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Seasonal Rates with 1982 Prices: Experiment III-B

The model was rerun with January 1982 crop prices. The results appear
in Table 7. Here relative crop prices are such that wheat is grown under
the increasing and single block rates (Alternatives 6 and 7) even without
a seasonal discount. This continues with the 10 and 20 percent discounts,
but at 30 percent, with declining block rate (Alternative 5), a conversion
to wheat also occurs. When wheat is grown, energy use and utility revenues
drop sharply. However, net farm income remains roughly the same or is even
higher with irrigated wheat than with corn. This shows that at current farm
prices, seasonal rate structures:could conserve both water and peak period
energy, while maintaining the economic viability of farming in the region.
Significant reductions in supplier revenues would be associated with such a
policy.

To summarize, relative crop prices seem to generally outweigh the cost
advantages given by seasonal rate structures. However, there are combinations
of commodity prices and discount rates where the encouragement of more effi-
cient resource use will cause a conversion to crops with more off-peak water
and energy demands.

An important option which this project was unable to explore is that

seasonal rates could cause the promotion of new irrigation timings for con-

ventional crops. Colorado State University irrigation specialist Don Miles
has proposed using large early irrigations to fill the soil profile with
moisture within the potential root zone. This approach could allow later
irrigations to be foregone, reducing peak summer demands [Miles, 1977].
Irrigation Toad management with interruptable service and seasonal
rates are compatible. Load management should be encouraged either through

a strong voluntary program or with rate discounts. Off-peak energy rates
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Table 7. Experiment III-B: Forecasted Electricity Use, Water Use, and Net
Returns to Fixed Resources (per well) for Seasonal Rate Structure
with January 1982 Crop Prices.

Total Farmer
Energy Total Average Acre Feet Net b
Rate Structure Costa kwh ¢/kwh Pumped Returns
No Discount
3 $9,677 135,670 7.1¢ 251 $ 9,569
4 9,786 139,300 7.0 248 9,589
5 9,640 135,670 7.1 251 9,605
6 5,250 75,000 7.0 159 9,562
7 7,058 90,490 7.8 179 9,090
10% Discount
3 9,592 135,670 7.0 251 9,654
4 9,742 . 139,300 7.0 248 9,633
5 9,513 135,670 7.0 251 9,733
6 5,250 78,830 6.7 156 9,864
7 6,787 90,490 7.5 179 9,362
20% Discount
3 9,507 135,670 7.0 251 9,739
4 9,698 139,300 7.0 248 9,677
5 9,385 135,670 6.9 251 9,861
6 5,250 82,440 6.4 163 10,185
7 6,515 90,490 7.2 179 9,634
30% Discount
3 9,422 135,670 6.9 251 9,824
4 9,654 139,300 6.9 248 9,721
5 3,360 51,300 6.5 99 9,312
6 5,250 85,860 6.1 170 10,488
7 6,244 90,490 6.9 179 9,905

4Total electricity cost to farmer equals utility revenue.

Returns to land, management, irrigation system, and water.
should also be discounted to the extent the marginal cost to the utility of
off-peak energy is lower. Even if the seasonal rate does not cause any change
in farm resource use at first, it may be important to have seasonal rates in

place to provide the incentive for more efficient resource allocation when

economic conditions warrant.
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EVALUATION OF EXISTING RATE STRUCTURES

Given the results of this research and the economic principles applicable
to rate design, an evaluation can now be made of the current electricity rate
structures employed by the REAs of eastern Colorado and their wholesale
suppliers. This evaluation contains some subjective judgements reflecting
the authors' views. In particular, we advocate a rate structure based on
long run marginal cost of electricity supply. The current understanding of
LRMC pricing focuses on the amount of future resources used or saved by user
decisions (Munasinghe and Warford, 1982). This contrasts with the traditional
approach, which is concerned with historical or sunk cost recovery. Prices
that reflect the true economic cost of supplying the users needs permits
supply and demand to be matched efficiently.

Long run marginal cost pricing satisfies the equity principle in that
costs are charged to users according to the burden they impose on the system.
(The equity or fairness concept calling for provision of minimum service levels
to those who cannot afford fuel costs class not appear to be relevant in the
present case of irrigated agriculture.)

Pricing according to the LRML criteria will also raise sufficient
revenue to meet the system's financial requirements, though some connection
charges may be needed in the case of economies of scale.

