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ABSTRACT 
 

Agricultural production is affected by a range of policy and climatic variables.  

This research explored the impacts of cap and trade, climate change and agricultural 

policy scenarios on water resource use and allocation in agricultural production.  The 

research is organized into three separate studies, one for each set of scenarios.   

The first study focused on cap and trade policy for controlling greenhouse gas 

emissions, combining cost of production estimates with output price projections to 

determine the overall economic impact of cap and trade legislation, as well as its impact 

on agricultural water consumption. Price projections that included carbon offsets were 

higher than projections that did not, due to land being taken out of production and prices 

being bid up.  HR2454 will increase production costs, particularly energy intensive 

inputs.  Output prices increase as producers reduce production in response to cost 

increases.  If agricultural offsets are allowed, output prices will be bid up further.  Offsets 

allow producers to receive payments for cutting emissions.  Taking land out of 

production and tree planting are the most likely way for farmers to earn offsets.  In this 

case, incomes increased for producers due to indirect price effects.  Since water is 

quantity limited, total water use is unchanged.   

The next study looked at the physical impacts of climate change on production, 

particularly rising temperatures and carbon dioxide concentrations.  By analyzing the 

anticipated yield effects, it was found that overall net incomes would decrease and the 

water constraint would remain binding – meaning total water use is unchanged.   
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The third paper analyzed the effects of agricultural policy on land and water 

resource allocation.  Cotton is directly subsidized.  Corn and grain sorghum are 

subsidized indirectly through ethanol subsidies.  Sugar cane prices are artificially high 

due to tariff rate quotas on sugar imports.  Removal of any of these interventions 

decreased net profits to producers, but water use remains unchanged.  Removing all farm 

programs, however, significantly decreases acres under cultivation, and reduces water use 

below the water constraint.   

These papers collectively show how net income, as well as land and water 

resource allocation, is affected by changes in the agro-climatic and agricultural policy 

landscape.  The demonstrate that because water is quantity-limited, only scenarios which 

shift the demand curve significantly to the left begin to curb agricultural water use.   
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                                                 INTRODUCTION 

Global demand for food is expected to increase along with population growth for 

at least another 40 years, resulting in growing competition for land and water resources 

(Godfray, 2010).  Food production accounts for roughly 85% of global consumptive 

water use (Glieck, 2003). As a result, many large rivers, especially in semiarid regions, 

have greatly reduced flows and some routinely dry up (Rosegrant, 2002). Population 

growth and urbanization is also increasing municipal demand for water, and this demand 

is often met through acquisition of agricultural water by municipalities (Herman, 2000).  

As irrigation reserves decrease, agricultural producers are faced with a number of 

production and input decisions.  

 

Figure 1:  Map of Texas with Cameron County highlighted in red 
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Climate change presents a further threat to agriculture.  Although agriculture accounts for 

a small share of US GDP, the United States is the world’s largest producer and exporter 

of agricultural commodities.  This means a change in US production could have broad 

implications on global food supply and prices, adding to the significance of appropriate 

allocation of finite land and water resources (Schlenker, 2009).  

Cameron County is representative of agriculture in the US, with a moderate 

climate supporting corn, grain sorghum, cotton and sugar cane production.  It’s irrigation 

supply is primarily surface water from the Falcon Reservoir, and irrigation districts are 

well organized and serve as the primary mechanism for water allocation.  The institutions 

in place for allocating and governing water use in the Lower Rio Grande Valley enable 

one of the most robust and dynamic agricultural water trading systems in the United 

States.   

 The model developed for analysis in this paper is calibrated so that modeled 

behavior replicates observed behavior for the crop year 2009.  The positive mathematical 

programming model estimates how producers respond to market, policy, or 

environmental changes by reallocating land and water resources among crops.   Many 

complex multi-market models have multiple feedbacks and modeling systems that make 

interpretation of results cumbersome.  This model is unique in that it allows for such 

responses by producers without being too complex for interpretation by stakeholders.   It 

is a tool that can be utilized by producers who are expecting changes in the production 

landscape, as well as resource managers seeking to make more informed and effective 

land and water resource allocation decisions and policies. 
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I. Climate and policy effects on agricultural production 

Climate change is also affecting agricultural producers, both directly and 

indirectly.  It is expected to exacerbate current stresses on water resources from 

population growth and economic and land-use change, including urbanization. Although 

precipitation and runoff are expected to increase in some areas, there is high confidence 

that many semi-arid areas (e.g. western United States, southern Africa and north-eastern 

Brazil) will suffer a decrease in water resources due to climate change (IPCC, 2007). 

Drought-affected areas are projected to increase in extent, with the potential for adverse 

impacts on multiple sectors, e.g. agriculture, water supply, energy production and health. 

Regionally, large increases in irrigation water demand as a result of climate changes are 

projected (IPCC, 2007). 

There are a range of agricultural and climate change policy scenarios affecting 

agriculture production decisions.  The proposed comprehensive dissertation consists of 

three papers assembled to collectively evaluate the effects of government programs, 

agricultural trends and climate change on agricultural water application, water allocation 

among crops, land use and effects on net profits for agriculture in Cameron County: 

 Cap and Trade/Energy Policy Scenarios.   

• Increase of direct costs of agricultural production 

• Increase in crop prices 

 Agricultural Policy Scenarios 

• Removal of subsidy on cotton production 

• Removal of ethanol subsidies 
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• Removal of Tariff Rate Quota (TRQ) on sugar imports 

 Climate Change Scenarios 

• Increased temperature 

• Increased CO2 concentration 

The papers provide an overview of irrigated agricultural production in Cameron County, 

the southernmost county in Texas, detail the institutions and processes for irrigation 

allocation, and provide a positive mathematical programming approach to understanding 

the effects of current cap and trade legislation on Cameron County agricultural 

production.    

 

II. Goals and Objectives 

The goal of this study is to determine the real and relative effects of policy changes 

and climate change on production agricultural profitability and associated 

agricultural water use. 

The model developed for analysis in this paper is unique in its allowing for 

flexibility in decision-making for agricultural producers, as well as its transparency and 

functionality.  It has properties of existing simple models, as well as properties of 

comprehensive agriculture sector models with multiple feedbacks, which make 

interpretation of results cumbersome for practical decision making.    The calibrated 

model and the analysis contained in these papers will serve as invaluable tools for 

agricultural producers and water resource managers at local, state, national and global 

levels.   
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In order to gain a better understanding of the current agricultural context, I pursued 

the following objectives: 

1) Develop an optimization model for agriculture that can be used to evaluate policy 

questions with respect to land and water resource allocation. 

2) Examine linkages between market shocks, profitability and production decisions 

for agricultural producers.  

 

III. Dissertation Summary 

I pursued these objectives in a series of three separate but related papers which are 

ready to be submitted to peer review journals, and are included in this document as 

appendices.  The first paper (Appendix A) is entitled “Cap and trade impacts on 

agricultural production and water use.” Analysis could begin only after numerous 

modeling alternatives were explored, and a positive mathematical programming model 

was developed and calibrated at the county level for the 2009 growing season.   Results 

were consistent with those expected by IPCC Working Group II.  The second paper 

(Appendix B), entitled “Physical impacts of climate change on irrigated agricultural 

production,” used the same model to analyze shocks created by increasing temperature 

and carbon dioxide concentrations.  Dr. Andrew Comrie was instrumental in directing the 

literature review and developing the scenarios for analysis through the model.  

This paper showed climate change effects would increase the costs associated with 

agricultural production,  consistent with those from Elbakidze on the Truckee and Carson 

River Basins in Nevada (Elbakidze, 2007).  The third paper (Appendix C) is entitled 
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“Agricultural policy effects on irrigated agricultural production and resource allocation,” 

utilizes the model to determine the effects of individual and collective policies on land 

and water resource allocation.  The results of this paper were showed that water use 

impacts of agricultural policy typically secondary to water availability constraints.  This 

is in partial contrast to many similar papers, like the 2009 study by Abdullaev et al. on 

agricultural water use in Uzbekistan, that modeled policy impacts on agriculture water 

demands without regard to supply constraints (Abdullaev, 2009).   

I was the first author on all three works, with design, analysis and interpretation of 

results largely my own.  Collectively, the model and analysis in these papers provide an 

improved understanding to stakeholders on policy-effects with regard to agricultural land 

and water use.   
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PRESENT STUDY 

 
I. Summary 

A positive mathematical programming model that optimizes net income to producers by 

changing land and water resource inputs was developed and used for analysis in all three 

studies.  The methods, results and conclusions of this study are presented in the 

appendices of this work.  The following are summaries of the most important findings.  

 

Appendix A: Cap and trade impacts on agricultural production and water use. 

Cap and trade legislation is expected to affect both production costs and output 

prices received by farmers.  Price projections that included carbon offsets were higher 

than projections that did not, due to land being taken out of production and prices being 

bid up.  HR2454 will increase production costs, particularly energy intensive inputs.  

Output prices increase as producers reduce production in response to cost increases.  If 

agricultural offsets are allowed, output prices will be bid up further.  Offsets allow 

producers to receive payments for cutting emissions.  Taking land out of production and 

tree planting are the most likely way for farmers to earn offsets. 

A positive mathematical programming model was developed to optimize net 

profits to producers at the county level.  The model allows for producers to alter crop mix 

and irrigation water applications in to maximize returns.  Existing production cost and 

output price projections were analyzed.  Output price projections were made by USDA 

and the agricultural economics department at Texas A&M.  The A&M numbers indicate 
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higher prices for producers, as the projections account for the trading of carbon offsets 

while USDA projections do not.  Calibrated to 2009, the model showed a range of 

changes in profits for producers, both positive and negative, depending on the projections 

used.  Under any scenario, the water constraint remains binding, and therefore no change 

in total water use is projected to occur due to cap and trade.    

