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CAPITAL BUDGETING ANALYSIS OF UNCERTAINTY
IN IRRIGATION INVESTMENTS

by

Wesley N. Musser

Irrigation as a risk response has received considerable attention
under S-180. Part of this research, such as Boggess and Bosch and
Eidman, concerns the application of standard risk efficiency criteria
to production and income risk associated with use of irrigation. At
the same time, such standard research has been recognized as having
limited relevance for the current issues associated with financial
stress which has emerged as an important component of the activities of
5-180. Young raised this limitation in reference to Boggess' work in
noting its abstraction from financial and institutional risk. Sub-
sequent reviews of literature on irrigation (Bosch, Eidman, and
Oosthuizen; Ttw and Boggess) have also considered these broader
dimensions of risk associated with irrigation. Ageneral bias towards
short term issues in empirical risk research can be related to limita-
tions of empirical irrigation research. McCarl and Musser noted that
focus on short term issues in risk research arises from the ease of
specification of probability distributions required for risk efficiency
models for such issues. Further, they also note that analysis of
issues of longer term risk or uncertainty, such as those identified for
irrigation, require more eclectic empirical models than has been common
in research on standard production and marketing risk analysis. The
current ongoing research under S-180 on financial stress is an example
of this proposition.

The purpose of this paper is to evaluate the potential of capital
budgeting methods to evaluate some of the uncertainty issues associated
with irrigation. This paper rose out of informal discussions at the
1985 S-180 meeting concerning irrigation as an example of investments
during the past decade that may have contributed to current financial
stress. The next section of the paper presents data on irrigation for
the states cooperating in S-I80 to explore national trends in irriga-
tion uses as background on the relevance of this issue. The subsequent
section considers a capital budgeting model of irrigation investments,
with particular attention to risk. The selection of a capital
budgeting model is partially based on its consistency with the issues

*Wesley N. Musser is a visiting associate professor in the
Department of Agricultural and Resource Economics, Oregon State
University.

A. Gene Nelson made helpful comments on a draft of this paper and
John Hewlett developed the data in Table 1.
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of long term risk (MoCarl and Musser). In addition, such an approach
would allow a broad national analysis of investments in irrigation,
under 5-I80. The final section of the paper therefore discusses a
regional approach to research in this topic. Even if such a
coordinated research effort does not emerge, this conceptual review
will provide more evaluation of the basic capital budgeting model in
analysis of uncertainty.

Trends in Irrigated Crop Production

Historically, irrigation was considered a production practice that
allowed agricultural production on arid lands. For example, classic
textbooks in land economics such as Ely and Wehrwein and Barlowe only
discuss irrigation in the context of areas with very limited rainfall.
In the modern era, several trends in agricultural production systems
make this concept seem quite quaint. First, the biological revolution
in varieties, fertilization, and pest control increased the marginal
product of water in agricultural production so that supplemental
irrigation to accommodate stochastic rainfall in subhumid areas became
an economically viable practice Mart and Stauber). The development of
the concept of irrigation schedules related to stochastic rainfall
(Mapp and Eidman) was an iwortant concept to accommodate such an
irrigation practice. Even before the mid-1970s, irrigation was being
used in many areas that could not be considered arid, especially for
higher-valued crops.

In the 1970s, two developments accelerated this process. First,
the development of modern automated irrigation systems had several
important impacts. This new technology probably reduced the relative
cost of irrigation compared to other inputs. Perhaps more importantlY,
it raised the marginal product of irrigation on soils with low water
retention capacity in which timing is important. Secondly, the price
increases for many commodities in the mid-1970s raised the value of the
marginal product of irrigation. The resulting increases in irrigation
after 1974 are documented in Table 1. Between 1974 and 1982, harvested
irrigated cropland increased in all regions except New England and the
Mid-Atlantic. The largest acreage increases were in the West North
Central region with over 3.6 million acres, the Mountain region with
over 1.4 million acres and the Pacific region with over 1.3 million
acres. However, both the South Atlantic and East South Central regions
had increases of over 500,000 acres. On a percentage basis, the East
North Central and the East South Central regions, increased over 100
percent, and the West North Central and the South Atlantic regions
increased over 50 percent.

Most states in S-180 shared in these increases. Only New York,
Texas, Oklahoma, and Arizona had decreases. Nebraska with over 2
million acres had the largest increase with Arkansas second with over 1
million acres, and California third with increases of over 800 thousand
acres. Illinois, Michigan, Minnesota, Kansas, Missouri, Georgia,
Florida, Mississippi, Montana, Colorado, Washington, and Oregon were
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with Georgia second at over 425 percent. Other states above 300
percent include Indiana, Minnesota, and Alabama.

