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Executive Summary

The Arizona Water Settlements Act (AWSA) creates an opportunity to promote water
development in Southwest New Mexico. The act provides for up to an additional annual average
of 14,000 acre- feet from the Gila River Basin to be diverted for consumptive use in New
Mexico. The objective of this report is to analyze the economic value of using 9,500 acre feet of
the AWSA water for irrigated agriculture in Southwest New Mexico. Additional supplies are
assigned to the irrigated areas in that region, hypothetically allocated in the following way:




Virden area (Hidalgo County): 2500 Acre Feet per year
Cliff-Gila Valley (Grant County): 2000 Acre Feet per year
Deming area (Luna County): 5000 Acre Feet per year

This study combines data on crop profitability, irrigated land in production, crop water
requirements, and additional water supply that would be provided by AWSA water and storage.
Farm income is analyzed for these three scenarios:

1. Scenario 1 (baseline): with neither additional water nor storage, reflective of conditions
in the base year 2012.
2. Scenario 2 (water and storage, normal future): with additional water and storage with
current agricultural development constraints
3. Scenario 3 (water and storage, optimistic future): with additional water and storage
without current agricultural development constraints
Under scenario 1, the study area produces an annual total farm income in the base year equal to
$49.2 million. Under scenario 2 would permit growers access to more and better timed water,
producing an annual base year income of $53.8 million. Additional farm income for 2012 made
available from scenario 2 is $4.6 million per year: ($53.8 million minus $49.2 million).

Under scenario 3, identical income gains in annual total farm income are earned as under
scenario 2. Scenario 3 is the optimistic scenario that we assume could take place after an
adjustment period of 7 years. That scenario includes the cultivation of high valued crops not
currently grown in the region, and is based on overcoming resource constraints that currently
exist. Resource constraints currently include labor supply limitations, grower experience,
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mechanization, scale of production, infrastructure, food processing facilities, transportation,
capacity to bear risk, access to information, management, and scale.

At a discount rate of 3.75 percent, the net present value (NPV) of farm income over the period
2012-2050 under scenario 1 is estimated at $ 1.930 billion. NPV under scenario 2 is calculated
to be $ 2.104 billion, showing an economic gain of $ 173.1 million compared to scenario 1 (9%
increase). For scenario 3, NPV of farm income is estimated at $ 2.512 billion, for an estimated
gain of $581.8 million compared to scenario 1 (30% increase). Future incomes in the region
from irrigated agriculture are based on forecast future farm prices, yields, and costs of production
that apply to this region. The forecasts are based on data from New Mexico agricultural statistics
and USDA national data sources.
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2

Chapter 1: Background and Objectives

2.1

Background

The 2004 Arizona Water Settlements Act (AWSA) provides to New Mexico up to an additional
annual average of 14,000 acre-feet per year from the Gila River Basin water.

2.2

Study Areas and Objectives

The objective of this report is to analyze the economic value of using 9500 acre feet of the
AWSA water for irrigated agriculture in Southwest New Mexico. The study areas consist of
three irrigated areas in this region: Virden Valley, Cliff-Gila Valley, and Deming area (Figure 1).
For the purpose of this study, the AWSA water is hypothetically allocated to these areas in the
following way:




Virden area (Hidalgo County): 2500 Acre Feet per year
Cliff-Gila valley (Grant County): 2000 Acre Feet per year
Deming area (Luna County): 5000 Acre Feet per year

The analysis is performed under three different scenarios:
1. Scenario 1 (baseline): with neither additional water nor storage, reflective of conditions
in the base year 2012.
2. Scenario 2: (water and storage, normal future) with additional water and storage with
current agricultural development constraints
3. Scenario 3: (water and storage, optimistic future) with additional water and storage
without current agricultural development constraints
These scenarios are thoroughly explained in Section 4.6.
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Figure 1: Location map of the study areas in Southwest New Mexico
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3

Chapter 2: Literature Review

In dry places like New Mexico, water users, managers, and policymakers have a shared interest
in finding measures to increase the economic value of water. This challenge is likely to grow in
future years in the face of ongoing cycles of drought and flood in addition to climate warming,
population growth, and increasing levels of economic activity that require safe and predictable
water supplies. Guidance to support economically sound decisions on water development,
allocation, conservation, and use require information on the economic value of water in
alternative uses.

Several hundred papers have been published since the 1950s and before that address the
economic value of water when used for crop irrigation or for other human or environmental uses.
Just over 100 of the most significant of those papers are presented in Appendix 1 of this report.
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4
4.1

Chapter 3: Methods
Data Sources

Numerous data sources were used to support our analysis. Data on land in production by crop
for the year 2012 were secured from the USDA Census of Agriculture (USDA Census of
Agriculture, 2014). The census publishes detailed data every five years on agricultural activity,
with some detail provided for each of the major crops by county in the US.

Information on prices, yields, and costs of production was secured by consulting the New
Mexico State University Crop Enterprise budgets. The NMSU budgets are posted online by the
College of Agriculture, Consumer, and Environmental Sciences (Hawkes, 2013). These budgets
are updated periodically for the major crops by county of New Mexico.

The NMSU crop budgets were also updated from information secured at several producer panel
meetings on agricultural land use and water applied by crop and county, as well as the cost of
pumping groundwater. These meetings were held specifically for the purpose of this study, and
conducted periodically over the period of April – August 2014 (Allen, 2014; Blandford, 2014;
Lowry, 2014).

Another important data source is published by the National Agricultural Statistics Service in
their Annual Statistics Bulletin (US Department of Agriculture and New Mexico Department of
Agriculture, 2014). Data categories used in that report were Prices and Income, Field Crops, and
Vegetables and Nuts. County Profiles from that data source for New Mexico were also
consulted. Forecast data on prices, costs, and yields were secured from published USDA
projections (US Deparment of Agriculture Economic Research Service, 2014).

Other USDA publications were consulted where detailed price or yield data were not available
for New Mexico (US Deparment of Agriculture Economic Research Service, 2013a; US
Deparment of Agriculture Economic Research Service, 2013b; US Deparment of Agriculture
Economic Research Service, 2014; US Department of Agriculture Economic Research Service,
2012; US Department of Agriculture Economic Research Service, 2013; US Department of
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Agriculture Economic Research Service, 2014). For economic returns that could be earned on
crops not currently grown in the study region, budgets from the University of California
Extension Service were used with a yield adjustment to fit our three study counties.

4.2

Regional Climate (USDA Planting Zones)

Figures 2 and 2a below published by USDA, shows plant climate characteristics for the United
States as a whole and for New Mexico because it is important to visualize a comparison of
nationwide climate patterns to those in our study area. We used plant hardiness information
from these maps to adjust published crop enterprise budgets from out of state sources to reflect
likely yields and net income in the study area. The plant hardiness zones used were 7a (Grant
County) and 7b (Hidalgo and Luna Counties). The adjustment for cropping activities of counties
inside the study area was done using counties from outside the study area, chosen based on
similar plant hardiness zones. This adjustment was necessary because the NMSU enterprise
budgets do not account for some of the lower acreage crops grown in the study area.
Figure 3 shows the counties in the western US investigated for crops that could potentially be
grown in the three-county area for scenario 3.
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Figure 2: Plant hardiness zone map for the United States
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Figure 2a. Plant Hardiness Zone Map for New Mexico
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Figure 3. Counties outside the Study Area with Similar Climate Conditions to the Study Area
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4.3

Enterprise Budgets

For scenarios 2 and 3, the economic value of new AWSA water in irrigated agriculture is
measured as the total farm income with the additional water/storage minus total farm income
under the base scenario. Enterprise budgets are the foundation of our calculations of the
economic value of water in irrigation. Additional details are in Appendix 3 summarizing the
data and assumptions.

For production agriculture, enterprise budgets provide a decision framework for short- and longrun economic analyses of proposed decisions, including our three AWSA policy scenarios.
These budgets guide our understanding of costs and returns of an agricultural production activity
and evaluating farm economic impacts of alternative choices. Knowledge of budgeting and the
ability to use them helps producers make sound farm business decisions. For this study, we used
enterprise budgets to evaluate alternatives. The budgets were used to evaluate economic impacts
to producers in the study area of southwest New Mexico associated with scenario 2 in which new
surface water would be supplied along with complementary storage. A second alternative
optimistic plan, scenario 3 was evaluated in which resource constraints to future agricultural
development in the region would be removed.

Enterprise budgets project costs and returns for an activity such as cultivating chile, producing
grain, or growing vegetables or pecans for a production period. Each budget specifies a system
of production, required inputs, and an annual sequence of operations. It also summarizes the
costs and returns associated with the process. Enterprise budgets are typically based on a one
year cycle. For enterprises where production spans more than one year (for example, pecan
orchards), a budget typically includes income and expenses for a representative one-year period.
Developing budgets for a specific geographic area can highlight certain cost items and price
relationships that might otherwise be overlooked. Enterprise budgets can also assess the cost of
planting income-losing crops, such as sorghum and wheat, required as rotation crops for higher
valued crops such as chile.
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Development of an enterprise budget incorporates information about specific resources,
management practices, and technology used in agricultural production. Farm managers can use
enterprise budgets to evaluate options before resources are committed, estimate the expenditure
that can be afforded for land or machinery, determine breakeven yields or prices, and calculate
potential returns on an investment, such as converting from surface to drip irrigation, shifting to
higher valued crops, or altering crop rotations in the face of price, yield, cost, climate, water
supply, or policy changes.

Enterprise budgets can also be used to determine the cost of production for different products or
processes to help identify profit and cost centers within the farming business. Enterprise budgets
also provide critical input for whole farm planning, including the potential income for a
particular farm, the minimum farm size needed to earn a potential return, and anticipated cash
flows during the year.

The New Mexico State University College of Agricultural, Consumer, and Environmental
Sciences (ACES) publishes enterprise budgets for important crops and irrigation technologies for
most counties in New Mexico. The published budgets are for a representative farm. These
budgets should be tailored to fit an individual producer's operation due to differences in
experience levels, management abilities, and willingness to bear risk. For example, the user of
the published budgets can:


Alter prices, yields, rates, practices, and or costs to fit the planning situation being
considered, both with and without new the AWSA planning scenarios considered for this
report. This was done using University of California Extension budgets for scenario 3.



Adjust for other soil or production conditions.



Adjust for climate zone



Adjust for access to markets



Adjust for access to management expertise, infrastructure, or food processing facilities
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4.4

Optimization Model

An optimization model was developed with the intent of producing a unified framework for
irrigation policy analysis for our AWSA study region. Its mission was to identify an irrigation
water use pattern that maximizes discounted net present value of farm income over the period
2013-2050. It predicts cropping patterns, water use, land use, and farm income over each of
those future years. The model detail consists of 17 crops, 3 counties, and 3 policy scenarios. It
required data on observed cropping patterns, production costs and returns, yields, and water use
per acre. The model accounts for agricultural demands for each of our three counties. The model
results present a long-run analysis of the farm economic benefits associated with use of water for
irrigation. Production costs include establishment, capital, operating, and replacement costs of
all enterprises.

The optimization model describes and forecasts irrigation water use demands through use of a
farm management model based on costs and returns for the study region’s major irrigated crops.
In the model growers are assumed to choose a farm income (profit) maximizing crop mix, as
well as a quantity of land, and quantity of water used based on a specified future pattern of crop
prices, crop yields, and farm production costs. Its most important mathematical equations are
described below in section 4.4.2. An earlier version of the model was estimated with the intent
of connecting hydrology and economics directly, which we viewed as a simple “bathtub” model.
However, development of that model was later discarded due to its requirement of more detailed
aquifer data than was available to us.

Our framework for analyzing water use in irrigated agriculture implements a similar method
originally developed by Howitt (1995), who coined the term “positive mathematical
programming” (PMP). In our implementation of PMP, behavioral requirements for farm income
maximization are used to specify and estimate two parameters of a crop yield function that
guides the income maximization behavior observed. That function shows declining yields in the
face of an expanded scale of land and water use. Additional details are in an earlier work
(Dagnino and Ward, 2012).
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Our implementation of PMP is based on the principle that optimization models of farm
production and water resource use should match conditions in the base year. Policy analyses
based on optimization models lack credibility when they show a deviation between base period
model outcomes and actual observed results on the ground.

Worldwide, an important source of nonlinearity in crop production function is heterogeneous
land quality, resulting in declining yields as the total amount of land increases for a given crop
planted. While declining land quality at the regional level with an expanded scale of production
for any given crop simplifies the many sources of declining yields, it captures much of the farm
behavioral response. Our PMP optimization framework is an approach that approximately
matches water use, crop mix, profitability, and land in production by county and crop for the
base year (2012) and for each of the three policy scenarios used.

4.4.1

Software

The model code was written using the GAMS (General Algebraic Modelling System) software,
version 24.2. The term GAMS is a registered trademark (GAMS Development Corportation,
2014). The model was solved with the continuous nonlinear programming CONOPT solver.
Details of the software are available on the vendor’s website. Model for water resources
management have been under development at the New Mexico State University College of
Agricultural, Consumer, and Environmental Sciences (ACES) since the mid-1990s. One of the
early optimization models in water resources at NMSU was developed for work on drought
adaptation in the Rio Grande Basin for Colorado, New Mexico, and Texas (Booker et al., 2005).
Several research articles have been published in a number of academic journals since that time,
some of which are cited in the detailed review of the literature in Appendix I.

4.4.2

Model and Equations

A simplified version of the model structure is presented here. The same model structure is used
for each crop, county, and policy scenario. That structure has the following, indices, data,
variables, equations, and objective:
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Indices
j = crop (17 crops listed)
c= county (Grant, Hidalgo, Luna)
p= policy scenario (1 – 3, described elsewhere in detail)
t = year (2013-2050)

Data by index
Price_p (j,t)

forecast crop prices ($ per unit)

Cost_p (j,c,t) forecast production cost per acre ($ per acre)
W_p (c,p,t)

forecast water available for irrigation (acre feet per year)

B0_p (j,p,c)

maximum crop yield (yield/acre)

B1_p (j,p,c)

loss in yield from one added acre in production (yield/acre)

i_p

discount rate (3.75%)

Unknown Variables by Index
W_v(j,p,c,t)

crop water applied (acre feet/acre)

Land_v(j,p,c,t) acres of land under irrigation
Yield_v(j,p,c,t) crop yield (units/acre)
TNI_v(j,p,c,t) total net farm income ($ per year)
NPV_v(c,p)

net present value of total net farm income ($)

Equations by Index
(1) TNI_v(j,p,c,t)

= Price_p(j,t) * Yield_v(j,p,c,t) – Cost_p(j,c,t),

Equation (1) states that net income per irrigated acre, gross margin, equals price multiplied by
yield minus variable costs.
(2) Yield_v(j,p,c,t)

= B0_p(j,p,c) + B1_p(j,p,c) * Land_v(j,p,c,t)

Equation (2) states that each crop’s yield decreases with an expanded number of acres.

(3) TNI_v(j,p,c,t)

= TNI_v(j,p,c,t) * Land_v(j,p,c,t)
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Equation (3) states that total net income for each crop is net income per acre multiplied by the
number of acres in production.
(4) NPV_v(c,p)

= sum ((j,t), TNI_v(j,p,c,t)) / [ (1+i_p) t ]

Equation (4) states that net present value of total land under irrigation is the total net income
summed over time periods, in which income from each period is reduced by a discount factor in
the denominator.
(5) sum ((j), W_v(j,p,c,t)) < W_p (c,p,t)
Equation (5) states that total water applied summed over crops cannot exceed total available
water for each county, policy simulation, and year.

Objective Function

(6) Maximize NPV_v(c,p)
Equation (6) seeks the net present value of income-maximizing cropping decisions. Growers
attempt to cultivate the amount of land in production summed over crops and allocated over
years that maximizes net present value in equation (4) while respecting the water supply
constraint in (5). This constrained maximization takes place for each county and each policy
scenario, for a total of 9 model runs.

In earlier work, a preliminary integrated economic-groundwater hydrology model was developed
for Luna County in which groundwater pumping for crop production in any given year had the
effect of reducing the water table for the beginning of the subsequent year by the amount of that
year’s pumping. However this approach, a bathtub model, was later discarded because we could
not find adequate data on aquifer characteristics needed to calibrate the interaction between
economics and groundwater storage and levels in the Mimbres Basin.
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4.4.3

Input Data for Luna County

4.4.3.1 Water Use
Crop water application data per acre for Luna County are described in appendix 3 table A.5
These data reflect water applications by crop, county, and water policy scenario. Total water
applications for Luna County were calculated as water application rates per acre multiplied by
acres in production, summed over crops. For water use per acre, we consulted the NMSU
published enterprise budgets (Hawkes, 2013) and the producer panel meetings assembled in
April and August 2014 (Blandford, 2014).

4.4.3.2 Irrigated Acreage
For the scenario 1, data on irrigated land in production for the base year (2012) were secured on
acreage by crop and scenario for Luna County for the most important crops grown. For the base
scenario, information was secured from the USDA Census of Agriculture (USDA Census of
Agriculture, 2014). The census publishes detailed data every five years on agricultural activity,
with some detail provided for each of the major crops by US county. The most recent Census of
Agriculture was published in May 2014 and contained data for the year 2012. Where national
census data were limited by disclosure problems, we consulted the NMSU Luna County Agent
for estimates. In some cases, the New Mexico Agricultural Statistics were also consulted to
check for consistency (New Mexico Department of Agriculture, 2013).

Luna County for the base year had an estimated irrigated acreage of 24,800 acres. The 24,800
estimate for the base year 2012 is based on several sources. They include a blending of the Ag
Census estimate of 20,742, with adjustments suggested by the Luna County Extension Agent
expressed at producer panel meetings in summer 2014. The county agent cited estimates held in
cooperation with the USDA NRCS office in Deming (Blandford, 2014). While these estimates
are not published, they are based on several years on-the-ground discussions, interactions, and
monitoring with growers in the local area.
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For scenario 2, the producer panel data were used. Luna County growers were asked how their
current cropping patterns would change for the year 2012 if AWSA water and storage had been
available for their use. The general pattern emerging from Luna County was that growers would
expand their acreage in approximate proportion to the additional water, with little change in
cropping patterns, since regional growers had already adapted over many years to the most
profitable cropping patterns.

For scenario 3, existing constraints to high valued crops would be removed, while allowing the
aquifer to decline at its historical rate. For that scenario, we did not rely on producer panels,
since it was difficult for growers to respond to this scenario. For that scenario, alternative
sources were used: Irrigated land in Luna County could shift into higher valued crops for the
new acreage, but would be unlikely to shift cropping patterns on existing acreage. For future
years, in which adjustment could occur over a period of years, the USDA Plant Hardiness Zone
Map (US Department of Agriculture, 2012) was used. That map identified out-of-study region
cropping patterns in equal or colder climates that could potentially support higher valued
cropping activity under the optimistic scenario 3.

For scenario 3, none of the higher valued crops currently produced out-of-region would enter any
time soon, so 2012 cropping patterns would be identical for scenarios 2 and 3. We assumed
delays of six years after 2013 would be required to develop the expertise, infrastructure,
experience, and markets that currently constrain Luna County from its maximum plausible
economic potential in irrigated agriculture. An additional source was the US Agriculture
Census. Its data were used to identify acreages of high valued crops that could optimistically be
profitably brought to Luna County. These high valued crops include selected melons,
raspberries, blackberries, and strawberries. Regions consulted regions outside our study region
with similar or harsher climate zone than Luna County included inland Washington, the higher
elevations of California, southwest Colorado, San Juan County, New Mexico, and parts of the
Ogallala Aquifer south of Lubbock, Texas.
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4.4.3.3 Price, Yield, and Cost
For the first (base) scenario, information on prices, yields, and costs of production for Luna
County was secured by consulting the New Mexico State University Crop Enterprise budgets.
The NMSU budgets are posted online by the College of Agriculture, Consumer, and
Environmental Sciences (Hawkes, 2013). The budgets are updated periodically for the major
crops in Luna County, in which ten crops currently show a detailed accounting. We used the
data from the producer panels to secure more extensive and up-to-date information on the
economics of drip irrigation for Luna County’s major crops. Additional detail was secured on
the cost of pumping groundwater (Blandford, 2014).

For the second scenario, the producer panels were used to assess grower response to AWSA
water and storage if it had been available in 2012. Generally, growers indicated that crop prices,
yields, and costs would not likely to experience much change from actual levels observed in
2012 because of the high level of skill, technology, access to markets, and infrastructure already
assembled.