Appendix B: Physical impacts of climate change on irrigated agricultural production. 

Climate change affects agricultural production by increasing temperatures, 

increasing CO2 concentration in the air, and increasing uncertainty and variability in 

precipitation. A positive mathematical programming model was developed to optimize 

net income to producers by adjusting land and water resource inputs.  Projected yield 

effects to crops were used for an increase in temperature of 1.2°C and increased CO2 

concentration from 380 to 440 ppm.  Due to uncertainty in precipitation effects, 

precipitation was assumed unchanged.  Cotton is a C3 plant, and responds to these 

changes differently than the other 3 crops, which are C4 plants.  For this reason, as well as 

the relatively low marginal returns of production, cotton production greatly affects 

resource allocation across crops due to physical climate change.   

Appendix C:  Agricultural policy effects on irrigated agricultural production and 

resource allocation. 

Agricultural policy impacts the production of every crop in the U.S., either directly or 

indirectly.  For the crops analyzed here, direct subsidies, indirect subsidies, and tariff rate 

quotas (TRQ) are applied.  Removing any single intervention did not change water 
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consumption because water is quantity constrained.  Water is quantity constrained 

because the price of water is set artificially low.  At the set price, there is excess demand 

for irrigation water. Therefore, even if removing a program reduces demand for water, 

the supply constraint is still binding.    When removing all agricultural programs 

simultaneously, however, a point is reached where the water constraint is non-binding 

and total water use actually declines.   

II. Conclusions 

These three studies together tell an important story about water use and potential 

water saving policy measures that may be used in the future.  Farmers will invariably 

adjust production inputs in order to optimize net income.  Water is among the most 

important inputs, as it has a direct positive yield response up to a point, and the cost of 

water is low relative to other inputs.  In short, returns to water inputs are high.  This is 

consistent with Elbakidze (2007),that found a strong a direct relationship between 

agricultural water availability and farmer profitability (Elbakidze, 2007). 

Water is limited however, with irrigation districts allocated water from the regional 

watermaster, and districts allocating water among farmers.  As was the case with many of 

the shocks to our model that decrease demand for water, the demand decrease is not 

typically enough to move below the water constraint, so the water constraint remains 

binding and water use is unchanged.  This series of papers and the analysis within 

provides a valuable tool for stakeholders and policy makers for decision making 

regarding water use.  
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III.  Future Research 

There are three major areas for further research that emerge from the work presented in 

this dissertation.  

  

1) Recalibrate model for years with “abnormal” agro-climatic conditions and/or 

different agro-economic conditions.   

The current model is calibrated to the year 2009, which was a “normal” year agro-

climatically. A deeper sense of the landscape for water use could be achieved by also 

having a drought calibrated model and a wet-year calibrated model.  On the economic 

side, grain prices were relatively high in 2009.  It would be valuable to have another 

model that is calibrated to a year when grain prices were relatively low.   

 

2) Run new scenarios as new and improved climatic and cost projections become 

available.    

As new policy possibilities are brought to the table, new, and presumably more accurate 

projections on prices and costs will be developed.  This model and associated analysis 

will provide a good starting point for analysis, and will also serve as a tool for more 

detailed analysis of potential scenarios.   

 

3) Continued sensitivity analysis for determining responsiveness of water use should 

be conducted.  
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Although most of the shocks to the model in these studies did not change the total amount 

of water used, there are certainly cost and price thresholds that will change production to 

the point that the water constraint is non-binding, and total water use decreases.  

Knowing these thresholds may be important for water allocation decisions in the future.   
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APPENDIX A 
 

CAP AND TRADE EFFECTS ON WATER USE IN AGRICULTURAL 
PRODUCTION 

 
Andy D. Hale 
Arid Lands Resource Sciences PhD Program, University of Arizona 
 
 
ABSTRACT 

Cap and trade legislation is expected to impact both production costs and output prices 

received by farmers.  A positive mathematical programming model was developed to 

optimize net profits to producers at the county level.  The model allows for changing 

dynamic land and water inputs by producers. Existing production cost and output price 

projections were analyzed.  Output price projections were made by USDA and the 

agricultural economics department at Texas A&M.  Texas A&M   price projections 

include carbon offsets, and are higher than USDA projections. Calibrated to 2009, the 

model showed a range of changes in profits for producers, both positive and negative, 

depending on the projections used.  Under any scenario, the water constraint remains 

binding, and therefore no change in total water use is projected to occur due to cap and 

trade.    

OVERVIEW 

Agriculture accounts for roughly 85% of global consumptive water use (Glieck, 2003). 

As a result, many large rivers, especially in semiarid regions, have greatly reduced flows 

and some routinely dry up (Rosegrant, 2002). Population growth and urbanization is also 
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increasing municipal demand for water, and this demand is often met through acquisition 

of agricultural water by municipalities (Herman, 2000).  As irrigation reserves decrease, 

agricultural producers are faced with a number of production and input decisions.  

Climate change is also affecting agricultural producers, both directly and 

indirectly.  Climate change is expected to exacerbate current stresses on water resources 

from population growth and economic and land-use change, including urbanization. 

Although precipitation and runoff are expected to increase in some areas, there is high 

confidence that many semi-arid areas (e.g. western United States, southern Africa and 

north-eastern Brazil) will suffer a decrease in water resources due to climate change. 

Drought-affected areas are projected to increase in extent, with the potential for adverse 

impacts on multiple sectors, e.g. agriculture, water supply, energy production and health. 

Regionally, large increases in irrigation water demand because of climate changes are 

projected (IPCC, 2007). 

There are a range of agricultural and climate change policy scenarios affecting 

agriculture production decisions.  The proposed comprehensive dissertation consists of 

three papers assembled to collectively evaluate the effects of government programs, 

agricultural trends and climate change on agricultural water application, water allocation 

among crops, land use and effects on net profits for agriculture in Cameron County. 

This paper provides an overview of irrigated agricultural production in Cameron 

County, the southernmost county in Texas. It discusses the institutions and processes for 

irrigation allocation and develops a positive mathematical programming approach to 
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understanding the effects of proposed cap and trade legislation on Cameron County 

agricultural production.    

 

AGRO-CLIMATIC CONDITIONS 

Cameron County's climate is subtropical, with hot summers and mild winters. 

Temperatures range from an average low of 50°F to highs up to 100°F.  Average annual 

rainfall is 26 inches. The growing season lasts 320 days on average, with the first freeze 

in mid-December and the last in late January (Garcia, 2008).  Cameron County is one of 

the largest producers of cotton and grain sorghum in Texas. Corn and sugarcane are also 

prevalent, with these four crops accounting for roughly 85% of total agricultural land and 

irrigation water use.1 

Irrigated Agriculture Economy  

According to the Texas Water Development Board (TWDB), about 80% of total annual 

water consumption in Cameron County is for irrigation purposes.2 Cameron County had 

101,500 total acres of irrigated cotton, corn, grain sorghum and sugarcane in 2009, with 

estimated irrigation requirements of 240,340 ac-ft.  That year, 21,800 acres of cotton 

                                                 
1
For the sake of this study, grassland and nursery crop production was removed from the analysis.  This is due the nontraditional production methods, differing 

growing conditions, lack of data and relatively low total water consumption.    For the sake of this paper, the area under investigation will be cultivated in cotton, 

corn, grain sorghum and sugar cane and referred to as traditional farmland.  

2 A total of 366,128 acre-feet of water was used in Cameron County in 2005.  Of this total, 298,503 ac-ft, or more than 81% was used for irrigation.  64,113 ac-ft, or 

about 17.5% was used for municipal consumption, and the balance of 1.5% was used for manufacturing, mining, steam electricity and livestock watering (TWDB) 
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were harvested in Cameron County.  Average irrigation application was 2.1 ft/acre, or 

45,780 ac-ft in total.  There were 21,700 acres of corn harvested in the county, with 2.2 

ft/acre applied, or 47,740 ac-ft in total.  Grain sorghum is the leading crop in terms of 

both acreage and water application, with 45,600 acres and 100,320 ac-ft, respectively, at 

an application rate of 2.2 ft/acre.  Sugarcane required more irrigation water per acre (3.75 

ft/ac) for 46,500 ac-ft applied to 12,400 harvested acres.    

Irrigation Technology 

Most of Cameron County is irrigated by furrow irrigation through polypipe field 

distribution systems. There are also some drip and/or micro-jet systems as well as some 

overhead sprinkler operations on turf farms. The last survey of irrigation practices was 

taken in 2000 by the National Resource Conservation Service (NRCS).  

Irrigation water in Cameron County is almost exclusively surface water from the 

Falcon Reservoir.  Annual TWDB records show very slight amounts of groundwater use 

in the years 1997-1999 and 2001-2002, with no groundwater use reported in Cameron 

County for other years from 1987 to 2009 (Shaw, 2009).  

  

STRUCTURE OF WATER INSTITUTIONS 

The Rio Grande Watermaster Program    
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The Rio Grande Watermaster is appointed by Texas Commission on Environmental 

Quality (TCEQ), and has the authority to enforce water laws and allocate flows during 

times of shortages.  He coordinates reservoir releases for irrigation, municipal and 

industrial uses, and continually monitors streamflows, reservoir levels and water use in 

the basin.  All users must notify the watermaster of any plans to divert water.    

