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Abstract

This study estimated the expected regional impact and economic
feasibility of a proposed water accumulation or water saving optian
for agricultural producers operating in the Elephant Butte Irrigation
District in southern New MeXico. The water accumulation plan would
aliow agricultural preoducers to retain part of a given year's surface
water allocation in Elephant Butte Reservoir, providing use of the
unevapcrated portion in a later year.

The analysis was based upon modeling of current cropping practices
subject to regional resource constraints within a static linear
programming model. Pertinent input/output coefficients and costs were
incorporated, with five-year (1976-1980) average output prices assumed
for twelve crops spread across 11 soil groups. Applicable fixed costs
and interest charges were taken into account. Net returns to the
region were maximized assuming 1 and 3 acre-feet of groundwater
available per year per acre irrigated.

Surface water availability was varied from 2zero to 3 acre-feet per
acre to obtain schedules depicting regional net returns and cropping
patterns for varying surface water allocations for both the
groundwater situations examined. These schedules were then used to
build temporal linear programming models which maximized the present
value of net returns for the period 1963 to 1980 subject to historical
surface water allocations and reservoir evaporation rates.
Calculation of these evaporation rates took into consideration
increased lake levels due to surface water storage.

The temporal models were used to estimate an optimal allocation of
surface water over the 18 year period investigated for <the two
groundwater availability situations considered. Returns for the
optimal surface water allocations were then upper bounds on potential
net returns to the region. Projected streams of net returns were also
obtained for each of the scenarios analyzed; i.e., optimal temporal
allocation of surface water, 2 acre feet of surface water per year
limit and actual allocation of surface water given the 1 and foot
groundwater limitations. These streams of net returns were valued in
1980 dollars allowing comparison among the alternative scenarios.
Differences between the various returns streams for each groundwater
situation provided a measure of possible economic effects of the water
saving program.

Results of the study for current groundwater availability
conditions indicate that dptimally temporal alleocated surface water
use would increase average annualized net returns per acre from that
of the actual surface water allocation by .82 dollars per year, oOr
less than .2 %. Use of the more realistic two acre-foot per acre
limit on surface water use led to an increase in annualizZed net
returns of only .23 deollars per acre per year. Both increases were
deemed insufficient to cover anticipated administrative costs of the
program.
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Under conditions of limited groundwater availability (1 acre-foot
per acre), percentage increases in annualized net returns over those
for the actual surface water allocation were more significant. Use of
the water saving option and perfect Xknowledge of future surface water
allocations resulted in increased annualized net returns of $8.41 per
acre per yvear for an increase of 54 %. For the two acre-foot surface
water use limitation case, annualized net returns increased by $3.68
per acre per year (23.7 %). In all cases considered, groundwater use
increased with use of the water saving option. These econcmic
resulits, coupled with possible political obstacles faced by the
program, suggested that alternative water management schemes should be
considered.
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Introduction

More efficient use of limited water resources in the arid
Southwestern United States is a priority issue; development and
eXamination of alternative water management plans relative to
efficient use takes on many forms. One such management plan under
consideration by the United States Bureau of Reclamation involves the
alternative of storage between vears of surface irrigation water by
the irrigation districts that are drawing water from Elephant Butte
Reservoir in New Mexico. This program would allow individual farmers
to store part of their annual surface water allottment in the
reservoir, and to draw on the unevaporated porticon for use in a future
vear. The study presented here examines the eceonomic implications cof
such a program for farmers in the Elephant Butte Irrigation District
in southern New MeXxico. A similar study was undertaken for the El
Paso County Water Improvement District No. 1 in 1981, and the results
presented here are a continuation of as well as a supplement to that
study {(Cornforth and Lacewell}.

The study region comprises approximately 90,700 acres along the Rio
Grande River in Dona Ana and Sierra counties of southern New Mexico,
consisting of 69,200 and 21,500 acres of flood plain in  the Mesilla
and Rincon valleys (Pedde). Of the acreage currently receiving
surface water allocations, an average of 83,600 acres is actually
farmed. In 1980 this represented apprroximately 7% of the irrigated
acreage in the state while providing 25% ($73 million) of the $307
million in crop receipts for that vear (New Mexico Agricultural
Statistics).

Major crops grown in the region include pima and upland cotton, red
and green chiles, lettuce, cnions, tomatoes, alfalfa, grain sorghum,
wheat, barley, and pecans. Average annual rainfall is a scant 7.89
inches (New Mexico Agricultural Statistics). Thus, Airrigation plays
an important role in the economy of the region. The primary source of
irrigation water for +the area is Elephant Butte Reserveir on the Rio
Grande River 20 miles northwest of the northern edge of the region of
study. Water deliveries are made oh certain days each week according
to availability and producer requests against that year's allcecation.
Surface water abscrbed by the riverbed and delivery ditches provides
recharge for groundwater in the surrounding floodplain. Both direct
river flow released from the dam and groundwater are used for
irrigation.

Elephant Butte Reservoir provides water o three separate
irrigation districts downstream. International treaty and federal law
specify that an agency khown as the Rio Grande Compact Commission is
responsible for the correct disposition of all Rio Grande waters.
Several other federal agencies including the U. S. Army Corps of
Engineers and the U. S. Bureau of Reclamation assist the Compact
Commission in carrying out its duties. Collectively these agencies
determine the annual surface water allocations made to each irrigation
district on the basis of projected water availability and established



water rights.
Procedures

Linear programming technigues were applied to evaluate the economic
implications of a farmer storage program in the Elephant Butte
Irrigation District. The analysis included both annual and temporal
implications and basically follows the procedure below.

1) Development of a static linear progrém representing current crop
production practices for the region.

2) Application of the static model to generate schedules of returns
for alternative surface water allocations under different specified
groundwater conditions, and

3) Use of the schedules of returns from (2) above within a multi-year
linear program to maximize the present wvalue of returns to water
subject tco historical surface water allocations and reservoir
evaporation rates.

The optimal temporal soluticns obtained in step (3) assume perfect
knowledge of surface water allocations and evaporatieon rates, and
therefore represent "best case" sclutions for optimal use of water
over the 18 vear period investigated. A base solution through time
was developed by using all the surface water available each year via
the static model. This was compared to other temporal uses of water
to estimate the value of a water accumulation policy or farmer storage
program.

Static Linear Programming Model

Linear programming techniques were used to optimally allocate a
specific quantity of water among crops in any one year. This provided
a cropping pattern and estimate of associated net returns.

The objective function of the model consisted of gross returns from
crop sales less all variable costs, fixed costs, and applicable
interest charges. The six year average of 83,600 acres actually
farmed in the area (1975-1980) was set as an upper bound for cropped
acres within the district. Twelve crop alternatives were included for
11 different soil groups. To establish soil groups, soil series were
combined. The scoil groupings and applicable acres are summarized in
Table 1 (Y. 8. Department of Agriculture,Soil Conservation Service).
A composite acre was defined by soil group, which included the
historical preportion of land in each major crop. This was necessary
to reflect cropping patterns and historical yields. The average crop
yields over the 1975-1980 period are presented in Table 2 (New Mexico
Agricultural Statistics and Cornforth and Lacewell).



Table 1, Regional Soil Groups and Acreage Proportions

Proportion

Soil Group 3 Acres
Anapra Clay loam 6.17 5,158
Anthony Vinton loam and fine sandy loam 10.81 9,036
Anthony Vinton/Armijo clay loam 4,86 4,062
Armijo clay 2.93 2,450
Agua loam 23.36 19,528
Belen clay 7.22 6,035
Belen clay loam 2.06 1,721
Brazito fine and very fine sandy loam 11.6 9,696
Glendale loam and clay loam 24,05 20,105
Harkey fine sandy loam .3 418
Harkey loam and c¢lay loam 6.45 5,391

Source: Soil Survey of Dona Ana County Area, New Mexico, 1980,



Table 2 .

Six Year Average Crop Yields and Prices

Crop Yield/Acre Price
Upland Cotton 583 1l1bs. 78¢/1b.
Upland Cottonseed .51 toms 5.83¢/1b,
Pima Cotton 410 1bs. $1.12/1b.
Pima Cottonseed .36 tons +5,63¢/1b,
Alfalfa 5.2 tons $77.83/ton
Wheat 64 bu, $3.93/bu.
Barley 60 bu. $2.49/bu.
Grain Sorghum 73.8 bu. $2.86/bu,
Pecans 850 1bs. 95¢/1b.
Tomatoes 10.2 tons $96.2/ton
Lettuce 474 ctn, (50 1lbs.) $5.41/ctn.
Onions 427 sacks (50 1bs.) $4,51/sack
Green Chili 7.25 tons $242.,63/ton
Red Chili 1.4 tons 42¢/1b.

Source: New Mexico Agricultural Statistics, 1975-1980, and
Cornforth and Lacewell.



Upper bound constraints were placed on all vegetable Crop acreages
due to brokerage restrictions on production (Libbins). Producers
might, in practice, grow additional acreage, but acreage above that
contracted to vegetable brokers and canners has a smaller probability
cf being marketed profitabhly, if at all. The perennial nature of
alfalfa and pecans also required that upper and lower bounds on
acreage be set to account for crop establishment and removal time
lags. Pecan groves and alfalfa fields were assumed to have lifetimes
of 25 and 6 years, respectively. Acreage bounds were set 1/25 above
and below the 1980 acreage for pecans and 1/6 above and below the 1980
acreage for alfalfa.

Additional considerations were made for disease, erosion, and
nematode control practices for land farmed in vegetables. Farmers in
the area generally double crop wheat or barley in between lettuce,
enjons, and tomatoes. Thus, wheat and barley acreage was required to
be at least as large as that of tomatces, lettuce, and onions.
Additicnal small grain acreage above tomato, lettuce, and onion
acreage could come into solution if profitable. The required small
grain acreage accompanying vegetables was included as simply an
additional input cost of vegetable production. Current practices in
the region for this particular rotation do not include additional
fertilizer applications for the small grains accompanying vegetables.
Allowances were also made to reflect the apparent additional cropped
acreage such double cropping creates, and reported acreages may exceed
the upper bound of 83,600 acres noted above. The proportion of pima
cotton relative to total cotton yield was also allowed to range
between historical bounds of 27% and 3B%.

