, iron
and steel, other nonferrous metals, and
aerospace, in addition to aluminum. These
industries have traditionally been impor-
tant to the Washington economy, produc-
ing almost 30 percent of all output in the
state.

Changes in Return on Stockholder
Equity

To sharpen the focus on the secondary
impacts of irrigation development,
changes in return to equity that might re-
sult from the development activity for se-
lected sectors of the economy were esti-
mated. The ratio of residual income to
total sales in a baseline solution was de-
ducted from a like ratio for the Scenario
II solution with electricity price changes,
to provide an estimate of the change in
residual income per unit of sales for a sec-
tor. This number was multiplied by the
1980 sales per equity ratio for specific sec-
tors to provide an estimate of the change
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in return per unit of equity. The results
for six selected sectors are shown in Ta-
ble 4.

Of those sectors for which changes in
returns to equity capital were estimated,
aluminum, pulp and paper, and aerospace
experienced declines in residual income
due to irrigation development. These sec-
tors were also shown to derive a reduction
in the return to stockholder equity. It was
estimated that the aluminum industry
would experience nearly a 40 percent de-
cline in the industry's return to equity.
The declines for the aerospace and pulp
and paper sectors were not as large, but,
nevertheless, negative.

The chemical industry and the canning
and preserving sector were shown to have
higher residual income earnings coupled
with declining return to equity ratios as a
result of increasing energy costs. Perhaps
the most interesting feature of Table 4 is
the significant decline in return on equity
for the canning and preserving sector. This
industry had a large increase in employ-
ment and residual income resulting from
irrigation development. However, the
large associated increase in sales was ac-
complished by a decline in product price
which, in combination with higher elec-
tricity costs, caused the return on equity
to decrease sharply. Only the beverage
sector, of those shown in Table 4, had both
an increase in residual income and a
higher return on equity. In the latter case,
the decrease in the cost of grains to the
brewing industry more than offset the in-
creases in electricity costs resulting from
irrigation development.

These estimated impacts indicate that
the effects of new irrigation might be less
desirable than only the employment and
income data would show. In fact, the in-
put-output results by themselves provide
little guidance regarding the net benefits
of development activity. The model re-
sults only serve to indicate what the gen-
eral change in economic activity will be,
not whether it is good or bad. It is shown

TABLE 4. Estimated Changes in Returns to
Capital Equity in Selected Indus-
tries Resulting from Irrigation De-
velopment.

Changes in
Return on Return on

Stockholder Stockholder
Industrial Equity-1 980a Equity-1980
Sector (Percent) (Percent)

Beverages 15.60 .60
Food Canning and

Preserving 14.50 -15.66
Aluminum 12.90 -4.83
Pulp and Paper 12.80 -0.59
Aerospace 16.20 -0.28
Chemicals 13.90 -1.10

a Source: U.S. Bureau of Census. Statistical Abstract
of the United States, 1981. Table 935.

that profits could decrease in several in-
dustries. Such industries would be reluc-
tant to expand capacity through capital
investment if that result was expected. It
would be difficult to generate an incentive
for subsidizing the primary development
of irrigation among other sectors of the
state economy under these conditions.

Conclusions

Although the results of this study show
that new jobs would be created and more
resources employed as a result of irriga-
tion development, it would be naive and
premature to conclude that irrigation de-
velopment in either project should be un-
dertaken. It is anticipated that at least
some of the additional wage and salary
workers employed would have an oppor-
tunity cost greater than zero. To more ac-
curately assess the secondary benefits of
irrigation, the opportunity cost of these
workers and other factors should be de-
termined and deducted from the benefits
attributed to irrigation development.

Perhaps more important, input-output
is an appropriate methodology for mea-
suring the secondary impacts of irrigation
development but does not provide mea-
surements of the fixed costs associated with
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elevated levels of economic activity. Even
if it is assumed that all industries prior to
development are "profitable," it is shown
that this profitability may be eroded by
increased energy costs, investment costs for
additional production, or decreases in
commodity prices. In this study, higher
electricity rates due to irrigation devel-
opment depressed residual income earn-
ings in Washington by approximately $144
million under Scenario II, causing the rate
of return earned on fixed capital to de-
crease in most industries. As earnings are
depressed it becomes questionable wheth-
er profitability will be maintained in all
industries, especially in industries experi-
encing absolute residual income losses.
Future research should concentrate more
heavily on measuring the fixed costs as-
sociated with expansion, so that better
comparisons of residual earnings to fixed
costs can be made.

This analysis has focused only on the
impacts of irrigation development in
Washington State. However, approxi-
mately one-half of the negative impact
from higher electricity rates due to addi-
tional irrigation in Washington will fall
within the states of Idaho and Oregon. The
demonstrated changes in returns to capi-
tal investment could negatively affect in-
dustries in neighboring states.

If subsidies for development are forth-
coming from outside the state, it may be
in the interest of the state to encourage
such development. In this case, most of
the benefits occur within Washington
while much of the costs, including subsi-
dies for development, will fall outside the
state. However, if subsidies must be pro-
vided from within the state, there is no
assurance that sufficient additional profits
can be generated in other sectors to sub-
sidize irrigation development. The subsi-
dies to irrigation coupled with higher
electricity rates may indirectly curtail
other sectors, partly offsetting the eco-
nomic stimulus from irrigation. As electric
energy becomes scarcer, public invest-

ment in other investment alternatives may
be more beneficial to long-run economic
growth in the Northwest than energy-in-
tensive irrigated agriculture. Irrigation
development will likely continue to be
controversial, with ultimate decisions
about growth being settled in the political
arena rather than on the basis of econom-
ics.

This study did not consider one major
feature of current federal policy regard-
ing USBR irrigation projects. States must
now provide approximately 20 percent of
the total capital subsidy for such projects.
In this case, Washington State will have
to contribute about $1,000 per acre to the
construction cost subsidy of the East High
Project. This cost, to be paid from state
general revenues, will reduce household
disposable income by a like amount. This
state level subsidy would significantly re-
duce estimates of secondary income and
employment from those shown in this
analysis and cause additional concern
about the desirability of the project.
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