For scenario 3 for Luna County, data on prices, costs, and yields were secured from the Land
Grant Universities where available in those out-of-region locations. Ag Census data were
consulted for prices and yields where enterprise budgets were not available (US Department of
Agriculture Economic Research Service, 2012; US Department of Agriculture Economic
Research Service, 2013; US Department of Agriculture Economic Research Service, 2014).

4.4.4

Input Data for Grant County

4.4.4.1 Water Use
Crop water application data per acre for Grant County are described in the appendix 3 table A.5.
These data reflect per acre water applications by crop, county, and scenario. Total water
applications for Grant County were calculated as water application rates per acre multiplied by
acres in production, summed over crops. For water use per acre, we consulted the NMSU
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published enterprise budgets (Hawkes, 2013) and the producer panel meetings assembled in June
2014 (Lowry, 2014).

4.4.4.2 Irrigated Acreage
For scenario 1, data on irrigated land in production for the base year (2012) were secured on
acreage by crop and scenario for Grant County for the most important crops grown. For the
base scenario, information was secured from the USDA Census of Agriculture (USDA Census of
Agriculture, 2014). The census publishes detailed data every five years on agricultural activity,
with some detail provided for each of the major crops by county in the US. Where national
census information published no data because of disclosure problems, we consulted the NMSU
Grant County agent. In some cases, the New Mexico Agricultural Statistics were also consulted
to check for consistency (New Mexico Department of Agriculture, 2013).

For scenario 2, the producer panel data were used, based on a meeting held in Silver City in
June, 2014. Growers were asked how their current cropping patterns would change for the year
2012 if AWSA water and storage had been available for their use (scenario 2). The general
pattern emerging from these panels was that growers would expand their acreage in approximate
proportion to the additional water, while also shifting to a higher valued mix of crops because of
the fact that adequate upstream storage would permit the cultivation of a higher percentage of
high valued crops that are already observed in the region.

For scenario 3, in which existing constraints to high valued crops would be removed, we relied
on other data sources: Irrigated land in Grant County was presumed to shift into a cropping
pattern currently seen in Luna County over a period of six years, since Luna County currently
already has most constraints successfully removed to high valued cropping activity. For the base
year (2012) under scenario 3, no change would be seen compared to scenario 2. For scenario 3,
none of the higher valued crops currently produced out-of-region would enter any time soon, so
2012 cropping patterns are identical for scenarios 2 and 3. We assumed delays of six years after
2013 would be required to develop the expertise, infrastructure, experience, and markets that
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currently constrain Grant County from its maximum plausible economic potential in irrigated
agriculture. Both scenarios 2 and 3 show identical acreage for the base year.

For future years, in which adjustment could occur over a period, an additional data source was
consulted, the USDA Plant Hardiness Zone Map (US Department of Agriculture, 2012). That
map identifies out-of-region cropping patterns in equal or colder climates that could potentially
support higher valued cropping activity under the optimistic scenario 3. For scenario 3, none of
the high valued crops would enter by the year 2012. We assumed delays of six years after 2013
would be required to develop the expertise, infrastructure, farming experience, and markets that
currently constrain these counties from their economic potential.

Another data source was the US Agriculture Census data were used to identify acreages of these
high valued crops that could be profitably enter production under optimistic future conditions.
These high valued crops included selected melons, raspberries, blackberries, and strawberries.
Continuing with scenario 3, regions consulted outside Grant County with similar or harsher
climate zones than 7a included inland Washington, the higher elevations of California, southwest
Colorado, San Juan County, New Mexico, and parts of the Ogallala Aquifer south of Lubbock,
Texas. In addition, we assumed optimistically that base year (2012) conditions in Luna County
could be a model for the crop mix on existing acreage cultivated in Grant County (2020 acres).
Up to one-quarter of additional acreage in Grant County made possibly by AWSA water and
storage (one quarter of 444 acres = 111 acres) could be cultivated with varying mixes of these
high valued crops not currently grown in Grant County.

4.4.4.3 Price, Yield, and Cost
For the first (base) scenario, information on prices, yields, and costs of production for Grant
County was secured by consulting the New Mexico State University Crop Enterprise budgets.
The NMSU budgets are posted online by the College of Agriculture, Consumer, and
Environmental Sciences (Hawkes, 2013). We used the data from the producer panels to secure
more extensive and up-to-date information on the economics of drip irrigation for Luna County’s
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major crops. Additional detail was secured on the cost of pumping groundwater. The Silver
City panel meetings took place in April and August 2014 (Lowry, 2014);

For the second scenario, the producer panels were used to assess grower response to AWSA
water and storage if it had been available in 2012. Generally, growers indicated that crop prices
and costs would not change much, but that yields would be increased in the face of shifts to
higher valued crops than currently possible with available unreliable water supplies.

For the third (optimistic) scenario for Grant County, data on prices, costs, and yields were
secured from the Land Grant Universities where available in those out-of-region locations. US
Agriculture Census data were consulted for prices and yields where enterprise budgets were not
available (US Department of Agriculture Economic Research Service, 2012, 2013, 2014).

4.4.5

Input Data for Hidalgo County

4.4.5.1 Water Use
Crop water application data for Hidalgo County are described in the appendix 2 table A.5 These
data reflect water applications by crop, county, and water policy scenario. As was the case for
the other two counties, total water applications for Hidalgo County were calculated as water
application rates per acre multiplied by acres in production, summed over crops. For water use
per acre, we consulted the NMSU published enterprise budgets (Hawkes, 2013) and the producer
panel meetings assembled in June 2014 (Allen, 2014).

4.4.5.2 Irrigated Acreage
For scenario 1, data on irrigated land in production for the base year (2012) were secured on
acreage by crop and scenario for Hidalgo County for the most important crops grown. For the
base scenario, information was secured from the USDA Census of Agriculture (USDA Census of
Agriculture, 2014). Where national census information published no data because of disclosure
problems, we consulted the NMSU Hidalgo County agent. In some cases, the New Mexico
Agricultural Statistics were also consulted to check for consistency (New Mexico Department of
Agriculture, 2013).
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For scenario 2, the producer panel data were used, based on a panel meeting held in Lordsburg in
June, 2014. Growers were asked how their current cropping patterns would change for the year
2012 if AWSA water and storage had been available for their use for that scenario. he general
pattern emerged from the Hidalgo County panels was that growers would expand their acreage in
approximate proportion to the additional water, while also shifting to a higher valued mix of
crops because of the fact that adequate upstream storage would permit the cultivation of a higher
percentage of high valued crops that are already observed in that county.

For scenario 3, we relied on other data sources. To address that scenario, several alternative
sources and assumptions were used: Irrigated land in Grant County was presumed to shift into a
cropping pattern currently seen in Luna County over a period of six years, since Luna County
currently already has most constraints successfully removed to high valued cropping activity.
For the base year (2012) under scenario 3, no change would be seen compared to scenario 2.
For future years, in which adjustment could occur over a period after six years, an additional data
source was consulted, the USDA Plant Hardiness Zone Map as described previously.
For scenario 3, none of the high valued crops would enter by the year 2012, so identical results
are shown for scenario 2 and 3. We assumed delays of six years after 2013 would be required to
develop the expertise, infrastructure, farming experience, and markets that currently constrain
these counties from their economic potential in irrigated agriculture.

4.4.5.3 Price, Yield, and Cost
For scenario 1, information on prices, yields, and costs of production for Grant County was
secured by consulting the New Mexico State University Crop Enterprise budgets. The NMSU
budgets are posted online by the College of Agriculture, Consumer, and Environmental Sciences
(Hawkes, 2013). The budgets are updated periodically for the major crops in Grant County, for
which three crops currently show a detailed accounting. We used the data from the producer
panels to secure more extensive and up-to-date information.
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For scenario 2, the producer panels were used to assess grower response to AWSA water and
storage if it had been available in 2012. Generally, growers indicated that crop prices and costs
would not change much, but that yields would be increased in the face of shifts to higher valued
crops than currently possible with available unreliable surface supplies.

For scenario 3 for Hidalgo County, data on prices, costs, and yields for high valued crops were
secured from the Land Grant Universities where available in those out-of-region locations. Ag
Census data were consulted for prices and yields where enterprise budgets were not available
(US Department of Agriculture Economic Research Service, 2012, 2013, 2014).

4.5

Producer Panels/Interviews

With the assistance of the NMSU ACES County Extension Agents in our three study counties,
producer panels were assembled for each county. The intent of each panel was to identify up-todate information on the economics of crop irrigation as well as producer response to conditions
defined by scenario 2. Special attention was focused on details of crop prices, yields, and costs
of production. For each panel meeting, the stated agenda was to assess economic impacts in their
growing area, of the additional amount of surface water if it could be made available from the
AWSA plan for scenario 2. Scenario 3 was not addressed at the interviews, because that
scenario presented conditions far outside anybody’s recent experience. Details for each panel
meeting are presented in Appendix 2 of this report. Two panel meetings were held for Luna
County, while one each was held for Hidalgo and Grant Counties.

4.6

4.6.1

Scenarios Designed

Scenario 1: Without AWSA Surface Water and Storage (Baseline)

The without AWSA surface water and without storage scenario performs an accounting of
irrigated land in production in the three county study area, total water applied, gross revenue, net
revenue, total income, and total income per acre foot of water applied without AWSA water and
without additional storage. It reflects the status quo conditions for crop irrigation for the study
region for the most recent year for which New Mexico agricultural statistics are available, 2012.
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4.6.2

Scenario 2: With AWSA Surface Water and Storage with Existing Development
Constraints (Water and Storage, Normal Future)

The with AWSA surface water scenario accounts for the impacts of 9500 acre feet of surface
water in conjunction with surface storage that would hold enough water for those 9500 acre feet
to irrigate crops throughout the growing season. Four producer panel meetings were held during
summer 2014 to assess how farming behavior would be altered by scenario 2.

4.6.3

Scenario 3: With AWSA Surface Water and Storage without Existing Development
Constraints (Water and Storage, Optimistic Future)

4.6.3.1 Nature of High Valued Crops for Scenario 3
Given future developments in markets, technology, and demand for products, it is likely that the
crop mix will change for the Grant, Hidalgo, and Luna County region. Historically one can look
backwards and see considerable change over many years until the current time. At the state level
some 50 years ago the number one crop in New Mexico and also in the AWSA region was
cotton; wheat was number two. The leading crops currently are alfalfa, pecans, and chile
peppers. Cotton has dropped to the fourth highest crop when measured by cash receipts. Wheat is
now number eight in cash receipts. The next 35 to 40 years will likely show as much change as
the past 50 years in crop mix.
4.6.3.2 Opportunities and Constraints for Future High Valued Crops

Mix of High Value Crops:
Currently our results showing land in production identifies a single high value crop that in the
Base Year 2012 that produced more net revenue per acre than any other crop grown in similar
climate zones for each of the three counties of Grant, Hidalgo and Luna. However, taking the
longer view towards 2050, experience has shown in the past that today’s high value crop may
change in future years. Annual weather variation may delay production, or excess production in
a thin market reduces prices, making prices highly variable and difficult to predict. What many
producers or areas of production with high value crops do is to spread their risk across several
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historically high value crops in a varying mix of acres planted to each crop. The total acres
planted to this group of crops may be rather stable while the acres planted to an individual crop
will vary up or down from year to year.

To account for the variability problem of measuring returns to high value crops, the following
crops are used to develop a group or set of crops which will maintain consistent high net returns
over the long term accounting for producer ability to make needed shifts in planting to maintain
more consistent high levels of returns. To estimate the long term net value added by the
additional water and land that could be made available from the AWSA, this group is modeled as
a single blended commodity. The high value crop set was made up of crops with net returns of
greater than $6200 per acre and included raspberries, strawberries, blackberries, and assorted
melons. All have been grown in New Mexico historically.

Assumptions on Adoption of High Valued Crops:
Prices, Yields, and Costs:
Data on prices, yields, and costs were used from areas similar to growing condition in the AWSA
area, with a similar plant hardiness index. Areas with similar climate and growing seasons are
primarily in the inland higher elevation parts of California, southwest Colorado, inland higher
elevation parts of Oregon and Washington where the plant hardiness climate falls in the range of
our three New Mexico study counties.

Another county in New Mexico with similar growing climates as our three county area includes
San Juan County. Where possible these data sources used are those published by the relevant
state land grant university extension services in colleges of agriculture. However, the most
extensive crop budgets are published by the University of California due to its large agriculture
sector.
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Cropping Patterns:
Under scenario 3, existing constraints to high valued crops are removed on additional lands
likely to enter as a consequence of AWSA water and storage. Published data from other high
valued cropping areas are used as described above.

Resource Constraints for High Valued Crops:
Climate:
Climate and growing season are critical factors for the profitable cultivation of many high value
crops because of sensitivity to weather. One factor is the minimum temperature that a fruit
species can endure. “The amount of injury from freezing in dormant tissue is influenced by three
factors: (a) the rate at which the temperature falls, (b) the duration of the low temperature, and
(c) the rate of thawing” (Childers, 1961). Late fall vigorous growth can delay maturing and
hardening of tree crops to withstand freezing temperature. Tree crops such as apples, peaches,
pears, cherries apricots, or grapes also require a dormancy and rest period. Apples require a
certain number of hours of chilling below zero degrees. Depending on variety, chilling
requirements can range from 800 to 1000 hours. For this reason, none of these tree crops were
used because temperatures in the study area experience too much variability to grow any of those
crops to earn a predictable income.

Soil Characteristics:
Soil pH in the study region will only allow neutral to alkaline adapted crops to be grown (pH >
7). Most soils are sandy or sandy loam and well drained.

Soil Pathogens:
Presence of soil fungus, nematodes, viruses or other diseases in the soil can prevent satisfactory
growth or crop yield. If the cultivation of a crop continuously encourages the buildup of these
populations, then steps must be taking to reduce the population by crop rotation and choice of
crop to let the pest or fungus to die out before replanting. An important example in Luna County
with significant implications for our study is chile, which eventually could require a three to five
year rotation cycle.
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Labor:
For labor-intensive crops, current policy restrictions on guest worker program will need to be
relaxed to allow economically affordable harvest of high value crops. Mechanical harvesting,
cultivation, and thinning development may be required if adequate labor supply or cost is not
available.

Grower Experience:
We assume that existing constraints to experience, skill and management are temporary, and can
be overcome given adequate time and resources. NMSU extension or other teaching resources
may be required to assist with training or classes, short courses to overcome any deficiencies.
Many high value crops require intensive management, technical knowledge and practiced
technical skill to be successful. A critical mass of such individuals will need to be attracted from
other commercially high scale areas to supplement the managerial skill necessary for growing
higher valued crops in our study area.

Mechanization
It is assumed in our investigation that mechanization will be developed as necessary to substitute
for labor with the accompanying necessary adaptation for plants to be adaptable to machine
cultivated or harvested. This will require the development of determinate varieties of high value
plants, which will allow for one pass harvesting. Typically many potentially high value plants are
non-determinate requiring multiple pass picking as the crop ripens or matures, which raises
production costs.

Climate Warming:
Anticipated climate warming will have little negative effect on the capacity of southwest New
Mexico growers to cultivate high value crops in terms of growing season. Currently many high
valued crops are grown in California under ever warmer conditions than currently exist in New
Mexico. It may however add more variability to early season start to production as weather
oscillates between warm and freezing temperatures. Warmer weather may require additional but
unknown water per acre independent of additional AWSA water and storage. With limited water
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supplies, that warmer weather may require reduced acreage to protect hydrologic balance.
Added water demands per acre that could result from climate warming were not calculated for
our study. Water scarcity could also be overcome with more efficient irrigation and production
practices as long as crop ET (evaporation and transpiration) does not increase.

Scale of Production:
Most high value food crops are grown for the fresh market which require a smaller scale of
production in a low population area such as our three county region. While avoiding a large
scale investment in processing facilities, this scale sets an upper bound on acreage in production.
Necessary processing and handling facilities could be developed by formation of a cooperative
organization to market the product and/or process it. Necessary capital could be provided
through state industrial bond financing or loans from the Bank for Cooperatives (Co-Bank) and
producers if the Cooperative structure is used.

Infrastructure:
An important requirement for growing a high value crop profitably is acceptable transportation
and marketing infrastructure to permit an adequate scale of transport from farm to market. We
assume that this constraint could be overcome with time for adjustment and with possible
subsidies.

Food Processing Facilities:
Most of the high value crops selected will be for the fresh or minimally processed market to
avoid the necessity of large capital expenditures to build large processing plants. A processing
plant for any of many varieties require a critical mass of large acreage of production to achieve
the necessary economies of size for the processing plant. For example chile averages about 2000
acres of production per processing plant in New Mexico. So the expansion of available water and
associated land could be absorbed by one processing plant devoted to one commodity.

Page 34 of 128
NMSU Ward and Crawford
NM Interstate Stream Commission
Section Chapter 4: Results

Risk Management:
Complete specialization in any single high value crop is unlikely to occur with the new AWSA
water and storage. For this reason, we assume that cropping patterns in similar plant hardiness
regions will be limited by the degree of specialization in regions where similar crops are grown.
Because of susceptibility to disease or weather for a given crop, producers at the panel meetings
expressed a desire to grow several different crops to spread risks of price, weather, or disease.
We assume that no more than one-quarter of the new land brought into production under AWSA
will be allocated to new high-valued crops not previously grown in the region.

Access to Information:
High value crops rarely have abundant and reliable information on prices, costs, or yields. For
example, the Lavender Association was formed in 2012, and one of its major objectives was to
develop data on quantities, prices, number and location of producers. Because much of the
production is consumed via local farmers markets and is of small scale, no large government
statistical agency covers the commodity. This means market information is more anecdotal than
statistically reliable. The development of a marketing association or cooperative for high value
crop producers could be used as a coordination point for collection and analysis of market
information for producers.

Risk Bearing Capacity:
Risk comes in several forms: They include production risk due to weather and potential disease
related risks. Price and cost related issues are also additional factors. For financial risk, risk
pooling is a classic solution. Co-ops could perform that pooling function for risk, through access
to insurance pools, storage, and marketing pools.

Management:
Management needs could be met via recruiting of talent with bonuses funded by groups or the
state. Additional training options for employers offered via New Mexico State University or
community colleges basic business courses. Courses could be distance education, either
asynchronous or synchronous.
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Scale constraints:
Constraints caused by low absolute scale could be overcome, in part, with collective action in the
procurement of machinery, supplies, sales, and professional services. There are size minimums
for the support of food processing. Financial help through State programs like bond arrangement
should be considered.

4.7

4.7.1

Key Variables Measured

Irrigated Land

We consulted several sources to measure irrigated land by crop, county, and policy scenario.
More details are in section 4.4.3.2 for Luna County, section 4.4.4.2 for Grant County, and
section 4.4.5.2 for Hidalgo County. Section 5.1 presents our findings.

4.7.2

Water Applied

Total water applied is calculated by crop, county, and policy scenario. Total applications were
calculated as water applied per acre multiplied by the number of acres of land in production.
This calculation was made for each crop, county, and policy scenario for the base year 2012. It
was also predicted for each future year in our time horizon 2013-2050. Appendix 3 on Data and
Assumptions contains several data sources that were used to calculate water application rates per
acre. Results of our findings are described for the base year in section 5.2.

4.7.3

Gross Revenue Per Acre

Gross revenue per acre is calculated for each crop, county, and policy scenario for the base year
2012. It is also predicted with the optimization model for each year 2013-2050. It is calculated
as price per unit multiplied by average crop yield. Results for the base year are shown by county
crop, and scenario in section 5.3.

4.7.4

Net Income Per Acre

As stated in section 4.4.2, Model and Equations, net income per acre was measured for each
crop, county, and policy scenario using the formulas shown there. It is measured for the base
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year and is forecast using the optimization model for each future year 2013-2050. Results for the
base year are shown in section 5.4.

4.7.5

Total Net Income for Scenario 1

Total net income for scenario 1 is calculated for the base year. It is also forecast for future years
2013-2050 using the optimization model described above for each county and crop. It is
calculated as the number of acres described in section 4.7.1 for scenario 1 multiplied by the net
income per acre described in section 4.7.5 for scenario 1, as defined in equation 3 in section
4.4.2. Results for the base year are shown in section 5.5.

4.7.6

Total Net Income for Scenario 1 per Unit Water Applied (Base)

Total net income per unit water applied for scenario 1 is calculated for the base year. It is
calculated as the total net income for scenario 1 described in section 4.7.4 divided by the number
of acres described in section 4.7.1. Results for the base year are shown in section 5.6.

4.7.7

Total Net Income for Scenario 2

Total net income for scenario 2 is calculated for the base year. It is also forecast for future years
2013-2050 using the optimization model described above for each county and crop. It is
calculated as the number of acres described in section 4.7.1 for scenario 2 multiplied by the net
income per acre for scenario 2 described in section 4.7.5. Results for the base year are shown in
section 5.7.