Rdditional rows within the model reflected the two irrigation water
sources (ground and surface water), as well as transfer activities for
cost, acreage, and production. The final model consisted of 189 rows
and 185 columns.

Input Regquirements and Costs

Input requirements, production costs, and technical production
coefficients for all crops except pecans were taken from Cornforth and
Lacewell and Libbins et. al. Technical or production coefficients for
pecans were taken from Gorman et. al. and Cornforth and Lacewell. For
each crop the costs were categorized intc the following groups:

purchased inputs
fertilizer
preharvest
harvest

fixed cost
overhead
establishment

Selected input prices used in crop enterprise budgets and in the
static linear programmning model are presented in Table 3.



Table 3. Selected Input Prices

Diesel .97 cents/gallon

Gasoline 1.07 $/gallon

Natural Gas 3.94 $/mcf

Electricity .04 cents/kwh

Surface Water 22.25 $/first two acre feet
Surface Water 3.00 §/third acre foot
Labor (Egquipment) 3.50 $/hour

Labor (COther) 3.25 $/hour

Interest Rate 7.0% per annum (real)

Source: Cornforth and Lacewell.

Purchased dinputs included such items as seed, Chemicals, etc.
Fertilizer gquantities and, hence, costs varied with vield for cotton,
pecans, alfalfa, grain crops, and were assumed constant for vegetables
in order to assure high yields for those high value crops (Cornforth
and Lacewell). Preharvest costs included most machinery operations
and necessary hand labor, while harvest costs were those expenses
associated directly with the harvest operation. Harvest costs varied
with yield on pecans, cotton, and grain crops. The remaining crops
were assumed toO be harvested on a per acre basis not dependent on
yield. Overhead expenses include down time, employee benefits,
insurance, taxes, supervision and management and other miscellaneous
exXpenses. An annual establishment cost was also charged to pecans and
alfalfa while fixed costs associated with each crop include
depreciation, insurance, and repair of machinery used for operations.
Applicable land taxXes were also included.

Water and Irrigation Costs

Surface water costs producers in the area $22.25 for the first two
acre—feet. This cost was treated as a fixed cost or a water use tax
for the entire region. Additional surface water above 2 acre-feet per
acre , when available, costs $3 per acre-foot (Babcock). Surface
water allocation and suggested groundwater pumping limits of 3 feet
per acre per year have been established by the irrigiation district.
Variable irrigation costs were based on a rate of 2 man hours per
acre-foot applied, with additional charges for pump service, oil and
lubrication calculated at a rate of 15% of the fuel costs for natural
gas engines and 7.5% of the fuel costs for electric engines (Greenwalt
and May). Fuel costs for each type of engine appear in Table 4. The
major natural gas supplier in the area, El1 Paso Natural Gas Company.
reports 387 agricultural wells in the district, and it is estimated
that approximately half the wells in use are natural gas powered and
half are electrically powered (Libbins). Thus, 774 irrigation wells
were assumed in use in the area, yielding an average of 108 acres
irrigated per well. Pumping costs were charged on a one-half natural



Table 4. Summary of Puel Costs Calculation for Average Irrigation Power
Plants in Mesilla and Rincon Vallevs, New Mexico

Well 120 fr. Jatural Gas 33.34/met

Total Oynamic Head 100 fr. Eleccricity L4/ kwh

Flow Rate 2000 zpm Flow Rate in Inches 4.4 ac in./hr.
Pump Efficiency 75% Flow Rate in Hours 2.7 hrs/a.fc,

Electric Motor Efficiency 90% BTU/BHP/hr. .638/mcf/hre.

Gear Drive Efficiency 907

Electric Power Planc

I GPM(TDR) . 2000 (100) _
drake hp required = BHP ~ oygrqr  mp efficTency) = 3960 (.75F = 67-3
Kilowatts required = KW = DHF _(.746) . 8738 (.746) = 55.81 KW

motor efficiency 0%

Kwh/acre fr. = 55.81 % 2,10 = 150.70 kwh/acre ft.
$/hr, = 55,81 x .04 = $2.23/hr. fuel cost
$/ac. fr. = $2.23/hr. x 2.70 hr./ac. ft. = §6.03/ac. ft.

Natural Gas Power Plant
(Same well specification)

. ' GPM(TDH) - ___2000 (100)
(3960) (punp efficiency){gear drive efficiency) (3960) (.75)(.95)

BHP = 74,82

MCF/ac. ft. = 2,70 hr./ac. ft. * ,6381 mef/hr. = 1.72 mcf/aec, ft.
$/ac. fr. = $3.94/mcf * 1.72 mef/ac. £t. = $6.77/ac. Et.




gas and one-half electrically powered basis.

Other Fixed Costs and Interest on Capital

The fixed costs associated with irrigation were separated into
three categories as follows: well establishment, electric power
plant, and natural gas power plant. These respective costs were based
on current prices and appropriate regional service establishment
charges (El1 Paso Natural Gas Co. and E1 Paso Electric Co.). Well
establishment costs inciuded casing, screen, and pump, as well as
drilling costs and service establishment charges. Interest on average
investment was calculated on each o¢f these categories at a 7% real
interest rate.

As previously noted, fixXed costs for depreciation and repair of
machinery used 1in operations were taken into account. Average
investment in equipment was also reflected using the equipment
complement for a 500 acre representative farm (Libbins et. al.). To
better reflect operating expenses, all variable costs were charged
interest based on & 6 month average borrowing period at a real
interest rate of 7% per annum. Interest on the water use tax was also
charged at this rate.

Temporal Linear Programming Model

To extend the analysis intc a temporal framework required a
multiperiod or temporal model. Schedules of returns to land and risk
were generated for wvarying allocations of surface water where 1 foot
and then 3 feet of groundwater pumping per year was allowed. Surface
water was varied in 1 acre-inch increments and the resulting objective
function wvalue and cropping patterns assimilated. The 3 foot
groundwater allocation is the suggested maximum allowed (Babcock).
The groundwater pumping situations were examined to provide realistic
bounds on possible returns available while making use of the water
saving optien. Initial attempts to allow for no groundwater
availability yielded an infeasible solution in the temporal model due
to insufficient water in some years for maintenance of the required
alfalfa and pecan acreages. A schedule of returns for the no
groundwater situation was obtainable, however, and selected results
for that scenario are reported as well.

Implicit to the use of the returns schedules noted above is the
transfer of water from either one farm teo another or from uncropped
acreage to cropped acreage onh a given farm. As water availability
declines so does cropped acreage. Farmers must be able to transfer
water to where its use is required. Current regulations allew for
both these means of transfer provided all water is used within the
irrigation district itself (Savering).

The returns schedules described above were then used to build an 18
year temporal water use model which allowed saving a peortion of a
given year's surface water allocation for use in subsequent years.



Both the historical water allocation as well as annual evaporation
rates for the reservoir were incorporated, and appear in Table 5
(Bureau of Reclamation and Cornforth andg Lacewell). Surface water is
alleocated separately by the Elephant Butte Irrigaticon District for the
Mesilla and Rincon valleys, and the figures presented represent a
weighted average allocation for the entire region. Annual evaporation
coefficients for the reservoir were calculated using evaporation pan
data and the results of four 1lake surveys performed during +the time
period under consideration. Details of the method employed appear in
appendix B.

For each year, all possible surface water allocations and their
corresponding returns to land and risk were included as possible
activities. Any water saved in the last year (1980} is valued in the
objective function at its value for use in crop production. Results
of the static linear program place this value at $7.35 per acre-foot.
The linear program was then forced to choose at least one activity per
year, subject to historical water availability plus any water saved
{net of evapcration) from previous years. Returns for the activities
chosen were compounded to their present wvalue in 1980 dollars using a
7% interest rate reflecting risk and the real rate of interest (time
value) of money. The resulting sclution censisted of the optimum
alleocation of water over time which maximized the present value cof the
associated returns. This solution is subject to both the timing and
magnitude of historical surface water allocations and evaporation
rates.

The parametrically obtained returns and cropping pattern schedules
were also used to derive projected returns and cropping patterns for
the actual historical surface water allocation as well as for a
scenario imposing a 2 acre-foot per acre limit on surface water use.
As before, two groundwater restrictions comprised of annual pumpadge of
1 foot and 3 feet were examined for the two surface water use options.

In the 2 acre-foot per acre annual surface water limitation
situation, any portion of the actual allocation above 2 acre-feet was
assumed saved for use in the following year subject to reduction by
the appropriate evaporation coefficient. This saving and evaporation
reduction process continued until an allocation less than 2 acre-feet
was encountered and all or part of the saved portion was used.
Returtnis in both instances were then moved through time to their 1980
values to allow comparison with the optimal temporal returns stream.

Results
Static Model Results

The static mocdel results comprise the basis of the temporal model
structure. Thus, some understanding of static model results is useful
in understanding the overall implications of this study. For a base,
the static model was applied using the typical water availability for
a year. Use of 3 foot per acre maximum allocations for both surface



Table 5. Historical Surface Water Deliver-
ies and Evaporation Coefficients

Water Allocationl Evaporation2
Year (acre-feet) Coefficient
1963 1.97 .77
1964 .38 .7979
1965 1,56 .8541
1966 2.17 .8126
1967 1.57 .8263
1968 1.79 . 8459
1969 2.46 .8499
1970 2.69 ..7958
1971 1.60 .8195
1972 .796 . 8855
1973 2,42 .8573
1974 2.46 .8741
1975 2,43 .8610
1976 2.67 .8413
1977 1.31 .8013
1978 .72 .8725
1979 1.87 .8781
1980 2.47 1.

1Source: U.S. Dept. of the Interior,
Bureau of Reclamation, Monthly Water Dis-—
tribution, Elephant Butte Irrigation
District, Mesilla and Rincon Units, 1963-
1580.

2Coefficient reported is proportion
remaining after evaporation.
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and ground water vyielded a close approximation ¢ actual farming
practices for the region. The resulting returns and cropping patterns
are shown in Table 6. Three crops (grain sorghum, barley, and red
chile) were not included in the optimal solution, with the first two
crops simply being unprofitable in comparison to wheat at the relative
prices used in the model. Red chilies were also unprofitable at the
price used, as well as in the budgets used in formulating the linear
program (Libbins et. al.). Total income to the region of $77,756,327
corresponds closely with the actual 1980 crop income of $77,385,000
(New Mexico Agricultural Statistics, 1980).