Other advantages of the watermaster program include anticipation of water shortages and 

development of strategies to meet basic needs, real time monitoring of streamflows and 

identification of illegal diversions, dispute resolution, provision of technical assistance 

and water availability information for users, and long term water rights management 

decisions (TCEQ GI-228).   

Water Rights in the Lower Rio Grande Basin  

The Middle and Lower Rio Grande Basin is the only place in Texas where use-type 

officially determines water rights priorities.  For both the Falcon and Amistad reservoirs, 

municipal and industrial rights have priority over irrigation rights in times of shortage 

(TWDB).    

The Middle and Lower Rio Grande system requires diversions to be authorized by 

the watermaster.  The system was put in place to protect domestic, municipal and 

industrial water use above other uses.  Water is allocated to irrigation when all other use 

requirements have been satisfied.  Municipal accounts are replenished at the beginning of 

each calendar year, and leftover water is rolled over to the next year.  Agricultural 
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accounts are replenished only when monthly inflows to the system are in excess of 

requirements for replenishing municipal and operating accounts, plus losses.  Agricultural 

users carry over remaining balances for use in subsequent years, however (TWDB).  

Falcon - Amistad Allocation 

The International Boundary and Water Commission (IBWC) reports the total amount of 

water in storage on the last Saturday of each month.  From this amount, 225,000 ac-ft are 

deducted for the domestic mining and industry (DMI) reserve and 4,600 ac-ft are 

deducted for dead storage.  The balances of all Class A&B water rights accounts for 

irrigation and mining are also deducted.  An operating reserve of 75,000 ac-ft is also 

deducted, and residual water is allocated to Class A&B water rights in proportion to the 

total water rights owned.  If necessary, operating reserves are restored with negative 

allocations of Class A&B accounts.  

Agricultural - Municipal Water Transfers 

Population growth continues to increase municipal demand for water in the lower valley.  

These demands are met with the acquisition and conversion of Class A&B water rights.  

Class A rights have a conversion factor of .5 -- 1,000 ac-ft of Class A converts to 500 ac-

ft of DMI.  Class B rights have a conversion factor or .4 -- 1,000 ac-ft of Class B converts 

to 400 ac-ft of DMI.  These conversions increase the amount of municipal water available 

for acquisition and reduce both the amount of water available and allocated for 



28 
 

 

irrigation.  Estimated acquisition cost per ac-ft in 2005 was $2,150/ac-ft for transferring 

water from agricultural to municipal use (Barerra, 2009).  

“Wet Water” Sales 

Short term needs for agricultural or municipal uses may be met through the purchase of 

"wet water."  Sale of water can only take place from like-type use of water.  Sales across 

water types are unauthorized and will not be approved by the watermaster.  Accounts 

with existing water contract balances cannot sell water, as resale of contract water is 

prohibited.  Sales are approved only if the seller's account has sufficient water and the 

buyer's account will not exceed his authorized storage limit.  Water contracts must be 

properly completed with all required information and signed by authorized parties as per 

certificates of adjudication records and agent designation forms where appropriate.  

Purchased irrigation water must be used within a 12 month period, and municipal water 

purchased under contract must be utilized by the last Saturday of the calendar year.  

Unused water is reallocated (Barerra, 2009).  

Wet water costs are said to be market-driven and use-type dependent.  Prior to 

peak irrigation time in 2005, irrigation water sold for about $25/ac-ft, and increased to 

about $50/ac-ft during peak demand periods.  Drought in the late 1990s drove prices 

upwards of $60/ac-ft.  In times of heavy rains, when reserves are full and the ground is 

wet, it can be difficult to sell water at all for agricultural purposes.  Municipal water sells 

for around $100/ac-ft for domestic use (TWDB).  
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H.R. 2454 

Under the Clean Energy and Security Act of 2009, the U.S. House of Representatives 

passed H.R. 2454, or the Waxman-Markey Bill.  This legislation limits greenhouse gas 

emissions to 17 percent below current levels by 2020 and 83 percent below current levels 

by 2050 (NIEPS, 2009).  The industries primarily targeted for reductions are electric 

utilities, oil refiners and natural gas producers.  Although the agricultural sector is 

excluded from the emissions caps, there will be cost impacts on inputs like diesel, 

gasoline and electricity, and indirectly on seeds, fertilizers, chemicals, equipment and 

services. Farmers are expected to react by changing crop mixes, input substitution and 

technology adoption.     

Preliminary analysis by USDA’s Economic Research Service on the impacts of 

HR 2454 on U.S. agriculture are thought to overstate the impacts of the legislation in the 

short, medium and long term due to the assumption of no technological change and no 

increase in demand for bio-energy as a result of higher energy costs (USDA, 2009).  This 

paper includes analysis of results from a model designed to allow for both changes in 

agricultural inputs, and changes in cropping patterns.   

 

Cap and Trade Impacts 

The Food and Agricultural Policy Research Institute at the University of 

Missouri-Columbia (FAPRI-MU) analyzed the effects of higher energy costs on Missouri 
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crop production costs resulting from the recently passed House-passed legislation, “the 

American Clean Energy and Security Act of 2009.”   The analysis is based on energy cost 

increases as presented by CRA International in its analysis of H.R. 2454 (Brown, 2009).   

The FAPRI-MU report is not a full analysis of the impact of H.R. 2454 on 

Missouri crop production, as it does not incorporate likely responses by producers to 

these changes in production costs, such as input substitution, changes in acreage or 

changes in total production. This approach assumes that producers produce the same 

output of a crop using the same inputs.  Producers simply pay more for the inputs they 

use and earn less income per acre.  The positive mathematical programming model as 

detailed above allows for the estimation of producer response to the given production 

cost increases in terms of cropping mix, land and water resource allocation, and effects 

on net profits.   

 

MODEL DEVELOPMENT AND CALIBRATION 

A positive mathematical programming includes a method of calibrating models of 

agricultural production and resource use through nonlinear yield and cost functions. 

Formalized by Howitt (1995), this method allows for exact calibration of mathematical 

programming models.  It provides a more flexible and realistic simulation behavior of 

mathematical programming models, avoiding discrepancies and discontinuities in 

simulation solutions.  It was chosen for this study because it is particularly well suited for 

simulation of technical, economic, policy and environmental scenarios.   
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The model development process began with creation of enterprise budgets 

detailing cost of production data for each crop were in order to establish accounting 

relationships among variables.  A limited scope for adaptation for producers was 

assumed, allowing for changes in land and water inputs for each crop, subject to 

constraints.  Cap and trade cost impact estimates for available time horizons were taken 

from literature and applied to crop enterprise budgets.   

The model was then calibrated so that established accounting relationships among 

variables were combined with behavioral assumptions in order to replicate observed 

behavior.  Elasticities, or the responsiveness of one component to a change in another, 

were determined through calculations and literature reviews – adding depth and breadth 

to the existing accounting relationships between the data (Howitt, 1995).   Model 

parameters and constraints were obtained through existing studies and field observations.   

At the stage of multiple parameters and multiple equations, we pick constants that 

allow the model to replicate actual observed behavior.  Some constants are elasticities, 

some are scale parameters.  Scale parameters were calculated by holding economic 

variables and elasticities constant, and solving for the scale parameters that enable to 

model to replicate observed behavior.   Constants and elasticities were then set as 

constants, and the model is allowed to change exogenous variables in optimization.   

As is standard in literature, returns to land and water application are diminishing 

(Howitt, 1995).  This feature is necessary to ensure that results do not suggest only the 

production of the one most profitable commodity under a given scenario.   
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(1) The basic model can be expressed as follows.  County-level farm income is 

maximized subject to a total water availability constraint.  The objective 

function is Max Σi (Pi + Si) αi Ai
βi Wi

1 – βi – ω Wi  – ci Ai
 ηi – ri Ai  for i = 1, . . .4  

(2) Subject to Σi Wi  <  W 

where  

i = index for the four crops in the model (corn, cotton, sorghum, and sugar cane) 

Pi  = market price of crop i 

Si = subsidy or price support fo crop i  

Ai = land allocated to crop i 

Wi = water allocated to crop i 

W = total water available to agriculture  

ci , ηi =  cost function parameters for increasing land allocated to crop i; costs  

  increase at an increasing rate 

ω = (constant) price of irrigation water  

ri = (constant) per acre costs of all other inputs used in agricultural production 

βi = elasticity of output with respect to land 

1 – βi = elasticity of output with respect to water 

αi  = yield scale parameter 

This specification implicitly treats land and all other inputs as an aggregate input.  

There are no substitution possibilities between land and other inputs.  Once land is 

allocated to a crop all (non-water) inputs are used in fixed proportions.  There is a 
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relatively high degree of substitutability between land and water however, given the 

Cobb-Douglas specification of the production function.   

 

DATA 

 

Production cost data for Cameron County agricultural production were estimated 

by commodity and year by Agrilife Extension in the Department of Agricultural 

Economics at Texas A&M University.  County level acreage and yield data were 

obtained from USDA’s National Agricultural Statistics Service (NASS).  Water 

application data were obtained by telephone interviews with the Texas Water 

Development Board (TWDB).   

Production cost increase estimates were made at the Food and Agricultural Policy 

Research Institute (FAPRI) at the University of Missouri. Projected output price 

scenarios were obtained from a combination of USDA’s FAPSIM model and Bruce 

McCarl’s comprehensive agricultural sector model at Texas A&M University. 