4.7.8

Total Net Income for Scenario 3

Total net income for scenario 3 is calculated for the base year by county and crop. It is also
forecast for future years 2013-2050 using the optimization model described above for each
county and crop. It is calculated as the number of acres described in section 4.7.1 for scenario 3
multiplied by the net income per acre for scenario 3 described in section 4.7.5. Results for the
base year are shown in section 5.8.
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4.7.9

Discounted Net Present Value of AWSA Project

Determining the overall economic performance of any long term scenario is challenging because
of the complex set of calculations required. Because of the time value of money, a dollar of
revenue earned in the future or a dollar of cost incurred in the future is worth less than an
equivalent amount earned today. The discount rate in the NPV formula is a way to account for
varying values of cost or benefit in different future years, when there is a need to express in
common denominator terms streams of benefit and costs incurred in different years. For our
investigation of AWSA, the discounted net present value (NPV) of net farm income for each
policy scenario over our planning horizon of 2013-2050, is defined as the sum of the present
values of the year-by-year total net income flows. The year-by-year total net income flows for
each scenario are forecast from the results of total net income predicted by the optimization
model for which detailed equations are described in section 4.4.2. Discounted NPV is calculated
by county and policy scenario.

NPV is an important tool in discounted cash flow analysis and is the standard method for using
the time value of money to appraise the economic performance of long-term projects such as
AWSA. For our investigation, the NPV for each of the three scenarios measures the excess of
revenues over costs of production, in present value terms. The mathematical formula is
described in equation 4 of Section 4.4.2. Our calculations are based on the use of a discount rate
equal to 3.75 percent, the rate guiding water resource investments by the U.S. Bureau of
Reclamation since March 2013 (Federal Register, 2013).

4.7.9.1 Scenario 1
Findings for the base scenario are presented in the results section 5.11. It is the baseline from
which other scenarios are compared.

4.7.9.2 Scenario 2
The NPV of net farm income for scenario 2 over our planning horizon of 2013-2050, is defined
as the sum of the present values of the year-by-year total net income flows for scenario 2. The
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year-by-year total net income flows are forecasted from the optimization model described in
section 4.4.2 above.
4.7.9.3 Scenario 3
The NPV of farm income earned under AWSA scenario 3 is achieved with the support of AWSA
water and storage development plus development of high valued crops not currently cultivated.
4.7.9.4 NPV Gain from Scenario 2 Compared to Scenario 1
Section 5.11.4 presents the gain in NPV from scenario 2 compared to scenario 1.

4.7.9.5 NPV Gain from Scenario 3 Compared to Scenario 1
Section 5.11.5 presents results of the gain in NPV from scenario 3 compared to scenario 1.
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5
5.1

Chapter 4: Results
Irrigated Land

Table 1 shows irrigated land in production by crop, region, and AWSA scenario for the three
county region for the base year 2012. Notice that results from scenario 2 and 3 are identical for
the base year, since the high valued crops for the third scenario are assumed to take six years to
overcome existing constraints after the year 2013. (New Mexico Department of Agriculture,
2013; USDA Census of Agriculture, 2014).

A larger amount of acreage equal to an estimated total of 26,501 would occur under both
scenario 2 and scenario 3. This gain of just of 1700 acres is projected to occur if new acreage
enters under an arrangement of bidding for the additional 5000 acre feet of AWSA water, and if
that land would enter at the north side of Deming, closest to the point at which new AWSA water
could be delivered to the county. The table shows that the land expands proportionally by about
6.8 percent to all crops currently under irrigation. For all three scenarios, the largest acreage
was cultivated by alfalfa, about 37 percent of the total, followed by green chile (17 percent), corn
(11 percent), cotton (8 percent), and pecans (8 percent).
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Table 1: Land in Production by Crop, Region, and AWSA Policy, Southwest New Mexico, New Mexico, 2012 (acres)
Grant County (Cliff-Gila Area)

Historical
(2012)
Crop

Hidalgo County (Virden Area)

With AWSA
With AWSA Water
Water & Storage
& Storage
With Current Ag Without Current Ag
Development
Development
Constraints
Constraints

Historical
(2012)

Luna County (Deming Area)

With AWSA
Water & Storage

With AWSA
Water & Storage

With Current Ag
Development
Constraints

Without Current
Ag Development
Constraints

Historical
(2012)

With AWSA
Water & Storage

With AWSA
Water & Storage

With Current Ag
Development
Constraints

Without Current
Ag Development
Constraints

Alfalfa

260.00

317.54

317.54

350.00

451.75

451.75

9131

9757.36

9757.36

Irrigated Pasture

1720.00

1990.00

1990.00

300.00

270.00

270.00

-

-

-

20.00

24.43

24.43

100.00

129.07

129.07

-

-

-

Dry Beans

-

-

-

-

-

247

263.94

263.94

Snap Beans

-

-

-

-

-

121

129.30

129.30

Corn

-

-

-

400.00

516.28

516.28

2680

2863.84

2863.84

Sorghum

-

-

-

100.00

129.07

129.07

1368

1461.84

1461.84

Wheat

-

-

-

-

-

798

852.74

852.74

Sudan Grass

Cotton

-

-

-

700.00

903.49

903.49

1998

2135.06

2135.06

Grapes

20.00

48.00

48.00

40.00

104.00

104.00

309

330.20

330.20

Green Chile

-

-

-

150.00

193.61

193.61

4119

4401.55

4401.55

Fall Onions

-

-

-

-

-

-

601

642.23

642.23

Mid Season Onions

-

-

-

-

-

-

601

642.23

642.23

Late Season Onions

-

-

-

-

-

-

601

642.23

642.23

Watermelons

-

-

-

-

-

-

348

371.87

371.87

Pecans

-

84.15

84.15

60.00

146.20

146.20

1878

2006.83

2006.83

2020

2464

2464

2200

2843

2843

24800

26501.21

26501.21

Total

Data Sources: US Census of Agriculture (2014), New Mexico Department of Agriculture (2012), Allen (2014), Blandford (2014), and Lowry (2014).
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The table also shows that a wide range of specialty crops can be grown, with minimum need for
crops such as irrigated pasture that are planted to produce some yields in the face of unreliable
supplies that currently occur in the Cliff-Gila area of Grant County and the Virden area of
Hidalgo County.

The introduction of 5000 acre feet of AWSA surface water to Luna County will support
additional acreage, but as shown in the table, will have little effect on the cropping patters for the
year 2012. The additional water would unlikely be used to a large extent for recharge, since
growers expressed a preference for a water bidding arrangement in which the new water would
go to the highest bidder.

The table also presents notable results for the other two counties, Grant and Hidalgo. It shows
the influence of less control over the timing and quantity of water supplies, although there is
some groundwater backup to reduce water timing risks in the Virden area. In periods of the
growing season when surface water is absent or unreliable, growers pump their wells to make up
the water deficit. However, turning on the pumps incurs production costs that could be avoided
without the pumping.

Two patterns emerge from table 1.

1. An expanded scale of production of all crops under scenario 2 and 3.

2. A transition to higher valued specialty crops such as grapes and pecans, with an attendant
reduction in acreage of lower valued crops such as irrigated pasture under scenario 2 and
3.

As stated previously no changes in acreage are shown in scenario 3 compared to scenario 2 for
the base year.
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In the Virden Valley, just over one third of the irrigated land in production is planted in crops
that adapt to poorly timed applications, such as alfalfa, irrigated pasture, and sudan grass.
Impacts of weak control over surface water timing is shown even more clearly in the Cliff-Gila
Valley in Grant County, where nearly all of the region’s irrigated land of 2020 acres is planted to
forage crops (2000 out of 2020). Forage crops tolerate unreliable surface water supplies as long
as some monsoon rains materialize in late summer. Currently the Gila River will go dry during
the growing season.

5.2

Water Applied

Table 2 shows total water applied for crop irrigation by crop and county for the study area in
base year 2012. Total water applications are measured in total acre feet applied by crop, county,
and scenario. Appendix 3 table 3 shows water applications in acre-feet per acre. Table 2 shows
an amount equal to 2000 additional acre feet of water applied for both policy scenarios for the
Cliff-Gila area and 2500 additional acre feet applied for the Virden area.

Table 2 presents a similar message as shown in table 1. Under current water supply, timing, and
use patterns, Luna County has by far the greatest amount of water applied to irrigated land, at
just under 73,000 acre feet per year. It also produces a high absolute level and a high proportion
of high valued specialty crops such as cotton, fruits, vegetables, and nuts. Cotton prices were
weak in 2012, so total cotton water use in Luna County was a comparatively small 6 percent of
the county’s total agricultural water use. Tree, fruit, vegetable crops consumed a remarkably
high 38 percent of total water in Luna County, an important indicator of the economic value of
control of crop water application timing.

Under scenarios 2 and 3, estimated water use in Grant County will increase from 9030 to 11030
acre feet per year an annual increase of 2000 acre feet. For Hidalgo County, water use will
increase from 8603 to 11013, an annual increase of 2500 acre feet. For Luna County, acreage
will increase from 72,896 to 77,896 acre feet per year, an annual increase of 5000 acre feet. For
the optimization model runs, these new quantities of water cannot be exceeded for scenarios 2
and 3 for any future year.
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Table 2: Water Use for Irrigation by Crop, Region, and AWSA Policy, Southwest New Mexico, New Mexico, 2012 (acre feet)
Grant County (Cliff-Gila
Hidalgo County (Virden
Luna County (Deming Area)
Area)
Area)
With AWSA With AWSA
With AWSA With AWSA
With AWSA
With AWSA
Water &
Water &
Water &
Water &
Water &
Water & Storage
Storage
Storage
Storage
Storage
Storage
Historical
Historical
Historical
With Current
Without
With Current
Without
With Current
(2012)
(2012)
(2012)
Without Current
Ag
Current Ag
Ag
Current Ag
Ag
Ag Development
Development Development
Development Development
Development
Constraints
Crop
Constraints
Constraints
Constraints
Constraints
Constraints
Alfalfa
1,170
1,429
1,429
1,575
2,033
2,033
27,393
29,272
29,272
Irrig Pasture
7,740
8,955
8,955
1,350
1,215
1,215
Sudan Grass
53
65
65
450
581
581
Dry Beans
576
615
615
Snap Beans
282
301
301
Corn
1,667
2,151
2,151
7,906
8,448
8,448
Sorghum
333
430
430
3,420
3,655
3,655
Wheat
1,333
1,424
1,424
Cotton
2,100
2,710
2,710
4,336
4,633
4,633
Grapes
67
161
161
140
364
364
773
825
825
Green Chile
688
887
887
14,417
15,405
15,405
Fall Onions
1,803
1,927
1,927
Mid Season
Onions
1,803
1,927
1,927
Late Season
Onions
1,803
1,927
1,927
Watermelons
1,044
1,116
1,116
Pecans
421
421
300
731
731
6,010
6,422
6,422
Total
Applications
(ac ft/Year)
9,030
11,031
11,031
8,603
11,102
11,102
72,896
77,897
77,897
Added Surface
Water AWSA
0
2,000
2,000
0
2,500
2,500
0
5,000
5,000
Data Sources: NMSU Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014), and Lowry (2014)
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As shown in table 2, growers in Hidalgo and Grant Counties indicated that an increased scale of
production along with additional acreage and water use for higher income crops currently grown
in smaller amounts in the region. For scenario 2, the largest increase in acreage and water use
for the year 2012 would occur with grape and pecan production, as indicated by our response
from the producer panels. However, for the case of scenario 3, growers were unable to respond
with confidence, because conditions defined by that scenario lie considerably outside their
personal experience. Nevertheless, for scenario 3, the table shows identical impacts as for
scenario 2 for the year 2012 because conditions of scenario 3 are assumed to require an
adjustment period of six years to take advantage of potential reductions in resource constraints
currently holding growers back from growing the highest valued income crops. Additional gains
in acreage of highest valued crops under scenario 3 compared to scenario 2 would occur in the
years after 2019, not shown in table 2. More details clarifying the contrast of scenario 2 with
scenario 3 are in sections 5.11.1 – 5.11.5 below, where discounted net present values are seen to
be much different for the scenarios over the period 2013-2050.

5.3

Gross Revenue per Acre

Table 3 presents gross revenue per acre in production by crop and county for the study region.
Gross revenue per acre is measured as crop price multiplied by average crop yield. Higher gross
revenues come from either a higher price per ton received by growers or a higher yield per acre,
or both (data in Appendix 3).

Table 3 shows revenues received by growers with no attention given to costs of production. The
highest revenue per acre typically occurs for grapes, green chile, onions, and pecans. Despite the
importance of gross revenue per acre, growers are typically more interested in net revenue per
acre. Calculating net revenue per acre requires subtracting costs of production from gross
revenue to produce profitability per acre.
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Table 3: Gross Revenue per Irrigated Acre by Crop, Region and AWSA Policy, Southwest New Mexico, 2012 (dollars/acre/year)
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
With AWSA With AWSA
With AWSA With AWSA
With AWSA With AWSA
Water &
Water &
Water &
Water &
Water &
Water &
Storage
Storage
Storage
Storage
Storage
Storage
Historical
Historical
Historical
With Current
Without
With Current
Without
With Current
Without
(2012)
(2012)
(2012)
Ag
Current Ag
Ag
Current Ag
Ag
Current Ag
Development Development
Development Development
Development Development
Crop
Constraints
Constraints
Constraints
Constraints
Constraints
Constraints
Alfalfa
2,048
2,048
2,048
2,048
2,048
2,048
2,342
2,342
2,342
Irrigated
Pasture
360
360
360
360
360
360
Sudan Grass
1,160
1,160
1,160
1,160
1,160
1,160
Dry Beans
1,620
1,620
1,620
Snap Beans
900
900
900
Corn
1,224
1,224
1,224
1,399
1,399
1,399
Sorghum
534
534
534
534
534
534
Wheat
489
489
489
Cotton
1,070
1,070
1,070
1,659
1,659
1,659
Grapes
5,185
5,185
5,185
5,185
5,185
5,185
5,185
5,185
5,185
Green Chile
7,458
7,458
7,458
9,492
9,492
9,492
Fall Onions
8,036
8,036
8,036
Mid Season
Onions
8,036
8,036
8,036
Late Season
Onions
8,036
8,036
8,036
Watermelons
4,082
4,082
4,082
Pecans
3,865
3,865
3,865
3,865
3,865
3,865
3,865
Data Sources: New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014),
and Lowry (2014)
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5.4

Net Income Per Acre

Table 4 shows net revenue per acre by crop and county region for the base year 2012. Net
revenue per acre is calculated as (price/ton x yield/acre – cost/acre). Since this table presents
results of subtracting average cost per acre from gross revenue per acre, it has a much more
important influence on total land allocated by growers among the various crops. Growers
typically allocate more land to the crops earning higher net revenue.

The table illustrates the importance of fruits, vegetables, and nuts as producers of high net
revenue per acre, for which values are typically from two to ten times the level of forage and
field crops. The economic value of forage produced or rented is derived directly from the
supply of beef cattle that it produces. Higher beef prices or lower beef production costs raise the
economic value of forage grazed by the cattle. The value of forage is derived solely from the
value of beef that graze it. Higher forage prices for leased forage occur when beef prices
increase or when ranching production costs decline (Byerley et al., 1999).

Calculated net revenue per acre shows the potential for high income earned.
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Table 4: Net Revenue Per Irrigated Acre by Region, Crop, and AWSA Policy, Southwest New Mexico, 2012 (dollars/acre/year)
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
With AWSA With AWSA
With AWSA With AWSA
With AWSA With AWSA
Water &
Water &
Water &
Water &
Water &
Water &
Storage
Storage
Storage
Storage
Storage
Storage
Historical
Historical
Historical
With Current
Without
With Current
Without
With Current
Without
(2012)
(2012)
(2012)
Ag
Current Ag
Ag
Current Ag
Ag
Current Ag
Development Development
Development Development
Development Development
Crop
Constraints
Constraints
Constraints
Constraints
Constraints
Constraints
Alfalfa
1,366
1,366
1,366
1,366
1,366
1,366
1,099
1,099
1,099
Irrigated Pasture
60
60
60
42
42
42
Sudan Grass
860
860
860
842
842
842
Dry Beans
650
650
650
Snap Beans
15
15
15
Corn
694
694
694
459
459
459
Sorghum
-81
-81
-81
-278
-278
-278
Wheat
-166
-166
-166
Cotton
73
73
73
264
264
264
Grapes
3,558
3,558
3,558
3,558
3,558
3,558
2,722
2,722
2,722
Green Chile
4,595
4,595
4,595
6,118
6,118
6,118
Fall Onions
2,453
2,453
2,453
Mid Season
Onions
2,304
2,304
2,304
Late Season
Onions
1,747
1,747
1,747
Watermelons
302
302
302
Pecans
3,112
3,112
3,112
3,112
2,777
2,777
2,777
Data Sources: New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014), and
Lowry (2014)
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In addition, agronomic constraints are respected when making economically-driven cropping
choices. For example, chile is a very high valued crop, but continued cropping of chile on the
same land leads to a build-up of soil borne disease, reducing yields over time. (Goldberg, 2009).
The solution adopted by growers in Luna County is crop rotation to reduce prevalence and cost
of soil borne disease. Currently Luna County growers use a 3-4 year crop rotation cycle for
chile. Small grains following a year of chile are grown to reduce soil pathogens. These rotation
crops typically produce negative net income, as shown in table 4 for wheat and sorghum. These
rotation crops would not be grown in the current quantities if not required to make chile
economically viable. Some other crop not currently grown such as tomatoes and lavender are
closely related to chile and suffer from similar diseases, according to growers in the Deming
panels.

Grant County is shown to produce mostly irrigated pasture, which produces a low net income per
acre, even though its small amount of grape acreage produces over $3,000 per acre. This is an
indication of potentially good news, a high valued crop that could expand considerably in future
years with acceptable upstream storage and a more secure water right for farming and ranching
than currently exists in the region.

Hidalgo County produces a higher range of high valued crops, showing some corn at $694 net
income per acre along with a modest acreage of grapes and green chile, both producing more
than $3000 per acre along with some pecans, which we estimate produced over $3000 per acre in
the base year of 2012.
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5.5

Total Net Income for Scenario 1

Table 5 shows total net farm income by crop and county for the base year 2012 with access only
to existing water supplies. It also shows total net farm income summed over crops for each of
the three counties. As described earlier in the documentation of the optimization model, total net
income for any given crop in any county is measured as:

Net Farm Income = [land in production] x [(price/ton x yield/acre) – (cost/acre)]

Total net farm income for each county requires summing income from this formula over all crop
acreage in production, using the data presented in Table 1.

Table 5 shows that under crop and water use patterns for the year 2012, over the three counties
produced about $49.2 million in farm income.

Similar to the results shown by land in production and water use, Luna County earns by far the
greatest amount of total income from crop irrigation. Its earnings make up about 95 percent of
the total net farm income earned in the three-county region. It also produces a high proportion of
high valued specialty crops, including fruits, vegetables, and nuts.
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Table 5: Total Net Income by Crop and Region, without AWSA Water Supplies and Storage and with Current Agricultural Development
Constraints, Southwest New Mexico, 2012 (dollars/year)
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
Historical
(2012)

Historical
(2012)

Historical
(2012)

Crop
Alfalfa
355,160
478,100
10,038,621
Irrigated Pasture
103,200
12,600
Sudan Grass
17,200
84,200
Dry Beans
160,636
Snap Beans
1,857
Corn
277,595
1,230,365
Sorghum
-8,087
-380,807
Wheat
-132,747
Cotton
51,100
526,773
Grapes
71,155
142,310
841,175
Green Chile
689,250
25,197,983
Fall Onions
1,474,253
Mid Season Onions
1,384,704
Late Season Onions
1,049,947
Watermelons
105,101
Pecans
0
186,706
5,214,774
Total
546,715
1,913,774
46,712,635
Data Sources: New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford
(2014), and Lowry (2014)
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5.6

Total Net Income for Scenario 1 per Unit Water Applied (Base)

Table 6 shows the average economic value of water per acre foot applied by crop and county for
each of the three counties for 2012, under scenario 1. That economic value is calculated as total
net income per acre (table 5) divided by water applied per acre (Table 2). The weighted average
is also shown at the bottom of the table, equal to $61 per acre foot for Grant County, $222 per
acre foot for Hidalgo County, and $641 per acre foot for Luna County. The table shows that a
high average value of water per acre foot applied can occur from a combination of high crop
prices, high crop yields, low costs of production, or low water use applications per acre.