Finally, a forward Tooking LRMC rate scheme - one based on future rather
than historical costs - would serve as an inhibatory force on excess water

withdrawals and thereby work toward preserving the Timited water supply.

Wholesale Rates

Some comments on the wholesale rates are appropriate first since they

are a major influence and constraint in the design of REA rates (see Table 8).



Table 8.

Plains, 1983
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Wholesale and Retail Rate Structures for

Electricity, Colorado High

WHOLESALE RATLES :

Tri-State Generation and Transmission Association

Energy Charge
Demand Charge

Ratchet Charge for Peak Demand
Colorado Ute Electric Association

Energy Charge

RETAIL RATES

Y-W Electric Association

Summer Irrigation Rate
Energy Charge

Minimum Charge

Load Management Irrigation Rate

Energy Charge

Minimum Charge

Winter Irrigation Rate (Sept. 10-June 15)

Energy Charge

Minimum Charge

K.C. Electric Association

Summer Irrigation Rate
Energy Charge

01d Summer Irrigation Rate
Energy Charge
Hookup Charge

Highline Electric Association

Summer Irrigation Rates
Energy Charge

Minimum Charge
Load Management Discounts

Subject to control on pre-determined day/week
Subject to control during all peak periods
Winter Irrigation Rate (Oct. 15-April 15)

Energy Charge
Southeast Colorado Power

Irrigation Rates
Energy Charge
Additional in summer

Additional in winter (Oct. 1-April 30)

Minimum Charge

A1l kwh

A1l kwh

First 1000 kwh
Next 250 kwh/hp
Next 250 kwh/hp
Additional
First 50 hp
Additional

First 1000 kwh
Next 210 kwh/hp
Next 210 kwh/hp
Additional
First 50 hp
Additional

First 1000 kwh
Next 185 kwh/hp
Next 185 kwh/hp
Additional
First 50 hp
Additional

First 250 kwh/hp
Next 250 kwh/hp
Additional

A1l kwh
A1l hp

First 300 kwh/hp
Next 300 kwh/hp
Additional

A1l hp

A1l kwh

First 200 kwh/hp

A1l hp

$ 0.01561/kwh
10.99/kw
5.47/kw ratchet demand

$ 0.03884/kwh

R g

.254/kwh
.125/kwh
.096/kwh
.042/kwh
.50/hp
.00/hp

.254/kwh
.125/kwh
.096/kwh
.042/kwh
.50/hp
.00/hp

7 o R d L
— —_——
[ R e N o Yo WO OOO wooooo

.254/kwh
.125/kwh
.096/kwh
.042/kwh
.00/hp
.00/hp

L3
—
o~

.1626/kwh
.13/kwh
.01826/kwh

$ 0.058/kwh
$26.00/hp

[wN o N

$ 0.124/kwh
0.066/kwh
0.0474/kwh
$25.00/hp

7%
14%

$ 0.0623/kwh

$ 0.086578/kwh
0.080778/kwh
0.064378/kwh

$15.00/hp
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Tri-State Generation and Trasmission charges a relatively low rate of 1.561
cents per kwh for energy while assessing substantial demand and peak demand
charges. A peak demand charge is based on the cost of providing capacity for
peak use. While the energy charge may reflect short-run marginal costs and
allocate supplies efficiently in the near term, it will tend to encourage
premature expansion as system capacity is approached. A low energy charge

at the wholesale level allows REAs to have similarly low final blocks in their
rate structures. This structure does not effectively discourage consumption,
and from a state policy viewpoint it neglects the user cost of Ogallala
water. It is the authors' belief that charging‘fof the short-run marginal
cost does not provide an accurate signal in the market, because it does not
contain the full opportunity cost of providing capacity. This opportunity
cost is the average cost of adding to or replacing capacity in the present;
it is not average historical costs incurred in the past. (See Saunders,
Warford, and Mann, 1977 for further detail.) Tri-State's pricing policy is
perhaps appropriate, however, given their current excess capacity.

Colorado Ute Electric is at the other extreme of wholesale pricing. As
our research confirmed, single block charge provides considerable encouragement
to conserve energy. However, Colorado Ute might consider combining its
average cost pricing with some sort of peak demand charge in order to reflect

the opportunity cost of expanding system capacity.