Without dwelling on more details, several conclusions are readily
apparent. Except for the Northeast and the Southwest, increases in
irrigation were a component in recent production increases throughout
the nation. Although irrigation is still centered in the West, large
increases have been occurring in many states east of the Rocky
Mountains and even the Mississippi River. Thus, irrigation investments
are a national issue and the uncertainty associated with these invest-
ments are worthy of national attention. Issues associated with
irrigation are much broader than risk management; for example, the
water availability issues which undoubtedly influenced the trends in
the Southwest impact on risk management but are outside the analytical
focus of S-180. Furthermore, the local or regional aspects of the
problems are not necessarily ameanable to national research in S-180.
However, the market forces which create price uncertainty have national
origins; furthermore, production uncertainty processes are similar
enough that a national approach may be feasible. Presentation of a
simple analytical framework to incorporate these management issues is
the concern of the next section.

A Capital Budgeting Model for Farm Investments
in Irriqation

The past 20 years have seen a revolution in the incorporation of
models of capital budgeting from corporate finance into farm manage-
ment. Such a discussion is now a standard component in agricultural
finance, farm management, and production economics texts. Neverthe-
less, a fairly elementary review may be helpful to sane participants
and will serve as a basis to discuss empirical issues. A standard
corporate finance capital budgeting model is based on net present value
(NW) of an investment:

(1) NW = 
n R4_ (1-m) n1 nipt S

n-STE  n - C + ITC
t=1 (l+k)t t=1 (1+k) (l+k)

where Rt = net cash flows before interest and taxes in period t, m =
marginal income tax rates of the firm, n = length of planning horizon,
k = after tax weighted-average cost of capital, Dt = depreciation
allowance for taxes in t, n1 = length of depreciation period < n, Sn =
market salvage value in period n, ST = income taxes on salvage value,
C = current installed cost of the investment, and ITC = investment tax
credit. This model discounts cash flows to all sources of financing
with a weighted average cost of capital, k which is specified as:

(2) k = ke(1-m) (l-L) + kd (1-m)L
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where: ke = before tax cost of equity capital, kd = effective interest
rate on debt, and L = ratio of market value of debt to market value of
assets. Both ke and kd reflect rates on incremental capital rather
than existing capital.

Some agricultural economists, including the author in some
applications, still use the alternative concept of explicitly including
after-tax value of debt cash flows and discounting all cash flows by
ke (1-m). Such a procedure can yield the same NW as (1) if applied 
correctly (Brigham; Levy and Sarnat). However, correct application
precludes the major advantage of realism in explicitly treating debt
financing for the investment. The correct treatment of explicit debt
is to set cash flows from debt so that the ratio of debt to the value
of the asset is consistent with the overall leverage position of the
firm throughout the planning horizon. Initial debt = LCn and terminal
debt = L(Sn - ST) with principal payments included for other periods to
maintain ddlot equal to L times the salvage value of the asset after
taxes. This principle reflects the concept of separation of financing
and investment which has risen from the Modigliani and Miller
propositions. Quite simply, inclusion of cash flows from actual debt
associated with an investment does not account for all the financing
aspects of the investment on the firm unless the investment is financed
at the same proportions as the overall leverage of the firm. For
example, using all equity financing augments the credit reserve of the
firm while complete debt financing depletes the credit reserve.
Usually, (1) is much simpler than accommodating these debt cash flows
and will be used in this paper. However, income taxes for farm firms,
treatment of risk, and estimates of k.„, for (1) and (2) all require some
adaptation for use in farm finance and are further discussed in this
section.

Income Taxes

Many farm firms have business organizations that subject them to
individual income taxes rather than corporate taxes. Under individual
taxes for farmers several modifications in (1) and (2) are necessary.
Annual rather than quarterly tax payments results in an assumption that
ITC is received in period (1) rather than immediately. Aless standard
modification concerns the assumption of a constant value of m in (1).
Under the corporate tax structure, the highest marginal rate is
achieved at taxable income levels quite small for most corporate
enterprises so that constant m is reasonable. However, individual tax
rate structures have much more variation both in size of bracket and
number of brackets. Most evidence seems to point to values of m less
than the maximum amount for most farm firms, and investments the size
of an irrigation system would likely vary m over several brackets.
Musser, Tew and White demonstrate that relaxing the assumption of a
constant m can affect chance of depreciation method, and Mackey and
Musser demonstrate that it can alter the lease vs. purchase decision.
Such results are consistent with the detailed modeling of income tax
law in whole firm programming and simulation models.

