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AN EVALUATION OF SCS Eric A. Wenberg, University of Wyoming

STREAMFLOW OUTLOOK BASED Larry J. Held, University of Wyoming
ON ADAPTIVE CROP COMBINATIONS James J. Jacobs, University of Wyoming
ABSTRACT

The value of SCS water supply outlook information is examined in the
context of adjusting crop combinations and irrigation rates for a 1000-acre
Wyoming farm facing variable water supplies. Compared to using average water
expectations, SCS outlook yielded added returns ranging from $5.43/ac to
$10.20/ac and lower income variability.

With Timited precipitation in western agriculture, realizing adequate
supplies of irrigation water can become a major constraint and source of
uncertainty for crop production. Water supply outlook as provided by the Soil
Conservation Service (SCS) can be valuable for reducing such uncertainty.
Water supply outlook reports are issued periodically each spring by the SCS to
predict streamflow volume over the ensuing six-month peak flow period (April
to September). Such information could be beneficial for adjusting production
practices, e.g., in years when below average water is expected producers may
elect to grow low water using crops and vice versa. The purpose of this paper
is to examine the economic value of SCS water supply outlook information in
terms of added income and reduced risk--within an experimental firm-level
setting where crop enterprise combinations and irrigation rates can be
adjusted in response to expected water supplies.

APPROACH

As described below, a Tinear programming model is developed for a 1000-
acre farm unit in the Riverton area of northwest Wyoming. The Riverton area
is an important irrigated crop production area in Wyoming, growing a
combination of barley, corn, alfalfa and dry beans (Agee). Important
components of the LP model will include monthly constraints for expected and
actual water supplies, as well as monthly water requirements needed to achieve
Tower or higher yields for the above-mentioned crops. With the LP model,
annual crop acreage is optimized with respect to expected water supplies; and
resulting returns are then determined by water supplies actually incurred over
the same 20-year period (1969-88).

Actual and Expected Water Supplies

Table 1 shows actual and expected monthly (May-September) water supplies
developed for the 1000-acre model farm over a 20-year (1969-88) period.
Actual monthly water supplies for the 1000-acre farm were derived by
downsizing aggregate water withdrawals for the project area to a micro (1000
acre) farm-level, and using an overall project delivery and field efficiency
factor of .3238 to account for the net amount of streamflow that is delivered
and used by the farm (Wenberg, p. 92). It is noted from Table 1 that most

(=80%) of the actual five month flow is withdrawn over a three month period,
June through August.

Expected summer streamflow for the Wind River watershed is based on
March 1 SCS outlook for the same 20-year period (1969-88). Projected summer
streamflow for each of these years was distributed among the five months (May-
September) in proportion to the average historical distribution of actual
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streamflow (i.e., May = 15%; June = 35%; July = 30%; August = 14%; and
September = 6%). Resulting forecasts of expected monthly water supplies for
the 1000-acre farm are shown in Table 1.

Table 2 summarizes the performance of monthly derived forecasts in terms
of: (1) annual error between actual versus predicted (20-year average flow);
(2) annual error between actual versus predicted (SCS outlook); and (3)
correlation between actual and monthly derived SCS forecasts. Water supply
forecasts are shown to have reasonable predictive potential for peak mid-
summer flows (June-August) which constitute about 80 percent of May-September
volume. However, forecasts do not appear to be advantageous for early season
(May) or late season (September) flows which comprise an average of only 20%
of May-September volume.

Crop Yields, Irrigation Rates and Gross Margins

Low and high crop yields associated with two Tevels of irrigation were
derived with PLANTGRO, a crop yield-water response simulator developed by
Hanks (1982). PLANTGRO estimates crop yield response to water by considering
the relationship between actual and potential transpiration, such that when a
plant is stressed, actual transpiration is less than potential transpiration.

Table 3 shows monthly irrigation requirements for high and low yield
levels for each of the irrigated crops. Barley/Alf is a special barley
enterprise needed to establish a stand of alfalfa; and the water coefficients
for August (1.6 ac.in.) and September (2.8 ac.in.) are for irrigating newly
established alfalfa planted in barley stubble and do not affect barley yields
per se. Irrigation requirements for high yields were derived in PLANTGRO by
applying water in sufficient quantities so as to not stress the crop. High
yield levels correspond to those reported by Agee (1982) as being
representative of producers using above average management techniques with
adequate water supplies. After the high irrigation-yield combinations were
identified, the amount of irrigation water was reduced by 40 percent. Low
yields, as a result of 40% less water, were estimated to be the following
percentage of high yield goals by crop: barley (80.8%); corn (82.5%); alfalfa
(83.8%); and beans (87.1%). Cutbacks in irrigation water were made toward the
end of the season (as opposed to being evenly distributed among all months) to
better represent observed practices of Wyoming producers facing low water
supplies. From Table 3, alfalfa and corn are shown to be relatively high
users of water relative to barley and dry beans.