Retail Rates

At the retail level, Table 9 compares the charges each REA would make
to the owner of a 100-horsepower pump in 1982 under different levels of
consumption and with different rate categories. Strict comparisons are
inappropriate due to the different cost structures of each REA. However, it
is instructive to examine the discounts given by load management and winter

rates. This table also shows that the rate structures with the higher marginal



Table 9. REA Irrigation Charges Under Varying Rate Structures and Levels of Consumptiongf

Number of Kilowatts Consumed in Season

REA Rate 40,000 60,000 80,000 100,000 120,000
Y-W Summer $4,723 $6,157 $6,997 $7,837 $8,677
K.C. Summer 6,015 7,498 7,863 8,228 8,593
K.C. 01d Summer 4,920 6,080 7,240 8,400 9,560
Highline Summer 4,380 5,700 6,648 7,596 8,544
S.E. Colorado Summer 3,347 4,963 6,578 8,194 9,809
Y-H Load Management 4,607 5,609 6,449 7,289 8,129
Highline Load Management 7% 4,073 5,301 6,183 7,064 7,946
Highline Load Management 14% 3,767 4,902 5,717 6,533 7,348
Y-W Winter 4,427 5,267 6,107 6,947 7,787
Highline Winter 2,492 3,738 4,984 6,230 7,476
S.E. Colorado Winter 3,019 4,307 5,594 6,882 8,169

Q/Assuming 100 hp pump motor.

0§
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rates have a much greater variation in total cost between small and large levels
of purchase. For example, compare the Highline and K.C. summer rates. Both
make nearly the same charge at the 120,000 kwh level, but Highline gives a much
larger saving for reducing consumption.

The rate structure that charges high marginal cost gives farmers more
flexibility in irrigation decisions by not discriminating against low irriga-
tion levels. In constrast, power suppliers may fear this variation in revenue
and its effect on debt repayment capacity. Therein lies the crux of the
problem. Incentives for conservation and more efficient resource use come at
the expense of greater variability and large potential reductions in utility
revenue. Revenue problems are further exacerbated by the requirements that
the cooperatives REAs refund excess revenues each year. This eliminates the
possibility of averaging surpluses and shortfalls over the years.

The effect of a minimum charge is to make the rate structure up to the
minimum charge nearly irrelevant. Since the minimum charge must be paid if
any power is to be purchased, the kiTowatt hours allowed by the minimum payment
have a marginal cost of zero. For example, Y-W's charge of $1,575 for 100
horsepower attaches a zero marginal cost to the first 11,568 kwh. This causes
inefficient resource allocation for anyone who would otherwise use less than
that amount. While this may be unlikely we consider a minimum charge to be
inessential to an effective rate structure. Less ambiguous charging techniques
are either a hookup charge or a higher than marginal cost initial rate block
that most irrigators will exceed.

For Y-W Electric the minimum charge renders the initial block of 1000
kwh an unnecessary complication. An improvement would be to drop that block
and raise the level of the next block slightly. The minimum charge could

probably be dropped at Tittle risk since the vast majority of irrigators will
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exceed that Tevel of consumption. Y-W's load management rate is made by
shortening the length of the early, more expensive, blocks. This means that
the discount is all obtained once an irrigator progresses past 50,000 kwh

in the cheapest block. Yet the benefits to the uti]ity of load management
may continue beyond this Tevel. This feature might be changed so that the
farmer is rewarded at any level of consumption. Highline Electric's percent-

age discount is an example.

The same lack of proportional savings applies to Y-W's winter rates.
Shortening the early block of a rate structure is also more difficult to
understand than a percentage discount on the rate. Farmers may not see the
savings or the connection between peak and off-season billing. Since off-
season electricity use actually costs the utility less, this rate should be
Tower. Y-W does not give as great a proportional discount as either Highline
or S.E. Colorado Power. The Y-W winter rate does, however, define a short
enough peak season as to make the off-season rate practical for use.

In 1982 K.C. Electric Association tried a declining block rate structure
rather than its historical use of a single block with hookup charge. The lack

of a minimum charge with the declining blocks is unique among the REAs examined.

This change in rate form significantly lowers the incentive to conserve
electricity and, indirectly, water. The final block rate is a low 1.826
cents per kwh. Farmers have Tittle reason to reduce energy or water use
once the final block has been reached at 50,000 kwh. Its old rate structure
had a hookup charge to provide some secure revenue for fixed costs, yet kept
the energy charge at a level high enough to provide significant savings to
conservation efforts.