Relaxing constant m in capital budgeting requires a few more
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parameters than in (1) in order to determine charges in income taxes
arising from the investment (ATO:

(3) Tt = Tt - Tt = f (TI) - f (TIt)

where: T. = income tax liability in t with tipie investment, Tt = income
tax liability in t without the investment, TIt = taxable income in t
with the investment, TIt = taxable income without the investment, and
f(TIt) = the income tax rate structure. Tit is specified as follows:

(4) TIt = Tit Rt - for t = 1,...n-1

= Tit + Rt - Dt + Sn for t = n

where Sn = taxable income for salvage value of the investment. In
empirical analysis only the tax rate structure f(TIt), and Tit must be
specified. A. whole firm model could be used to specify TIt but it
could also be a parameter on which sensitivity analysis is conducted
Mackey and Musser). Note that (31 does not include interest from the
investment in the definition of Tlt, which is consistent with the
general concepts in (1). Tax effects of additional debt can, bemodeled
with specifying mt in the definition of k consistent with TIt, which
accommodates all after tax effects of financing the investment (Musser,
Tew and White). If interest payments could cause the marginal tax rate
tolvary over several brackets, the average of the rate associated with
Tit and the next lower or lower rates could be used. Velenmit varies
among periods then k is not constant over the planning horizon. The
discount rate for period t(PVIFt) is then (Musser, Tew and White):

(5) PVIFt = 71* [ 1 + Ike (1-mt) (1-L) + k ( -mt) Li] ]
t=1

Variations in ke and kd among periods could also be accommodated in
(5).

Capital Budgeting and Risk

Several methods have been used to accommodate risk in the capital
budgeting framework. Several methods involve adaption of single period
risk efficiency criteria to the investment content. For such methods,
Rt in (1) is considered a random variable. Moments of NPV can then be
derived for E-V analysis. Alternatively, a probability distribution of
NPV can be evaluated with stochastic dominance - Boggess and Amerling
is a recent application of this procedure to irrigation investments.
Risk-free discount rates should then be used with these methods Mew
and Sarnat; McCarl and Musser). The problem with these methods under
uncertainty is the difficulty in specifying long-run probability
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distributions (McCarl and Musser). Generalization of the methods in
Boggess and Amerling may allow simulation of "long-run distributions."
Such a procedure for coordinated regional research appears difficult if
not impossible since crop simulators would have to be available for all
cooperating production regions.

Another method involves assuming Rt and the other cash flows in
(1) are certainty equivalents and using a risk-free rate for k. As an
empirical method this approach is even more limiting than risk effic-
iency criteria because stable utility functions are required along with
probability distributions. However, such a theoretical interpretation
can be used to rationalize k as a risk adjusted discount rate.
Following Robichek and Myers, assume Rt is the expected value of
incremental returns in t, r = risk-free interest rate, and a is the
ratio of the certainty equivalent of returns to R. Foy a single
period investment, NW of the certainty equivalent (NW) is:

aR RI(6) nevi =  
1 

(l+r) (l+r)/cx = (l+k)

where k = [(1+r)Ax] - 1. Alternatively a could be calculated as:

(7) a (l+r) 
(l+k)

Such an approach does have limitations if k and r are assumed constant
throughout the planning horizon. Generalizing the concept of a to
single period values at, the relationship in (7) becomes:

(1+0
t

N(8) at - 
(l+k)t 

= (l+k) t-1 
a
t-1

Adeclining value of at over time implies that the certainty equivalent
of returns with a constant mean is declining over time. Assuming
constant risk aversion, the risk of returns is implicitly increasing
over time if k and r are constant among periods. CI course the value
of kt could be allowed to be a declining function of t in order to
maintain a constant ai„. However, increasing risk over time does seem
to be the essence of long-term uncertainty (McCarl and Musser). Thus,
the implicit risk assumptions in the risk adjusted discount rate model
appears to be consistent with the problem of concern in this paper.
Since k subsumes risk aversion in this model, this variable must be
considered as one moves toward application.
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Cost of Eciuitv Capita], for Farm Firm

If the definition of k in (2) is examined, most of the variables
are commonly calculated in farm management applications. One exception
is ke. While it is not a traditional farm management variable, it is
related to opportunity cost of equity capital. Given that risk in
investments is incorporated in this variable, an understanding of ke
and its differences with traditional farm management concepts is
crucial for use of the risk-adjusted discount model.