Most of the data for each of these two terms are based on cost and return budgets published by
the New Mexico State University College of Agriculture, Consumer, and Environmental
Sciences (New Mexico State University Cooperative Extension, 2013a; New Mexico State
University Cooperative Extension, 2013b; New Mexico State University Cooperative Extension,
2013c). Table 6 also shows values for some specialty crops for which NMSU ACES does not
publish budgets, but for which some acreage occurred for 2012. These crops include
watermelons, dry beans, snap beans, and grapes. For these crops, out-of-state land grant
university sources were consulted (Pennsylvania State University Cooperative Extension, 2012;
University of California Cooperative Extension, 2000; University of California Cooperative
Extension, 2008; University of California Cooperative Extension, 2012).

The table shows that under the current water supply, timing, and use patterns, Luna County
maintains its first place status with a weighted average value per acre foot applied of $641. For
that county, values per acre foot applied range from a low of $-111 (sorghum, a rotation crop for
chile) to a high of $1748 per acre foot for chile.
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Table 6: Average Value of Water in Irrigation without AWSA Water Supplies by Crop and Region, Southwest
New Mexico, 2012 (acres)
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
Historical
(2012)

Historical
(2012)

Historical
(2012)

Alfalfa

304

304

366

Irrigated Pasture

13

9

-

Sudan Grass

323

187

-

Dry Beans

-

-

279

Snap Beans

-

-

7

Corn

-

167

156

Sorghum

-

-24

-111

Wheat

-

-

-100

Cotton

-

24

121

Grapes

1,062

1,017

1,089

Green Chile

-

1,003

1,748

Fall Onions

-

-

818

Mid Season Onions

-

-

768

Late Season Onions

-

-

582

Watermelons

-

-

101

Pecans

-

622

868

61

222

641

Crop

Weighted Average

Note: Cell entries with a dash indicate no acreage in production.
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5.7

Total Net Income for Scenario 2

Table 7 shows total farm income for scenario 2 by crop and county in dollars per year, for the
base year 2012. The same formula is used to calculate farm income as was shown in an earlier
section of this report. Important assumptions are:

Growers in the Grant and Hidalgo County regions with access to new AWSA water and storage
would potentially expand their scale of farming operations to put the new AWSA water to
beneficial use. Moreover, growers could shift their cropping patterns, favoring increased
production of high value crops that require well-timed water for full yields. Growers would
delete acreage of lower valued forage crops. Forage crops do not suffer major yield losses from
poorly timed surface supplies. Additional surface for this scenario are 2000 acre feet per year
(Grant County) and 2500 acre feet per year (Hidalgo County). Growers in Luna County would
expand their acreage in proportion to the 5000 acre feet of new supplies with AWSA water.

5.8

Total Income for Scenario 3

Table 8 shows total net farm income for scenario 3 by crop and county in dollars per year, for the
base year 2012. Since a movement to higher valued crops would only occur with a lag of several
years, total income for each county and crop is identical for scenario 2 as for scenario 3. Of
course, over the longer planning period defined by the years 2013-2015, discounted net present
value of net farm income is much higher under scenario 3 than under scenario 2.

5.9

Gain in Total Net Income for Scenario 2 Compared to Scenario 1 (Base)

Table 9 shows the gain in total annual farm income produced by new AWSA water supplies
without storage by crop and region in the study area, in dollars per year, for the base year, 2012.
Table results are based on the assumption that growers in Grant and Hidalgo Counties with
access to new AWSA water would produce crops in equal proportions to those currently grown.
The income gain is about $460,000 per year for the Grant County region, $950,000 per year for
the Hidalgo County region, and $3.2 million per year for Luna County, for a total gain of just
over $4.6 million per year.
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Table 7: Total Farm Income by Crop and Region, with AWSA Water Supplies and Storage and with Current Agricultural
Development Constraints, Southwest New Mexico, Dollars Per Year, 2012
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)

Crop
Alfalfa
Irrigated Pasture
Sudan Grass
Dry Beans
Snap Beans
Corn
Sorghum
Wheat
Cotton
Grapes
Green Chile
Fall Onions
Mid Season Onions
Late Season Onions
Watermelons
Pecans
Total Income

With AWSA Water & Storage

With AWSA Water & Storage

With AWSA Water & Storage

With Current Ag Development
Constraints

With Current Ag Development
Constraints

With Current Ag Development
Constraints

433,757
119,400
21,006
170,772
1,006,791

617,084
11,340
108,677
358,291
-10,438
65,955
370,006
889,615
454,941
2,865,471

10,727,241
171,656
1,985
1,314,765
-406,930
-141,853
562,908
898,877
26,926,489
1,575,382
1,479,691
1,121,970
112,310
5,572,492
49,916,982
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Table 8: Total Farm Income by Crop and Region, with AWSA Water Supplies and Storage and without Current Agricultural
Development Constraints, Southwest New Mexico, Dollars Per Year, 2012
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
With AWSA Water & Storage

With AWSA Water & Storage

With AWSA Water & Storage

Without Current Ag
Development Constraints

Without Current Ag
Development Constraints

Without Current Ag
Development Constraints

Alfalfa

433,757

617,084

10,727,241

Irrigated Pasture

119,400

11,340

-

Sudan Grass

21,006

108,677

-

Dry Beans

-

-

171,656

Snap Beans

-

-

1,985

Corn

-

358,291

1,314,765

Sorghum

-

-10,438

-406,930

Wheat

-

-

-141,853

Cotton

-

65,955

562,908

Grapes

170,772

370,006

898,877

Green Chile

-

889,615

26,926,489

Fall Onions

-

-

1,575,382

Mid Season Onions

-

-

1,479,691

Late Season Onions

-

-

1,121,970

Watermelons

-

-

112,310

261,855

454,941

5,572,492

1,006,791

2,865,471

49,916,982

Crop

Pecans
Total Income

Page 56 of 128
NMSU Ward and Crawford
NM Interstate Stream Commission
Section Chapter 4: Results

Table 9: Total Gain in Farm Income by Crop and Region, Produced with AWSA Water and Storage Compared to without
AWSA Water and Storage, Southwest New Mexico, Dollars Per Year, 2012
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
With AWSA Water & Storage

With AWSA Water & Storage

With AWSA Water & Storage

With Current Ag Development
Constraints

With Current Ag Development
Constraints

With Current Ag Development
Constraints

Alfalfa

78,597

138,984

688,619

Irrigated Pasture

16,200

-1,260

-

Sudan Grass

3,806

24,477

-

Dry Beans

-

-

11,019

Snap Beans

-

-

127

Corn

-

80,697

84,399

Sorghum

-

-2,351

-26,122

Wheat

-

-

-9,106

Cotton

-

14,855

36,135

Grapes

99,617

227,696

57,702

Green Chile

-

200,365

1,728,506

Fall Onions

-

-

101,129

Mid Season Onions

-

-

94,987

Late Season Onions

-

-

72,023

Watermelons

-

-

7,210

460,076

268,235
951,697

357,718
3,204,347

Crop

Pecans
Total Income Gain
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5.10 Gain in Total Net Income for Scenario 3 Compared to Scenario 1 (Base)
Table 10 shows estimated gains in total farm income produced by new AWSA water under
scenario 3 compared to scenario 1. Results are the same as for scenario 2 compared to scenario 1
since the new high valued crops that would enter production will take up to 7 years to make the
adjustment to overcome the resource constraint described earlier.

5.11 Discounted Net Present Value of AWSA Project
Table 11 and figure 4 show the discounted net present value of net farm income by county and
scenario. The overarching pattern can be summarized by a few observations:

For the reasons described earlier in this report, the lowest discounted net present value occurs for
scenario 1. Summed over the three counties, the total is $1,930,966,256. While it is an
economic value of considerable magnitude, it is the lowest of the three scenarios because
scenario 1 provides no additional AWSA water or storage and eliminates no development
constraints currently facing growers. Therefore, the year-by-year future cropping mix under that
scenario, acreages, and net income per acre forecast by the optimization model see only modest
changes from those of the base year 2012.

The next lowest discounted net present value takes place for scenario 2. Added up over the three
counties, the total for that scenario is $2,104,092,614. It is a gain of $173,126,358 compared to
scenario 1. As stated earlier this gain occurs because of the conditions defined by scenario 2.
Under that scenario, AWSA allows growers to expand their acreage in proportion to the
additional water with existing cropping patterns. In addition, that scenario assumes that growers
will shift into higher net income crops that are already grown in smaller amounts in the region
because of existing limited control over water in the peak irrigation season.

Again, as described earlier in the report, the highest net present value occurs for scenario 3.
Summed over our three counties, that scenario’s total is $2,512,813,256, a gain of $581,847,000
compared to outcomes from scenario 1. These gains occur because of the unique grower
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Table 10: Total Gain in Farm Income by Crop and Region, Produced with AWSA Water and Storage without Agricultural Development
Constraints Compared to without AWSA Water and Storage, Southwest New Mexico, Dollars Per Year, 2012
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
With AWSA Water & Storage

With AWSA Water & Storage

With AWSA Water & Storage

Without Current Ag Development
Constraints

Without Current Ag Development
Constraints

Without Current Ag Development
Constraints

Alfalfa

78,597

138,984

688,619

Irrigated Pasture

16,200

-1,260

-

Sudan Grass

3,806

24,477

-

Dry Beans

-

-

11,019

Snap Beans

-

-

127

Corn

-

80,697

84,399

Sorghum

-

-2,351

-26,122

Wheat

-

-

-9,106

Cotton

-

14,855

36,135

Grapes

99,617

227,696

57,702

Green Chile

-

200,365

1,728,506

Fall Onions

-

-

101,129

Mid Season Onions

-

-

94,987

Late Season Onions

-

-

72,023

Watermelons

-

-

7,210

Pecans

261,855

268,235

357,718

Total Income Gain

460,076

951,697

3,204,347

Crop
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Table 11: Discounted Net Present Value of Net Farm Income by County and AWSA Policy, Grant, Hidalgo, and Luna
County, New Mexico, 2013-2050 ($US)
Without AWSA Water
& Storage

With AWSA Water &
Storage

With AWSA Water &
Storage

With Current Ag
Development
Constraints

With Current Ag
Development Constraints

Without Current Ag
Development
Constraints

Scenario 2
(Alternative 1)

Scenario 3
(Alternative 2)

County

Area

Scenario 1
(Base)

Grant County

Cliff-Gila Area

19,491,996

33,741,781

196,172,748

Hidalgo County

Virden Area

76,757,121

109,773,728

257,409,140

Luna County

Deming Area

1,834,717,140

1,960,577,105

2,059,231,369

1,930,966,256

2,104,092,614

2,512,813,256

-

173,126,358

581,847,000

Total
Economic Gain Compared to Base
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Figure 4: Discounted Net Present Value of Net Farm Income by County and AWSA Policy,
Grant, Hidalgo, and Luna County, New Mexico, 2013‐2050 ($US)
3,000,000,000

2,500,000,000

2,000,000,000

1,500,000,000

1,000,000,000

500,000,000

0
Grant County

Hidalgo County

Luna County

Total

Economic Gain Compared to
Base

Without AWSA Water & Storage With Current Ag Development Constraints (Scenario 1 ‐ base)
With AWSA Water & Storage With Current Ag Development Constraints (Scenario 2 ‐ Alternative 1)
With AWSA Water & Storage Without Current Ag Development Constraints (Scenario 3 ‐ Alternative 2)
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behavior responding to conditions defined by scenario 3: The first reason for the large gain is
that given time for adjustment, growers in Grant and Hidalgo Counties gradually shift into
cropping patterns currently seen in Luna County because of better control of water supply than
currently possible. Although yields will be lower in Grant than Luna County because of its
higher elevation, most of the crops grown in Luna County (except cotton) can be grown in Grant
County under this optimistic future scenario. A second reason for the large gain under this
scenario is that AWSA water and storage allow growers to shift into high valued crops on up to a
third of their new acreage brought into production under AWSA water and storage. History in
New Mexico has shown that certain high valued crops not currently grown, notably various
kinds of berries and a range of melons could be grown in the area, but because of marketing and
expertise and related resource constraints, these crops are not currently grown. Additional details
on each of the scenarios are provided below.

5.11.1 Scenario 1
Table 11 and figure 4 show that scenario 1, the base case, has modest levels of NPV farm income
earned in Grant County equal to $19.5 million (1 percent of the total of $1.930 billion). Hidalgo
County is forecast to earn $76.8 million in NPV (4 percent of the total). Luna County earns by
far the largest amount, equal to $1.835 billion, or 95 percent of the total for the three county
region.

5.11.2 Scenario 2
Table 11 and figure 4 also show the considerably higher level of NPV value than could be
achieved by scenario 2 than scenario 1, an amount equal to $2,104,092,614. This is a gain of
$173,126,358 from scenario 1. Grant County would experience a large growth brought on by
scenario 2, increasing from $19.5 million to $33.7 million, a 73 percent gain. Hidalgo County
achieves discounted net present value of benefits equal to $109.7 million, a growth of 43 percent
from its base scenario of $76.7 million. Luna County achieves a total of $2.104 billion under
scenario 2, compared to their base level of $1.930 billion, a growth of $125.9 million, or just
under 7 percent.
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5.11.3 Scenario 3
Finally, table 11 and figure 4 show the expected result that the largest level of discounted net
present value will be achieved by scenario 3, a total amount of $2,512,813,256. That total is a
gain of $581,847,000 from the base case. Grant County experienced the largest growth from
scenario 3, increasing from $19.5 million to $196.2 million a 1006 percent gain. Hidalgo County
achieves a discounted net present value of benefits equal to $257.4 million under scenario 3, a
growth of 334 percent from the base. Luna County achieves a total of $2.059 billion under
scenario 3, a growth of just under 12 percent from its scenario 1.

5.11.4 NPV Gain from Scenario 2 Compared to Scenario 1
Scenario 2 is the scenario presented to the growers at the producer panel meetings, and consists
of additional AWSA water and storage. Growers were able to respond to this scenario. They
generally expressed the view that they would expand their scale of production as well as shifting
into more profitable crops currently grown in the region in smaller quantities in both current and
future years. Results of the optimization model forecasted for scenario 2 show total gains in
NPV over our three counties equal to $173,126,358 compared to the base scenario 1.

Gains from scenario 2 compared to 1 come from an overall expansion of scale in all three
counties based on access to larger amounts of water. Additional gains result from a reduction in
some field and forage crops combined with an increase in cultivation of higher income crops
such as pecans and grapes in Grant and Hidalgo Counties that are permitted by access to better
timed water. Growers interviewed at the producer panels indicated both sources of gain
(appendix 2).

5.11.5 NPV Gain from Scenario 3 Compared to Scenario 1
Scenario 3 reflects the NPV of additional AWSA water and storage combined with an expansion
of high valued crops not currently grown in the area. It also consists of growers in Hidalgo and
Luna Counties gradually over future years changing into current cropping patterns that occur in
Luna County where climate permits. This was a scenario not directly presented to growers, as it
requires the assumption of future conditions much different from those experienced in recent
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years. Table 11 and figure 4 show that results of the optimization model forecasted for scenario
3 show total gains in NPV over our three counties equal to $581,847,000 compared to the base.

Gains from scenario 3 compared to scenario 2 come from two additional sources not achieved
under conditions of scenario 2. First are the additional gains permitted by the shifting of
cropping patterns in Grant and Hidalgo Counties to reflect 2012 conditions in Luna County.
While not experienced immediately, these conditions are assumed to be possible after a six year
delay as growers gain knowledge, expertise, and access to information and labor motivated by
the greater access to controlled water storage permitted by AWSA supplies. The second
additional gain comes from the cultivation of high valued crops not currently harvested in the
three county region on up to a quarter of the new lands brought into production thanks to new
AWSA supplies. Based on evidence from the University of California enterprise budgets
(University of California Cooperative Extension, 2014) adjusted for southwest New Mexico’s
climate conditions, those crops are assumed to earn higher incomes after a delay of six years.
These incomes are calculated at $7,713 per acre for Grant County, $10,795 per acre for Hidalgo
County, and $16,163 per acre for Luna County. Obviously, these are optimistic incomes per
acre, much higher than farming incomes typically earned in that region in our base year of 2012.
Considerable technical, experience, educational, resource and institutional constraints that
currently face growers in this region would need to be overcome for those income gains to turn
into actual economic gains on the ground.
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6

Chapter 5: Conclusions and Recommendations

This study evaluated the potential economic impacts of providing AWSA surface water to the
existing major irrigated agriculture areas in Southwest New Mexico. It focused on farm
economic impact estimates resulting from an additional allocation of 9,500 acre-feet per year of
AWSA surface water to the following irrigated areas in southwest New Mexico:




Virden area (Hidalgo County): 2500 Acre Feet per year
Cliff-Gila valley (Grant County): 2000 Acre Feet per year
Deming area (Luna County): 5000 Acre Feet per year

The analysis was performed under three different scenarios:
1. Scenario 1 (baseline): with neither additional water nor storage, reflective of conditions
in the base year 2012.
2. Scenario 2: (water and storage, normal future) with additional water and storage with
current agricultural development constraints
3. Scenario 3 (water and storage, optimistic future): with additional water and storage
without current agricultural development constraints
At a discount rate of 3.75 percent, the discounted net present value of farm income over the
period 2013-2050 for scenario 1 is estimated at $1.931 billion. Discounted net present value
from scenario 2 is calculated to be $2.104 billion, showing a gain of $ 173.126 million compared
to scenario 1 (9% increase). The equivalent discounted net present value for scenario 3 is $2.512
billion, for an estimated gain of $581.847 million (30% increase) for the three-county region.

However, as this study was underway, the ISC completed two other important studies that had
impacts on the assumptions used for the present study: Based on a Value Engineering study, the
safe yield of the AWSA project was estimated be less than 10,000 AF/yr for all uses, including
irrigated agriculture (RJH Consultants, 2014). Therefore, the ISC directed another consultant
who was conducting a Benefit-Cost (BC) study, to consider 8,000 AF/yr of AWSA water to be
available, and allocate 2,000 AF/yr of that water for agricultural use under the AWSA project
(Harvey Economics, 2014). Most of that 2,000 AF/yr would likely be used for crop irrigation in
Grant County. If, in fact, only 2,000 acre feet of AWSA water becomes available for the entire
southwest New Mexico study region, and if all that water is allocated to irrigated agriculture,
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then the impacts of the AWSA project can be seen as the Grant County row alone in Table 11
and its equivalent bar chart elements in figure 4. That value, in discounted net present value
terms, would amount to $33,441,781 – $19,491,996 = $13,949,785 for scenario 2. It would
become $196,172,748 – 19,491,996 = 176,680,752 for scenario 3 (approximately 900%
increase).

This is by no means unprecedented, even in New Mexico. Reclamation projects built in New
Mexico and elsewhere in the west from the inception of the Bureau of Reclamation’s irrigation
development mandate in the early 20th century have increased farm income by several hundred
percent. An important source of income growth from improved technology occurred from the
introduction and widespread use of groundwater pumping from aquifers that occurred after
World War II (Pisani, 1992; Pisani, 2003; US Bureau of Reclamation, 2014).

One important documented example of an increased scale and value of irrigated agriculture
comes from the Rio Grande Project area of southern New Mexico and west Texas. Irrigated
acreage in the Rio Grande Project area expanded from 26,230 acres in 1910 to 45,986 in 1917,
with gradual increases to 88,714 acres by 1945 (Woznaik, 1998). These increases in scale of
agriculture occurred from several factors. These include greater reliability of water supplies, a
growing commercialization of agriculture, pricing water affordably, at a rate defined by farmers’
ability to pay. Other factors include establishment of food processing facilities (Woznaik, 1998)
and the signing of the Rio Grande Compact of 1938, establishing a sliding scale for sharing
water among Colorado, New Mexico, and Texas (Ward, 2013). Other important reasons include
improved drainage installed in the 1920’s. This was complemented by a greater willingness to
bear risk by irrigators to plant high income crops as a consequence of more reliable control over
water supplies in addition to greater access to reliable farm labor and food processing facilities
(Autobee, 1994; Woznaik, 1998).

Not only did irrigated acreage increase in the Rio Grande Project Area, but economic values of
land per acre for irrigation farming increased by even more. As construction for the dam started
in 1906, land values averaged $17.50 an acre. Seven years later in 1913, anticipating the value of
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the additional water, the price of the same unimproved land increased from $50 to $75 an acre.
Soon after that, developed land for orchards and gardens within 10 miles distance of El Paso sold
for $650 to $1,200 an acre (Autobee, 1994). Clearly, the lessons of history reveal numerous
opportunities for considerable increases in farming incomes in the study region, as described in
detail below. As discussed before, the high value crops assumed in our analysis for scenario 3
are apples, grapes and pecans before 2019, and melons, raspberries, blackberries, and
strawberries after 2019.