Using yield information derived above, gross margins (gross returns over
variable costs) are estimated for each of the irrigated crops (Table 4).
Gross returns are derived as the product of designated yield levels times
corresponding crop prices. Crop prices are developed as a five year average
(1983-87) of area prices reported by the Bureau of Reclamation, which are
adjusted to a 1987 real dollar basis using the implicit GNP deflator.

Xayiab1e costs are obtained from Agee and are Tikewise considered in 1987
ollars.

Linear Programmina Models

' Two.distinct but similar LP models are used in the analysis. The first
is an optwm@zing model used to derive a crop acreage mix based on expected
water supplies; and the second is a calculating model for deriving income that
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is subsequently realized from the crop mix planted on the basis of expected
water supplies, given monthly water actually incurred.

The optimizing tableau shown in Table 5 consists of low and high yield
activities for each crop (e.g., BY:LO and BY:HI for barley). Water supplies
are based on expected monthly flows for a particular year (e.g., SCS forecasts
featured in Table 1), which become components of the RHS in Table 5.
Irrigation requirements (introduced in Table 3) are included as coefficients
in the monthly water constraints. An upper limit of 500 acres is imposed on
barley, corn and dry beans and a lower limit of 200 acres is required for
barley. A fixed rotation is established for barley/alfalfa (50 acres) and
alfalfa (200 acres).

Optimum crop combinations and irrigation rates are developed with the
optimizing model for each year over the 20 year period (1969-88) given four
alternative planning situations: (1) a non-adaptive fixed acreage mix (200
ac. barley; 500 ac. corn; 50 ac. barley-alfalfa; 200 ac. alfalfa; and 50 ac.
dry beans), which represents the optimal plan based on a previous "lTong-term
average water" supply expectation (1942-1968); (2) an adaptive strategy where
the crop mix is revised annually with reference to SCS forecasts (from Table
1); (3) a more conservative adaptive strategy, whereby the crop mix is revised
each year with reference to 80% (vs. 100%) of SCS forecasts given in Table 1;
and (4) an artificial adaptive benchmark scenario, allowing crop acreages to
be adjusted each year on basis of "perfect" information of variable water
supplies (using actual water supplies, Table 1, as the source of
expectations).

Table 6 shows the calculating tableau used to derive actual income for |
the 1000 acre farm with reference to the crop mix developed with the
optimizing model. Actual (vs. expected) water supplies are used in the RHS of i
monthly water constraints. The crop acreage mix in the calculating tableau is
predetermined by incorporating the crop combinations derived from the initial
optimizing model. For those years when actual water supplies are short of
expectations, abandon acreage activities (NO) are available in the calculating
model with negative objective function values for barley (-$89), corn ($-110),
and dry beans (-$83)--to reflect the loss of selected unrecovered costs
(fertilizer, chemicals, seed, fuel and repairs) as derived from Agee (1982).
In this setting, an overly optimistic water supply expectation can result in
large losses of unrecovered costs if expected water supplies failed to
materialize. Conversely, overly pessimistic expectations can result in
foregone opportunities if more water is received than expected. Another
option to abandoning acreage in the model is irrigating at lower (LO) versus
higher (HI) rates to the extent adequate water is available.

RESULTS

Crop acreages (based on expected water supplies), irrigation rates and
resulting returns (based on actual water supplies) are shown for the 20 year
period in Table 7 (average water outlook); Table 8 (100% SCS outlook); Table 9
(80% SCS outlook); and Table 10 (perfect knowledge of actual supplies). In
all cases, some general. acreage patterns emerge given either years of low
water or years of abundant water. In years of low water the model favors
barley and dry beans. Corn (a high water user) is planted in years when
abundant water is expected. Also, when sufficient water was expected but
failed to materialize, the model abandoned acreage to various degrees (Barley:
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NO, Corn: NO, and/or Dry Beans: NO). Abandoned acreage was most evident with
the average water outlook case (Table 7), and nonexistent in the perfect
knowledge case (Table 10). In addition, using conservative (80%) SCS outlook
(Table 9) tended to minimize the need for abandoning crops compared to 100%
SCS expectations (Table 8).