Vegetable, dgreen chile, and cotton acreages entered the solution at
the previously defined upper bounds due to relatively high
profitability. The additional income (crop shadow prices) available
by increasing those bounds by one acre also appear in Table 6. Recall
that small grains are grown in rotation with vegetables for disease
and pest control. The presence of 1,392 additional acres of wheat
above the required 10,650 acres corresponding with tomatoe, lettuce,
and onion acreage indicates that wheat is profitable in its own right.
The entire surface water allocation of 3 acre-feet was used as well as
.96 acre-feet of groundwater. Results of the model application also
indicated that groundwater costs $1.14 more than surface water per
acre-foot and that the marginal value product cof another acre-foot of
surface water for production is $7.35. Income and costs for the
regicon are summarized in Table 7. The crops grown yvielded a gross
income of $77,756,327., variable costs of $49,800,768., and returns to
iand and risk of $4,061,955 for an average net return of $48.59 per
farmed acre.

Alternative Surface Water Restriction Results

Selected portions of the returns associated with alternative
surface water supplies are given in Tables 8 and @ for the 3 and 1
acre-foot per acre groundwater availability scenarios. The former
case yields constant acreages over the entire schedule for several
Crops. Vegetable and green chile acreages are at their upper bounds,
while alfalfa and pecans are at their lower limits. Remaining
pertinent crop acreages, as well as response to declining water
availability, are shown in the Tables 8 and 9. Complete schedules for
both scenarios appear in Appendix A.

Examination of Table 8 for the 3 acre-foot groundwater complement
reveals that additional groundwater simply replaces lost surface
water, resulting in decreasing returns due to the higher cost of
pumping. Cropping patterns and gross income are constant until the 3
acre-foot groundwater limit is reached. At that point .956 acre~-feet
of surface water is in use, and further restriction of surface water
causes the additional wheat acreage above that required for vegetable
rotation to exit from solution. Onion acreage and its accompanying
wheat acreage then decline with the former going to zerc at the .652
acre-foot surface water level. Cotton acreage falls from 36,000 acres
to 18,238 acres as the surface water allocation drops to zero. The



12

*doxo pel1deTos8 1OES 103 2IVE
3U0 SuoT3IVTIIs21 28eeaoe pesodur Fuysesadur Lq YSTZ pue pue] 031 SUINIDI UT esBaIOUL

31933-3108 9496 "

31993~23I0® (°'¢

S3I0® z/%*'01
§9I08 06Z°%6

a8eaioy paddoap-aTgqnog

a8ea10y TEB3OL

198N punoin

I33EM 20BIING

8/8°8TE S suaniay I8N
- Z64°2T  808°TI *sqT 870°T  °sqT 695°0WT ZT 808°TT suedaq
08°9.€$ 06T°8 - suol  z*/ suol ¢/6°gS 061°8 S9TTYD U991n
60725 $ 048°¢ - §OBS 6TS SY0BS 408°L00°T 0/8°¢€ suoTuQ
Z1°88.% 08L°¢ - *su3d 9Ly *SUID 76G°05L T 08L°S 29033197
06°€THS 78 - suol 97°0T suol geyg 728 §903¥WO],
— 0T8°LT 095°ST SU03 97°¢ Suol %8°18 096 6T BITRITV
- - - *nq L9 *ng 66/°708 Y0 eT Jeayy
9T 0% $ 089°CT 0TL°6 *sqr 60% *8qT 68Y°765°¢ 089°€T uol13o) 'wId
- 08Z°9Z 0Z£‘tT *8qT 08$ *SqQT 687 °“vv6°7T 0zgzz  wo3ljo) puerdp
g90T1d mopeysg aaddp IINOT 210y 194 PIPTA uor3onpoig a8eaaoy doxp
spunog 28ea1dy 1101

3191a31sT( wor3jedrii] s3iang JjueydeTy ‘siTnssy pue suiaizared Jurddoin TIpoy OIIRIS "9 °IqEL



Table 7.
District

13

Static Model Solution Cost Summary; Elephant Butte Irrigation

Gross Returns

Variable Costs

Purchased Inputs

Fertilizer

Preharvest Operations

Harvest Operations

Fuel

Irrigation Labor

Initial 2 Acre-Feet Surface Water
Third Acre-Foot Surface Water

Total Variable Costs

Returns Above Variable Costs

Fixed Costs

Overhead
Establishment - Pecans and Alfalfa
Equipment Depreciation

Total Fixed Costs

Returns Above Fixed and Variable Costs

Interest Costs

On Overhead and Establishment Investment
On Average Equipment and Well Investment
On Operating Capital

Total Interest Costs

Returns to Land and Risk

$ 7,315,286
4,199,229
7,595,647

24,812,263
616,604
2,971,564
2,018,075

272,100

$49,800, 768

$ 8,543,124
3,684,967

7,467,841
$19,695,932

$ 427,983
2,026,660

1,743,028
$ 4,197,671

$77,756,327

$27,955,559

$ 8,259,627

$ 4,061,955
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remaining three acre-feet of groundwater then supports the cotton
acreage noted above, 6,602 acres of vegetables, 6,602 acres of wheat,
15,560 acres of alfalfa, and 11,808 acres of pecans.

Cropping patterns and returns with 1 acre-foot of groundwater
available adjust more gquickly to restricted surface water than for the
3 acre-foot groundwater situation. As in the previous case, wheat
acreage initially drops to that level required for rotation with
vegetables, followed then by the reduction and exit of onion acreage.
Required wheat acreage also declines accordingly. With 2.652 acre-
feet of surface water available per irrigated acre, cotton acreage
begins to diminish, eventually exiting with surface water at the 1.33
acre-foot level. Tomatoes, green chile, and lettuce then exit in that
order accompanied by 1like reductions in wheat acreage that is
associated with the tomato and lettuce declines. Established pecan
groves and alfalfa fields require & total of 1.638 acre-feet of water
from any source. Returns at this minimum required level of production
are an estimated =$7,184,993. The regional water tax charge of §
2,018,075, establishment charges of $ 3,684,967, well fixed cecsts of
$2,283,002, and interest on average equipment investment charges of $
1,225,385 contribute greatly to this negative return.

The schedule of net returns developed with 3 feet of groundwater
available was used to examine the vrelationship between total water
allottment, nhet farm returns, and acreage farmed. Figure 1 graphs
returns versus total water use ranging from the minimum required 1.639
acre~feet up to a possible 3.96 acre-feet. As would be expected
returns for the region increase with additional water availablity. A
similar curve in Figure 2 portrays farmed acreage for varying total
water usage levels. Results portrayed in both figures assume the
presence of required alfalfa and pecan acreages due to those Crops
perenial nature.

Regional input demand relationships for surface water under varying
groundwater situations were also derived from the parametric linear
program schedules. These demand relationships are depicted
graphically in Pigure 3 with specific values for the three, one, and
zero acre-foot per acre groundwater situations appearing in Table A-l
of Appendix A.

The figures represent the marginal value product of surface water
to the region at varying levels of availability, and therefore form an
upper bound on the docllar amounts producers as a whole would be
willing to pay for surface water. These demand relationships do not
necessarily reflect the preferences of an individual producer, since
his particular crop mixture could differ significantly from that of
the region.

In all three situations the marginal value preduct of surface water
declines with increased availablity. For the no groundwater situation
using the minimum required 1.64 acre-feet per acre required for
existing pecan and alfalfa acreages, surface water marginal value



15

*ATeaTiDadsal fsaaoe gQg‘Il pue
096 ‘ST 3® juejlsuod sa8eaioe uedad pue eITRITE YITa ‘oldz a3ie safeaioe aTTyd poa pue ‘unyfios uread ‘Larieq

q

*3D0T13STP UOT1BSTAIT 9Yl Ul 212k poieStiir Iad 32937 210V

0618 0 08L°S 7e8 z09°‘9 BEZ8T  000°L9 8T TL5°8SS  #8L°GSH°TS ‘€ 0°0
0618 0 08L°C AAS) z09°9 (Y0°67  608°CL 0€6°806°T95  TOV ZI6°TS ‘€ ¢z’
06T 0O 08L°C ZZ8 zZ09°9 9¢8°TE  819°08 8/5°GHT 598  HYID®69E£°TS € Gt
061°8 0 08L°S 7Z8 z09°9 000°9€  79L°v8 068°GLT 195  TS8°9¥9°TS 3 769"
06T°8  T6L°t 081°¢ 78 €6E£°0T 000°9¢  €%E€°Z6 99€°8ET*/L$  8E8°L60°ES € 916"
061°8 018°¢ 08L°¢ 78 ZL%°0T  000°9€  ZTOS‘Z6 L86°wWE LIS 98T°LOT €S '€ 776"
061°8 0L8°¢ 08L°¢ 728 ZYOZT  000°9€  T/0°%6 [TE9GL*11$  T60°T6TtS '€ 9¢6°
061°8 0/[8°¢ 08L°¢ 778 Zv0‘TT  000°9€  TLO'%6 [TE9SL°LLS  690°858°¢€S 966°T 0°T
06T°8  0{8°¢ 08L°¢ 728 ZY0°ZT  000°9€  ZL0°%6 LTE9SL°LLS  IwL°0S0°%$ 96w T A
06T°8  0L8°¢ 08L°S 7z8 TYOZT  000°9€  CLO°%6 [TE9SL°LLS  STYUEwT'YS 956° 0°¢
aTTUD SUOTW) 2INJIIDY §80j]BWO], IBIYM 103309 pauieg 2WOIUT suInlay (19a3-ea0we)} Auwmwlmuumv
PEE RG] 8310V T®310L 32N I93eM 13leM
nmmwwwuu< doxn Te20L g PUNOIY go0BFaNg
19Ta3STQ uoTIesTaal 93ang Jueydaty
‘UOTIED0TTV JIPIBMPUNOISH JOOJ-3IDY 23IY] ‘3Tnpayusg uisailed Surddoi) pue uanisy Jo Suorliod Paidsiag °g 2TqeL



16

*LTaa13oadsea ‘saide guEll
pue 9¢‘cT 1E JuEISuOD sadeaide ueoad pue B3TEITE YITA ‘019z 21¢ 598waIdE I[TYD pai pue unyBios uteid ‘fayireq,