In corporate finance theory, ke is the long-term capitalization
rate in market valuation of common equity. If Po is the current price
of a share of common equity and Dt is the expected dividend in period
t, ke can be determined for the following equation:

(9) p = E
t=1 (1ke)

t ke-g

where g = constant growth rate in dividends. Relaxing the assumptions
associated with g, leads to more complex formulations of (9). In the
agricultural economics literature, Melichar used (9) to explain land
values, where Di is interpreted as current returns to finance capital.
Obviously, ke is a before tax discount rate for equity capital.
Traditionally, this rate has been called an opportunity cost of equity
capital and in practice has been approximated with the borrowing rate,
lc& Finance theory and extensive empirical information would suggest

> kd to reflect a risk premium arising from equity being a residual
claimant on income. For positive analysis of investments by represent-
ative farm firms, implementation of the cost of equity concept has the
merit of representing rates of return agricultural investors are
willing to accept. The methodological problem of course is that market
data on D. and Pt do not exist. Similar to Melichar, market values of
assets and income flows can be used to estimate ke at least for overall
investments in aggregate agriculture —White, Musser and Oosthuizen
earlier made such an attempt. However, this methodology probably
requires refinement. An additional problem is that the appropriate
value of ke for an irrigation investment may differ from the overall
rate if risk on irrigation investments differ from that of the overall
investment portfolio. Further, examination of the influence of risk on
ke is helpful in clarifying this issue. The standard concepts of.
business and financial risk (Gabriel and Baker) can be used to
disaggregate ke as follows (Levy and Sarnat):

(10) ke = r BRP + FRP

where r = risk-free interest rate, BRP = premium for business risk, and
FRP = premium for financial risk. In this model, r +BRP is the
required rate of return on investments with zero leverage. This sum is
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required rate of return on investments with zero leverage. This sum is
the overall market capitalization rate of Modigliani and Miller. In
addition, FRP is an increasing function of leverage (L).

The consensus of research reviewed earlier in this paper is that
irrigation reduces business risk. If L and therefore FRP are constant,
ke for irrigation should therefore be lowered from dryland investments.
However, the irrigation literature suggests that these investments
increase financial risk and therefore FRP. Corporate finance theory
and data relate lower BRP and higher FRP as L and FRP increases as BRP
decreases. For example, public utilities have a higher value of L
because of lower business risk than other industries. Current levels
of L among agricultural firms with different production enterprises in
Table 2 also seem consistent with this logic. While these data
partially reflect the differential effect of current financial stress
among agricultural enterprises, they also correspond with intuitive
views of level of business risk. Sonka and Patrick reported
coefficients of variation for real labor income for 1965-79 for several
Midwestern states. While these data varied considerably across states,
a generalization is that the coefficients are lowest for dairy and
highest for hogs and beef with grain farms having an intermediate
position (p. 101). Current values of L are 29 percent for dairy farms,
26 percent for cash grains and 17 to 18 percent for general livestock
and other livestock in Table 2. In addition, the high value for
poultry and eggs of 35 percent is consistent with reduction in business
risk due to vertical integration in the industry. Other enterprise
situations, largely for horticulture, are difficult to interpret
because of aggregation and lack of comparable data.

Table 2. Average Debt-Asset Ratios for U.S. Agricultural Firms by
Enterprise Types, 1984.

Ente rise Trce Debt-Asset Ratio

(Percent)

Cash grain 26
Field crops 18
Vegetable and melon 25
Fruit and nut 22
Nursery and greenhouse 17
General crop 20
General livestock 17
Dairy 29
Poultry and egg 35
Other livestock 18

Source: U.S. Department of Agriculture, Appendix Table 6.
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These cross sectional data are also consistent with similar findings of
Gabriel and Baker using time series and aggregate U.S. data. In the
irrigation situation, anecdotal evidence also suggests that agricul-
tural lenders are willing to lend more on irrigation than other
investments. Thus, the overall value of L probably increases with
investment in irrigation which dampens the decreasing influence of
irrigation on ke. Probably, ke is somewhat lower than the overall rate
but not as much as the reduction in business risk would suggest.

Under the above hypothesized effects of irrigation, the benefits
to the firm of the increased overall leverage must also be included in
the analysis. Levy and Sarnat argue that the benefits allocated to an
investment from such increased leverage is the tax shelter of the
additional interest on the increased debt. Separation of investment
and financing precludes evaluation of the cash flows from the equity
capital which the increased debt releases for other investments.
Assuming L is the new leverage rate WA = assets before the invest-
ment, the intercst tax shield is kd(L -L)Ar which needs to be sub-
tracted from TI in (4) above.