Table 8 shows that Highline Electric uses a declining b]ock‘rate struc-
ture with a final block of 4.74 cents per kwh. Its rather large minimum
charge may ‘impinge on the irrigation choices of some farmers, especially

since its northeastern Colorado service area contains more shallow wells.
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The load management discounts Highline offers are unambiguous and easy to
administer. Similarly, the Highline single block winter rate is laudable,
but the long peak season makes use of the winter rate difficult.

A final and interesting case is that of Southeast Colorado Power. Its
rate structure, at first glance, appears to be the best in terms of economic
efficiency. The use of two blocks, the first slightly higher to cover
administrative costs, yet both probably near the level of long-run marginal
cost, provide an accurate signal to consumers of the cost of additional consump-
tion. The second block varies with the season, smoothly integrating differential
rates into one rate structure. The only problem is that the summer season
might be shortened to make the winter rates more effective.

It is ironic that the S.E. Colorado Power rate structure provides the
most encouragement to energy conservation. This REA is in the unfortunate
situation of having high fixed costs from recent distribution system invest-
ments. With declining water tables, irrigation pumping near the economic
margin, and a wholesale rate that‘has no peak charge added to the picture,
S.E. Colorado Power faces the quandary of having a revenue shortfall lead to
a rate increase which in turn causes even less irrigation and still Tower
revenues. S.E. Colorado Power might be one of the rare cases where declining
blocks make sense. It cannot afford to set high marginal prices because
they have been all too effective in getting farmers to reduce irrigation.
When the base load is reduced, the high fixed costs can only force another
increase in rates. So a declining block irrigation rate to maintain a stable
level of consumption might be appropriate here until the debt load has been

reduced. Of course, the risk is an earlier depletion of available groundwater.
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SUMMARY AND CONCLUSIONS

Summary

Economic theory reveals that in order to maximize profits from crop
production, farmers must match the price of an additional unit of electricity
with the marginal value product of the use of that energy in irrigation. The
important price is that of the Tast unit consumed. Assessing agricultural
demand for energy provides a perception of the flexibility available in designing
rates. Also of importance is the cost of producing electricity. The marginal
price applicable to farmers should reflect the cost of supplying the energy
if resource use is to be efficient.

A Tinear programming model was used in this :study to estimate the demand
for electricity and pump irrigation water and to analyze the effects of various
rate structures on farm resource allocation and income. The model was formu-
Tated to derive the most profitable operation of a typical irrigation well
and quarter-section in eastern Colorado. Seventy-four crop growing options
were available including six crops, three to four levels of irrigation, and
three irrigation technologies. From the results of this research several
points can be made in summary.

1. Crop prices are more important than electricity rate structures in
determining the feasibility of irrigation and the most profitable crop mix.
Electricity for pumping irrigation water is but one of many inputs needed for
crop production. If a crop is much more profitable than the next best
alternative, then it will 1ikely remain in production no matter what the rate
structure. However, when crop prices fall, lowering profit margins as well,
rate structure can be a significant factor in farm management decisions.

2. With five-year average commodity prices, the demand curves estimated

by the model for both electricity and water are highly inelastic within the
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relevant electricity price range. However, demand approaches unitary elasti-
city as corn shifts to irrigated wheat at electricity prices greater than 15
cents per kwh. Short-run breakeven electricity rates range from over 60 cents
per kwh for pinto beans to 12.5 cents per kwh for alfalfa.

3. When January 1982 crop prices apply, price elasticities exceeding
2.0 occur in the 7 to 9 cent per kwh range. Farmers can be expected to react
to electricity prices in this range by growing irrigated wheat to conserve

energy and water. Careful planning is therefore required by the utilities

to accomodate declines in electricity usage. If crop prices return to pre-PIK

program levels, this portion of the analysis will have the most relevance to
utilities and ﬁegulatory agencies.

4. Varying the proportions between hookup and energy charges has little
effect on irrigation under average crop prices until electricity prices are
more than double the 1982 average cost. Then higher energy charges and Tower
hookup charges encourage conservation. Farm income remains stable with con-
version to less energy intensive crops, but this comes at the expense of
utility revenues. High hookup charges stablize utility revenue but can en-
courage excessive use of electricity and water.

5. As might be expected, given the inelastic demand, alternative rate
structures do not affect farm irrigation decisions if five-year average crop
prices prevail. A variety of declining block, increasing block, and single
block rate structures with a broad range of marginal prices all yielded
predictions of full irrigation and approximately the same revenues to both
farmer and utility. Under the 1982 crop price assumption, the single block
and increasing block rate structures did cause reduced irrigation.