*90TA3STP uoTIeB8TIaT 243 UuT 310® paiedraar lod 31993 210V,

0 G 0 0 0 0 89€ /T  LGBE06°LTS  €66°¥8T LS- T 8E9°
0 0 L2842 0 XA 0 720426 89T°S0G°%TS  06L°6ZT°SS- T GL*
0 0 08L°S 0 08L°C 0 876°8E  7T6°86TvES  9TT8TE‘TS- ‘1 8%16°
Te6°T 0 08.°S 0 08L°S 0 6G8°0% 600°€L9°LES  TLE‘HOS TS~ "1 "1
0TLS 0 08L°S 0 08L°¢ 0 gE9wy  0T8°GLTHYS  8T9°L0T $§ T 911
061°8 0 08L°S 0 08L°¢ 0 8IT LYy  #8T°809°8y$  8TESIT TS "1 9LL°T
061°8 0 08L°S 44+ z09‘9 0 29L°8Y  TTE'SE9'6WS  TSL99G6°TS 1 £€°1
061°8 0 08L°¢ zZ8 2099 LEZ°8T  000°L9  BTITT/6°8SS  O¥L*68L°TS$ ‘T i
061°8 0 08L°S zz8 2099 968°TE  BT9°08  THSSwZ S9s  HSTZ9s‘es *T ST
0618 0 08L°S 718 Z09°9 000°9E  Z9L°%8  0S8°CLTL9%  SSTL6L°t$ T 759°C
061°8 0T 08L°¢ 778 %00°8 000°0€  £9S°/8  9%8°%Z6°0LS  8YY 9E6°ES 1 €Lt
06T°8 0L8°¢€ 08L°¢S Zt8 ZLY°0T  000°9€  ZOS°T6  [B6HWE LL$  9TSTBI¥S T 726°C
0618 0£8°€ 08L°S Zz8 Z90°ZT  000°9E  ZL0°%6  LTE9SL°LLS  wTyEve‘ys 966" '€
31TYD SuUcTUup 20on1397] S90]PWOT, IBIYM uolilod pauieq auoouy suanlay 1IoN (1923-21081) (1993~2ad€)
BEED )] S910VY Tejof I13lem A23eM
ﬂmmmmmnud doan T®230] g punois goaeling
UOTIEDOTTV 1231BMPUNOIH J004-81DY JUQ ‘aTnpayog uialjed Surddoa) pue uinlay JO SUOTIIOJ PIIOBT3S *6 °T9EL



Regiono! Net Returns

17

RETURNS
$5,000, 000

$4,500, 000+
$4,000, 00C =
$3,500, 000+ *
- A‘K
$3,000, 000
J A
B KA’
$2,000, 000
A’K
$1,500, 000 ’
$1,000, 000 x
ssoo.oooq ;
$0 -
$-500, 000
$-1,000, 000 ;
$-1,500, 000
$-2.000, 000
$"'2- SUO- UUD“‘
$-13,000, 000
$-3,500, 000—
$_I4.I OOU] UUD
$-4,500, 000 j
$"5-UUU-OUO A:
$-5,500, 000 ‘
$-5,000, 000 ,
$-6,500, 000 :
i 4
$-7,000, 000 p
$-7,500,000+ |

Regional Net Returns for Varying Water Availability,

Figure 1,
Elephant Butte Irrigation District



(G0, 7J00-

.

] ! r

i

33,7200

[y

I3

30,200

..

25,000

e
b

30,900

La 444 .L.LL..I.-L.‘-LL

75, 000 .

1

70, 000 e

6%.000

saaalas ey
®

60, cag -

[
>

S5, 000 ,

S¢, 000

Regionai Acreage

45,000

4a, doo

Y TUTTY ITTTe Ferey e
[

35,000

9 4

30.000

'S W
L%

25,000

-

20, 000~ |

LI | 1 Ty T | | | Skl | 3 ey ) L i 4 ™ M 1 LA ] 1 _l T T LA 4
Lttt i 11222222222233333333334
01234567880123456783012348678345
ACRE-FEET

Figure I. Regional Acreages for Varving Yater Availabilitv, Elephant Butte
Irrigation Digtricet

18



(Dollars per acre—foot/acre)

19

AMT
$360-]

A8 ajan

$320

IRV EEN RN

$280

$2.0-

s e e Rt
x—..——,_—_.—_-._—-_-_____,m,.__, ——

$200]
3 E‘T

$160-

$120-

o e —

¢
i
|
|
|
i
I
I
}
|
i
[
|
|
&09 0-0 -

4 053 -8
1

$80-]

5103

|

‘s
‘.
!

|
?

*—*****-*—'l*-*ﬁ_*.q....n*‘ -+ -O-QE O 959 WJ
$0 Tt ke Sk e b e e e e e e e e el
s ad Raad aat SRS IS ARMESSMNNMMN WENNMMISSSI S

HURRRA SR A AL RAAN RARE LAAD RAM

0000000000111 111111122222222223

012345678001230656678801230567880
ACRE-FEET

LEGEND: CLASS -4+ 3 FT. GROUND o—¢~6 | FT. GROUND
838 NI GROUND WATER

Figure 3. Surface Water Marginal Value Product for Varying

Groundwater Situations, Elephant Butte Irrigation
District



20

preoduct exceeds $345. Producers would be willing to pay up to $345
for an additional acre-foot of surface water. Of course, not much
water would be demanded at that price. Marginal value product values
drop to §20.14 if the full 3 acre-feet of surface water is in use.
Both of these values greatly exceed the respective acquisition costs.

For a given level of surface water usage, surface water marginal
value product values also decrease with increased groundwater
availability. For example, 1if 2 acre-feet per acre of surface water
is in use, surface water marginal value product drops from $103.53 to
$17.03 to $4.24 for the zero, 1 acre-foot, and 3 acre-foot groundwater
situations. These figures emphasize the importance of groundwater to
the region.

The demand relationships noted above may also be used in evaluating
alternative uses of water by yielding the prices required to induce
sale of water to other users. Such sales do currently take place
Petween individual producers holding water rights within the district
with large water users such as pecan and alfalfa producers often
buying water as the surface water irrigation season draws to a close.
Existing legislation prohibits transfer of water out of the irrigation
district. Water demand from other heavy water users in the region
{(both municipal and industrial) may eventually result in new peolicies
concerning use of water from the reservoir. In either case the demand
schedules derived may be used to estimate the value of surface water
for use in agriculture and provide minimum required returns for
transfer toc other users.

Temporal Water Usage

The results of the schedulé of returns for alternative surface
water levels given 1 and 3 acre feet of groundwater were used to
construct the temporal LP model. Of primary concern in the temporal
analysis 1is allocation of surface water through time, Cropping
patterns, and resulting economic implications.

Surface Water Allocations

The purpose of the proposed water accumulation or water saving
option would bDe to allow a more stable allccation of surface water
over time via saving portions of a large surface allocation for use in
later years when there are scarce surface water supplies. Optimal
temporal surface water use assuming 3 acre feet of groundwater
available is presented in Figqures 4 and 5. Saving activities for
surface water occur in 9 different years and withdrawals from those
savings in 6 separate years. Note in Figure 4 that the linear progran
model's perfect knowledge of future surface allocations and
evaporation rates results in several consecutive years of saving in
anticipation of 1large water shortages. Results shown in Figure 4
depict storage and depletion activities over time and with respect to
the absolute level of surface water usage, while Figure 5 depicts the
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same activities in terms of stored water, its use, and proportion
evaporated. Water saved in 1980 does not experience evapcoration loss
and is assumed sold at its value for use in crop production.

Similar results for the optimal tempbral allocation with a 1 acre-
foot groundwater 1limitation as well as for the 2 acre-foot surface
water limitation appear in Figures 6 through 9. Graphs for the 2
acre—-foot surface water 1limit apply to either groundwater situation.
As can be seen in the last figure noted, use of the maximum 2 acre-
foot per acre surface water decision rule can result in very large
amounts of water being saved with large accompanying evaporation
iosses. 1In 1976, 1.657 acre-feet per acre or a total of 150,290 acre-
feet was stored with an evaporation loss of 16% or 23,851 acre-feet of
surface water. Additional storage and evaporation 1loss on water
required for transportation are not included in these calculated
figures (See appendiX B for a discussion of the relationship between
delivered water and that required for transportation).

Tables 10 and 11 summarize the annual water usage data for the
alternative temporal solutions. Examination of the information within
reveals some interesting results. For the 3 acre-foot per acre
groundwater limitation (Table 10), average surface water usage falls
for both the temporal and 2 acre-foot surface water limitation
scenarios when compared to that for the actual allocation. Values for
the three cases are 1.78, 1.76 and 1.87 acre-feet per acre per year,
respectively, with evapcration 1losses bringing about the decline.
surface water usage standard deviations for the twe water saving
scenaricos decrease from .701 for the actual allocation case to .48 and
.43 acre-feet per acre. Average groundwater usage increases from
2.048 acre-feet per vyear for the actual allecation to 2.17 acre-feet
per year for the temporal and 2.16 acre-feet per year for the 2 acre-
foot surface water limitation scenario. These increases result
because most or all saved water is replaced in a given year by pumping
groundwater. For this to otcur the wvalue of stored surface water,
even with evaporation leoss accounted for, must exceed the additional
$1.14 cost of groundwater over surface water. When saving or
accumulation of surface water occurs, excess surface water with a
relatively low marginal value product at high levels of surface water
use i1s saved for use in a later year where its marginal value product
has increased due to restricted water availability. With an optimal
temporal allocation of surface water, average total water usage
increases slightly compared to the actual allocation situation.
Better distribution of surface water over time alsc allows better use
of groundwater supplies leading to the increase in average total water
usage. Returns increase in response to the increase in water usage.

Total evaporation on saved or accumulated water for the optimal
temporal scenario is .685 acre-feet per acre or 62,154 acre-feet when
multiplied by the 90,700 acres in the region with surface water
rights. Average evaporation leoss per year of saving or accumulation
is then 7,769 acre-feet. Total evaporation losses for the 2 acre-foot
surface water 1limitation case increase to 102,518 acre-feet for an
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average of 11,391 acre-feet of surface water lost to evaporation per
year of savings. Absence of perfect foreknowledge in the 2 acre-foot
per acre surface water limitation led to significantly greater average
amounts saved (.3 acre-feet per acre) than for the optimal temporal
case. This led to the greater evaporation losses for the 2 acre-foot
per year per acre surface water limitation.