Overall, several important recommendations emerge from our findings. All focus on the need
for water resource planners in New Mexico to investigate measures to overcome the very
considerable existing constraints that limit the profitable cultivation of high valued crops not
currently cultivated at scale, especially in Hidalgo and Grant Counties.

Measures to remove labor constraints could be examined. For labor-intensive crops, current
policy restrictions on guest worker program could be relaxed to allow economically affordable
harvest of high value crops not currently cultivated in a study area. Development of advanced
mechanical harvesting, cultivation, and thinning development would be an alternative if
affordable labor is unavailable.

Grower experience in cultivating new high valued crops is presently poorly developed. These
constraints could be overcome given adequate time and resources. NMSU extension or other
teaching resources may be required to assist with training or classes or short courses to overcome
limited experience with these high valued crops. Many high value crops require intensive
management, technical knowledge and practiced technical skill to be successful. A critical mass
of such individuals will need to be attracted from other commercially profitable areas to
supplement the managerial skill necessary for growing higher valued crops in our study area.

Our scenario 3 assumed that mechanization could be developed to substitute for labor shortages
with the accompanying necessary adaptation for plants to be adaptable to machine cultivated or
harvested. This will require the development of determinate varieties of high value plants, which
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will allow for one pass harvesting. Typically many potentially high value plants are nondeterminate requiring multiple pass picking as the crop ripens or matures, which raises
production costs and reduces profitability.

Scale of Production:
Most high value food crops are grown for the fresh market, which require a smaller scale of
production in a low population area, such as our three county region. This scale sets an upper
bound on acreage in production. Necessary processing and handling facilities could be developed
by formation of a cooperative organization to market the product and/or process it. Necessary
capital could be provided through state industrial bond financing or loans from the Bank for
Cooperatives (Co-Bank) and producers if the Cooperative structure is used.

Infrastructure:
An important requirement for growing a high value crop profitably is acceptable transportation
and marketing infrastructure to permit an adequate scale of transport from farm to market. We
assume that this constraint could be overcome with time for adjustment and with possible state or
federal subsidies.

Food Processing Facilities:
Most of the high value crops selected will be for the fresh or minimally processed market to
avoid the necessity of large capital expenditures to build processing plants. A processing plant
for most varieties requires a critical mass of large acreage of production to achieve the necessary
economies of size for the processing plant.

Access to Information:
High value crops rarely have abundant and reliable information on prices, costs, or yields. For
example, the Lavender Association was formed in 2012, and one of its major objectives was to
develop data on quantities, prices, number and location of producers. Because much of the
production is consumed via local farmers markets and is of small scale, no large government
statistical agency covers the commodity. This means market information is more anecdotal than
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statistically reliable. The development of a marketing association or cooperative for high value
crop producers could be used as a coordination point for collection and analysis of market
information for producers.

Risk Bearing Capacity:
Risk comes in several forms, and includes production risk due to weather and potential disease
related risks. Price and cost related issues are also additional factors. For financial risk, risk
pooling is a classic solution. Co-ops could perform that pooling function for risk, either though
access to insurance pools, storage, and marketing pools.

Management:
Management needs could be met via recruiting of talent with bonuses funded by groups or the
state. Additional training options for employers offered via New Mexico State University or
community colleges basic business courses. Courses could be distance education, either
asynchronous or synchronous.

Scale constraints:
Constraints caused by low absolute scale could be overcome, in part, with collective action in the
procurement of machinery, supplies, sales, and professional services. There are size minimums
for the support of food processing. Financial help through State programs like bond arrangement
would need to be considered.
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8

Appendix 1: Detailed Literature Review - Economic Value of Water in
Irrigation

8.1

Summary

The design of institutions, policies, and programs that maximize water’s beneficial use in the
face of growing demands for scarce and random supplies is the central policy issue in dry places.
It is a growing issue in the face of ongoing drought and climate variability, which has seen
growing intensity in the American southwest since 2010. Information on water’s economic
value for crop production enables decision makers to make informed choices on water
development, conservation, allocation, and use when growing demands for all uses of water are
made in the face of increased scarcity and supply variability. Conceptually correct and
empirically accurate estimates of the economic value of water in irrigation are essential for
informed allocation of scarce water across locations, uses, users, and time periods. This review
of the literature raises several issues that must be considered in deriving accurate estimates of the
economic value of water for crop irrigation. These include establishing common denominators
for water values in quantity, time, location and quality; identifying the point of view from which
values are measured; distinguishing the period of adjustment over which values are estimated;
and accounting for the difference between total and incremental values of water. Selected data
sources that can be used for the valuation of water in irrigation are also described.
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8.2

Background

The need to develop flexible institutions to maximize water’s beneficial use in the face of
growing demands for scarce and variable supplies is the most compelling issue for economic
development for people who live in dry places. In most of the western US, surface and
groundwater supplies are scarce and for practical purposes fully used. Rapidly growing human
population and increasing demands for protecting endangered species and other environmental
values are newer uses of water (Ward and Michelsen, 2002). For political, legal, hydrologic, and
economic reasons, it is likely that few regions in the western United States, with the possible
exception of the Gila Basin in New Mexico, will develop new water supplies. New uses will
have to be accommodated by reduced uses of surface water from other uses, locations, or time
periods. Similarly, new groundwater appropriations are likely to require the retirement of
surface water or water rights where ground and surface water flows are connected. In principle,
more water, better timed water, water at a more suitable place, and better quality water for a
particular use are usually available at a higher price if sufficient time is allowed for building
storage, conveyance or treatment capacity. The nature of problems involving water is typically
one of conflict among alternatives stemming from economic scarcity rather than physical
shortages. The conflicts may be of various types. Examples include competition among kinds of
uses, between geographic location of use, between current and future uses, between endangered
species saved from extinction and food production displaced from saving the species, and
between water resources developed or used and other resources displaced by that water
development and use.

8.3

Economic Concepts

Water has economic value only when its supply is scarce relative to its demand (Ward and
Michelsen, 2002). Whenever water is available in unlimited supply, it is free in the economic
sense. Scarce water takes on economic value because many users compete for its use. In a market
system, economic values of water, defined by its price, serve as a guide to allocate water among
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alternative uses, potentially directing water and its complementary resources into uses for which
they yield the greatest total economic return.

In dry places, economic and population growth create situations where water is economically
scarce. In these places, water institutions, laws, projects, policies, and programs are designed to
provide for maximum benefits from the use of scarce water. Not only is water itself scarce, but
money, manpower, and other resources required to develop, allocate, transport, and purify water
are scarce. Competing claims for money and other resources and the economic and political
difficulty of increasing taxes to pay for water programs constrain the resources available for
water programs. While the political process always determines which programs are undertaken,
there is also a need for more general economic standards by which competing water policies and
programs can be gauged.

The economic principles underlying water policy decisions rest on the ideas of benefit and cost.
For example, releasing water from a dam to increase streamflow by 100 cubic feet per second
may add 600 units of endangered species habitat, which, for example, might be worth $25 each
to people who value that habitat. The benefit of this policy will be 600 x $25 = $15,000.
According to the basic rule of benefit maximization, in which increasing the total value of scarce
resources is presumed desirable, this action should be undertaken if its cost is less than or equal
to $15,000. All the incremental costs resulting from a proposed action are its marginal costs, and
the extra benefits are its marginal benefits.

If policies enacted are limited to those that increase economic efficiency, a water program will
only be implemented if its marginal benefits equal or exceed marginal costs. For public water
policy proposals, maximum economic beneficial use of water and its complementary resources
requires that government formulate, implement, and evaluate their program plans and select their
programs using these economic principles. An important aim of water use in dry places can be
stated in terms of maximization of the economic product obtained from that water use. What is to
be maximized is the social benefit from the water used and not the quantity of water used itself.
In areas of intense competition for water, an important objective of water policy, in addition to
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protecting the public interest, is to allocate the water resource to those agricultural, residential,
industrial, recreational, endangered species, and other uses that will make the most productive
use of the water available for these purposes. This is certainly an ongoing challenge for the Gila
River. Put differently, this goal is that water institutions and programs should help shape
civilization along lines desirable to those people who use the water by increasing their living
standards.

While the principle of maximizing the total economic value of resources such as water is an
essential concept of modern natural resource economics, there is considerable debate among
water policymakers and the public at large on how this can be achieved. In principle, one could
examine a given river basin with known potentials of water use and look for that use or
combination of water uses which produces the greatest economic product from a given
expenditure of goods, services, water, and taxpayer revenue.

State and federal legislative bodies, when designing water institutions, attempt just this, subject
to an acceptable distribution of these benefits. So there are likely to be continued policy debates
over the quantity and quality of water available for all major uses and heated discussions
regarding the best allocation among uses of water and among competing proposals that would
alter those uses.

Translation of the physical effects of a proposed water program or policy into economic benefits
and costs involves estimates of the values of the increases and decreases in resources of value
under future conditions with and without the program. For purposes of economic analysis, the
need for common denominators requires that benefits and costs be measured from the same
viewpoint (private, local, regional, national), same period of time, and for the same program
aims. Starting with estimated physical effects of the proposal, it is necessary to evaluate those
effects in monetary terms where common denominator comparisons are desired. Market prices
for program outputs are a good place to start in the search for an estimate of their economic
benefits; but as will be discussed subsequently, many adjustments may be required. The effect of
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all this is to express benefits and costs of water programs in monetary terms reduced to a
common denominator for comparison.

In the field of public water policy, analysis of benefits and costs uses a simple decision rule. If,
for some proposed action, the sum of benefits exceeds the sum of the costs by a larger amount
than any other action with the same aim, the proposed action should be adopted where the goal is
an increase in overall living standards. Otherwise it should not.

For the concept of revenue to the private firm, one substitutes the concept of benefit to society.
For the cost to the private firm, the concept is opportunity cost. Opportunity cost is the value of
benefits displaced by a policy action that diverts resources from other productive economic
activities and brings those resources to support that action. For the firm’s profit, one substitutes
the concept of the amount by which benefits exceed costs to the larger society.

8.3.1

Defining the Economic Value of Water

This section summarizes the conceptual framework for economic valuation of goods and services
as applied to water resource management. The most important attention is given to valuing
changes in water supply for reallocation or investment decisions, but changes in reliability are
also addressed, such as greater supply reliability from additional storage if constructed in New
Mexico’s Gila Basin off the mainstem of the Gila River. Included is a discussion of some issues
that are unique to the valuation of water in crop irrigation. Additional details are available in a
more comprehensive treatment (Douglas, 2009; Young, 2005).

Resource economists conducting valuation exercises for water resources used in irrigation
(Keramatzadeh et al., 2011; Molden and Sakthivadivel, 1999; Reinelt et al., 2012) assign
monetary measures of farmers’ and ranchers’ preferences for outcomes of policy proposals, such
as additional AWSA water and storage. For the current context, the outcomes of interest are
improved water supply and improved water supply reliability. Using a monetary measure for
valuing additional water and storage facilitates comparisons with monetary costs of investments,
and with values in alternative uses such as environmental, recreational, or urban uses of water.
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The economic valuation of a policy outcome such as the AWSA water and storage is based on
the principle of willingness to pay. For crop irrigation, benefits of additional water is the sum of
the maximum amounts that water users are willing to pay to gain outcomes they view as
desirable. Costs are the sums of the maximum amounts that people would be willing to pay to
avoid outcomes they view as undesirable (Young, 2005). This review of the irrigation economic
literature focuses on principles that can be used to measure the additional income that would be
earned by farmers and ranchers associated with the AWSA water and storage. Costs associated
with that development will also have an important impact on the scale and direction of
development, use, and preservation of Gila River water, but are not directly addressed directly in
this review.

The economic value of water comes from the many uses to which water can be put in satisfying
people’s needs. Water can have a very high economic value because it is scarce and because it is
capable of being applied to many different uses. As a consumer good in ordinary households,
water is needed first to drink, then for cooking, then for toilets and bathing, then for cleaning
things like clothes and dishes, next for washing cars and driveways, and finally, in dry regions,
for landscape irrigation. In the summertime in dry regions, by far the largest use of water in
households is for outdoor irrigation.

In considering the economic value of water, we start by posing the question of how well the price
actually paid for water accurately represents the benefit that arises from its use. The price that a
person pays for water can never exceed and seldom comes up to that which he would be willing
to pay rather than go without it: so that the economic benefits a person gets from the use of water
typically exceeds that which he pays for it.

The economic value of water is defined as the amount that a rational user of a publicly or
privately supplied water resource is willing to pay for it. Willingness to pay for water reflects
the water user’s willingness to forego other consumption and is measured by a demand schedule
relating the quantity of water used at each of a series of different prices. For any potential
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quantity that could be supplied, demand is limited. So the economic value of an added unit of
water supplied decreases as greater quantities are offered to water users. For example, people
will only use water for irrigating their lawns or for low-valued crops if the price of water is
suitably cheap. At a high water price, neither of these uses produces a high enough economic
value to make it affordable.

8.3.2

Dimensions of Water Use

Quantity supplied is only one dimension of water use. In addition, time utility of water use can
be improved by building dams and developing groundwater reserves, while location utility can
be improved by building water transport systems such as aqueducts to move water to places far
from its natural source. Next, location utility itself is measured in three dimensions (depth, input
price, and efficiency), since ground water is increasingly expensive to put to beneficial use with
increasing depth and increased energy prices, but is cheaper with increased pumping efficiency.
Finally, water may be of varying qualities depending upon the soils through which it moves or
depending on how people affect the water in supplying or using it.

The point of discussing these four dimensions of water is that balanced public or private water
policy decisions will consider all four dimensions of the economic value of water. Ignoring any
of the four dimensions produces policies that may fail to improve human welfare.

8.3.3

Amount of Water Valued

The most basic distinction among the various economic concepts of value are those relating to
total, marginal, and average value. The total value from a given supply of water is measured by
the total willingness to pay for a given level of water used.

The marginal value of water represents the contribution of an incremental unit of water to
whatever public or private objective is under consideration. We illustrate the concept for both the
public and private uses of water with an example. Holding back one extra acre-foot of water at a
small reservoir to prolong the recreational boating season by a month in August may contribute
ten extra boating days for the month. If boaters could be charged $30 per additional boating day,
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then that acre foot has a marginal value of $300 as a recreational boating resource. If the same
added one acre foot saves $200 in costs associated with cotton yields otherwise lost, then the
water’s marginal value in private irrigation is $200.

The marginal value of water provides important information for policy analysis of water
development or allocation. For the development case, decisions dealing with increased water
supply, economic efficiency require that water development be expanded as long as the marginal
value of the added capacity exceeds its marginal cost. That is, if the marginal value of expanding
a water system’s capacity is greater than its marginal cost, then it is good economics to expand
the system. For the allocation decision, the allocation of scarce water among competing uses,
economic efficiency occurs only when marginal value per unit of water is equal for all uses. That
is, policies improve economic efficiency when they reallocate water among users if the marginal
value gained by the gainer exceeds the marginal value lost by the loser.

The average value of water is the total value described above divided by the quantity of water
supplied. The average value of water is typically of less policy interest for water allocation than
marginal or total value, but its conceptual simplicity and ease of calculation may engage the
policy analyst into using it to approximate marginal value. Since average value is typically much
larger than marginal value, use of estimated average value, when marginal value is the needed
measure, usually leads to an over-investment in water supply capacity or over-use of water.

8.3.4

Increased Versus Decreased Supplies

The economic value of a given reduction in the water supply is larger than that of the same
increase for two reasons (Klocke et al., 2006; Sankarasubramanian et al., 2009). First, reducing
the supply of water reduces quantity demanded, limits water use to higher-valued uses, and
results in a higher water price. For example, agricultural water rationing in a drought that reduces
water use by 20% imposes a much higher damage than the same users would gain from a new
reservoir that increased current use by 20%.
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Second, the value of water lost by decreasing water supplies should include a measure of the
value of the long run investments in facilities that producers would lose. For example taking
1000 acre feet from irrigated agriculture permanently to supply water for endangered species
critical habitat may require producers to take 500 acres out of permanent production and lose
total incomes valued at $300 per acre, for a total of $150,000 in net producer income lost. But
adding 1000 acre feet, especially if unplanned, may produce zero extra net income since
producers may not be able to use it.
8.3.5

Physical Interactions in Use

Physical interdependence among various water uses complicates evaluations of benefits and
costs of proposed programs that change existing water use patterns (Burness and Brill, 2001;
Hathaway, 2011; Helmus et al., 2009; Jordan and Barroll, 2013; Mesa-Jurado et al., 2012;
Shaneyfelt and Schoengold, 2014; Truong and Drynan, 2013; Valerio et al., 2010). Any single
water use cannot typically be viewed in isolation from potential alternative uses. The typical
river basin contains several alternative uses for water, any one of which may affect others
through any or all of the quantity, quality, time, and location dimensions. As a general principle
of valuation, the benefits from a particular increment of water supply in a given location in a
river basin is the sum of the values produced in the first location and the value of all altered
return flows in all subsequent uses, locations, and time periods.

8.3.6

Valuing Water Applied Versus Consumed

Under most irrigation technologies the crop consumes as ET only a part of the water applied, so
for economic analysis will show a higher marginal value per unit of water consumed (ET) than
per unit of water applied (Brinegar and Ward, 2009; Skaggs et al., 2011). Under drip irrigation
the two values are very close, since irrigation efficiencies close to 100 percent are common with
that technology.

Keeping separate track of the economic value of water applications and water depletions is as an
important exercise (Dagnino and Ward, 2012). For example, in May 2011, the issue of diversion
versus depletion was raised in a US Supreme Court ruling. The court ruled on a case in which
downstream water users in the state of Montana discovered that increased upstream use of
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sprinkler irrigation in the state of Wyoming where surface irrigation had previously occurred had
the effect of reducing flows returning to the Yellowstone River system.

Sprinkler irrigators diverted the same amount from the river, but returned less. The court ruled
against the Montana view. The court stated that the wording of the 1950 Yellowstone River
Compact did not prohibit upstream irrigators in Wyoming from changing irrigation technologies,
even if it meant returning less water to the river system. So their ruling could alter the way that
future interstate water sharing arrangements are drafted in the US. The distinction between
diversions and depletions is important and is likely to receive growing scrutiny as future
developments, such as the AWSA, are drafted. They will become especially important where
transboundary agreements do not currently exist.

At the individual farm level, irrigation efficiencies are often low when measured by the
percentage of water applied that reaches the plant root zone. However, at the basin scale those
same efficiencies can be quite high, since the unconsumed applied water may be available to
other users.

Public subsidies that promote greater irrigation efficiency are unlikely to reduce water depletions
by irrigated agriculture unless special administrative steps are taken to define water rights based
on the right to deplete a river system’s water. It is not enough to define water rights based on the
right to divert or apply a set amount of water, for specifying water rights in those ways ignores
the basin’s hydrologic balance. In the face of subsidies to convert from surface to drip irrigation,
protecting the river, protecting existing water rights holders, and protecting sustainable access to
water use for future generations of water users requires a just and consistent enforcement of the
right to water depletion.

Water conservation subsidies, such as those that subsidize conversion from surface to drip
irrigation, do not always provide irrigators with economic incentives to reduce water depletions.
So they are therefore unlikely to reliably make new water available for alternative uses. Drip
irrigation is important for many reasons, including greater water productivity, higher crop yields,
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higher farm income, and increased food security. But it cannot be relied on to save water
depletions when considered from a basin scale. An important measure to guard against increased
water depletions could be the administration of water rights based on a defined right to crop
water depletions. The right to an upper bound on ET associated with a water right could be
posted in a central place available for all irrigation water rights holders and all water
stakeholders to see (Dagnino and Ward, 2012).
8.3.7

Establishing Common Denominators

It is important to establish common denominators when valuing water for irrigation (Babel et al.,
2005). Because of variability in quality required for alternative water uses (e.g., irrigation vs.
endangered species habitat vs. residential vs. manufacturing), one common denominator for
specifying quality is raw untreated water flowing in the stream. Both treatment and transport
costs must be subtracted from the value of the water at its offstream use location in order for
values in these uses to be comparable to values for other uses. For example, suppose untreated
water in the stream is worth $35 per acre foot to support a blue ribbon trout fishery or to protect a
key ecological asset and that transport costs are $10 per acre foot to move the water from that
stream onto a farmer’s chile field. If the on-site economic value of that water for growing chile is
$40 per acre foot, the instream equivalent value for that chile is $40 minus $10 = $30. The
comparable values become $35 for trout habitat and $30 for chile production.