 

RESULTS 

In running the model, we first looked at how profitability of the four major target crops 

will change under the projected cost increase scenarios with no adjustment or input 

response by producers.  In other words, the acreage, water inputs and crop prices are 

unchanged, so how is profitability for the crop affected?   
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The PMP model allows for input responses and adjustments.  In practice, as 

production costs change, producers adjust inputs.  Since producers have the ability to 

respond to changes in production cost by adjusting acreage and water inputs, the negative 

effect on net profits will not be as great as if no adjustments were made.   

Table 1: FAPRI projected direct cost increases for Cameron County  
agriculture 
 

 

 

 

 

Cost Increase Scenarios 

Table 1 shows how projected cost of production increases as estimated by the Food and 

Agricultural Policy Research Institute (FAPRI) affect the direct cost of production of the 

four primary field crops in Cameron County.  The cost increases were applied to 

enterprise budgets for each crop.  Over time, costs increase as cap and trade constraints 

become more severe.   

The detailed breakdown of projected costs by components was applied to the 

enterprise budget for each crop in Cameron County in order to achieve an overall cost 

 
 2020 2030 2040 2050 

Corn +3.3% +3.9% +5.9% +8.5% 

Cotton +2.1% +2.6% +3.9% +5.6% 

Sorghum +3.6% +2.5% +6.4% +9.1% 

Sugar cane +2.0% +2.5% +3.7% +5.4% 
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increase for each crop.  These costs are summarized in Table 2 below.  The model was 

calibrated to the base year 2009.     

Table 2:  Production cost increases from 2009 baseline based on FAPRI 
projections ($million) 

 
  2009   2020  2030  2040  2050 

No Input Response $3.00  -2.9% $2.98  -3.6% $2.93  -5.2% $2.85  -7.8% 
Corn $3.09  

With Input Response $3.02  -2.3% $3.01  -2.6% $2.96  -4.2% $2.90  -6.1% 

No Input Response $1.42  -18.4% $1.36  -21.8% $1.16  -33.3% $0.91  -47.7% 

Cotton $1.74  
With Input Response $1.42  -18.4% $1.37  -21.3% $1.21  -30.5% $1.00  -42.5% 

No Input Response $7.29  -3.7% $7.24  -4.4% $7.06  -6.7% $6.80  -10.2% Grain 

sorghum 
$7.57  

With Input Response $7.33  -3.2% $7.28  -3.8% $7.13  -5.8% $6.90  -8.9% 

No Input Response $0.96  -18.6% $0.92  -22.0% $0.79  -33.1% $0.62  -47.5% Sugar 

cane 
$1.18  

With Input Response $0.96  -18.6% $0.92  -22.0% $0.81  -31.4% $0.69  -41.5% 

No Input Response $12.67 -6.8% $12.56 -7.6% $11.94  -12.2% $11.21 -17.6% 

TOTAL $13.60  
With Input Response $12.73 -6.4% $12.58 -7.5% $12.12  -10.9% $11.56 -15.0% 

*Measures only effects on input prices.  Output price effects not included.  

Net returns for corn, cotton, grain sorghum and sugar cane production in Cameron 

County were $13.6 million in 2009.  The FAPRI projected direct cost increase of 3.3% 

for the year 2020 would result in a reduction in net gains of $930,000, to $12.67 million 

(-6.8%), if land and water resource allocation were unchanged.  If producers were to 

optimally re-allocate these resources based on the cost increase, they would take 6,782 

acres out of production, use all of their currently allotted water, and the resulting net 

returns would be $12.73 million (-6.4%). 
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Net profits for corn producers in Cameron County were $3.09 million in 2009.  

We first look at how net profits are affected by direct cost increases, with no input 

response or adjustment by producers -- the same acreage is cultivated, and the same 

amount of water is applied to the crop.  As shown in Table 2 above, net profits will 

decrease to $3.0 million (-2.9%) in 2020 under the projected cost increase scenario of 

3.3%.  As costs increase by 8.5% as projected in the 2050 scenario, net income from corn 

production would decrease to $2.85 million (-7.8%) with no input response.   

We see a different trend in cotton production in Cameron County as production 

costs increase.  From a baseline net income of $1.74 million in 2009, Table 2 shows that 

a 3.3% increase in direct cost as projected for 2020 would result in a reduction of profits 

to of $ 320,000, to $1.42 million (-18.4%).  Allowing for input adjustments is of 

negligible benefit under this scenario.  As production costs increase by 8.5% as in the 

2050 scenario, we see net incomes would fall to $910,000, or -47.7%.  Allowing for input 

response nets the county $90,000.   

Grain sorghum was the largest crop in Cameron County in 2009 in terms of both 

land and water resource allocation and net profits.  With producers in the county earning 

$7.57 million in 2009, a 3.3% increase in direct costs would result in a 3.7% decrease in 

net profits with no adjustments.  With input response, producers gain half a percent, or 

$40,000, to $7.33 million.  An 8.5% cost increase would result in a 10.2% decrease in net 

profits with no input response.  Adjustments allow the county another $100,000, making 

net profits $6.9 million.    
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  Sugar cane production requires the highest water application rate, the highest 

production cost and gives the highest returns on a per acre basis.  Increasing production 

costs by 3.3% as in the 2020 scenario reduces 2009 net profits of $1.18 million by 18.6% 

to $960,000.   

Table 3:  Projected cost increase effects on acreage (acres) 

 

In response to higher input costs, acreage falls for all crops.  As shown in Table 3 above, 

sugar cane will have the greatest reduction of acreage in percentage terms, but not in 

absolute terms.  Under the 8.5% cost increase scenario, sugar cane production falls by 

4,123 acres, or 33%.  Cotton acreage is reduced the greatest amount in absolute terms, 

with 7,865 acres taken out of production under the 8.5% cost increase scenario.  Total 

acreage falls by 6.7% (6,782 acres) under the 3.3% cost increase scenario, 7.8% (7,913 

acres) under the 3.9% cost increase scenario, 11.3% (11,480 acres) under the 5.9% cost 

increase scenario, and by 15.5% (15,694 acres) under the 8.5% cost increase scenario.    

 

 

  2009   2020 => 3.3% 2030 => 3.9% 2040 => 5.9% 2050 => 8.5% 

Corn 21,700 With Input Response 21,348 -1.6% 21,284 -1.9% 21,071 -2.9% 20,797 -4.2% 

Cotton 21,800 With Input Response  21,348 -2.1% 17,812 -18.3% 16,087 -26.2% 14,115 -35.3% 

Grain 
sorghum 

45,600 With Input Response  44,412 -2.6% 44,200 -3.1% 43,503 -4.6% 42,618 -6.5% 

Sugar 
cane 

12,400 With Input Response  10,590 -14.6% 10,291 -17.0% 9,359 -24.5% 8,277 -33.3% 

TOTAL 101,500 With Input Response  94,718 -6.7% 93,587 -7.8% 90,020 -11.3% 85,806 -15.5% 
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Table 4:  FAPRI projected cost increase effects on total water application (ac-ft) 

 

  2009 
baseline 

  2020 => 3.3% 2030 => 3.9% 2040 => 5.9% 2050 => 8.5% 

Corn 47,740 With Input Response 50,836 6.5% 51,386 7.6% 53,188 11.4% 55,457 16.2% 

Cotton 45,780 With Input Response  41,399 -9.6% 40,639 -11.2% 38,189 -16.6% 35,187 -23.1% 

Grain 

sorghum 
100,320 With Input Response  105,311 5.0% 106,182 5.8% 109,003 8.7% 112,475 12.1% 

Sugar cane 46,500 With Input Response  42,795 -8.0% 42,133 -9.4% 39,960 -14.1% 37,222 -20.0% 

TOTAL 240,340 With Input Response  240,340 0.0% 240,340 0.0% 240,340 0.0% 240,340 0.0% 

 

Despite the reduction in acreage under the cost increase scenarios, the water constraint 

remains binding at 240,340, even with an 8.5% increase in production costs.  Total water 

use is unchanged, but reallocated among crops.  Producers do adjust their inputs however, 

as in each scenario water is taken from both cotton and sugar cane production and 

reallocated to corn and grain sorghum production.  This is due to the high price relative to 

cost (margin) for these crops in the calibration year.  
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Table 5:  FAPRI projected cost increase effects on water application rate (ac-ft/ac) 

 

  2009   2020 => 3.3% 2030 => 3.9% 2040 => 5.9% 2050 => 8.5% 

Corn 2.20 With Input Response 2.38 8.2% 2.41 9.7% 2.52 14.7% 2.67 21.2% 

Cotton 2.10 With Input Response  1.94 -7.7% 2.28 8.6% 2.37 13.0% 2.49 18.7% 

Grain sorghum 2.20 With Input Response  2.37 7.8% 2.40 9.2% 2.51 13.9% 2.64 20.0% 

Sugar cane 3.75 With Input Response  4.04 7.8% 4.09 9.2% 4.27 13.9% 4.50 19.9% 

TOTAL 2.37 With Input Response  2.54 7.2% 2.57 8.5% 2.67 12.8% 2.80 18.3% 

 

Table 4 showed the water allocation response to cost increases in total acre-feet.  Table 5 

shows the response in terms of the rate of water application.  We see that although total 

water allocations to sugar cane declines, the rate of application per acre actually 

increases.  The combination of reduction in cotton acreage and reduction of water 

application rate to cotton allows for the rate of water application to increase for the other 

three crops at the 3.3% cost increase level.  For the other (greater) cost increase scenarios, 

acreage is reduced enough that the rate of water application is increased for all crops, 

including cotton.   Since cap and trade makes using land and other inputs more 

expensive, water is substituted for those inputs.  