Results for the 1 acre-foot groundwater limitation scenarios appear
in Table 11 with groundwater use constant at 1 acre-foot per acre for
the 3 alternative temporal surface water alliocation schemes. Average
surface water use falls from 1.87 acre-feet per acre per year for the
actual allocation to values of 1.81 and 1.76 acre-feet per acre per
year for the optimal temporal and the 2 acre-foot surface water
limitation scenarios. Standard dewviations on surface water usage for
those two cases are also significantly smaller than for the actual
allocation. With average groundwater use constant and average surface
water use decreasing, total water usage decreases. Under limited
groundwater availability, total evaporation losses for the temporal
scenarioc are 61,119 acre-feet yielding average losses of 12,224 acre-
feet for the 5 years in which saving occurred. For the 2 acre-foot
surface water limitation scenario, evaporation losses are as reported
for the 3 acre-foot groundwater case. The average amount of water
saved varied very little between the optimum temporal and 2 acre-foot
surface water limit cases.

Cropping Patterns

Cropping pattern results for all six scenarios investigated appear
in Tables 12, 13, and 14. Yields per acre are as previcusly reported
in Table &. For the 3 acre-foot per acre groundwater case and actual
surface water allocation (Table 12) wheat and onion
acreages/production are the only crops to vary over time. If
groundwater is restricted to 1 acre-foot per acre onion acreages are
absent except for two vears (1970 & 1976) with unusually large surface
allocations. Cotton acreage varies throughout the schedule. Low
surface allocations in 1964, 1972 and 1978 diminish or exclude cotton,
tomatoe, onion, wheat, and green chile preduction. The allocation in
1964 could maintain only the required pecan and alfalfa acreages.

Optimal temporal cropping patterns (Table 13) for both groundwater
situations are relatively stable, with those for the 3 acre-foot
groundwater situation being constant while cotton acreage varies for
the 1 acre-foot groundwater case. Onion acreage is totally absent in
the latter case, and in 1964 the water saving option increased both
wheat and lettuce acreage by 5,780 acres over that occurring for the
actual allocation case with 1 acre-foot of groundwater in use.
Optimal temporal use of available surface water increased average
total acreage by 1,211 acres per year for the 3 acre-foot groundwater
case. Average total acreage decreased from 63,055 to 61,992 acres for
the 1 acre~foot groundwater case. This apparent anomaly occurs for
the temporal case when surface water use on less water intensive crops
like cotton is reduced in years of Jlarge allocations and the water is



Table 12. Actual Surface Water Allocation Cropping Patterns,

tion District

Elephant Butte irriga-

dcreagegd
Total Water Used Green

Year (acre-feet/acre) Cotton Wheat Tomatoes Letfuce Onions Chile Toral
Three Acre-Foot Groundwater Case:

1963 3.956 36,000 12,042 322 5,780 3,870 8,190 94,072
1964 3.38 36,000 6,602 822 3,780 0 8,190 84,762
1965-1971 3.956 36,000 12,042 822 5,780 3,370 8,190 94,072
1972 3.796 36,000 8,691 822 5,780 2,089 8,190 88,940
1973=1977 3.956 36,000 12,042 822 5,780 3,870 B,190 94,072
1978 3.72 36,000 7,578 822 5,780 975 8,190 86,713
1979-1980 3.956 36,000 12,042 822 5,780 3,870 8,190 94,072
Average 92,861
One Acre-Foot Groundwater Cage:

1963 2.97 17,426 6,602 822 5,780 0 8,190 66,188
1964 1.38 (allocatjon sufficient only for pecan & alfalfa acreages) 27,368
1965 2.56 6,259 6,602 822 5,780 0 8,180 55,021
1966 3.17 22,859 6,602 822 5,780 ¢ 8,190 71,621
1967 2,57 6,532 6,602 822 5,780 0 8,190 55,294
1968 2.7% 12,522 6,602 822 5,780 0 8,190 61,284
1969 3.46 30,774 6,602 822 5,780 0 8,190 79,536
1970 3.69 36,000 7,108 822 5,780 507 8,190 85,259
1971 2.6 7,348 6,602 822 5,780 0 8,190 56,110
1972 1.796 o 3,29 0 3,294 0 0 33,956
1973 3.42 29,694 6,602 822 5,780 0 8,190 78,456
1974 3.46 30,774 6,602 822 5,780 0 8,190 79,536
1875 3.43 29,965 6,602 822 5,780 0 8,190 78,727
1976 3,67 36,000 6,310 822 5,780 208 8,190 84,970
1977 2.31 0 6,298 518 5,780 0 8,190 48,154
1978 1.72 0 1,696 0 1,696 0 o 30,760
1979 2.87 14,709 6,602 822 5,780 0 8,190 63,471
1980 3.47 31,045 6,602 822 5,780 0 8,1%0 79,807
Average 63,085

aaarley, grain sorghum, and red chile acreages are zero, with alfalfz and

pecan acreages constaat at 15,560 and 11,808 acres, respectively.
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Table 13. Optimal Temporal Surface Water Allocation Cropping Patterns, Elephant
Bucte Irrigation Districe
Acreagesd
Total Water Used sreen
Year (acre-feet/acre) Cotton Wheat Tomatoes Lettuce Onicns Chile Total
Three Acre-Foot Groundwater Case:
1963-1980 36,000 12,042 822 5,780 3,370 8,190 94,072
One Acre-Foot Groundwater Case:
1963 2.275 0 5,780 0 5,780 d 8,178 47,106
1964 1.915 o 5,780 322 5,780 0 o 38,923
L9265 2.56 6,270 6,602 822 5,780 0 8,190 55,032
1966 3.17 22,876 6,602 822 5,780 0 8,190 71,638
1967 2,57 6,543 6,602 822 5,780 o 8,190 55,305
1968 2,79 12,535 6,602 822 5,780 0 8,190 61,297
1969 3.46 30,775 6,602 g22 5,780 0 8,190 79,537
1970 3.21 23,978 6,602 822 5,780 0 8,190 72,740
1971 2.33 80 6,602 822 5,780 0 8,190 48,842
1972 2,33 80 6,602 822 5,780 0 8,190 48,842
1973 3.42 29,686 6,602 822 5,780 G B,190 78,448
1974 3.46 30,775 6,602 822 5,780 o 8,190 79,537
1975 3.43 29,958 6,602 8§22 5,780 0 8,190 78,720
1976 2.74 11,210 6,602 822 5,780 0 8,190 59,972
1977 2.33 80 6,602 822 5,780 0 8,190 48,842
1978 2.33 80 6,602 822 5,780 0 8,190 48,842
1979 2.87 14,174 6,602 822 5,780 0 8,190 63,476
1980 3.47 30,001 6,602 822 5,780 0 8,190 78,763
Average 61,992

aBarley. grain sorghum, and red chile acreages are zero, with alfalfa aod pecan
acreages constant at 15,560 and 11,808 acres, respectively.
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Table l4. Two Acre-Foot Surface Water Limitation Cropping Patcarns, Zlephant 3utce
Irrigation District
Acreagesd
Total Water Used Green

Tear (acre-feet/acre) Cotton Whear Tomatoes Lettuce Onions Chile Total
Three Acre-Foot Groundwater Case:

1963 3.956 36,000 12,042 822 5,780 3,870 8,190 94,072

1964 3.38 28,602 6,602 822 5,780 0 8,190 77,364
19635~1980 3.956 36,000 12,042 322 5,780 3,870 3,190 94,072
Average 93,144
One Acre=-Foot Groundwater Case:

1963 2,97 17,426 6,602 822 5,780 Q B,190 66,188

1964 1.38 (allocation sufficient only for pecan & alfalfa acreages) 27,368

1965 2.56 6,259 6,602 §22 5,780 0 8,190 55,021

1966 3. 18,237 6,602 822 5,780 0 8,190 66,999

1967 2.708 10,279 6,602 822 5,780 0 8,190 59,041

1968 2.79 12,521 6,602 822 5,780 O 8,190 61,283
1969-~1971 3. 18,237 5,602 822 3,780 0 8,190 66,999

1972 2,17 0 6,780 0 5,780 0 8,190 44 848
1973-1977 3. 18,237 6,602 822 5,780 QO 8,190 66,999

1978 2.284 0 5,840 61 5,780 Qo 8,190 47,239

1979 2,87 14,709 6,602 822 5,780 0 8,190 63,471

1980 3. 18,237 6,602 822 5,780 0 8,190 66,999
Average 60,803

aBarley, grain sorghum, and red chile acreages are zero, with alfalfa and pecan

acreages constant at 15,560 and 11,808 acres, respectively.
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used in later years with lower allocations on more water intensive
Crops such as vegetables.

Results for the 2 acre-foot surface water limitation case (Table
14) are similar to those for the optimal temporal surface water
allocation scenario. Cropping patterns and production are constant
for all years except 1964 if 3 acre-feet of groundwater is available,
and the restriction of groundwater leads to the exit of onion acreage
and the varying of cotton production. Average total acreage increases
slightly from the actual allocation results by 283 acres per year for
the 3 acre-foot groundwater case, while decreasing by an average 2,282
acres per year for the other groundwater situation examined.

Economic Implications

A major purpose of this study was to investigate if the
redistribution of current surface water allocations via the water
saving option would significantly alter returns to the region. It is
important to note that if such saving does take place, recharge of
groundwater to the floodplain will fall due to the decreased river
flow and more restrictive 1limits on groundwater pumping would very
likely occur. This prompted use of the 3 and 1 acre-foot groundwater
limitations with the intent of obtaining economic returns relevant to
the entire range of water uUse possible with the water saving option in
place. Ls previously noted, separate 1linear programming models
maximizing the present value of returns over the 1B year period
analyzed were wused and their solutions represent "best case" use of
the region's limited water resources. The returns streams for these
optimal temporal results appear in Tables 15 and 16 for the 3 and 1
acre~foot per acre groundwater cases, respectively. Corresponding
return streams for the actual annual surface water allocation and the
2 acre-foot per acre surface water use limitation are also presented.
Differences between these returns streams provide a measure of the
potential economic effects of the proposed water saving option.