6. This study found that the effects of seasonal rate structures in

encouraging off-peak irrigation were outweighed by relative crop prices.



56

However, possible innovations in irrigation scheduling were not analyzed in
this report. Seasonal rate structures are recommended to the extent that
off-peak power is less costly. They provide an incentive to farmers in favor
of spreading out their demand for electricity.

7. Although the modé] was run in this study for the area around Burlington,
Colorado, the results can be extended, with some modification, to other
irrigated areas of the state. In northeastern Colorado and especially the
alluvial wells of the South Platte Valley, the demand for electricity and
water will be higher than those found here for any given commodity price
scenario. This is due to lower pump 1ifts, and it means that northeastern
Colorado farms will tend to be less sensitive to rate structure changes. On
the other hand, the demand curves of southeastern Colorado should 1ie inside
those of the Burlington area due to deeper wells and higher evapotranspiration
rates. This should Tower crop profit margins and make southeastern Colorado

irrigation more sensitive to electricity rates.

Limitations of the Study

In interpreting the results of this study several caveats need to be
repeated. One important consideration is that this report has relied ex-
clusively on partial analysis. That is to say that only one variable in the
model has been manipulated while all others were held constant. In reality,
all market prices, and thus farmer decisions, are interconnected. For instance,
low commodity prices would eventually cause the use of less fertilizer and other
inputs. Another possibility is that substantial shifts in the crop mix could
reverberate through the market to cause crop price changes. A major shift
from corn to wheat production, for example, would put downward pressure on

the price of wheat while allowing corn prices to rise.
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The model employed in the study also allowed some shifting between irri-
gation systems, which would only happen with considerable cost. While this
cost was not incorporated into the model, the results are not believed to be
substantially altered by this factor. Major shifts in irrigation systems
were constrained in the model. Additionally, the most common switch was
from high pressure to low pressure center pivot, which only requires different
spray nozzles, and is not expensive.

Finally, these results must be used with care because the response would
likely change with different economic conditions or in another geographic
area. However, this type of linear programming model could be a valuable tool
for utility planners to test ideas for specific rate structures. Once budgets
are prepared for each crop enterprise, the model can be easily updated to

current prices and adapted to a wide variety of rate structures or situations.

Conclusion

Rate structures which charge higher marginal prices for electricity
provide farmers with more flexibility in their irrigation decisions in the
form of greater rewards for reduced irrigation. In contrast, power suppliers
must be concerned about this potential variation in revenue and its effect
on their debt repayment capacity. Therein lies the cnux of the problem facing
rate policy-makers. The criteria of efficiency and revenue requirements
conflict. If utility revenues decline a]ong with energy use, utilities may
have to increase theif chargeé per kwh 1nvorder to meet fixed costs. The

farmers' "reward" for conserving energy could thus be a rate increase. This
vicious circle is a particular dilemma to those utilities who have recently
increased capacity and updated distribution systems at considerable cost in

mistaken anticipation of a continued expansion of irrigation.
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Revenue problems are further exacerbated by the federal regulation re-
quiring that Rural Electric Associatiéns (REAs) refund excess revenues each
year. The occasional shortfalls that iend to occur naturally from variations
in the weather cannot be absorbed from periods of surplus. Permission for
the utilities to retain a reserve fund to smooth out revenue fluctuations
might reduce their need to collect a large part of their revenues by fixed
charges.

In general, REAs in eastern Colorado continue to use declining block rate
structures in a time when pump irrigation no longer needs to be encouraged.
Declining block rates and large hookup charges provide revenue stability for
the utility by monetizing some of the consumers' surplus on inframarginal
units of e]éctricity. .This revenue stability comes at the expense of mini-
mizing the incentive to conserve and use resources efficiently. A scenario
of continued full irrigation of traditional crops with conventional technology,
leading to an earlier depletion of the Ogallala aquifer, is thus promoted.

One way to prolong irrigation in eastern Colorado is to implement
electricity rates which refiect both the higher incremental costs of energy
and the increasing scarcity of water in the declining Ogallala aquifer. An
increasing block rate structure which ends at long-run marginal cost deserves
serious consideration in those portions of the region which are expected to
experience growing electricity demand. (Randall, 1981:12; Hanke, 1972:292-295;
Turvey, 1971:73.) The lower first block could be used to avoid a revenue
surplus and to offer a minimum amount of irrigation at a nominal price.