Output Price Increase Scenarios 

Price projections for corn, cotton and grain sorghum were obtained from USDA for 2020 

(USDA, 2009), and by the agricultural economics department at Texas A&M University 
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(McCarl) for both 2020 and 2030.  Each of these sets of projections were applied to the 

model, with the results summarized below, with changes from the baseline from 2009 as 

presented in Table 6 below.   Projected prices for sugar cane were not provided, so the 

price is assumed unchanged.   

 The major difference between USDA and TAMU output price projections is the 

assumption of carbon offset price effects.  TAMU estimates assume higher output prices 

because land will be taken out of production due to carbon offsets.  

         Table 6:    2009 baseline agricultural statistics for Cameron County 

 

  Price Acres Water Total Application 
Rate 

Net Profits 

Corn $4.05 21,700 47,740 2.2 $3.09 

Cotton $0.59 21,800 45,780 2.1 $1.74 

Grain sorghum $6.05 45,600 100,320 2.2 $7.59 

Sugar cane $18.00 12,400 46,500 3.7 $1.18 

Total   101,500 240,340   $13.6 
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Table 7:  USDA 2020 output price projection effects – assumes no carbon offset 
price effect 

 

    Acreage Total Water 
Application 

Water Application 
Rate 

Net Profits 

  2020 %∆ Price Acres %∆  Ac-ft %∆  Ac-ft/ac %∆  $ %∆  

Corn $4.06  0.30% 21,764 0.29% 47,862 0.26% 2.20 0.0% 3.11 0.6%

Cotton $0.59  0.02% 21,762 -0.17% 45,529 -0.55% 2.09 -0.4% 1.74 0.0%

Grain 

sorghum 
$6.07  0.40% 45,839 0.52% 100,889 0.57% 2.20 0.0% 7.67 1.1%

Sugar cane $18.00  0% 12,336 -0.52% 46,060 -0.95% 3.73 0.9% 1.18 0.0%

TOTAL     101,701 0.20% 240,340 0.00%     13.70 0.7%

 

As shown in Table 7, USDA projects only very small increases in corn (0.3%), cotton 

(0.02%) and grain sorghum (0.4%) prices for 2020. Under this scenario, we see a slight 

acreage increase in corn (64 acres) and grain sorghum (236 acres), a slight decrease in 

cotton (-38 acres) and sugar cane (-64 acres) acreage, and an overall increase of 201 

acres.  The water constraint remains binding, with some water taken from cotton (-251 

ac-ft) and sugar cane (-440 ac-ft) and reallocated to corn (122 ac-ft) and grain sorghum 

(569 ac-ft).  Total net income increases by about 0.7% under this scenario.   

Fertilizer Cost Effects 

For 2009, USDA forecasts that direct fuel and electricity expenses of U.S. farms will be 

$15.3 billion and will account for 7.7 percent of total operating costs (USDA ERS, 2009).  
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Fertilizers embody the most energy among production inputs because natural gas is the 

primary input, as high as 70-90 percent of the cost of producing nitrogen fertilizer.   

While most of the direct energy price increases would be felt immediately by the 

agricultural sector, fertilizer costs would likely be unaffected until 2025 due to provisions 

in HR 2454 that would distribute specific quantities of emissions allowances to “energy-

intensive, trade exposed entities,” or EITE.3  Nitrogenous fertilizer manufacturing is 

included on a list that EPA has assembled of presumptively eligible EITE sectors.  EPA 

analysis indicates that the allocation formula would provide enough allowances to cover 

the increased energy costs of all presumptively eligible EITE industries. Based on this, 

USDA assumes HR 2454 imposes no uncompensated costs on nitrogen fertilizer 

manufacturers related to increases in the priced of natural gas through 2024 (USDA ERS 

2009). 

 

 

 

 

 

                                                 
3 Under Subtitle B of Title IV, EITE covers industrial sectors that have: 1)an energy or greenhouse gas 
intensity of at least 5% and a trade intensity of at least 15%; or 2) an energy or greenhouse gas intensity of 
at lest 20%.Without these allocations, firms in EITE industries would incur energy related costs that  
foreign competitors would avoid; hence putting them at significant market disadvantage.  The bill sets a 
maximum amount of allowances that can be rebated to EITE industries at , 2% for 2012 and 2013, 15% in 
2014, and then declining proportionate to the cap through 2025.  Beginning in 2026, the amount of 
allowance rebates will begin to be phased out and are expected to be eliminated by 2035.  The phase-out 
m6ay begin earlier or be delayed based on Presidential determination. 
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Table 8:  TAMU 2020 output price projection effects – assumes carbon offset 
price effect 

 

    Acreage Total Water App Water App Rate Net Profits 

  2020 %∆ Price Acres %∆  Ac-ft %∆  Ac-ft/ac %∆  $ %∆  

Corn $4.52  11.50% 24,327 12.11% 54,697 14.57% 2.25 2.2% 4.00 29.4%

Cotton $0.63  6.61% 30,911 41.79% 62,307 36.10% 2.02 -4.0% 2.73 56.9%

Grain 

sorghum 
$6.02  -0.50% 44,245 -2.97% 86,768 -13.51% 1.96 -10.9% 7.38 -2.8% 

Sugar 

cane 
$18.00  0% 10,872 -12.32% 36,568 -21.36% 3.36 -9.1% 1.10 -6.8% 

TOTAL     110,355 8.72% 240,340 0.00%     15.21 11.8%

 

2020 price projections from the agricultural economics department at Texas A&M 

University are shown in Table 8 above.  They project an 11.5% increase in corn price, a 

6.61% increase in cotton price, and a decrease of 0.5% in grain sorghum price.  This 

scenario would result in 8,855 acres additionally cultivated, with increases of 3,779 acres 

of corn, and 9,111 more acres of cotton.  Grain sorghum production would decrease by 

1,355 acres, and sugar cane by 1,528 acres.  Water will similarly be reallocated from 

sorghum (-14,121 ac-ft) and sugar cane (-9,492 ac-ft) to corn (6,957 ac-ft) and cotton 

(16,527 ac-ft).  Net profits are increased for both corn and cotton, resulting in a total 

increase in net profits of $1.6 million, or 11.8%. 

The main difference between USDA and TAMU output projections is that TAMU 

estimates account for the possibility of selling carbon offsets by producers, where USDA 



44 
 

 

estimates do not.  For this reason, TAMU estimates are slightly more favorable for 

producers.   

Table 9: 2030 TAMU output price projection effects – assumes carbon offset 
price effect 

 

    Acreage Total Water App Water App Rate Net Profits 

  2030 %∆ Price Acres %∆  Ac-ft %∆  Ac-ft/ac %∆  $ %∆  

Corn $4.67  15.40% 25,479 17.41% 60,589 26.91% 2.38 8.1% 4.37 41.4%

Cotton $0.60  1.88% 23,030 5.64% 44,938 -1.84% 1.95 -7.1% 1.94 11.5%

Grain 

sorghum 
$6.24  3.20% 46,912 2.88% 97,256 -3.05% 2.07 -5.8% 8.17 7.6% 

Sugar cane $18.00  0% 11,032 -11.03% 37,557 -19.23% 3.40 -8.0% 1.11 -5.9% 

TOTAL     106,453 4.88% 240,340 0.00%     15.59 14.6%

 

2030 output projections by TAMU include an increase in corn price of 15.4%, 1.88% for 

cotton, 3.2% for grain sorghum.  Each crop will see an increase in acreage, with a total 

increase of 6,133 acres, or 4.88%.  Since the price increase for corn is considerably 

greater than the increase in price of the other crops, a total of 12,849 ac-ft will be 

reallocated from these crops to corn production.  This scenario will generate an increase 

in net income of about $2 million, or 14.6% for Cameron County.   
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Cost Increase AND Output Price Increase Scenarios 

The following tables show combined effects of FAPRI direct cost projections and output 

price projections by USDA and TAMU for 2020 and 2030.    

Table 10:  2020 direct cost and USDA (no offset effect) output price projection 
effects 

 

  Price Acreage Total Water App Water App Rate Net Profits 

  2020 %∆ Price Acres %∆  Ac-ft %∆  Ac-ft/ac %∆  $ %∆  

Corn $4.06  0.30% 21,313 -1.78% 49,627 3.95% 2.33 5.8% 3.03 -1.9% 

Cotton $0.59  0.02% 19,590 -10.14% 43,138 -5.77% 2.20 4.9% 1.53 -12.1% 

Grain 

sorghum 
$6.07  0.40% 44,291 -2.87% 102,938 2.61% 2.32 5.6% 7.37 -2.9% 

Sugar cane $0.18  0% 11,322 -8.69% 44,637 -4.01% 3.94 6.6% 1.04 -11.9% 

TOTAL     96,516 -4.91% 240,340 0.00%     12.97 -4.6% 

 

Table 10 shows the combined effects of 2020 cost increase projections by FAPRI, and 

2020 output price projections by USDA.  Acreage for all crops will decline under this 

scenario, with a total reduction of 4,984 acres, or 4.91%.  Water is taken from cotton and 

sugar cane production, and reallocated to corn and grain sorghum production.  Net profits 

fall for each crop, a total reduction in profits of $630,000 for the county.    
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Table 11: 2020 direct cost and TAMU (offset price effect) output price projection 
effects 

 

  Price Acreage Total Water App Water App Rate Net Profits 

  2020 %∆ Price Acres %∆  Ac-ft %∆  

Ac-

ft/ac %∆  $ %∆  

Corn $4.52  11.50% 23,834 9.83% 56,860 19.10% 2.39 8.4% 3.91 26.5% 

Cotton $0.63  6.61% 27,862 27.81% 59,209 29.33% 2.13 1.2% 2.42 39.1% 

Grain 

sorghum 
$6.02  -0.50% 42,764 -6.22% 88,704 -11.58% 2.07 -5.7% 7.11 -6.3% 

Sugar cane $0.18  0% 9,998 -19.37% 35,567 -23.51% 3.56 -3.9% 0.98 -16.9% 

TOTAL     104,458 2.91% 240,340 0.00%     14.42 6.0% 

 

Table 11 shows the effects of 2020 direct cost projections and 2020 output price 

projections from Texas A&M University.  These output projections include greater 

increases in crop price for corn and cotton, and a slight decrease in grain sorghum price.  