Barriers to measuring common denominators for water’s value continue to fall with the
introduction of fast personal computers and improving mathematical programming software.
Both the machines and software have facilitated the development of dynamic mathematical
models of the hydrology, biology, economics, and institutions which can encompass the quantity,
time, space, and quality dimensions of the problem simultaneously. Some modern software
enables analysts to write algebraic functions that express irrigation, hydropower, municipal and
industrial, recreation, and endangered species demands as mathematical functions over the
dimensions of quantity, quality, time, and location. With numerical expressions of these
functions, various institutions that allocate a fixed supply of reservoir water, snowmelt, or
groundwater supply can be tested to establish water policies that maximize total beneficial use of
water.
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Overall, several economic and hydrologic factors affect the value of water. These include which
sector uses the water, the type of product supplied by the sector, the demand for the water’s final
product, the on-site productivity of the location where the water is used, the level of
complementary resources at the site (such as reservoirs and irrigation facilities) and
transportation, storage, and processing costs for off-stream uses. For example, designer bottled
water in grocery stores priced at $1 per quart has an economic value of $1.3 million per acre
foot. At the other extreme, when a river basin’s reservoirs are full and lacking storage space,
aquifers are full, soil is saturated, and crops are already planted and irrigated, then 40,000 added
acre feet of June snowmelt has a highly negative economic value.

8.3.7.1 Agriculture Versus Environment
Rational decisions supporting water resource development, allocation, and use require measuring
the value of water in alternative uses. When the market system works, markets allocate water and
its related resources to activities yielding the greatest returns. With additional upstream
diversions for agriculture and an absence of policies to protect in-stream flows, instream flows
will be depleted (Brookshire et al., 2010; Leones et al., 1997; Ward, 1987). In fully appropriated
multiple-use river basins, such as the Gila River, a major potential competitor for a share of
water may be publicly sponsored appropriations to supplement low streamflow for fish, wildlife,
protection of key ecological assets, and recreation, which generates economic values not
revealed in the marketplace. The complex interactions between plants, soils, and climates in
semiarid ecosystems such as those found in southwest New Mexico, make it difficult to define
specific water optimization mechanisms. We see this in the southwest area and where there is
many who demand use of a limited water supply. It is important to develop these models to
interpreting and predicting patterns in dry ecosystems, as well as metrics for assessing
optimization of the land (Caylor et al., 2009; Wendong Zhang, 2014; Woodward and Shaw,
2008).

Page 88 of 128
NMSU Ward and Crawford
NM Interstate Stream Commission
Section Appendix 1: Detailed Literature Review – Economic Value of Water in Irrigation

8.3.7.2 Agriculture Versus Urban Use
With rapid population growth, water supplies are further strained and over allocated. Urban
water use typically has top priority over agriculture, industry, and the environment. Increased
population growth can reduce steam flows along with water that could be allocated for
agricultural use (Baerenklau et al., 2014). A good example is the case in 2004, in which the New
Mexico State Engineer approved a permit allowing the City of Albuquerque to divert from the
Rio Grande the approximately 48,200 acre-feet per year of water it receives from the San JuanChama Project, a trans-basin diversion project that imports water from the Colorado River basin
to the Rio Grande basin. Over the last 30 years, the City had consumed little of its San JuanChama water but rather had planned provided it to various third parties for their use. However, at
the end of 2008, the City decided to commence surface diversion of its San Juan-Chama water
and anticipated fully consuming its annual allocation by 2010. Critics of the State Engineer's
decision to issue the City a permit for the diversion contended that full consumption by the City
of its San Juan-Chama water eventually would risk challenging the State of New Mexico’s
capacity to satisfy its delivery requirements to Texas under the Rio Grande Compact (Flanigan
and Haas, 2008).

8.4

Approaches Used

Where a service, such as water supply, is exchanged in a functioning market, its market price is a
good measure of its marginal value. For the case of water, we address two kinds of market
transactions, free market prices and administered prices, in addition to one type of non-market
transaction, the change in net income.

8.4.1

Market Prices of Water

Market prices for water offer an opportunity to observe water’s economic value directly.
Nevertheless, where market transactions are recorded, analysts should use this price with care to
avoid misinterpretation. There are several types of market transactions in water. One example is
the short run water rental market, such as the one that was set up for coping with the 1990
California Drought (California Department of Water Resources, 1992; Ward and King, 1998).
The water right owner maintains the title to the annual water use but sells, rents, or leases his
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unused water for some specified period of time. For example, a farmer may rent, for one
irrigation season, 500 acre feet of water to another farmer, or deposit the water in a state or
privately run emergency drought bank or rent it to an environmental group for endangered
species critical habitat.

Permanent water rights transactions occur in many dry places. These transactions must be
interpreted carefully since land to which the right pertains is often involved in the transaction, so
the market value of the water right includes water, land, and facilities. The observed transaction
price of unrestricted transfers between similar water right users is the correct measure of the long
term private value of the water used for that purpose.

Ongoing interest in water market transactions among policymakers and water users has created
growing needs to understand market price behavior and their connection to water rights defined.
Research from the early 1990s analyzed characteristics of markets, water rights, and water
transactions. Its aim was to identify attributes which affect market values and prices of water for
regional markets. Water and water right transaction characteristics are shown to be significantly
related to market prices. Prices that were unexplained by attributes of water as a commodity
related to characteristics of the regional market, including the number and size distribution of
potential traders, costs of securing market information, and the characteristics of water
commodities traded (Colby et al., 1993).

A more recent study examined the Rio Grande from Elephant Butte, New Mexico, to Fort
Quitman, Texas. This situation with the Rio Grande between Texas and New Mexico is similar
to the Gila River situation between New Medico and Arizona. A market-based water supply
problem was analyzed as an optimization problem maximizing net economic benefit from water
use. The income from water in municipal use, based on the concept of consumer surplus, is
utilized in the objective function along with benefit from agricultural uses, supply costs, and
damage costs due to poor quality water. Consumer surplus is the savings accruing to water users
by access to water at the given price compared to the maximum price they would pay. The
analysis is performed under three institutional constraints, which include flow regulation at the
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reservoir, restrictions on trade between states, and allowing trade between the states. Among
these policy proposals considered, allowing trade between the states produced the most
economically efficient terms of both net benefit and reducing damage due to poor quality water
(Ejeta et al., 2004).

8.4.2

Administered Price

Water supplies are often sold under what amounts to an administered price. A good example is
an irrigator who pays a fixed price per unit of use to an irrigation district. If the water buyer is
free to adjust his use to meet his needs at the specified price, then statistical analysis of data
pertaining to the relationship between water consumption and price can be to measure the
economic value of water to the final user. However for this method to perform as intended,
historical administered prices must vary and water buyers must have been permitted to freely
adjust their demand to price changes. If the water user faced an upper bound restriction on water
use (such as a 3 acre foot per acre upper limit in irrigation or summer lawn watering restrictions
to homeowners) or if water use is not permitted to increase with falling prices, then this method
does not work. Furthermore, this value has to be adjusted for costs of water transportation,
storage, and water treatment to make it comparable to instream values of raw water (Ward and
Michelsen, 2002; Ward and Pulido-Velazquez, 2009).

In many parts of the American west that benefited from federal irrigation developments in the
20th century, prices are usually charged to individual users of water for irrigation for water
supplied under federal reclamation projects. These prices are typically set by Congress to be
much less than the incremental costs of supply. Still, these prices are accurate estimates of short
run marginal value if a user may purchase all quantities desired at that price.

The more common situation regarding water use at the low price is that the water right sets an
upper limit of water use and this limitation constrains the irrigator to use less than he wishes to
purchase and apply to crops. Pecan growers in southern New Mexico and West Texas are an
excellent example of this situation. Pecans are a high-return but thirsty crop. A pecan irrigator
may be able to find surface water at $16 per acre foot from an irrigation district for each of the
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first 3 acre feet purchased; but at that price, may wish to apply 6 acre feet of surface water per
acre per year to the trees. If only 3 acre feet of surface water are available, then the $16 per acre
foot price of surface water is much less than its marginal economic value.

8.4.3

Change in Net Income

Where water is an intermediate good, such as in crop irrigation, the demand is derived from its
use in producing a final product. In this case, the water user is willing to pay for the water up to
an amount equal to the change in net income produced by the water. This change in net producer
income also measures the gain in additional consumer satisfaction from the final product minus
the added costs of delivering that satisfaction (Dillon, 1993; Singh and Panda, 2012; Ward and
Michelsen, 2002). Change in net income is the method that is used to value additional AWSA
water and water storage.

8.4.4

Measuring Agricultural Productivity

Economic benefits from increases or decreases in water allocated to irrigation are measured as
the change in value of agricultural products less changes in associated production costs. Despite
this simple concept, establishing values for irrigation water presents several practical problems.
As is the case with water generally, market prices for irrigation water are rarely available so
estimates of value must often be based upon indirect approaches (Scheirling et al., 2014) .

Methods of valuing irrigation water typically rest on observing the response of crop yield to
various water applications, i.e., to the change in yield due to a change in water applied.
However, several barriers make it difficult to obtain accurate measurements of this relationship.
First, crop production under irrigation is applied in uncontrolled and unpredictable environments.
Output, even under experimental conditions, may vary significantly with soil type, fertility,
temperature, and rainfall. Furthermore, irrigation decisions are made by a large number of
individual farmers, each representing a small percentage of the total irrigation water used; and
these farmers vary widely in management abilities, experience, scale of farming operation,
willingness to bear risk, and financial constraints.
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Crop yield response to water application depends strongly on the rate at which water is used with
other inputs in each of many time periods. Quantities of soil nutrients, seeding rates, climate, and
daily weather fluctuations are especially important. If water is the limiting resource, additional
water applied increases yields by much more than if other resources are limiting. Each crop in a
producing area has a unique physical productivity with respect to irrigation water. Further, for
any crop, there are a number of varieties available and each may respond differently to the water
applied and to the water’s quality.

In addition, technological change has important effects on the value of water. As crops are
improved over time, increased yields produced by the water increase the water’s economic value.
If crop varieties are developed that permit fresh produce to be supplied and marketed in a place
where only cattle feed was historically grown, the value of water in agriculture can increase
considerably. Likewise, successful development of drought or salt-resistant crops can increase
the economic value of water in places that have saline water (e.g., river bottom areas of river
basins) or are prone to recurrent drought. Crop response to water is greatly limited by water
salinity levels. The development and installation of effective drainage systems, while often
expensive, can still increase the economic value of water in agriculture considerably.

Last, we examine the production response to irrigation water. A production function relates
water input to crop output. Application of this method requires recognizing that irrigation water
productivity varies widely over the year depending on soil moisture and the plant’s growth stage.

When soil moisture in the plant’s root zone is already at maximum level, plant response can be
zero or negative. The productivity of added water applied to the plant increases with the time
interval at which the last moisture occurred. As soil moisture is reduced and the productivity of
added water depleted, a point may be reached at which the crop would be completely lost if a
farmer was unable to irrigate for lack of water. Water applied at this critical time is extremely
valuable economically.
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The value is the net income loss avoided by the application of irrigation water. The point of all
this is that the crop yield irrigation water relationship is highly region-specific and depends on
the timing of the water applications over the irrigation season, on existing rainfall patterns, and
on other local conditions.

8.4.5

Crop Water Relations

Estimating the change in net income produced by water applied to crops requires estimating the
impact of added water on physical crop production, and requires good agronomic data. The most
reliable data are derived from direct observation of the response of crop yields to water applied
and are based on controlled experiments. Experiments such as these are expensive, difficult to
generalize to soils and climates different from the experimental area, and for those reasons,
scarce. Moreover many doubt the direct transferability of experimental results to on farm field
conditions.

For these reasons, other procedures have been used. These include field surveys that characterize
the experience of farmers or surveys of specialists such as crop researchers or extension agents.
While these people are typically well prepared to say which crop outputs have been associated
with what water inputs historically, they are typically unwilling or unable to generalize beyond
historical experience. So data needed to fit a production relationship characterizing the crop yield
response of timed water applications and timed applications of other inputs typically do not exist.

Several indirect approaches are used. The Blaney-Criddle technique and its updates, such as
(Doorenbos and Pruitt, 1975; Doorenbos and Pruitt, 1977) and several others described by
(McKenney and Rosenberg, 1991) presume that each crop has a unique evapotranspiration (ET)
requirement. This requirement is associated with the water application that achieves maximum
yield, and this yield for many crops is a linear function of ET. This ET depends upon climate and
the crop itself. A formula is used which can be adjusted to provide for any crop the water
requirements for any given climate specified.
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These methods typically do not permit water to be combined with other resources in variable
proportions. Still they provide a single point on a production function which relates a single
quantity of water used with a single level of crop output. One interesting approach for simulating
crop-water production functions is to begin with maximum crop yield for a full water supply and
estimate impacts of crop deficit irrigation by considering reduced ET combined with an assumed
physical process model of yield deficit associated with various levels of deficit irrigation.

The advantages of this method are that it provides an affordable alternative to costly experiments
and it can be applied to a wide range of crops that have similar underlying soil-water-yield
physical properties. A disadvantage is that it may poorly predict actual yields in extreme
conditions. The point of this section is to show the importance of having good crop-water
response data for measuring the economic value of water in agriculture, and to illustrate the
difficulties in finding those data.

8.4.6

Policy Analysis

Economic values are assigned to proposed changes in policies in institutions compared to the
status quo. We assume any of these can be expressed as equivalent changes in the supply and/or
price of water available to irrigated agriculture. Three contemporary policy examples relevant to
the western United States include setting aside critical habitat for an endangered species,
subsidies of agricultural water-conserving measures, or a stream adjudication that clears titles to
water rights. Each of these actions would reduce the supply of water and/or increase the price to
farmers. Results without the policy are expressed as a high water supply, and those with the
policy are from low supply.

8.4.6.1 Total Value
Where the farm operator allocates water to maximize total farm net income, including all water
costs, economic values can be assessed by comparing net income without and with the changes
in water supplied. Total value of water for crop irrigation is total net income for the irrigating
part of the farm, excluding the charge for water.
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8.4.6.2 Average Value
Average value per acre foot is total net farm income excluding the cost of water divided by total
water use. Average values of existing agricultural water used per unit of use are attractive for
facilitating common denominator comparisons. Nevertheless, they can be misleading for policy
analysis because average values look backwards, valuing only current use. The use of average
value cannot easily establish a value for plans that would augment that current use, such as the
AWSA project. Because average values are based only on historical use patterns, they tend to
inflate the impacts of changing current use. For policies that would change current use patterns,
marginal values provide more useful information.

8.4.6.3 Marginal Value
The marginal value of water is the added amount that would be produced if one extra acre foot
per year were supplied. Information on the marginal value of water in agriculture can be used to
evaluate changes in policies that would alter current farm water supplies or water use patterns.
These values enable policy analysts to look forward and examine impacts of future policy
proposals. Marginal values per unit of volume can be compared across water policy proposals,
for example comparing the value of water in agriculture versus cities versus endangered species
critical habitat.

8.4.7

Value of Water Lost from Agriculture: Drought

In times of water scarcity, the irrigation sector is typically the first to suffer water supply cuts.
Crop Irrigation is the major water consumer in most of the regions that are prone to water
shortages, especially in the world’s arid regions, but increasingly true in wetter climates (Dai and
Li, 2013; Hadjigeorgalis, 2008; Iglesias et al., 2003; The Grant County Beat, 2013). The three
part role of irrigation farmers as receivers, originators, and prolongers of drought motivates the
need to gain more insight into irrigators’ costs and benefits associated with drought. Decisions
on how much of the shortage is assigned to farmers turn in part on the price elasticity of demand
for water.
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Drought vulnerability for irrigated agriculture has increased in recent years partly because of
poor co-ordination among differing water suppliers. In setting farmers’ allotments and shares of
shortages due to drought, it is essential to bring into the shortage allocation rule evaluations of
benefits and costs of alternative methods of sharing the shortages. Measuring the costs to
irrigators of water shortages turn on adaptation possibilities, unavoidable costs, level of
flexibility of on-farm resource allocation, and farmers’ expectations about future water supplies
based on experience with previous drought episodes. In any case, the farmer’s willingness to
pay to avoid water losses due to drought is the correct measure of the cost to irrigation of a
drought.

8.4.8

Value of Water Saved by Adapting to Drought

The cost to farmers of adapting to drought is measured by the willingness to pay to avoid
reducing that water use brought on by the drought. Still, there is a range of technological and
management measures available for farmers to put to use in adapting to drought and climate
variability (Thomas, 2008). Some of these may also produce a side benefit by limiting or even
reducing greenhouse gas emissions. Ongoing research activity could productively focus on how
the application of these technologies and management choices can improve the adaptive
capacities of farmers, increasing their ability to cope with climate change and reducing their
vulnerability to the burdens of drought.

In addition to these, other important factors include the stability and effectiveness of cultural,
economic, social and governance institutions that can facilitate, constrain, or improve how
irrigators can best respond to drought or climate, reducing the cost of water that must be saved.

In addition to changes in crop management mentioned above, these adaptation strategies include
diversification of production systems, trade, and reduced dependence on irrigated agriculture
through greater off-farm income producing activities. Generally, farmers with lower income or
higher debt face a more limited range of options for their livelihoods than those in better
financial condition. Efforts to increase farmers’ drought adaptation capacity should be assigned
high priority as well as efforts to bring modern science and technology to produce a wider range
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of choices as well as choices that reduce economic losses suffered by adjustments to water
shortages (Hadjigeorgalis, 2008; Jin et al., 2012; Lichtenberg et al., 2014; Sankarasubramanian
et al., 2009; Schneekloth et al., 1991).

8.5
8.5.1

Data Sources for Valuing Water
Crop Enterprise Budgets

Enterprise budgeting constitutes one of the most fundamental planning tools to support analysis
of the economic value of water in irrigated agriculture. They can help individual producers
determine the most profitable crops to grow, develop marketing strategies, obtain financing
necessary to implement production plans, and make other farm decisions An enterprise budget is
an accounting of all estimated revenue and expenses associated with a specific enterprise to
provide an estimate of its profitability. Budgets are developed on the basis of a common
denominator unit such as one acre of corn, wheat, hay, and the like, or one head of livestock.
This permits comparison of the profit for alternative and competing enterprises.

The budgets are important decision making tools. They can help individual producers determine
the most profitable crops to grow, develop marketing strategies, obtain financing necessary to
implement production plans, and support other farm decisions. For the work with the AWSA
study, enterprise budgets were used to determine the value of crop currently being grown and
possible crops that could be grow with additional water supply or a more reliable water source.
The New Mexico State University College of Agricultural, Consumer, and Environmental
Sciences (ACES) publishes enterprise budgets for most counties in the state, for most of the
important crops in each county. The budgets are updated periodically (New Mexico State
University Cooperative Extension, 2013a; New Mexico State University Cooperative Extension,
2013b; New Mexico State University Cooperative Extension, 2013c).

An enterprise budget is a listing of all estimated income and expenses associated with a specific
cropping or livestock enterprise to provide an estimate of its profitability. A budget can be
developed for each existing or potential enterprise in a farm or ranch plan. Several budgets could
Page 98 of 128
NMSU Ward and Crawford
NM Interstate Stream Commission
Section Appendix 1: Detailed Literature Review – Economic Value of Water in Irrigation

be developed for a single enterprise to represent alternative combinations of inputs and outputs.
Each budget is developed on the basis of a small common unit such as one acre of corn, wheat,
hay, etc. or one head of livestock. This permits comparison of the net income for alternative and
competing enterprises. Considerable care is taken when preparing enterprise budgets. The
assumptions require much information, interpretation, and analysis. The budgets are typically
updated periodically to account for changing economic and technical conditions. Producer
panels, described below, are a common method to secure the updates.

8.5.2

Producer Panels

Panels have been used in consumer research for a number of years. The use of panels of farmers
and ranchers for studying on-farm changes over time is a method in widespread use for
investigators to gain insight on impacts of proposed policies, such as the AWSA project, on
irrigated agriculture in a river basin.

A producer panel is a group of producers surveyed to secure information on production practices,
technology, costs, revenues, and net income in irrigated agriculture. The panels, a group of
representative producers in the project area, are typically assembled in a group to discuss and
improve the accuracy of existing published budgets. They are asked to reach consensus on net
incomes that can be earned under existing conditions and under alternative proposed future
conditions, such as additional AWSA water with and without additional storage.