Average returns per year for the 3 acre-fcot per acre groundwater
situation (Table 15) increase from $3,644,195 for the actual
allocation to $3,714,433 and $3,682,602 for the optimal temporal and 2
acre-foot per acre surface water limitation situations. These
improvements are slight, however, being less than 2 % in both cases.
The returns streams are also expressed in 1980 dollars and the present
value total for each calculated. These totals are then converted to
an annuity and divided by the average of 83,600 farmed acres to yield
returns per acre per year. Optimal temporal use of surface water
resulted in returns per acre per year of $43.94; 82 cents above the
actual allocation value of $43.12 . The 62,154 acre-feet of surface
water lost to evaporation therefore, in effect, purchased the increase
in average time-valued returns of $68,552 per vear.

The optimal temporal returns represent an upper bound on possible
returns. A more realistic situation, both from administrative and
producer's decision making standpoints, would be the 2 acre-foot
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surface water limitation. In this case the large amount of surface
water lost to evaporation (102,518 acre-feet) resulted in only a 23
cent increase in average returns per acre per year. The latter figure
translates to increased returns per year +to the region of only $4,422
which would probably not cover the additional costs to the water
district to administer the water saving option.

As groundwater availability is limited ,however, potential benefits
to the region increase. Average net returns (Table 16) increased from
$1,440,639 to $2,219,517 for the optimal temporal surface water
allocation scenario for an improvement of 54 %. For the 2 acre-foot
per acre surface water 1limitation, average annual net returns
increased 32.5 % to a value of $1,908,648. These figures imply time-
valued differences in returns per acre per year of $8.41 and $3.68,
respectively, with the latter value meaning additional average annual
revenue to the region of $307,648 for the 2 acre-foot surface water
limitation case. Thus if groundwater availability is limited, use of
the water saving option can significantly increase het returns. Net
benefit to the region would then depend upon the cost of
administration of the water saving program and what parties bear that
cost. Estimates of such administrative costs were not undertaken in
this particular analysis.

Graphical depictions of regional net returns appear in Figures 10
and 11 for the 3 and 1 acre-foot groundwater situations. Returns for
the actual surface water allocation are seen to vary a good deal more
in both graphs than for either of the other two scenarios examined.
Coefficients of variation values (Tables 15 and 16) also attest to the
greater stability of returns with the water saving option in place.
Note that the number of years with negative returns for the 1 acre-
foot groundwater situation decreased by 66 % if water saving was
allowed. The latter would very likely have been eliminated entirely
were it not for the occurance of an inordinantly low surface water
allocation of .38 acre-feet per acre in only the second yvear of the
period analyzed. Lead time to build up a sufficient amount of stored
water had not yet elapsed.

One additional relationship should be noted. Relative product and
input prices were assumed constant over time within the linear
Programming meodel used to derive the wvarious returns schedules.
Therefore, water availablity as well as the relative composition of
ground and surface water became the main determinants of returns to
the region. Graphical representationg of net returns versus ground
and total water use appear in Figures 12 through 17 for all six
scenarios under consideration. Net returns to the region appear in
the upper portion of the composite graph with water use depicted
below. The vertical distance between total water use and that for
groundwater for a given year represents the amount of surface water

used. For the three scenarios with 3 acre-feet per acre of
groundwater available, the higher cost of pumping groundwater is the
most significant determinant of returns. Total water usage is

relatively constant for these cases, but in those years with small
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surface allocations, groundwater use and its associated costs are
relatively large. Alternatively, for the three scenaricos with the 1
acre—-foot per acre groundwater limitation, total water usage varies
with surface allocation, the cost of dgroundwater pumping does not
greatly affect net returns, and net returns vary directly with surface
allocation and water available from storage.

Conclusions, Implications, and Limitations

The study presented here investigated the expected regicnal impact
and economic feasibility of a proposed water accumulation or water
saving option for producers operating in the Elephant Butte Irrigation
District. This particular plan would allow agricultural producers to
hold part of a given year's surface water allocation in Elephant Butte
Reservoir, providing use of the unevaporated pertion in a later year.

Procedures employed in the analysis included medeling of current
cropping practices subject to regional resource constraints within a
static linear programming model. Pertinent input/output coefficients
and costs were incorporated, with five-year average output prices
assumed for twelve crops spread across 1l scil 4groups. Applicable
fiXxed costs and interest charges were taken into account. Net returns
to the region were maximized assuming 1 and 3 acre-feet of groundwater
available per year per acre irrigated.

Surface water availability was varied from 2ero to 3 acre-feet per
acre to obtain schedules depicting regional net returns and cropping
patterns for varying surface water allocations for both the
groundwater situations examined. These schedules were then used to
build temporal linear programming models which maximized the present
value of net returns for the period 1963 to 1580 subject to historical
surface water alleccations and reservoir evaporation rates.
Calculation of these evaporation rates tocok into consideration
increased lake levels due to surface water storage.

The temporal models were used to estimate an optimal allocation of
surface water over the 18 year period investigated for the two
groundwater availability situations considered. Returns for the
optimal surface water allocations were then upper bounds on petential
net returns to the region. Projected streams of net returns were also
optained for each of the scenarios analyzed; i.e., optimal temporal
allocation of surface water, 2 acre feet of surface water per year
limit and adtual allocation of surface water given the 1 and 3 foot
groundwater limitations. These streams of nhet returns were valued in
1980 dollars allowing comparison among the alternative scenarios.
Differences between the wvarious returns streams for each groundwater
situation then provided a measure of possible economic effects of the
water saving program.
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Conclusions and Implications

Numerous relationships between existing conditions within the

region and potential impacts of the proposed water saving option were
developed. These include the following:

1)

2)

3)

4)

5)

6)

Net returns and total acreage vary directly with total! water
availability with the more profitable crops commanding first call
on limited water supplies. Regional demand for surface water was
derived and shown to he downsloping as well as dependent upon the
availability of groundwater. Such demand relationships also
provide a schedule of minimum bid Prices required to transfer water
to possible alternative uses or to other producers.

Groundwater availability was found to be critical to the welfare of
the region, allowing flexibility in irrigation timing as well as
increasing total water available in Years of small surface
dallocations. Pumping costs, however, eXceed costs of acquiring
surface water and in scenarios allowing 3 acre~-feet of groundwater
pumping; pumping costs are a major determinant of regional net
returns. Groundwater availability, in turn, is dependent upon
recharge from river flow and will likely decline with
implementation of the water saving option. Additional research
concerning the interrelationship of these two variables is needed.
if the water saving option is utilized, averadge surface water usage
falls due to evaporation Ilosses. Average groundwater usage
increases as producers elect to Pay the eXtra cost to pump
groundwater this vyear to have additional surface water in
subsequent years where its marginal value product exceeds the
income foregone in the current year. Increased groundwater use
will be complicated by decreased availability due to reduced river
flow. Net returns is this case will lie somewhere between the the
two boundary values obtained for the 1 and 3 acre-foot groundwater
scenarios.

Both saved water and water normally lost in transportation were
taken into consideration in the calculation of increased lake
levels and the resulting annual evaporation coefficients. These
Coefficients were found to vary relatively little with the amount
of water saved, although increasing slightly as lake wvolume
increases more rapidly than surface area for increasing lake
levels.

Under the conditions of relative uncertainty for the 2 acre-foot
maximum usage of surface water, the averade quantity of water saved
significantly exceeded the optimal amounts saved by the temporal
linear program. Evaporation losses for this scenaric were also the
dgreatest of any case examined. For the 1 acre-foot groundwater
case, the absolute number of saving activities exceeded that of the
optimal temporal solution as well.

Comparison of the time-valued net returns per acre per year for the
2 acre-foot surface water limitation and optimal temporal surface
water allocation scenarios against those for the actual alloca-ion
provided a measure of possible benefits of the water saving
program. For the 3 acre-foot groundwater case, the water saving



option yielded a slight increase in total water usage with small
increases in net returns per acre per year for both the 2 acre-foot
surface limitation and optimal temporal scenarios. It is doubtful
that these increases in returns would be large enough to cover
anticipated administrative costs of the proposed program.

The small differences between actual returns and those for the
optimal temporal surface water allocation scenario could prompt
several possible interpretations. One such interpretation might
conclude that the current allocation process has allocated water in
a near optimal fashion in terms of timing. That is, given a fixed
amount of water and the region's water delivery system, the actual
historical alleccations have resulted in almost the same time valued
net returns as would an optimal allocation system (the linear
temporal programming model) having perfect knowledge of future
water availability and evaporation rates. This, of course, assumes
that the static linear program model provides reasonable estimates
of the net returns and cropping patterns that would actually occur
given historical surface water allocations. A second possibility
is that policies such as appropriation of uncalled water as well as
the prohibition of water sales outside the irrigation district have
encouraged some waste. Producers might have a buffer guantity of

water above that regquired for near optimal net returns. If the
latter case prevails, ne such statement c¢oncerning the near-
optimality of historical allocations applies. Interpretations

aside, the small differences in returns do indicate that use of the
water saving option with relatively unlimited groundwater pumping
would not be an attractive alternative.

Possible improvements in the water delivery and water measurement
system might also make better use of the region's available surface
water. The El Pasc County Irrigation District to the south, which
also draws water from Elephant Butte Reservoir, recently has made
greater use of water meters at the farm headgate as well as

concrete delivery ditches. Delivery efficiency to the farm
headgate has improved from a past high of 651 % to one of 65 % in
1982 (Fifer). Approximately one-third of the delivery ditches in

that district have been concreted, with areas having greater
seepage problems receiving attention first. Similar measures in
the Elephant Butte Irrigation District could be one means of
improving water use efficiency there as well.

Model Limitations

Use of 1linear programming technigques has both advantages and
disadvantages in analyses of this type. Their use in modeling profit
maximizing behavior does have considerable merit, but several of the
particular aspects of farming practiced in the region are not readily
expressed in such a moedel. The production of vegetables is
historically both an expensive and risky endeavor. Lettuce producers
in the region can consistently produce yields of 800 to 900 cartons
per acre, yet lack of market demand at harvest often results in

48
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significant acreage being plowed under {Libbins). This results in
part from producer's success or failure in matching a ten-day to two-
week 1lull in the lettuce market nationwide (Cornforth and Lacewell).
Vegetable growers operating in such an environment of uncertainty
might be forced to finance several vyear's losses in pursuit of large
profits for a subsequent year. Incorporating into the model the
marketing techniques and strategies accompanying this inherent market
and price risk is generally not prossible. Numerous possible cropping
rotation schemes, both within a given year and cover several years, are
alsc used in the region. The number of alternatives as well as the
single year nature of the static model preclude exact representation
of such practices.