Acreage effects include an increase for both corn and cotton, decreases for grain sorghum 

and sugar cane, and an overall increase of 2,958 acres.  Water is reallocated from grain 

sorghum and sugar cane to corn and cotton.  Net income also increases for both corn and 

cotton, with an overall increase in profits of $820,000, or 6%, for the county.   
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Table 12: 2030 direct cost and TAMU (offset price effect) output price projection 
effects 

 

  Price Acreage Total Water App Water App Rate Net Profits 

  2030 %∆ Price Acres %∆  Ac-ft %∆  Ac-ft/ac %∆  $ %∆  

Corn $4.67  15.40% 24,857 14.55% 63,210 32.40% 2.54 15.6% 4.25 37.5% 

Cotton $0.60  1.88% 20,174 -7.46% 41,793 -8.71% 2.07 -1.4% 1.66 -4.6% 

Grain 

sorghum 
$6.24  3.20% 45,075 -1.15% 99,571 -0.75% 2.21 0.4% 7.81 2.9% 

Sugar cane $0.18  0% 9,861 -20.48% 35,766 -23.08% 3.63 -2.0% 0.96 -18.6% 

TOTAL     99,967 -1.51% 240,340 0.00%     14.68 7.9% 

 

Table 12 combines the effects of 2030 direct cost projections by FAPRI and projected 

prices for 2030 by Texas A&M.  Projected price effects include a 15.4% increase in corn 

price, due likely to anticipated demand for biofuels, and more moderate price increases 

for cotton (1.88%) and grain sorghum (3.2%).  In this case, acreage is taken from cotton, 

grain sorghum and sugar cane, and reallocated to corn production.  There is a slight 

decrease of 1,533 acres in total.  A total of 15, 470 ac-ft of water is reallocated to corn 

from cotton, grain sorghum and sugar cane.  Under this scenario, net profits increase by 

more than $1 million, or almost 8%.   

CONCLUSIONS 

Water is generally the limiting factor for agricultural production in Cameron 

County.  Depending on supply and demand conditions, water normally sells from $18-
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25/ac-ft.  The average price is 2009 was $23/ac-ft.  The model shows the water constraint 

to be binding at a price of up to $30 in 2009.  In times of drought, the water constraint 

may be binding at a price of up to $50/ac-ft.  As production costs increase, land is taken 

out of production, with water inputs being reallocated among crops and the rate of water 

application increasing.  This tells us that if producers could apply more water to their 

crops, they would do so under current conditions. Fertilizer represents the cost 

component that is most impacted by cap and trade legislation.  Because offsets are being 

provided initially, these costs will not be felt by producers until after 2030 when these 

offsets expire.   

Chart 1: Net income effects of FAPRI cost projections with and without input 
response by farmers.  

Net Income Effects of FAPRI Cost Projections 
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$11.00

$11.50
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The graph above shows the effect of producers adjusting inputs due to changes in 

production cost components, as provided by the model.  FAPRI projections do not allow 
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for adjustments, and therefore their projections for net income are shown by the blue line 

in the graph above.  The model detailed here allows for adjustments, and the net income 

effect is represented by the pink line above.  As the graph shows, allowing for 

substitution of inputs and changes in cropping mix do not significantly reduce the cost of 

regulation, but it does fit reality better than the simple model.  Assumptions about carbon 

offsets and effects on output prices have much greater impacts on farm income.   

Chart 2: Net income change from projected scenarios from a baseline of $13.6 
million  

Net Income Change (from baseline of $13.6 m) 
From Projected Scenarios

($1.50)
($1.00)
($0.50)
$0.00
$0.50
$1.00
$1.50
$2.00
$2.50

2020 FAPRI/USDA

2020 FAPRI/TAMU

2030 FAPRI/TAMU

Cost Only, no input
response
Cost only, with input
response
Output Only

Cost w/ input response
+ Outputs

 

The chart above shows the net income changes from three different scenarios.  FAPRI 

cost projections were used and applied to Cameron County production.  Both USDA and 

TAMU output projections were used for 2020, and TAMU output projections were used 

for 2030.  Under the USDA output projections for 2020, cost increases will outweigh 

output price gains, and production will be less profitable in 2020(baby blue bar).  Based 
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on the TAMU output projections, we see that Cameron County agricultural production is 

projected to be more profitable in both 2020 and 2030.  The chart shows that input 

substitutions and changing of cropping mixes do not greatly increase net income for 

producers, so the simple FAPRI model is not a bad approximation of net income effects.  

The more important consideration is the availability of offsets and effects on output 

prices.  If changes in resource allocation and cropping mixes are to be considered 

however, this model is a vast improvement over the simple model.   

It should be noted that Cameron County producers do not earn carbon offset income 

directly, but they benefit indirectly through output price increases due to land being taken 

out of production.  
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ABSTRACT 

Climate change impacts agricultural production by increasing temperatures, increasing 

CO2 concentration in the air, and increasing uncertainty and variability in precipitation. A 

positive mathematical programming model was developed to optimize net income to 

producers by adjusting land and water resource inputs.  Projected yield effects to crops 

were used for an increase in temperature of 1.2°C and increased CO2 concentration from 

380 to 440 ppm.  Due to uncertainty in precipitation effects, precipitation was assumed 

unchanged.  Cotton is a C3 plant, and responds to these changes differently than the other 

3 crops, which are C4 plants.  

OVERVIEW 

This paper analyses the effects of increasing temperatures and increasing carbon dioxide 

concentration in the air, both separately and combined, on agricultural input decisions, 

land and water resource allocation and net profits in the Lower Rio Grande Valley 

(LRGV).  It is the second in a series of three papers that utilize the same case study to 

analyze the effects of climate change and public policy on agricultural production.    
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BACKGROUND 

Weather and climate characteristics such as temperature, precipitation, carbon dioxide 

concentration and water availability impact agricultural production all over the world.  

These factors also influence cropping mixes, land distribution and water allocation 

schemes.   

Although there is debate regarding the extent of temperature increases from 

region to region over the coming years, the consensus in the scientific community is that 

temperatures will rise.  The IPCC projects that the average surface temperature of the 

Earth is likely to increase by 1.1-6.4°C by the end of the 21st century, relative to 1980-

1990.  Carbon dioxide concentrations will also increase, at least in the short term.  

Precipitation projections are less certain, as some areas are predicted to receive less 

rainfall, and some more rainfall, with less confidence associated with these projections.  

For this reason, we look at the effects of rising temperatures and carbon dioxide 

concentrations on agricultural production in this analysis, and assume that precipitation 

levels will remain unchanged on average.   

In this paper we utilize a positive mathematical programming model to analyze 

the effects of climate change – specifically increases in temperature and carbon dioxide 

concentration – on agricultural production at the county level in southern most in Texas, 

Cameron County.   

METHODS 
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Model Development and Calibration 

Enterprise budgets detailing cost of production data for each crop were developed in 

order to establish accounting relationships among variables.  A limited scope for 

adaptation for producers was assumed, allowing for changes in land and water inputs for 

each crop, subject to constraints.   

The model was then calibrated so that established accounting relationships among 

variables were combined with behavioral assumptions in order to replicate observed 

behavior.  Elasticities, or the responsiveness of one component to a change in another, 

were determined through calculations and literature reviews – adding depth and breadth 

to the existing accounting relationships between the data.   Model parameters and 

constraints were obtained through existing studies and field observations.   

At the stage of multiple parameters and multiple equations, we pick constants that 

allow the model to replicate actual observed behavior.  Some constants are elasticities, 

some are scale parameters.  Scale parameters were calculated by holding economic 

variables and elasticities constant, and solving for the scale parameters that enable to 

model to replicate observed behavior.   Constants and elasticities were then set as 

constants, and the model is allowed to change exogenous variables in optimization.   

 

As is standard in literature, returns to land and water application are diminishing.  This 

feature is necessary to ensure that results do not suggest only the production of the one 

most profitable commodity under a given scenario.   

Data 
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Production cost data for Cameron County agricultural production were estimated 

by commodity and year by Agrilife Extension in the Department of Agricultural 

Economics at Texas A&M University.  County level acreage and yield data were 

obtained from USDA’s National Agricultural Statistics Service (NASS).  Water 

application data were obtained by telephone interviews with the Texas Water 

Development Board (TWDB).   

Yield response data for cotton, corn and grain sorghum were taken from the 

agriculture section of Backlund’s The Effects of Climate Change on Agriculture, Land 

Resources, Water Resources, and Biodiversity.  Sugar cane yield response data were 

estimated based on a recent study by Jaggard (2010) stating that C4 plants such as sugar 

cane are assumed to behave like maize. Another study by Vu and Allen (2009) says that 

doubling CO2 would benefit sugar cane more than normally anticipated for a C4 species.  

For this reason an greater yield response to carbon dioxide increases is assumed.   