Table 11 summarizes annual income from Tables 7-10, as well as
associated 20-year average income, and related variability and risk measures
given alternative cases of expected water supplies. Using the fixed crop mix
case (based on average water outlook) as a reference point, the value of 100%
SCS information is $5341 ($97,519 - $92,178), while the value of using more
conservative (80%) SCS outlook in even higher at $10,201 ($102,379 - $92,178).
The $10,201 value is nearly 60% of the possible upper limit (i.e., value of
perfect information) of $17,259 ($109,437 - $92,178). Finally, adapting the
crop acreage mix to SCS water supply outlook not only generated higher income,
but Tess income variability (sd = $32,803 for 100% SCS; and $26,254 for 80%
SCS) than the average water outlook case (sd = $40,911). In all three cases,
annual income fell below the designated ($100,000) income target in nine of 20
years. However, the total amount that annual income missed the $100,000
target over the 20-year period was substantially less for the 100% SCS case
($293,144) and 80% SCS case ($186,731) than the average water scenario
($403,199). Finally, risk-preference properties of the income distributions
associated with the four settings in Table 11 were examined with first and
second degree stochsatic dominance (FSD and SSD). As expected, the perfect
information setting dominated the other three by FSD. 1In addition, both of
the SCS outlook strategies dominated the average water outlook case with SSD,
confirming their preference by all classes of risk-averse decision-makers.

CONCLUSION

Usage of SCS water supply outlook appears to have potential for yielding
income and risk benefits in terms of adjusting production practices in
response to expected water supplies. To the extent that optimistic errors of
expecting more water than realized can be more severe (in terms of unrecovered
production costs from abandoned acreage) than errors of underestimation--
additional payoff from conservative usage of outlook information seems -
reasonable. It is important to note that extra income from using SCS outlook
was achieved in conjunction with both reduced income variability as well as
Tower risk of falling below a designated income target. This contrasts with
many other management strategies in which reduced income variability is often
associated with lower (vs. higher) income over time. Thus the value of using
SCS outlook for adaptive decisions, may be especially pronounced for producers
sensitive to both income and risk.
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Table 11.
Water Supply Expectations.

Annual and 20-year Average Income, and Measures of Variability and Risk, Given Alternative

Average Perfect
Water 100% SCS 80% SCS Information
Year Qut look Out look Out look Qut Took
----------------------------- Net Income per 1000 ac. unit (§)--------------------=-=-momm-

1969 117,457 117,457 113,771 118,236
1970 79,924 90,735 99,308 100,116
1971 128,541 128,451 128,442 128,541
1972 113,427 113,427 114,554 116,220
1973 98,391 95,212 96,760 101,051
1974 114,393 114,418 114,684 115,209
1975 18,362 66,840 81,020 112,882
1976 121,140 120,950 118,978 121,140
1977 16,400 39,129 56,478 68,497
1978 127,706 127,706 123,593 127,947
1979 58,009 59,494 72,624 89,126
1980 114,521 113,183 110,739 115,596
1981 70,544 84,423 93,791 95,412
1982 120,449 120,449 130,194 135,247
1983 134,378 133,123 127,563 138,414
1984 128,131 127,746 125,189 128,131
1985 53,768 63,184 78,320 86,510
1986 126,609 126,609 126,608 127,200
1987 87,783 87,783 99,881 103,773
1988 7,620 20,059 35,087 59,482
20-yr Avg. ($) 92,178 . . . . . . . .. 97,519 . . . . . . . 102,379 . . . . . . . .. 109,437
Std. Dev. (%) 40,911 . . . . . . . .. 32,803 . . . . . .. 26,254 . . . . . . . .. 21,420
Coef. of Var. 444 . . . . L L. . 2336 . . L L L. 256 . L L L L. .196
Freq. (yrs. in 20)

Annual Inc. is Below

$100,000 Target: 8/20 . . . . . . . .. 9/20 . . . . . .. 9/20 . . . . . . . .. 5/20
Total Amt. (1969-88)

Annual Inc. is

Below $100,000

Target ($): 403,199 . . . . . . o L. 293,144 . . . . . . . 186,731 . . . . . . . .. 100,973
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