Another assumption that could affect the static model's cropping
patterns and estimated net returns involved water availability on an
annual basis. Maximum possible amounts of surface water deliverable
as well as groundwater well yvields within a given time period were,
therefore, not considered.

Despite these possible shortcomings, the model and methods employed
do provide a reasonable representation of agricultural practices and
water demand/use in the region of study. Their subsequent use as a
useful tocl in evaluating possible benefits of the proposed water
saving program is valid, with the results indicating that relatively
little improvement in overall nhet returns would occur given current
water availability conditions and that other possible means of
improving use of existing water supplies sheould be explored.

Possible User Limitations

The main difficulty encountered by producers utilizing a water
accumulation or saving plan is in deciding whether to save a portion
of this year's allocation, and if so, how much? Reliable forecasts of
weather conditions several months in advance are obviocusly
unavailable. One viable alternative is an a priori decision to limit
surface water usage to some constant amount, saving a portion when
possible for use in later vears. The cutoff value for each producer
using such an option might vary with the particular crops grown. The
2 acre-~foot surface water limitation scenario examined is one example
of use of such a decision rule. As shown, such a strategy could vield
increased net returns under conditions of limited groundwater
availability. If a relatively large number of producers exercised
such an option, available supplies of surface water currently
transferred among water rights holders in the district could be
significantly reduced. Producers growing water intensive crops could
then be forced to bid up prices for the remaining surface water
available for transfer, moving up the demand curve for surface water
noted earlier (Figure 3) to protect fixed and variable investments in
enterprises such as established alfalfa fields, pecan groves, or high
valued vegetables. The presence of a large number of acres of water
intensive or high value crops would then be a deterrant to water
saving, even for a particular producer not involved in their
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production. Farmers producing less water intensive crops would prefer
teo transfer water to those users requiring greater amounts of water,
exchanging that water for current income in lieu of returns on their
own crops later. Long run cropping adjustments in the region are not
known, but some reduction in water intensive crop preoduction could
very 1likely take place as producers adjust to the production
possibilities and water use levels possible under the water saving
option.

Possible Limitations to Irrigation District

Under the current system of surface water allocation, any uncalled
allocated water remaining in the reservoir on December 31st is
reappropriated by the Bureau of Reclamation for use in the next year's
allocation. All water users in each irrigation district benefit from
such a policy at the expense of the individual. Water conservation is
therefore implicitly discouraged, and such a policy may very well
promote overwatering of some crops in lieu of letting water go on
downstream or remain in the resevoir to be appropriated for later
year's allocations among all those with water rights.

The irrigation district would alsc be required to keep additional
records reflecting each producer's current saved water balance net of
evaporation losses. Calculation of those evaporation losses would
most likely entail charging producers for evaporation on saved water
incurred during the period stored and adding some additional amount to
account for increased evaporation 1losses on the current vyear's
allocation. Increased lake levels due to the presence of saved water
and longer periods of storage for portions of the current year's
allocation would contribute to these increases. Saved water would
generally be used earlier in the year to lessen evaporation 10ss,
therefore causing delayved use and increased exposure during the hotter
summer months for portions of the current year's allocation.
Coefficients expressing annual evaporation losses were used within
this particular analysis for purposes of estimating these combined
evaporation losses. A procedure similar to that described above or
some other approach should be used by the irrigation district to
accurately reflect the total evaporation losses occuring due to use of
the water saving option.

Considerations would also have to be made concerning water lost to
transportation. As mentioned in Appendix B, historical evidence
suggests that approximately 1 acre-foot of water is absorbed by the
river bed and delivery ditches for each acre-foct delivered to the
farm headgate. This transportation water would also be held in the
reservoir if saving occurred. Neither saved water nor its
accompanying transportation water should be considered for use by the
Compact Commission and irrigation district when deciding on the
current year's allocation. Presence of the water noted above and its
effect on evaporation should be taken into consideration, however.
The situation would be complicated even further since the required
amount of transportation water could change over time. Increased
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groundwater pumping accompanying use of the water saving option might
very well increase the propoertion of water absorbed in transport.
Better knowledge concerning the relationship between river flow,
groundwater pumping, and the resulting absorbtion rate of the river
bed and delivery channels might be required to properly decide on
future surface water allocations.

Additional topics of concern include physical and political
feasibility of the proposed proiject. Three irrigation districts
currently draw water from the reservoir, with the Elephant Butte
Irrigation District's southern c¢ounterparts being the E1 Paso County
Water Improvement District Number 1 and the Juarez Valley Irrigation
District in the Republic of Mexico. Logistical considerations imply
that adoption of the program by one district could be dependent upon
acceptance by all three. Delivery of saved water through & non-
participating district could prove difficult in years of below normal
surface allocations.

The ramifications of a possible reservoir spilleover shoulé also be
noted. The state of Colorade currently owes approximately 500,000
acre-feet of water to the Rio Grande at New Mexico's northern border
{(Gilmer). The state of New Mexico also owes slightly less than
200,000 acre-feet to Elephant Butte Reservoir. In the event of a
spillover, Compact regulations provide that both debts would be
cancelled. Exact response of the numerocus parties involved to the
possibility of such a cancellation varies, emphasizing that the
increased probability of a spillover if several irrigation districts
participate in the water saving program should alsc Dbe taken into
consideration.

The analysis presented herein considers only the economic
feasipility of the proposed water saving program. Adoption of such a
program would also have interstate and international implications.
Existing state, federal, and international legislation would have to
be considered, as well as the current agricultural goals of the
parties involved before the necessary legislation and policy changes
required for implementation could take place. Such agreement might
simply be impossible to attain given the great number of possible
points of conflict among the states of New Mexico, Texas, and the
Republic of Mexice. These potential obstacles, coupled with the
relatively small increages in returns generated by the proposed water
saving program under current water availability conditions, support
the assertion that alternative means of bringing about more efficient
water use should be expiored.
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Table A~l. Marginal Value Product of Surface Water for Varying
Groundwater Situations

Marginal Value Product (dollars)

Surface
Water Usage 3 Acre-Foot 1 Acre-Foot No
(acre-feet-acre) Groundwater Case Groundwater Case Groundwater

3. 4.24 4.24 17,03
2.96 4,24 14.41 17.03
2,93 4.24 15.69 17.03
2.91 4,24 15,69 17.03
2,83 4.24 15.569 17.03
2.75 4.24 15.69 17.03
2,67 4,24 15.69 17.03
2.66 4,24 17,03 17.03
2.58 4,24 17.03 17.03
2.50 4,24 17.03 17.03
2.41 4,24 17.03 17.03
2.333 4,24 17.03 17.03
2.33 4,26 17.03 24.51
2.27 4.24 17.03 103.53
2.25 4.24 17.03 103.53
2.16 4.24 17.03 103.53
2.08 4.24 17.03 103.53
2.00 4,24 17.03 103.33
1.916 7.35 20.13 106,64
1.914 7,35 20,13 190.96
1.83 7.35 20.13 190,96
1.75 7.33 20.13 190,96
1.67 7.35 20,13 190.96
1.63 7.35 20.13 342.50
1.58 7.35 20.13
1.58 7.35 20.13
1.41 7.35 20.13
1.33 7.35 20.13
1.33 7.35 27.61
1,27 7,35 106.63
1.25 7.33 106.63
i1.16 7.35 106.63
i.08 7.35 106.63
i.00 7.33 106.63

.96 17.52 106,63

.93 18.79 106.63

216 18.79 106.63

.914 18.79 194.06

.83 18.79 194.06

.75 18.79 194.06

.66 18.79 194.06

.65 20.14 194.06

.63 : 20.14 345.6

.58 20.14

.50 20.14

W41 20.314

.33 20.14

.2 20,14

.16 20.14

.08 20.14

0.0 20.14




Table A~2. Net Returns Schedule for Alternative Surface Water Alloca-
tions Assuming 2 Three Acre-Ffoot Groundwarer Limitatrion
Surface Sround Acreage
Water Water Vet Total Farmed
(acre~feet) (acre-feet) Returns Income {acres)
3.0 L9568 $4,243,425 877,758,327 44,072
2,92 1,04 $4,211,311 $77,756,327 94,072
2.83 1.123 $4,179,199 $77,756,327 94,072
2.75 1.206 54,147,085 $77,736,327 94,072
2,66 1.2 54,114,973 377,756,327 94,072
2,58 1.373 54,082,860 $77,756,327 94,072
2,5 1.456 $4,050,747 $77,756,327 94,072
2.41 1.54 $4,018,634 $77,756,327 94,072
2,33 1.623 $3,986,521 $77,756,327 94,072
2.25 1.706 $3,954,409 $77,756,327 94,072
2,16 1.79 $3,922,296 $77,756,327 94,072
2,08 1.873 $3,890,183 $77,756,327 94,072
2.0 1.956 $3,858,069 $77,7560,327 94,072
i,92 2.04 $3,802,488 $77,756,327 94,072
1.83 2,123 53,746,906 577,756,327 94,072
1.75 2.206 $3,691,325 $77,756,327 94,072
1,67 2.29 33,635,744 $17,756,327 94,072
1.58 2,37 $3,580,162 $77,756,327 94,072
1.50 2.45 $3,524,581 $77,756,327 94,072
1.42 2.54 $3,468,999 $77,756,327 94,072
1.33 2.62 $3,413,418 §77,756,327 94,072
1,25 2,706 $3,357,836 $77,756,327 94,072
1.16 2,79 $3,302,255 $77,756,327 94,072
1.08 2.873 $3,246,674 $77,756,327 94,072
1.0 2.956 53,191,092 $77,756,327 94,072
.95 3.0 $3,162,298 77,756,327 94,072
.92 3.0 $3,107,286 $77,344,987 92,502
.91 3.0 $3,097,838 $77,138,364 92,343
.33 3.0 $2,944,776 $74,031,543 89,955
.75 3.0 $2,813,713 $70,924,921 87,567
.67 3.0 $2,671,651 $67,818,199 85,179
.052 3.0 32,646,351 $67,275,350 84,762
.58 3.9 $2,521,217 $66,357,795 32,888
.5 3.0 $2,369,014 $65,245,578 80,618
W42 3.0 $2,216,810 $64,133,360 78,349
.33 3.0 $2,064,606 $63,021,143 76,079
.25 3.0 $1,912,403 $61,908,930 73,809
.167 3.0 $1,768,199 $60,796,708 71,540
.083 3.0 51,607,995 $59,684,491 69,270
0.0 3.0 $1,455,784 $58,572,218 67,000
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Table A-3. Net Returns Schedule for Alternative Surface Water Alloca-
tions Assuming a Une Acre-Foot Groundwater Limitation