 

SCENARIO DEVELOPMENT 

Crop responses to climate change depend on three key factors:  1) rising temperatures; 2); 

increased carbon dioxide concentrations; and 3) changing water resource availability.  

There is a high degree of certainty about temperatures and carbon dioxide concentrations 

increasing, although the magnitude of the increases could be debated.  Changes in 

precipitation, however, are highly uncertain. There is little agreement across climate 
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scenarios regarding changes in total annual runoff across North America (Field, 2007).  

For this reason, we are assuming that water availability will be unchanged on average, 

and the analysis in this paper will focus on rising temperatures and increasing carbon 

dioxide concentrations.   

  

Rising Temperature Effects 

Warming generally causes plants that are below their optimum temperature to grow 

faster. Yield responses vary among crops, however, and may not be attributed to 

temperature change alone, as rising temperatures are often associated with decreased 

rainfall.  Temperature change does not create a linear response, so as temperature 

increases the effects become larger (Backland, 2008).  For some crops, yield reductions 

may be offset by adjusting planting dates to avoid late season heat stress (Field, 2007).    

Carbon Dioxide Effects 

Greater CO2 concentrations generally result in higher photosynthesis rates and higher 

yields.   The actual response to increased CO2 differs among crops.   Some of the crops 

under investigation in this study, including corn, grain sorghum and sugarcane, are less 

responsive to increases in CO2, with a doubling of CO2 leading to yield increases of about 

5%.  Other crops like wheat, barley, rice, oats potatoes and vegetable crops may have an 

increased yield response of 15-20% to a doubling of atmospheric CO2 concentration.  The 

estimated yield response in each case is assuming that sufficient water and nutrients are 

available to support the increases (Field, 2007). 
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RESULTS   

Temperature increase of 1.2°C 

An increase in temperature of 1.2°C reduces yield for all four crops under investigation.  

By taking the yield effects from Backland (2008) and running the model, we get the 

resulting changes in acreage, water use, water application rates, and net income for the 

aggregate of producers for the county.   

 

Table 1:  Effects on acreage, based on projected yield responses from a 1.2°C 
increase in temperature  

 

  2009 
Baseline 
(acres) 

Yield 
Effect** acres % ∆ 

Corn 
            

21,800  
-4% 

              

21,549  
-1% 

Cotton 
            

21,700  
-5.7% 

              

15,995  
-26% 

Grain sorghum 
         

45,600  
-9.4% 

              

40,883  
-10% 

Sugar cane 
         

12,400  
-4% 

              

10,963  
-12% 

TOTAL 
       

101,500  
  

              

89,390  
-12% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   
 
Model results show that given the resulting yield effects of a 1.2°C temperature increase, 

total acreage for the county would decrease by 12,110 acres, from 101,500 to 89,390 
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acres.  The greatest acreage reduction, both in actual acres and percentage terms, is in 

cotton production, despite a greater negative yield effect for grain sorghum production.  

This is due to the higher marginal cost of cotton production relative to other crops. Corn 

and sugar cane both had yield reductions for 4%, but the acreage reduction was greater 

for sugar cane due to higher marginal costs of production.   

Table 2:  Effects on total water use, based on projected yield responses to a 
1.2°C increase in temperature 

 

  

2009 
Baseline 

(ac-ft) 

Yield 
Effect** ac-ft % ∆ 

Corn 
            

47,740  
-4% 

              

55,938  
17% 

Cotton 
            

45,780  
-5.7% 

              

38,157  
-17% 

Grain sorghum 
       

100,320  
-9.4% 

              

98,182  
-2% 

Sugar cane 
         

46,500  
-4% 

              

48,062  
3% 

TOTAL 
       

240,340  
  

              

240,339  
0% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

As has been the case with other simulations, the water constraint remains binding despite 

negative yield effects and reduced acreage associated with a temperature increase of 

1.2°C.  7,623 ac-ft are taken from cotton production, and 8,198 ac-ft are added to corn 

production.  2,138 ac-ft are taken from grain sorghum production, and 1,562 ac-ft are 
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added to sugar cane production.  These changes are driven primarily by differences in 

acreage responses, because as shown in Table 3, each crop will be given more water on a 

per acre basis.  

Table 3:  Effects on water application rates, based on projected yield responses 
to a 1.2°C increase in temperature 

 
  

2009 
Baseline 

(ac-ft/acre) 

Yield 
Effect** ac-ft/acre % ∆ 

Corn 
            

2.2  
-4% 

              

2.60  
18% 

Cotton 
            

2.1  
-5.7% 

              

2.39  
14% 

Grain sorghum 2.2 -9.4% 
              

2.40  
9% 

Sugar cane 3.8 -4% 
              

4.38  
17% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

When examining net income effects, we look at the simple effects of yield reductions 

with all else unchanged and call it “No Input Response.”  We also allow for changing of 

acreage and water inputs as shown above, and note the difference in the net income effect 

as a result.   
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Table 4: Effects on county level net income, based on projected yield responses 
to a 1.2°C increase in temperature 

 

  
2009 Baseline 

($millions) 
Yield 

Effect**   $millions % ∆ per acre ∆ 
($) 

No Input Response $2.81  -9%  $             (12.84) 
Corn  $                  3.09  -4% 

With Input Response  $2.85  -8%  $             (11.14) 

No Input Response $1.02  -41%  $             (33.18) 
Cotton  $                  1.74  -5.7% 

With Input Response  $1.08  -38%  $             (41.26) 

No Input Response $5.82  -23%  $             (38.82) Grain 

sorghum 
 $            7.59  -9.4% 

With Input Response  $5.89  -22%  $             (41.58) 

No Input Response $0.83  -30%  $             (28.23) 
Sugar cane  $            1.18  -4% 

With Input Response  $0.85  -28%  $             (30.10) 

No Input Response $10.48  -23%  $             (30.74) 
TOTAL  $           13.60    

With Input Response  $10.67  -22%  $             (32.78) 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

When comparing net income effects, it is most important to examine the difference 

between “No Input Response” and “With Input Response.” The %∆ column represents a 

change from the baseline.  In each instance, net income effects from yield reductions will 

be partially offset by input responses by producers.  The changes in net income per acre 

in the final column may be misleading.  Although we may see a greater reduction in net 

income per acre when including producers’ input responses, the reduction of acreage for 

the crop is responsible, and still allows for optimal net income across enterprises.   

CO2 Increase from 380 to 440 ppm 
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Early studies show a 33% increase in average yield for C3 plants under a doubling CO2 

scenario, from 330 to 660 parts per million (ppm). The response of C4 plants to CO2 

doubling reported to by 10% (Kimball, 1983).  Unrestricted root growth, optimum 

fertility and pest and disease control are needed to maximize CO2 benefits (Wolfe, 1995).  

More recent “free air CO2 enrichment” (FACE) studies have shown more specific effects 

on leaf photosynthesis, total biomass, grain yield, stomatal conductance and canaopy.  

These effects have been synthesized and combined by and summarized for major crops 

by Backlund et al in The Effects of Climate Change on Agriculture, Land Resources, 

Water Resources, and Biodiversity (2008) and responses of relevant crops are presented 

in the table below.  As shown in the table below, the yield response of cotton to the 

shown CO2 increase scenario is 9.2%, while each of the other crops has a yield response 

of 1%.   
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Table 5:  Effects on acreage, based on projected yield response to a carbon 
dioxide concentration increase from 380 to 440 ppm 

 
  2009 Baseline 

(acres) Yield Effect** acres % ∆ 

Corn              
21,800  1%                 21,253 -3% 

Cotton              
21,700  9.2%                 38,685 78% 

Grain sorghum          45,600  1%                 44,863 -2% 

Sugar cane          12,400  1%                 11,283 -9% 

TOTAL        101,500                  116,084 14% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

As shown in Table 5 below, the main acreage effect from increasing CO2 concentration 

from 380 to 440 ppm is a total increase of 14,584 acres, or a 14% increase.  This is 

broken down by slight decreases in corn, grain sorghum and sugar cane acreage, and an 

increase of 16,985 acres, or 78%, for cotton production.  This is explained by the 

substantially higher yield response of cotton due to it being a C3 plant, as the others all 

classify as C4 plants.   
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Table 6:  Effects on water use, based on projected yield response to a carbon 
dioxide concentration increase from 380 to 440 ppm 

 

  

2009 
Baseline 

(ac-ft) 

Yield 
Effect** ac-ft % ∆ 

Corn 
            

47,740  
1% 

              

40,273  
-16% 

Cotton 
            

45,780  
9.2% 

              

77,622  
70% 

Grain sorghum 
       

100,320  
1% 

              

85,696  
-15% 

Sugar cane 
         

46,500  
1% 

              

36,749  
-21% 

TOTAL 
       

240,340  
  

              

240,340  
0% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 

Resources, Water Resources, and Biodiversity, 2008.   

Given the changes in acreage shown above, it is no surprise that water was taken away 

from corn, grain sorghum and sugar cane production and applied to cotton production.  