The final block's price would contain all costs of expanding capacity and
thus provide an accurate market signal to farmers of the cost of additional

consumption.



99

If increasing blocks are not used, then allowing REAs to average irri-

gation revenue over several years would ameliorate the conflict between allo-
cative efficiency and revenue requirements in rate structure design. This
would lower the need for hookup charges and high initial rate blocks and
allow the use of single block or very gradually declining block rates.

In the interest of meeting the goal of rate stability, a change
to inverted blocks or a single block may require one or more temporary in-

cremental moves towards higher marginal prices for electricity. A well
publicized and orderly rate structure shift over several years wouid minimize
effects on past investments.

Unfoftunate]y, 1ittle or no work seems to have been done on optimal
pricing under decreasing demand. The established literature on public
utility pricing tends to deal with the more conventional case of growing
demand for the product (Saunders, Warford, and Mann, 1977; Hanke, 1972;
Munasinghe and Warford, 1982). Deepening wells, impending aquifer depletion,
and increasing power costs are reducing the profitability of irrigation from
the Ogallala aquifer. In fact, irrigated acreage in eastern Colorado is
forecasted to decline by 40 percent by the year 2020 (Young, et al., 1982).
Yet the fixed costs of REAs must still be recovered if they are to avoid
default on debt. Discount pricing through declining blocks or two-parts
tariffs like hookﬁp charges can encourage continued full irrigation and thus,
. debt recovery'at the cost of hastier aquifer depletion. An alternative more
in tune with regional economic goals is to attempt to recover costs over a
longer period with reduced irrigation levels. Restructuring_of Toans may be

possible, since the federal Rural Electrification Administration furnished

much of the investment capital for local REAs. We believe these broader

concerns should be increasingly recognized in rate-making policy.
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APPENDIX I
Partial Linear Programming Tableau for Evaluating Electricity Rate
Structures on Eastern Colorado Irrigated Agriculture
Definitions
Rows

OBJECTIVE FUNCTION - Maximizes returns to land, management, water and the
irrigation system

KWH - Kilowatt hours

ELCOST - A special ordered set consisting of columns ENTRY through POINT4
GPWATER - Acre inches of water pumped into a gated pipe irrigation system
LPWATER - Acre inches of water pumped into a low pressure center pivot system
HPWATER - Acre inches of water pumped into a high pressure center pivot system

Input Purchase Activities

RBYDSL - Gallons of diesel fuel purchased

RBYGAS - Gallons of gasoline purchased

RBYNH3 - Pounds of anhydrous ammonia purchased and applied
RBYFER - Pounds of other fertilizer purchased and applied

RNPWC - Non-power water costs that vary per acre inch

Crop Selling Activities

RSLCG - Bushels of corn grain sold (similar activities exist in the full
tableau for sugar beets, pinto beans, wheat, sorghum, and alfalfa hay)

Land Constraints

IRRLND - Acres of irrigated land

GPLND - Acres of gated pipe irrigation

LPLND - Acres of low pressure center pivot irrigation
HPLND - Acres of high pressure center pivot irrigation
BTLND - Acres of sugar beets grown

BNLND - Acres of pinto beans grown



Pumping Constraints

PUMAPR, PUMMAY, PUMJUN, PUMJUL, PUMAUG, and PUMSEP constrain the amount of
water used in each month of the growing season to the amount that can be
physically pumpedby the average well.

Columns

ENTRY, POINTO, POINT1, POINTZ2, POINT3, and POINT4 describe the total cost and
total number of kilowatt hours purchased at the end of each block of the rate
structure.

GPW, LPW, AND HPW show the number of kilowatt hours needed to pump one acre
inch of water through gated pipe, low and high pressure center pivot systems.

CBYDSL, CBYGAS, CBYNH3, CBYFER, and CNPWC give the purchase price for each
of the inputs.

CSLCG gives the selling price for corn grain. Similar columns exist in the
full tableau for the other crops.

CG = corn grain

GP = gated pipe irrigation

LP = Tow pressure center pivot irrigation
HP = high pressure center pivot irrigation
F = full irrigation level

5 = five-sixths of full irrigation

2 = two-thirds of full irrigation

1

il

one-third of full irrigation
DRY = dryland crop production

Similar crop activities exist in the full tableau for sugar beets, pinto beans,
wheat, grain sorghum, and alfalfa hay.