Surface Acreage
dater Toral Farmed
(acre~feet) Net Returns Income (acres)
3. 2 $6,243,5424 377,756,327 AL, 072
2.956 $4,226,789 577,756,327 34,072
2,922 $4,181,526 $77,344 987 92,302
2.916 $4,173,637 $77,138,306 92,343
2.83 $4,055,042 374,031,576 99,955
2,75 $3,936,448 $70,924,346 87,367
2.67 $3,817,855 $67,818,115 85,178
2,652 $3,797,155 $67,275,850 84,762
2.583 $3,690,889 $66,357,762 82,388
2.5 $3,562,154 $65,245,542 80,618
2,416 $3,433,418 $64,133,322 78,348
2.33 $3,304,683 $63,021,102 76,079
2.25 $3,175,948 $61,908,889 73,809
2,187 $3,047,213 $60,796,671 71,535
2.083 $2,918,477 $59,684,454 69,270
2.0 $2,789,740 $58,572,218 67,000
1,916 $2,637,536 $57,459,997 64,730
1.833 $2,485,332 356,347,777 62,460
1.75 $2,333,128 $55,235,557 60,191
1.67 $2,180,924 $54,123,337 537,921
1.583 $2,028,720 $53,011,116 55,651
1.5 $1,876,3516 $51,898,896 53,381
1,416 $1,724,312 $50,786,676 31,111
1.333 $1,572,108 $49,674,456 48,841
1,330 $1,566,752 $49,635,322 48,762
1.276 §1,165,328 $48,608,184 47,118
1.25 $ 913,628 $47,577,211 46,527
1.16 $ 107,628 $44,275,810 44,638
1.083 =% 698,371 $40,974,410 42,749
1. -$1,504,371 $17,673,009 40,859
.916 -$2,310,370 §$34,371,609 38,969
.914 -$2,328,116 $34,298,922 38,928
433 -33,762,606 $29,456,502 35,313
75 -55,229,390 $24,505,268 32,022
.667 ~-5$6,696,175 $19,533,933 28,331
.638 ~$7,184,593 $17,903,857 27,368

3Groundwater usage is .956 acre-foot for the three acre~foot
surface water allecation, and is 1. acre-foot for all other entries

in the schedule,
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Tabie A-5. Cropping Patterns Associated with Alrernative Surface Water
Allocations Assuming a One Acre-Foot Groundwater Limitation
Surface Crop Acreages?
Water Sraen
(acre-feet) Cotton Wheat Tomatoes Lettuce Onions Chili
b
3. 36,000 12,0462 822 3,780 3,870 3,190
2.356 36,4600 12,042 322 3,780 3,870 3,190
2.922 36,000 10,472 g§22 5,780 3,870 8,190
2.916 36,000 10,392 B22 5,780 3,790 8,190
2.333 36,000 9,198 822 5,780 2,396 8,190
2.75 36,000 3,004 822 5,780 1,402 8,190
2.67 36,000 6,810 822 5,780 208 8,190
2,652 36,000 6,602 B22 5,780 0 8,190
2,583 34,126 6,602 822 3,780 0 8,190
2.5 30,856 6,602 822 5,780 0 8,190
2.416 29,586 6,602 822 5,780 0 8,190
2,33 27,316 6,602 822 5,780 0 8,190
2.25 25,046 6,602 822 3,780 0 8,190
2.167 22,777 6,602 822 5,780 0 8,190
2,083 20,506 6,602 822 5,780 ] 8,190
2. 18,237 6,602 822 5,780 0 8,190
1,916 15,967 6,602 822 5,780 0 8,130
1.833 13,698 6,602 822 5,780 0 8,190
1.75 11,427 6,602 822 5,780 0 8,190
1,667 9,158 6,602 B22 5,780 0 8,190
1.583 6,888 6,602 822 5,780 0 8,190
1.5 4,619 6,602 822 5,780 0 8,190
1.416 2,348 6,602 822 5,780 a 8,190
1.333 80 6,602 822 5,780 0 8,190
1.330 0 6,602 822 5,780 0 8,190
1,276 0 5,780 0 5,780 0 8,190
1.25 0 5,780 0 5,780 0 7,599
1.16 o 5,780 0 5,780 0 5,710
1.083 0 5,780 0 5,780 o] 3,820
1, 0 5,780 0 3,780 0 1,931
.916 0 5,780 0 5,780 0 42
.9148 0 5,780 0 5,780 0 b}
.333 0 4,072 0 5,072 b} p)
.75 0 1,327 0 2,327 0 i}
. 667 0 581 581 0 G
.638 3} 0 Q 0 0

d ‘ PR
“Barley, grain sorghum, and red chili dcredues are Zero, with 3lfal-

ta and pecian acreages constant at 15,300 and L1

b
Groundwater usage is .956 acre—feat for the 3 acre-
water allocation, and is 1 acre—

schedile.

foot for aill other entries in the

808 acres respectively.

foot surface
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APPENDIX B

Evaporation from Elephant Butte Reserveir, New Mexiceo
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Evaporation from Elephant Butte Reservoir, New Mexico

Proper calculation of evaporation losses from an open reservoir
required two major components: some measure of water lost to
evaporation per unit surface area, and estimates of the
everchanging reservoir surface area over time. The methcdology
used by Cornforth and Lacewell for estimation of evaporation used
monthly pan evaporation data in inches (Report of the Rio Grande
Compact Commission, 1963-1980). These monthly pan evaporation
figures were reduced by 30 percent to account for additional
evaporation due to heat convection in the measuring pans. Eny
rainfall during the month was then subtracted, yielding an
estimate for net evapcration iosses per acre.

Several factors entered into the calculation of reservoir
surface area for a given month within the period under
consideration. The context of the analysis allowed potential
savings of surface water within the reservoir, raising the lake
level and thereby increasing lake surface area and evaporation
losses. Historical records (Bureau of . Reclamation, 1963-1980)
also indicate that for each acre-foot of water actually delivered,
approximately one acre-foot of surface water is lost to the river
bed and delivery canals. Thus, lake levels and exposed surface
area would be even higher if water saving was allowed since water
formerly lost to transportation would be held back as well.

Uncertainty concerning the amount of water to be saved in a
given year prompted assuming an average of .5 acre-feet of surface
water per acre irrigated being held back if saving took place.
Thus, a full acre-foot of water was assumed t¢ be held back when
water usually lost to transportation was included in the saved
portion.

With these points in mind, an additional one acre-foot of
surface water (90,700 total acre-feet) was assumed in the
reservoir at the end of the usual surface water irrigation season.
Area-capacity tables (United States Department of the Interior,
1961-1980) resulting from lake surveys performed in 1961, 1989,
1974, and 1980 provided the necessary relationships among lake
level, capacity, and surface area. Capacity values using the two
lake surveys closest to the period in dquestion were then
calculated using average historical lake levels (Report of the Rio
Grande Compact Commission, 1963-1980), and an interpolated value
for estimated capacity of the lake at that point in time was
obtained. The latter step implicitly assumes that sedimentation
and changes in the lake structure occur at a linear rate. The
water saved figure (90,700 acre-feet) was then added to the
interpolated capacity value to find the estimated capacity of the
reservoir with the additional saved water in place. Interpolated
values were then obtained for the surface area and lake level,
with total evaporation loss for the month calculated as this time-
interpolated surface area value multipiied by the adjusted pan



evaporation coefficient described above. Percentage evaporation
loss for the month could then be calculated as total evaporation
less for the month divided by lake capacity. This percentage 1loss
was then applied to the saved water figure, with the remaining
portion serving as the saved water to be added to the subsequent
month's time interpolated capacity. This process continued for 12

consecutive month's data for each vyear, yielding monthly
evaporation loss percentages subject to the evaporation adjusted
additional water in the reservoir. Annual evaporation

ccefficients were obtained by taking the product of one minus the
monthly evaporation loss percentage for all twelve months. For
example, if every monthly evaporation loss percentage were 3 % the
annual coefficient would be calculated as (1—.03)12=(.97)12=.6938.
Thus, the annual evaporation coefficient represents the proportion
remaining after a year of evaporation.

In practice farmers would use saved water before any of the
current year's allocation on order to minimize evaporation losses.
From this viewpoint, annual evaporation coefficients would appear
to overcharge producers for water 1lost. Lake levels have
increased as well as absolute evaporation losses, and the annual
evaporation coefficients are used to estimate the combined
evaporation 1losses occuring on saved water as well as the
increased losses on the current year's allocation due to saving.

Additional calculations were made concerning the effect of the
average .5 acre-feet of surface water saved assumption. Annual
coefficients were also calculated assuming zero, .25, .50, .75,
and 1.0 acre-feet of surface water were saved for respective
totals of zere, .5, 1.5, and 2 additional acre-feet of surface
water Dbeing held in the reservoir when water usually lost to
transportation was included. The resulting annual evaporation
coefficients and absoclate evaporation logses on the non-
transportation saved water appear in Table B-1. Annual
coefficients are fairly robust, varying from less than 1 to a
maximum of 9 percentage points. Note that within a given year
evaporation coefficients increase (percentage lost to evaporation
falls) indicating that lake capacity increases more rapidly than
surface area as lake level rises. Absolute evaporation losses
increase, however, due to the increased surface area. The
relative constancy of the coefficients for wvarying amounts of
water saved indicates fhat the average amount of water saved
assumption used in the analeis (.5 acre~feet per acre) does not
detract from the reliability of the overall analyses results.

*
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