8.5.3

National Agricultural Census

The United States Census of Agriculture is the leading source of data on American agriculture.
Conducted every five years, the Census provides a detailed picture of U.S. farms and ranches and
the people who operate them. It is the only source of uniform, comprehensive agricultural data
for every state and county in the United States. Participation by every farmer and rancher,
regardless of the size or type of operation, is important. The 2007 and 2012 Census of
Agriculture collected information concerning all areas of farming and ranching operations,
including production expenses, market value of products, and operator characteristics. Census
data can be used to inform numerous actual and proposed decisions that directly impact farmers
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and ranchers, including those who would have access to AWSA project water and project storage
(USDA Census of Agriculture, 2009).

8.5.4

State Agricultural Statistics

The USDA's National Agricultural Statistics Service (NASS) conducts surveys every year and
prepares reports covering every aspect of U.S. agriculture. Production and supplies of food and
fiber, prices paid (input costs) and prices received by farmers, farm labor and wages, farm
finances, chemical use, and demographics of U.S. producers are a few examples (New Mexico
Department of Agriculture, 2013; US Department of Agriculture and New Mexico Department
of Agriculture, 2014). USDA's NASS New Mexico Field Office is operated in cooperation with
the New Mexico Department of Agriculture.

8.6

Conclusions

Economically rational decisions supporting water resource development, allocation, and use
require measuring the economic value of water in alternative uses. Developing a concept of
value that is useful for policy analysis requires a clear statement of what the policy decision aims
to achieve.

The economic value of water measures the contribution of that water to accomplishing that
decision’s aim. When the market system works efficiently, the price of water signals an accurate
measure of its economic value. There is no single economic value of water. People will pay
thousands of dollars for a quart of water if it keeps them alive. When flood conditions threaten
lives and property, people will pay thousands of dollars to fight floods that keep water away.

The economic value of water comes from the many uses to which water can be put in satisfying
people’s needs. The benefits from a particular increment of water supply in a given location in a
river basin is the sum of the values produced in the first location and the value of all altered
return flows in all subsequent uses, locations, and time periods. Several economic and hydrologic
factors affect the value of water. These include which sector uses the water, the type of product
supplied by the sector, the demand for the water’s final product, the site productivity of the
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location where the water is used, the level of complementary resources at the site and
transportation, storage, and processing costs for off-stream uses.

Translation of the physical effects of a proposed water program into economic benefits and costs
involves estimating values of the increases and decreases in goods and services under future
conditions with and without the program. The economic benefit of additional water used in
irrigation is measured as the change in value of agricultural products less changes in associated
production costs.

For purposes of economic policy analysis, benefits and costs should be measured from the same
view, period of time, and program aims. Information on water’s economic value enables decision
makers to make more informed choices on water development, allocation, and use, in which
growing demands for all uses are made in the face of increased scarcity.
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9
9.1

Appendix 2: Producer Panels
Deming, New Mexico: April 4, 2014

Planning Meeting with Deming area growers, organized by NMSU County Extension Agent,
Jack Blandford. Seven in attendance.

1. Mission: Planning to assess economic impacts to Luna County irrigated agriculture in
connection with AWSA water if imported to the Mimbres Basin. NMSU crop enterprise
budgets for Luna County currently have only surface irrigation. NMSU currently has limited
information on the economics of drip irrigation or micro sprinker, based on conversions that
have taken place since the early 2000s.
2. NMSU needs to estimate input costs. These can be either (quantity/acre) by input e.g., feed
seed, fuel, equipment and labor. They could also be measured in (costs/acre). NMSU needs
to estimate these costs for all the important irrigated crops in the Mimbres Basin.
3. Important crops were stated as follows as the main ones that cover the county’s irrigation.
a.
b.
c.
d.
e.
f.
g.
h.
i.

Wheat
Sorghum
Alfalfa
Green Chile
Cotton
Fall onions
Mid season onions
Late season onions
Pecans

4. What are acreages in Luna County of the each of the major crops by irrigation technology,
for 2012? Most of the crops except pecans are irrigated by drip. Pecans are irrigated in
about equal percentages by flood, drip, and micro sprinkler.
5. What are the main irrigation technologies used in this basin?
a. surface flood
b. drip
c. micro sprinkler
Selected Questions NMSU posed to growers, with answers:
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Q: What is the current adjudicated pumping limit per acre set by NMOSE?
A: NMOSE allows 3 acre feet per acre irrigation maximum pumping in the Mimbres Basin.
However this is not metered, so it is hard to enforce.
Q: What are approximate average county wide pumping costs per acre foot of water?
A: Typical costs are about $5.50 per hour for a 60 HP motor. That pumping capacity is 500
gallons/minute. Total time is 11 hours per acre foot pumped. So, costs per acre foot are about
$65. This is for energy costs, the largest part of pumping costs.
Q: What is the average pumping depth during irrigation season:
A: About 150 feet for static equilibrium level (2014). Add about 100 feet depth for effect of
drawdown during the season, since pumping occurs from the bottom of the cone of depression.
250 feet depth total is typical. Bottom of the cone of depression (dynamic pumping depth) stays
nearly constant during the season.
Q: What are the main crop production cost categories?
A: Important categories for this basin include: fertilizers, herbicides, pesticides, compost, and
fuel. Include compost as a cost as it’s becoming more prevalent.
Q: Is it better to ask growers for information on input quantities or input costs?
A: Producers can estimate total cost of inputs better than input quantities. Ask them for costs
for a representative farm. They’ll likely provide better cooperation than for cost information on
their own individual farm.
Q: What is the annual recharge flow that goes into the Mimbres aquifer that affects the static
water table depth from year to year? Change in static depth for a year = recharge (inflow) minus
pumping.
A: Do not use rainfall in the Deming area as a predictor of aquifer recharge. Growers believe
that basin’s recharge comes mostly from flows of the Mimbres or factors that affect those flows,
such as mountain snowpack or rain in the Gila Basin upper watersheds. However, some
growers noticed that their pumping depth or water quality changed after a major rainstorm.
Q: What are the most important pumping cost categories?
A: They suggested amortizing pump and well costs over life of pump (e.g., 10 years)
pump operation, maintenance, and repair
well operation, maintenance, and repair
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Pumps used for drip irrigation need repair and replacement more often because of higher
pressure required to push water through the lines. Pumping load for drip well is the well lift plus
added water pressure needed for drip system. Surface irrigation only requires well lift, but no
pressure. This can be found from Jerry Hawkes NMSU ACES (College of Agriculture,
Consumer, and Environmental Sciences). Should add cost of added pressure for a booster pump
or up scaled well pump needed for added pressure for drip lines.
Q: How many whole farm (crop enterprise) budgets do we need to cover the most important
crops grown in the Mimbres Basin?
A: Between 2 and 4. Examples include:
1. Pecans only
2. Alfalfa – chile – onions
3. Chile – sorghum – wheat – alfalfa – onions
4. Cotton – chile – forage hay (sudan)
Q: what are the most important cash crops in the Mimbres Basin?
A: Chile and onions, but both those crops need to rotate with other crops to control soil borne
disease.
Q: What method of allocating 5000 AF AWSA water would add the most to total county’s farm
income?
A: Several answers: The two most common were “send the water to whoever is willing to pay
the most, or recharge the aquifer with the water.” Conveyance around the Basin would be very
expensive and likely not affordable. Aquifer recharge is cheaper, and arguably is more fair to
current growers and future generations.
Q: Would new water bring in new crops or new land?
A: No to both if water is used for aquifer recharge. Local growers have already found which
crops make the best income. The best land is being farmed already. No new land in production
likely if aquifer is recharged with AWSA water.
Q: Would new surface water be spread around exiting farmland?
A: Likely not, since it would require too much storage and distribution infrastructure. A better
way is for the City of Deming use the added surface water in their system, reducing their
pumping in the aquifer, and allow farmers to pump 5K A-F more water.
Q: Of the 10%-15% land still cultivated by flood irrigation, what is its distribution among crops.
A: About half of the flooded acreage goes to pecans and the remainder is in proportion to
existing flood acreage in remaining crops.
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Q: What is the acreage in Luna County by crop and technology?
A: The best-informed answer will come from Jack Blandford, which in turn, may come from
USDA FSA data. Jack will send this to us by later communication, after consulting with USDA
NRCS in Deming. He later did send this communication.
Q: How do we best account for well replacement cost:
A: Equipment replacement, and well maintenance — Well repair can cost $25K per well when it
goes out and growers must pull and replace pump, piping, etc.
Q: What are the main cost differences of drip compared to surface irrigation?
A: Tractor hours are about 25% less with drip than with surface irrigation. Drip production can
also use smaller tractor with less horsepower and weight. EQIP will cost share up to $100K or
50% whichever is less. That is enough for about 60 acres. Water filters are a big overhead cost
that can be spread over more acres.

END OF MEETING
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9.2

Lordsburg, New Mexico: June 12, 2014

AWSA Planning Meeting with Lordsburg Area Growers to assess economic impacts in the
Virden area, NM, of 2500 acre feet per year of new water from the AWSA.
Meeting was organized by NMSU County Extension Agent, John Allen. Six in attendance.

Q: Please provide a brief history of crop production and water use in Virden Valley, NM
Growers face several institutional constraints on how the 2500 AF AWSA water for the Virden,
NM area could be used by irrigated agriculture. Under Globe Equity, there can be no new
double cropping that didn’t exist prior to 1935. This has caused idling of some acreage in the
Virden Valley.
There’s a large and adequate right to use Gila River water if the river flows. There’s plenty of
water in full supply years, but little in drought years. Globe Equity #1 allocated 6 af / acre in the
Valley.
NMOSE added a 3 af / acre groundwater pumping right in case surface flows restricted to less
than 6 af/acre diversion. This is a junior water right, recognized by NM, but not the Federal
Judge. Moreover, Virden Valley water storage is at the Coolidge/San Carlo reservoir
downstream in Arizona. So it’s not effectively accessible in NM. Upstream storage is needed in
the New Mexico part of the Gila drainage, to access and more fully use existing water rights.
Upstream storage could be combined with considerable economic productively with the new
AWSA water of 2500 acre feet.
Recent History:
2013: 1.5 feet depth surface water for the Virden Valley acres irrigated. 3 a-f / acre pumping
was allowed, for a total of 4.5 a-f/acre.
2012: 1.6 feet depth surface water.
2011: 2.7 feet depth surface water.
Each grower owns his own well. Each has the right to pump up to 3 a-f/acre, but can be
increased to 4.5. Well depths range from 30 -100 feet.
Pumping Limitation / regulations: Various “red lines” have been drawn. Red lines define a
region in which tribes say pumping affects river flows. So a farmer cannot pump from wells
inside the line.
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Q: If water reliability is a current problem, and growers could address that reliability with
AWSA water, how would their behavior be altered from its current patterns?
A: Grower discussion centered on impacts of existing water with and without storage, as well as
additions by AWSA with and without storage: If AWSA water has no storage to go with it, and
Gila River flows dry up in mid-season, added AWSA flows are of only modest economic
benefit. Both current Gila River surface flows new AWSA flows with added upstream storage
become much more valued because of better timing available with the new storage.
More AWSA water without more storage will likely expand the scale of farming in proportion to
the added water if timing is unchanged. But it would not likely alter the crop mix to higher
valued crops. This is because potentially high-valued crops not currently grown still would not
suffer shortages from badly timed water even if the quantity of flows is higher due to AWSA.
Historically, flooding is a recurrent problem, with up to half the current acreage in production
suffering flood risks. For agriculture, it’s best to have storage on the Gila mainstem or its
tributaries to control flooding. Environmental groups would likely oppose this.
Q: How would a continued drought make a difference in what growers do with and without
AWSA water and storage.
A: Continued drought makes surface water unreliable, so more AWSA water would increase the
scale of production. More storage on top of more AWSA water will reduce the variability of
flows and will likely increase the percentage of high valued crops in the suite of crops cultivated.
Q: How would 2500 AF/year added AWSA water make a difference in:
a.
b.
c.
d.

Crops grown
Yields
Source of water (groundwater v surface water use)
Timing of application (within season)

This multi-part question was answered with much discussion and commentary.
Crops and yields: Part of the 2500 acre feet would be pumped, affecting the flow of the river.
This would satisfy water users in Arizona who claim that existing pumping is reducing the flow
of the river, because the pumping would only take out the new additional surface flows made
available by AWSA.
Average depth of wells: They are mostly shallow, ranging from 30 - 200 feet.
Impact on crops grown: There would be more crops grown that require well-timed water, such
as pecans. Now there are 40-60 acres pecans in the Valley. We would see more acreage in
pecans. Fewer pecans are grown now from fear that the usable water right will disappear and
orchards left standing and dry if rulings go against them. Labor is a big constraint to growing
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some of the higher valued crops. Chile and onions have disappeared from past production
because of labor. Potatoes were lost to disease.
Current (2013) acreage by crop in the Virden Valley?
A: 2200 acres irrigated, split out below
About 150 acres in truck farmed vegetables: chile, watermelon, squash, pumpkins, tomatoes.
The small scale of its output requires selling through local fresh produce outlets like on-farm
stands, farmers' markets, community-supported agriculture subscriptions, restaurants, and
independent produce stores. A current summary table for 2013 is:
Cotton
Corn
Milo
Alfalfa
Sudan Grass
Pecans
Vegetables
Irr Pasture
Grapes

700
400
100
350
100
60
150
300
40

Total

2200

Q: How would current acreage pattern be changed with AWSA water but without new AWSA
storage?
A: Some idled land would be brought back into production, but the cropping pattern (percentage
distribution of acreage by crop) would not likely change. You wouldn’t see as much land idled
caused by water shortage. Existing scale would be expanded by the proportion of new water.
Q: How is irrigated pasture valued economically in the Virden area? Producers typically charge
$0.50 per head per day to graze irrigated pasture. If pasture yields are low, there will be fewer
days on which livestock can graze. Grass is grazed faster and livestock rotated faster. Valuing
irrigated pasture on an AUM basis can be calculated: $0.50 per head per day at 30 days per
month is $15.00 per AUM.
Q: How would the current acreage pattern be changed with AWSA water and with new storage
for at least one season’s storage? This amount was later determined by the ISC office at 60,000
acre feet.
A: Growers would bring back into production 50 to 100 acres, the rest would be pumped up to
the mesa for use.

Page 109 of 128
NMSU Ward and Crawford
NM Interstate Stream Commission
Section Appendix 2: Producer Panels

A: There were originally 2500 tillable acres in the valley. AWSA water and storage would
produce an altered crop mix, including more pecans. Could have 400 acres of pecans with
AWSA water and storage.
Higher yielding alfalfa.
More alfalfa-displacing cotton.
300 acres of irrigated pasture would be moved into something else.
Irrigated pasture would be displaced by pecans or alfalfa because of better timed water.

A: Effect of AWSA water with storage, continued:
1. Big effect on groundwater/surface water substitution. With reliable water that could be
stored on demand, there would be much less pumping. During current surface water
drought, Valley growers are very dependent on groundwater pumping, even though
pumping has an energy cost.
2. Water application timing would be affected in a big way. Without surface water storage,
growers use it or lose it. So water is applied to crops at the wrong time for optimal crop
growth. Too much or too little surface water is a classic problem. Growers try to
compensate for surface water shortages with increased pumping where possible. With
adequate amounts of controlled storage by AWSA, water applications could be timed
more efficiently for optimal plant growth, increasing yields on existing crops. It would
also permit the suite of crops to be shifted to higher valued crops for which yields are
sensitive to shortages at the wrong time, but for which net revenues per acre can be much
higher with well-timed water.
Q: How is irrigated pasture valued currently?
A: Range falls in $0.50 - $1.00 per head per day, or $15 - $30 per AUM.
Q: What would be impact of AWSA stored water?
A: Impact would be significant, favorably affecting yields. Growers would pump less
groundwater since surface water could be more likely called on demand by reservoir releases.
Also there would be a shift in the mix of crops to more alfalfa, and more pecans. Add 50 100
more acres in the valley production, rest would have to be above the valley.
Q: How does the water right system work?
A: The Virden Valley has 2 classes of surface water:
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1. Priority water (1880 – 1927 dates).
2. Apportioned water, apportions out water to all users in the basin. Apportioned water only
occurs with high flow periods when all priority water priorities are already satisfied. So
the system is a mixture of priority administration and proportional sharing of shortages.
END OF MEETING
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9.3

Silver City, New Mexico: June 25, 2014

AWSA Planning Meeting with Cliff-Gila Area Growers, organized by NMSU Grant County
Extension Agents Sam Lowry and Judy O’Loughlin. Seven in attendance.
Agenda: Identify economic impacts to irrigated agriculture from 2000 AF/year additional
surface flows if provided by additional AWSA water.
Q: NMSU began by asking for current cropping patterns and acreage in the area irrigated by
Gila River surface flows.
A: Approximately 2000 irrigated acres currently use Gila River flows. Of the 2000 acres 85%90% is irrigated pasture (about 1700 acres). The rest is alfalfa (240 acres) and Sudan Grass (20
acres) that is cut and bailed. Growers stated that the remaining acreage was a mixture of watered
home gardens, apple trees, and horse pastures.
A: Water from a tributary to the Gila River, Dove Creek, is used to irrigate through direct
pumping from the creek. It has a total of about 80 irrigated acres (20 alfalfa, 60 irrigated
pasture).
Q. What are your current prices paid for irrigation water?
A: The only cost of cost of irrigation is for ditch maintenance. ($10 to $20/acre/year depending
on which ditch you use).
Q. With additional water received from AWSA without storage, what would be the affect in your
area?
A: Without additional storage to hold the 2000 added a-f/year, there is little additional impact on
the area. Growers stated that area water rights administered by the NMOSE allows them to
pump as much water as they need when there is water in the river or in the shallow aquifer fed by
the river. Without timed release that would be supplied by additional storage, the biggest
irrigation constraint that grower’s face is the high variability of natural surface flows of the river.
When the river is dry, there is no surface water to irrigate crops.
A: However, the additional water would go to use, though not a high valued use. If additional
surface water is made available under AWSA for irrigation, growers would return to production
80-100 acres of previously abandoned farm land. This farmland is currently planted as dry land
(non-irrigated) alfalfa and could be brought in as irrigated acreage once again.
A: Also current crop yields would be increased by additional water, but not as much as if the
grower were able to have reliable, well timed water.
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Q. With additional water granted through AWSA with storage coming with it, what would be the
effect in your area?
A: With additional water and storage that would make the water more reliable and better timed,
growers could see significant increases in current yields of crops under cultivation. We’d also
expect to see more cattle being grazed per unit time per acre of pasture resulting from the higher
forage yields.
Q. With storage for additional water do you see any changes to the crop mix?
A: Growers also stated that other high valued crops might be grown in small quantities, such as
garlic, grapes, or pecans. Not cotton, because the elevation is too high. However due to a
shorter growing season addition crops or changes in the crop mix would be unlikely.
A: Additional AWSA water could entice new producers to move to the area to plant high return
crops for which there is currently little local knowledge or experience.
Q. What is the approximate price charged of irrigated pasture in this area?
A: $30 AUM ($1/head/day) is a typical price charged to rent pasture.

END OF MEETING
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9.4

Deming New Mexico: August 27, 2014

AWSA follow-up meeting with Deming area growers, organized by NMSU Luna County Agent,
Jack Blandford. Bulleted questions are listed below. Five in attendance.
Agenda: NMSU has been tasked by the NM Interstate Streams Commission to investigate the
economic impacts to irrigated agriculture of a proposed new water supply of 5000 acre feet
imported from the Gila Drainage. Please assume that the price of the new water is zero
delivered to the edge of the distribution system in Luna County. In fact, its price and delivery
point would likely be subject to political debate and negotiation.


We would like to know what growers in Luna County might do to put that new surface water
to use in agriculture. Our task is to calculate additional farming income produced by the
new water.



Q: NMSU asked how would 5000 AF/year of new water for the county make a difference in
several things: These include
o Acreage under production by crop
A: Growers asked how often they would we get the 5K acre feet of new water. Likely
only part of the time. In some past years, grain prices were high, and growers grew lots
of it. Corn prices are low now and they plan to grow little corn for the immediate future,
but they will continue to watch prices.
A: Answer depends on if the water actually came to Deming and on what crop prices
were when the water came. Crop prices are cyclical, and cropping patterns are always
changing to adjust to price changes. Storage, even aquifer storage, would raise the
likelihood of putting the water to beneficial use in the Deming area.
A: Most growers since about 2000 have shifted into drip irrigation because annual
production costs are lower and yields are higher. Some previously unprofitable farms
have become profitable again thanks to drip irrigation. So switching to drip irrigation has
taken little pressure off the aquifer because of increased acreage response to drip. Drip
may have even increased the pressure.
A: Generally little impacts on acreage or crop mix. Likely a bigger impacts on reduced
production costs, and growing income from reduced pumping depths over time.