The Adapted Model

Summarizing the above reasoning, it may be helpful to reWrite
earlier equations to present the model appropriate for irrigation
investments. The basic model is:

1') NPV = E (R4_ - T
t 
PVIF + S PVIF + ITC PVIF

1 
- C

ot=1 t nn

where PVIFt is defined in (5) ysing ke appropriate to irrigqtion in the
discussion of (10) above and L the new leverage level. (1 ) has tax
effects, other than ITC, external to he above equation. ATt is
defined in (3) based on a value of TI as follows:

(4') Ti
t TI R

t 
- D

t kd(L -L)A

= TI + R
t 
- D

t 
- k

d
(L -L ) A

for t =

for t = n .

In (1 ) and (4 ), all stochastic values are expressed by their expected
value with ke and kä including risk premiums over r.



236

Towards AD lication

The NPV' model has become a standard analytical method in
agricultural economics. Part of its usefulness arises from the minimal
number of parameters to be estimated and/or subjected to sensitivity
analysis. Sensitivity analysis appears to be a feasible approach in
analysis of uncertainty so this model is of particular interest on
long-term risk issues. Furthermore, uncertainty arising from
investments and their financing is the essence of the current financial
crisis so that more rigorous single period risk models have limited
value for such management issues. As with all economic models, this
model has two complementary or alternative uses in research on
uncertainty in irrigation; (1) source of hypotheses on sources of
uncertainty, and (2) a model for empirical evaluation of the uncer-
tainty for a particular investment. Hypotheses concerning irrigation
will be discussed below; then some comments about empirical analysis in
a regional research framework will be discussed.

Trends in irrigation in Table 1 suggest that irrigation was a
desirable investment in the mid-1970s so that NPV > 0, based on
expectations on expected returns and discount rates at that time. It
is also plausible that the actual realized returns on such investments
were lower than expected, similar to many other investments made in the
1970s. Thus, a general working hypothesis is that ex post NW was less
ex ante NW. Hypothesized ex post revision of key variables in the NW
model are presented in Table 3. All .of these hypothesized effects,
which seem consistent with my image of the agricultural economy,

Table 3. Hypothesized Effect of Parameters on NW Model of Historical
Irrigation Investments

Variable H thesis

FRP

BRP

Lower than expected because of output price levels

Lower than expected because of price levels

Lower than expected because of Tit and tax rate cuts

Lower than expected because of NW decline

Higher than expected because of fiscal policy

Higher than expected because of variable interest
rates

Higher than expected because of price variability
(?)
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support the working hypothesis. Obviously, Rt has been lower for many
crops. The lower prices also result in lower TIt and tax rates; the
tax cuts in this decade further reinforce this tendency. Lower tax
rates reduce the benefits of the fixed value of depreciation but
increase the cash flows from production. Although the effects of tax
changes are mixed, the joint effects of Rt and taxes surely cause
reduction in cash flows. The value of Sn probably also decline if
irrigation is no longer a profitable alternative. The variables
affecting discount rates suggest higher discount rates. Most
definitely, r which affects both ke and ka increased in the 1980s. The
emergence of variable rate loans in the 1970s also increased FRP and
ke: BRP and therefore ke may have also increased if expectation on
price risk had not fully adjusted to the new levels. Finally, lower
tax rates would also increase k. Thus k would definitely have
increased which would lower WIFt. Lower cash flows combined with
higher discount rates definitely support the general working
hypothesis.

Empirical analysis of the general working hypothesis could take
several approaches which can be summarized on a continuum. At the one
end would be ex ante and ex post calculation of NIV. At the other
extreme, only the hypotheses in Table 2 would be tested to arrive at
qualitative effects on NW. Intermediate positions would be to
estimate same components but not all of NW -- for example after tax
expected cash flows. The ambiguity in my recommendations reflects
coqcern about data and methods to estimate such components as BRP and
(G -L) of the basic model. Some of these components may be indirectly
tested even though they are not directly estimable.

The case for a regional approach to such a research effort arises
from both problem orientation and methodological development. The
technological change and price levels which made irrigation a desirable
investment in the 1970s were national economic forces. Although cash
flows from irrigation and risk premiums vary locally, as much
qualitative similarities are present as any firm research. In
addition, coordinated research would be useful to resolve
methodological issues and allow comparability of results, nationally,
similar to the current financial crisis analysis under 5-180.
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