Apcendix Table 1.

Partial Linear Programming Tableau for Evaluating Efficiency Rate

Structures on Eastern Colorado Irrigated Agriculture.

Rows Unit Entry  POINTO POINTI POINT2 POINT3 POINT4 GPW LPW HPW CBYDSL  CBYGAS  CBYNH3  CBYFER  CNPWC - CSLCG
Bjective g 0 -1,575 - 1,575 - 3,379 -5,579 - 9,737 2115 -1.26 -0.13 -0.15  -0.57  3.15
Kt Kwh 0 0 -11,568 -26,000 -51,000 -150,000 28.17 40.82 52.84

ELCOST

GPWATER ac in =1

LPWATER ac in -1

HPWATER ac in -1

RBYDSL gal. -1

RBYGAS gal. 4

RBYNH3 ib. -1

RBYFER 1b. -1

RNPWC ac in -1

RSLCG bu. -1
IRRLND acre

GPLND acre

LPLND acre

HPLND acre

BTLND acre

BNLND acre

PUMAPR ac in

PUMMAY ac in

PUMJUN ac in

PUMJUL ac in

PUMAUG ac in

PUMSEP

ac in




Appendix Table 1.

(continued)

Rows Unit  CGGPF__ CGGP5  CGGP2  CGGP1  CGLPF  CGLP5  CGLP2  CGLPI _ CHGPF _ CGHPS  CGHP2  CGHP1  CGDRY  RHS
gbJective -123.00 -122.00 -121.57 -118.61 -100.62 -100.00 - 99.05 -96.27 -100.62 -100.00 - 99.05 -96.27  -28.82 MAX
KWH kwh =0
ELCOST =1
GPWATER  ac in 26 22 18 9 <0
LPWATER  ac in 23 20 16 8 <0
HPWATER ac in 23 20 16 8 <0
RBYDSL gal. 14.3 14.3 14.3 14.3 8.8 8.8 8.8 8.8 8.8 8. 8. 8.8 3.3 =0
RBYGAS gal. 2.4 2.2 2.0 1.2 2.4 2.2 2.0 1.2 2.4 2. 2. 1.2 0.4 =0
RBYNH3 1b. 200 190 180 100 200 190 180 100 200 190 180 100 25 =0
RBYFER 1b. 150 140 135 75 150 140 135 75 150 140 135 75 25 =0
RNPWC ac in 26 22 18 9 23 20 16 8 23 20 19 8 =0
RSLCG bu. 130 122 110 65 130 122 110 65 130 122 110 65 10 =0
IRRLND acre 1 1 1 1 1 1 1 1 1 1 1 1 1 <128
GPLND acre 1 1 1 1 <64
LPLND acre 1 1 1 1 <64
HPLND acre 1 1 1 1 >32
BTLND acre <7
BNLND acre <7
PUMAPR ac in 4 3 3 3.5 3 3 3.5 3 3 <1379
PUMMAY ac in 3 <1379
PUMJUN ac in 4 4 3 4.5 4 3 4.5 4 3 <1379
PUMIUL ac in 8 7 3 8 7 6 8 7 6 <1379
PUMAUG ac in 7 4 7 6 7 6 <1379
PUMSEP ac in <1379




APPENDIX II

Derivation of "Breakeven" Prices

Example - One acre of corn grown with low pressure center pivot at the
full irrigation Tevel with January 1982 commodity prices

Gross Revenue (130 bushels x $2.50) $325.00
Cost of Machinery, Labor, Seed, 100.62
Ag Chemicals, and Overhead )
Diesel fuel 10.12
Gasoline 3.02
Anhydrous ammonia 26.00
Fertilizer 22.50
Manpower water costs 13.11
Dryland opportunity cost 15.69
191.06
Remaining Revenue (returns to land, management, irrigation 133.94
system, and water)
Kilowatt Hours Required (23 acre inches x 40.82 kwh/ac in) 939 kwh
Short-Run "Breakeven" Rate ($133.94/939 kwh) 14.3¢
Irrigation System Cost $51.00
Management Cost (.06 x $325.00) 19.50
$70.50
Remaining Revenue (return to land and water) $63.44

Long-Run "Breakeven" Rate ($63.44/939 kwh) 6.8¢