Q: What is the best way to get the new AWSA water into productive crop irrigation in the
Deming area?
A: It makes most long term economic sense to bring it down to Deming and recharge the aquifer
with it, and it would be the most fair, distributing the benefits of more water most widely, and
most cheaply.
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A: Ag use is allowed 3 feet depth, commercial is allowed 1.6. So once a water right is
transferred into commercial use, it cannot come back to agriculture.
Q: What would Luna County growers vote for on the best way to use AWSA surface water?
A: Recharging the aquifer is better than any other alternative, such as putting AWSA water
directly into drip irrigation systems, or conveying it by canals to farms. Distribution costs to
farms would be too expensive when paying for rights of way and costs of new pipelines or canal
systems.
A: Aquifer recharge is attractive, but mostly for the longer term for children of current growers.
Unlikely much economic impact for the short term. But prolonging the life the local aquifer is
an important benefits that contributes to sustainability of the region.
Q: What kinds of high valued crops might be grown with new water?
A: The main benefit of new water is reduced aquifer depletion, with little likely shift into new
higher-valued crops. Chile is growers’ classic highest valued crop. Under current pricing,
growers are growing the most profitable crops.
Q: What about exotic crops like lavender? Would they be grown with AWSA water?
A: Lavender would be grown for its oil. Problem: Lavender and many other experimental crops
appear to be vulnerable to the disease verticillium wilt. And growers stated that it’s unlikely to
be a good investment for NMSU to develop verticillium resistant varieties, since the scale of that
crop grown will likely be too low to justify spending the research dollars. One grower
personally investigated the agronomic and economic feasibility of growing lavender but risks of
disease issues dissuaded him. This problem would not be addressed with AWSA water,
especially if used for aquifer recharge.
A: Growers are likely to grow the same crops and cultivate the same acreage with and without
the new AWSA water. But production costs would fall slightly because of reduced pumping
costs if the AWSA water is used to recharge the aquifer. Even if acreage is expanded on current
fallow land, the economics of expanding that acreage is weak, and it would expand no more than
5000/3 = 1667 acres.
o Yields
A: Composting and new varieties have increased yields. New AWSA water would
likely have no effect on yields. Profit margins would increase with lower pumping costs,
with margins growing more in future years.
o Irrigation technology (i.e., flood, micro-sprinkler, drip)
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A: With storage, Deming would get their 5K acre feet per year more often. Growers are
unlikely to change irrigation technology with AWSA water compared to without it.
Unless something comes out better than drip irrigation, growers are unlikely to use the
new technology. They’re already using the best land, the best irrigation technology, and
growing the best crops.


Q: What set of rules should be used to allocate the new water among growers?
o Water to highest bidder
o Proportional sharing of new supplies
o Something else
A: Aquifer recharge is the best way to use the AWSA water if brought to Deming. If
aquifer is recharged with new AWSA water, everybody gets a shot at the new water. If
you have a water right to pump, you will pump with a slightly lower cost. No new rules
are needed.



Q: If the proposed new water’s distribution system is paid for by the growers, how should
this new water be delivered to farms?
o
o
o
o

Additional surface water
Additional recharge to aquifer
Direct injection to drip systems
Something else

A: As stated above, canals to farms are too expensive to justify conveying the water.
Farms are too scattered to justify any kind of surface distribution. Surface conveyance
would require public easements on private lands. AWSA water will likely still be used
for aquifer recharge. This is a different view from that expressed at our previous Deming
grower meeting in early April. At that earlier meeting, one grower though that new water
should be put out to bid for immediate use.


NMSU asked for help in improving the crop enterprise budgets it publishes for the 2014 cost
and return budgets.
NMSU passed out the NMSU-ACES budgets on drip, flood, and sprinkler irrigation.
Growers agreed to make changes in the budgets and return to NMSU where they saw
discrepancies.



Other Information
Drip system are pressurize at 20 to 40 psi in order to pump water to the surface.
Soil quality and fertility is variable and it affects crop water ET and cost of operation.
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NM growers face diseases in the soil not present in California or states farther west because
we wet the soil then turn off the water in the fall. This may interfere with maintaining a
constant soil environment which would allow the beneficial soil environment to control some
of the destructive soil borne diseases.
END OF MEETING
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10 Appendix 3: Data and Assumptions
Appendix 3 Table 1: Land in Production by Crop, Region, and AWSA Policy, Southwest New Mexico, 2012 (acres)
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)

Historical
(2012)

With AWSA
Water &
Storage

With AWSA
Water &
Storage

With Current
Without
Ag
Current Ag
Development Development
Constraints
Constraints
317.54
317.54

Historical
(2012)

With AWSA
Water &
Storage

With AWSA
Water &
Storage

With Current
Without
Ag
Current Ag
Development Development
Constraints
Constraints
451.75
451.75

Historical
(2012)

With AWSA
Water &
Storage

With AWSA
Water &
Storage

With Current
Without
Ag
Current Ag
Development Development
Constraints
Constraints
9757.36
9757.36

Crop
Alfalfa
260.00
350.00
9131.00
Irrigated
Pasture
1720.00
1990.00
1990.00
300.00
270.00
270.00
Sudan Grass
20.00
24.43
24.43
100.00
129.07
129.07
Dry Beans
0.00
247.00
263.94
263.94
Snap Beans
0.00
121.00
129.30
129.30
Corn
400.00
516.28
516.28
2680.00
2863.84
2863.84
Sorghum
100.00
129.07
129.07
1368.00
1461.84
1461.84
Wheat
0.00
798.00
852.74
852.74
Cotton
700.00
903.49
903.49
1998.00
2135.06
2135.06
Grapes
20.00
48.00
48.00
40.00
104.00
104.00
309.00
330.20
330.20
Green Chile
150.00
193.61
193.61
4119.00
4401.55
4401.55
Fall Onions
601.00
642.23
642.23
Mid Season
Onions
601.00
642.23
642.23
Late Season
Onions
601.00
642.23
642.23
Watermelons
348.00
371.87
371.87
Pecans
0.00
84.15
84.15
60.00
146.20
146.20
1878.00
2006.83
2006.83
Total Acreage
2020.00
2464.11
2464.11
2200.00
2843.46
2843.46
24800.00
26501.21
26501.21
Data Sources: US Census of Agriculture (2014), New Mexico Department of Agriculture (2012), Allen (2014), Blandford (2014), and Lowry (2014).
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Appendix 3, Table 2: Crop Price by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (Dollars Per Unit)
Crop

Units

Grant County (Cliff-Gila Area)
Historical With AWSA
(2012)
Water &
Storage
With Current
Ag
Development
Constraints
256.00
256.00
30.00
30.00

Hidalgo County (Virden Area)

With AWSA Historical With AWSA
Water &
(2012)
Water &
Storage
Storage
Without
With Current
Current Ag
Ag
Development
Development
Constraints
Constraints
256.00
256.00
256.00
30.00
30.00
30.00

Luna County (Deming Area)

With AWSA Historical With AWSA
Water &
(2012)
Water &
Storage
Storage
Without
With Current
Current Ag
Ag
Development
Development
Constraints
Constraints
256.00
256.00
256.00
30.00

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
256.00

Alfalfa
$/ton
Irrigated
$/AUM
Pasture
Sudan Grass
$/ton
145.00
145.00
145.00
145.00
145.00
145.00
Dry Beans
$/cwt
60.00
60.00
60.00
Snap Beans
$/ton
240.00
240.00
240.00
Corn
$/ton
257.14
257.14
257.14
257.14
257.14
257.14
Sorghum
$/cwt
12.03
12.03
12.03
12.03
12.03
12.03
Wheat
$/cwt
12.50
12.50
12.50
Cotton
$/lb
1.07
1.07
1.07
1.07
1.07
1.07
Grapes
$/ton
669.00
669.00
669.00
669.00
669.00
669.00
669.00
669.00
669.00
Green Chile
$/ton
678.00
678.00
678.00
678.00
678.00
678.00
Fall Onions
$/sack
9.80
9.80
9.80
Mid Season
$/sack
9.80
9.80
9.80
Onions
Late Season
$/sack
9.80
9.80
9.80
Onions
Watermelons
$/cwt
13.90
13.90
13.90
Pecans
$/lb
2.17
2.17
2.17
2.17
2.17
2.17
2.17
2.17
Sources: New Mexico State University Cooperative Extension, Grant County, Hidalgo County, Luna County (2013), Pennsylvania State University, Snap
Beans (2012), University of California (various years), Dry Beans, Grapes, Watermelons, US Department of Agriculture, Crop Values (2014)
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Appendix 3, Table 3: Crop Yield Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (units per acre)
Crop

Units

Grant County (Cliff-Gila Area)
Historical
(2012)

Alfalfa
Irrigated
Pasture
Sudan Grass
Dry Beans
Snap Beans
Corn
Sorghum
Wheat
Cotton
Grapes
Green Chile
Fall Onions
Mid Season
Onions
Late Season
Onions
Watermelons
Pecans

tons/acre
AUMs/acre

8.00
12.00

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
8.00
12.00

tons/acre
cwt/acre
tons/acre
tons/acre
cwt/acre
cwt/acre
lb/acre
tons/acre
tons/acre
sacks/acre
sacks/acre

8.00

8.00

7.75

7.75

Hidalgo County (Virden Area)
With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
8.00
12.00

Historical
(2012)

8.00

7.75

Luna County (Deming Area)

8.00
12.00

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
8.00
12.00

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
8.00
12.00

8.00

8.00

8.00

4.76
44.40

4.76
44.40

4.76
44.40

1000.00
7.75
11.00

1000.00
7.75
11.00

1000.00
7.75
11.00

sacks/acre
cwt/acre
lbs/acre

1781.00

1781.00

1781.00

1781.00

1781.00

Historical
(2012)

9.15

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
9.15

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
9.15

27.00
3.75
5.44
44.40
39.12
1550.00
7.75
14.00
820.00
820.00

27.00
3.75
5.44
44.40
39.12
1550.00
7.75
14.00
820.00
820.00

27.00
3.75
5.44
44.40
39.12
1550.00
7.75
14.00
820.00
820.00

820.00

820.00

820.00

293.67
1781.00

293.67
1781.00

293.67
1781.00
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Appendix 3, Table 4: Non-Water Production Costs Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012
(dollars/acre)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
Historical
(2012)

Alfalfa

682

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
682

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
682

Historical
(2012)

Irrigated Pasture

300

300

300

318

318

318

Sudan Grass

300

300

300

318

318

318

682

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
682

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
682

Historical
(2012)

928

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
928

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
928

Dry Beans

725

725

725

Snap Beans

640

640

640

Corn

530

530

530

630

630

630

Sorghum

615

615

615

550

550

550

480

480

480

Wheat
Cotton

997

997

997

1167

1167

1167

1627

1627

1627

2200

2200

2200

2863

2863

2863

3007

3007

3007

Fall Onions

5268

5268

5268

Mid Season
Onions
Late Season
Onions
Watermelons

5417

5417

5417

5974

5974

5974

3465

3465

3465

752

752

752

Grapes

1627

1627

1627

Green Chile

Pecans

753

753

753

753

753
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Appendix 3, Table 5 Crop Water Applied per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (acre feet
per acre)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
Historical
(2012)

Alfalfa
Irrigated
Pasture
Sudan Grass
Dry Beans
Snap Beans
Corn
Sorghum
Wheat
Cotton
Grapes
Green Chile
Fall Onions
Mid Season
Onions
Late Season
Onions
Watermelons
Pecans

With AWSA
Water &
Storage

With AWSA
Water &
Storage

Historical With AWSA
(2012)
Water &
Storage

With AWSA
Water &
Storage

4.50
4.50

With Current
Ag
Development
Constraints
4.50
4.50

Without
Current Ag
Development
Constraints
4.50
4.50

4.50
4.50

With Current
Ag
Development
Constraints
4.50
4.50

Without
Current Ag
Development
Constraints
4.50
4.50

2.67

2.67

2.67

4.50

4.50

4.50

3.35
4.25

5.00

3.35
4.25

5.00

3.35
4.25

5.00

4.17
3.33

4.17
3.33

4.17
3.33

3.00
3.50
4.58

3.00
3.50
4.58

3.00
3.50
4.58

5.00

5.00

5.00

Historical
(2012)

With AWSA
Water &
Storage

With AWSA
Water &
Storage

3.00

With Current
Ag
Development
Constraints
3.00

Without
Current Ag
Development
Constraints
3.00

2.33
2.33
2.95
2.50
1.67
2.17
2.50
3.50
3.00
3.00

2.33
2.33
2.95
2.50
1.67
2.17
2.50
3.50
3.00
3.00

2.33
2.33
2.95
2.50
1.67
2.17
2.50
3.50
3.00
3.00

3.00

3.00

3.00

3.00
3.20

3.00
3.20

3.00
3.20
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Appendix 3, Table 6: Price of Water by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (dollars per acre foot
applied)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)

Alfalfa
Irrigated Pasture
Sudan Grass
Dry Beans
Snap Beans
Corn
Sorghum
Wheat
Cotton
Grapes
Green Chile
Fall Onions
Mid Season
Onions
Late Season
Onions
Watermelons
Pecans

Historical With AWSA
(2012)
Water &
Storage
With Current
Ag
Development
Constraints
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00

0.00

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
0.00
0.00
0.00

0.00

0.00

Historical
(2012)

0.00
0.00
0.00

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
0.00
0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00

0.00

With AWSA Historical
Water &
(2012)
Storage
Without
Current Ag
Development
Constraints
0.00
105.00
0.00
0.00
105.00
105.00
0.00
105.00
0.00
105.00
105.00
0.00
105.00
0.00
105.00
0.00
105.00
105.00
105.00

0.00

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
105.00

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
105.00

105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00

105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00
105.00

105.00

105.00

105.00

105.00
105.00

105.00
105.00

105.00
105.00
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Appendix 3, Table 7: Water Cost Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (dollars per
acre)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
Historical
(2012)

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints

With AWSA Historical
Water &
(2012)
Storage
Without
Current Ag
Development
Constraints

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints

With AWSA Historical
Water &
(2012)
Storage
Without
Current Ag
Development
Constraints

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints

Alfalfa

0.00

0.00

0.00

0.00

0.00

0.00

315.00

315.00

315.00

Irrigated Pasture

0.00

0.00

0.00

0.00

0.00

0.00

Sudan Grass

0.00

0.00

0.00

0.00

0.00

0.00

Dry Beans

244.65

244.65

244.65

Snap Beans

244.65

244.65

244.65

Corn

0.00

0.00

0.00

309.75

309.75

309.75

Sorghum

0.00

0.00

0.00

262.50

262.50

262.50

175.35

175.35

175.35

Wheat
Cotton

0.00

0.00

0.00

227.85

227.85

227.85

0.00

0.00

0.00

262.50

262.50

262.50

0.00

0.00

0.00

367.50

367.50

367.50

Fall Onions

315.00

315.00

315.00

Mid Season
Onions
Late Season
Onions
Watermelons

315.00

315.00

315.00

315.00

315.00

315.00

315.00

315.00

315.00

336.00

336.00

336.00

Grapes

0.00

0.00

0.00

Green Chile

Pecans

0.00

0.00

0.00

0.00

0.00
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Appendix 3, Table 8: Net Income Per Acre from Farming by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012
(dollars/acre)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
Historical With AWSA
(2012)
Water &
Storage
With Current
Ag
Development
Constraints
Alfalfa

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints

Historical With AWSA
(2012)
Water &
Storage
With Current
Ag
Development
Constraints

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints

Historical With AWSA
(2012)
Water &
Storage
With Current
Ag
Development
Constraints

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints

1,366.00

1,366.00

1,366.00

1,366.00

1,366.00

1,366.00

1,099.40

1,099.40

1,099.40

Irrigated Pasture

60.00

60.00

60.00

42.00

42.00

42.00

0.00

0.00

0.00

Sudan Grass

860.00

860.00

860.00

842.00

842.00

842.00

Dry Beans

650.35

650.35

650.35

Snap Beans

15.35

15.35

15.35

Corn

693.99

693.99

693.99

459.09

459.09

459.09

Sorghum

-80.87

-80.87

-80.87

-278.37

-278.37

-278.37

-166.35

-166.35

-166.35

Wheat
Cotton

73.00

73.00

73.00

263.65

263.65

263.65

3,557.75

3,557.75

3,557.75

2,722.25

2,722.25

2,722.25

4,595.00

4,595.00

4,595.00

6,117.50

6,117.50

6,117.50

Fall Onions

2,453.00

2,453.00

2,453.00

Mid Season
Onions
Late Season
Onions
Watermelons

2,304.00

2,304.00

2,304.00

1,747.00

1,747.00

1,747.00

302.01

302.01

302.01

2,776.77

2,776.77

2,776.77

Grapes

3,557.75

3,557.75

3,557.75

Green Chile

Pecans

0.00

3,111.77

3,111.77

3,111.77

3,111.77

3,111.77
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Appendix 3, Table 9: Total Net Income by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (Dollars per Year)
Crop
Grant County (Cliff-Gila Area)
Hidalgo County (Virden Area)
Luna County (Deming Area)
Historical
(2012)

Alfalfa
Irrigated Pasture
Sudan Grass
Dry Beans
Snap Beans
Corn
Sorghum
Wheat
Cotton
Grapes
Green Chile
Fall Onions
Mid Season
Onions
Late Season
Onions
Watermelons
Pecans
Total

355,160
103,200
17,200

71,155

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
433,757
119,400
21,006

170,772

With AWSA Historical
Water &
(2012)
Storage
Without
Current Ag
Development
Constraints
433,757
478,100
119,400
12,600
21,006
84,200

170,772

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
617,084
11,340
108,677

277,595
-8,087

358,291
-10,438

51,100
142,310
689,250

65,955
370,006
889,615

With AWSA Historical
Water &
(2012)
Storage
Without
Current Ag
Development
Constraints
617,084
10,038,621
11,340
108,677
160,636
1,857
358,291
1,230,365
-10,438
-380,807
-132,747
65,955
526,773
370,006
841,175
889,615
25,197,983
1,474,253
1,384,704
1,049,947

0
546,715

261,855
1,006,791

261,855
1,006,791

186,706
1,913,774

454,941
2,865,471

454,941
2,865,471

With AWSA
Water &
Storage
With Current
Ag
Development
Constraints
10,727,241

With AWSA
Water &
Storage
Without
Current Ag
Development
Constraints
10,727,241

171,656
1,985
1,314,765
-406,930
-141,853
562,908
898,877
26,926,489
1,575,382
1,479,691

171,656
1,985
1,314,765
-406,930
-141,853
562,908
898,877
26,926,489
1,575,382
1,479,691

1,121,970

1,121,970

105,101
112,310
5,214,774 5,572,492
46,712,635 49,916,982

112,310
5,572,492
49,916,982
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Appendix 3, Table 10 Gain in Net Income by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New
Mexico, 2012 (Dollars per Year)
Crop
Grant County
Hidalgo County
Luna County
(Cliff-Gila Area)
(Virden Area)
(Deming Area)
With AWSA
With AWSA
With AWSA
With AWSA
With AWSA
With AWSA
Water &
Water &
Water &
Water &
Water &
Water &
Storage
Storage
Storage
Storage
Storage
Storage
Without
With Current
Without
With Current
Without
With Current
Current Ag
Ag
Current Ag
Ag
Current Ag
Ag
Development Development Development Development Development Development
Constraints
Constraints
Constraints
Constraints
Constraints
Constraints
Alfalfa
78,597
78,597
138,984
138,984
688,619
688,619
Irrigated Pasture
16,200
16,200
-1,260
-1,260
Sudan Grass
3,806
3,806
24,477
24,477
Dry Beans
11,019
11,019
Snap Beans
127
127
Corn
80,697
80,697
84,399
84,399
Sorghum
-2,351
-2,351
-26,122
-26,122
Wheat
-9,106
-9,106
Cotton
14,855
14,855
36,135
36,135
Grapes
99,617
99,617
227,696
227,696
57,702
57,702
Green Chile
200,365
200,365
1,728,506
1,728,506
Fall Onions
101,129
101,129
Mid Season
94,987
94,987
Onions
Late Season
72,023
72,023
Onions
Watermelons
7,210
7,210
Pecans
261,855
261,855
268,235
268,235
357,718
357,718
Total
460,076
460,076
951,697
951,697
3,204,347
3,204,347
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