As was the case with temperature increase scenario, the water constraint remains binding.   
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Table 7:  Effects on water application rates, based on projected yield response to 
a carbon dioxide concentration increase from 380 to 440 ppm 

 
  

2009 
Baseline 

(ac-ft/acre) 

Yield 
Effect** ac-ft/acre % ∆ 

Corn 
            

2.2  
1% 

              

1.89  
-14% 

Cotton 
            

2.1  
9.2% 

              

2.01  
-4% 

Grain sorghum 2.2 1% 
              

1.91  
-13% 

Sugar cane 3.8 1% 
              

3.26  
-13% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

Since acreage increased and total water application was unchanged, the rate of water 

application is forced downward in this scenario.  Since the expected returns per unit of 

water is expected to be highest in cotton production, the decrease in water application 

rate is less for cotton production than for other crops as shown in Table 7.   
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Table 8: Effects on county level net income, based on projected yield response to 
a carbon dioxide concentration increase from 380 to 440 ppm 

 

  
2009 Baseline 

($millions) 
Yield 

Effect**   $millions % ∆ per acre ∆ ($) 

No Input Response $3.16  2%  $                3.21  
Corn  $                  3.09  1% 

With Input Response  $3.09  0%  $                    -    

No Input Response $2.90  67%  $              53.46  
Cotton  $                  1.74  9.2% 

With Input Response  $3.60  107%  $              48.08  

No Input Response $7.77  2%  $                3.95  
Grain 

sorghum  $            7.59  1% 
With Input Response  $7.64  1%  $                1.11  

No Input Response $1.27  8%  $                7.26  

Sugar cane  $            1.18  1% 
With Input Response  $1.18  0%  $                    -    

No Input Response $15.10  11%  $              14.78  
TOTAL  $           13.60    

With Input Response  $15.51  14%  $              16.45  

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   

Table 8 shows the net income effects of increased CO2  concentration both with and 

without input adjustments by farmers.  We have already seen that the higher yield 

response of cotton justifies an increase in land and water resources, and the model shows 

an increase of $1.16 million, or 67%, with no input response, and an increase of $1.86 

million, or more than doubling at 107%, with input response.  Allowing for input 

response actually decreases net income from each of the other crops, as the model is 

programmed to optimize total net income across all crops.  
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Combined Effects of CO2 Increase from 380 to 440 ppm and Temperature Increase of 

1.2°C 

The above analysis shows that cotton production to be most negatively affected by 

temperature increase, and most positively affected by increasing CO2 concentrations.  

Since these conditions do not occur separately but together, the following model runs 

were taken with both conditions taken into account.   

Table 9: Modeled yield responses under most likely climate change conditions 
(IPCC, 2007) 

 
 Temperature increase 

(1.2°C) 
CO2  increase    

(380-440 ppm) 
Combined Effect 

Cotton -5.7% +9.2% +3.5% 

Corn -4% +1% -3% 

Grain sorghum -9.4% +1% -8.4% 

Sugar cane -4% +1% -3% 

 

The table above shows the anticipated combined effects of temperature increase and 

increased CO2 concentrations.  As shown, cotton is the only crop with a positive 

combined net effect of both conditions.   
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Table 10:  Effects on acreage, based on projected yield response to a carbon 
dioxide concentration increase from 380 to 440 ppm 
 

 
  2009 

Baseline 
(acres) 

Yield 
Effect** acres % ∆ 

Corn 
            

21,800  
-3.0% 

              

21,157  
-3% 

Cotton 
            

21,700  
3.5% 

              

29,708  
37% 

Grain sorghum 
         

45,600  
-8.4% 

              

40,358  
-11% 

Sugar cane 
         

12,400  
-3% 

              

10,120  
-18% 

TOTAL 
       

101,500  
  

              

101,343  
0% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   
 

Under this most likely anticipated climate scenario, we see that total acreage for these 

crops is virtually unchanged, with reductions in acreage of corn, grain sorghum and sugar 

cane, and an increase of about 8,000 acres of cotton, or 37%.    
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Table 11:  Effects on total water use, based on yield responses to a carbon 
dioxide concentration increase from 380 to 440 ppm and a 1.2°C increase in 
temperature  

 

  

2009 
Baseline 

(ac-ft) 

Yield 
Effect ac-ft % ∆ 

Corn 
            

47,740  
-3.0% 

              

47,773  
0% 

Cotton 
            

45,780  
3.5% 

              

68,670  
50% 

Grain sorghum 
       

100,320  
-8.4% 

              

85,004  
-15% 

Sugar cane 
         

46,500  
-3% 

              

38,893  
-16% 

TOTAL 
       

240,340  
  

              

240,340  
0% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   
 

The water constraint is still binding, with water resources taken from grain sorghum and 

sugar cane totaling 22,923 ac-ft, with that total re-allocated to cotton production.  Total 

water application for corn production is basically unchanged.  
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Table 13:  Effects on application rate, based on yield responses to a carbon 
dioxide concentration increase from 380 to 440 ppm and a 1.2°C increase in 
temperature 

 
  

2009 
Baseline 

(ac-ft/acre) 

Yield 
Effect** ac-ft/acre % ∆ 

Corn 
            

2.2  
-3.0% 

              

2.26  
3% 

Cotton 
            

2.1  
3.5% 

              

2.31  
10% 

Grain sorghum 2.2 -8.4% 
              

2.11  
-4% 

Sugar cane 3.8 -3% 
              

3.84  
2% 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   
 

The slight decrease in total acreage under this scenario, combined with total water 

application being unchanged, results in a very slight increase in per acre water 

application, with the greatest increase in water application rate going to cotton.    
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Table 14: Effects on county level net income, based on yield responses to a 
carbon dioxide concentration increase from 380 to 440 ppm and a 1.2°C increase 
in temperature 

 

  
2009 Baseline 

($millions) 
Yield 

Effect**   $millions % ∆ per acre ∆ 
($) 

No Input Response $2.88  -7%  $               (9.63) 
Corn  $                  3.09  -3.0% 

With Input Response  $2.88  -7%  $               (9.93) 

No Input Response $2.18  25%  $              20.28  
Cotton  $                  1.74  3.5% 

With Input Response  $2.40  38%  $              22.22  

No Input Response $6.01  -21%  $             (34.65) Grain 

sorghum 
 $            7.59  -8.4% 

With Input Response  $6.01  -21%  $             (39.15) 

No Input Response $0.92  -22%  $             (21.29) 
Sugar cane  $            1.18  -3% 

With Input Response  $0.89  -25%  $             (28.66) 

No Input Response $11.99  -12%  $             (15.90) 
TOTAL  $           13.60    

With Input Response  $12.18  -10%  $             (14.01) 

** Yield effects taken from Backlund, et al,. The Effects of Climate Change on Agriculture, Land 
Resources, Water Resources, and Biodiversity, 2008.   
 

The total net effect of this combined climate scenario for the county is a reduction in net 

income of $1.42 million, or about 10%, combined for all four crops in the county.  

Allowing for resource reallocation saves about $200,000 for the county in total.  As 

expected given the combined yield effects and resulting land and water resource 

reallocation to cotton as detailed above, cotton production is expected to have about a 

38% increase in net income, with reductions in net income on the order of 20-25% for 

grain sorghum and sugar cane, and corn showing a modest decrease in total net income of 

about 7%. 
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CONCLUSIONS 

Corn, grain sorghum and sugar cane are classified as C4 plants because the CO2 is first 

incorporated into a 4-carbon compound during photosynthesis.  Cotton is classified as a 

C3 plant because the CO2 is first incorporated into a 3-carbon compound during 

photosynthesis.   These adaptations result in different responses to changes in climatic 

conditions.  For this reason as well as others, cotton responds differently than other crops 

and is key to this analysis. 

Water application is quantity-limited in most years.  Producers apply as much 

water as is allocated to them by irrigation districts, and they allocate the water among 

crops in order to maximize net profits.  In instances where total acreage decreases, total 

water application is unchanged, and therefore the rate of application, or amount of water 

applied per acre, increases.   

The combined effects of a 1.2°C temperature increase and an increase in CO2 

concentration from 380 to 440 ppm include an increase in cotton acreage of about 8,000 

acres with total acreage almost unchanged.  Each of corn, grain sorghum and sugar cane 

acreage decline and are put into cotton production.  Total water application is unchanged, 

but water resources are reallocated to cotton production.  Much of this water is diverted 

from grain sorghum production, and the application rate of water, or ac-ft applied per 

acre, increases for cotton in addition to the total number of ac-ft applied. The model 

allows for two types of adaptations – changing cropping mix and changing land and 

water resource allocations – that do not greatly affect net incomes, but give an 

understanding of resource changes due to climate change.  
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Chart 1: Net income effects of climate change scenarios, from a 2009 baseline of 
$13.6 million.  
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Increased temperature of 1.2°C is shown to decrease total net income by $3.12 million 

with no input response by producers, and by $2.93 million with input response by 

producers.  Increased CO2 concentration from 380 to 440 ppm is shown to have a 

positive effect on net revenues, with a gain of $1.51 million with no input response, and 

$1.91 million with input response.  Most importantly, the combined effects of 

temperature and CO2 concentration increases is shown to be a loss of $1.61 million with 

no response, and $1.42 million when producers reallocate resources or change inputs.   
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AGRICULTURAL POLICY EFFECTS ON IRRIGATED 
AGRICULTURAL PRODUCTION AND RESOURCE ALLOCATION 

Andy D. Hale 
Arid Lands Resource Sciences PhD Program, University of Arizona 
 
 
 
 
ABSTRACT 

Agricultural policy impacts the production of every crop in the U.S., either directly or 

indirectly.  For the crops analyzed here, direct subsidies, indirect subsidies, and tariff rate 

quotas (TRQ) are applied.  A positive mathematical programming model that optimizes net 

income to producers by changing land and water resource inputs was developed.  Generally, 

as was the case when removing any one of the interventions individually, total water use is 

unchanged because it was quantity-limited and constrained – only the allocation among crops 

changes.  When removing all agricultural programs simultaneously, a point is reached where 

the water constraint is non-binding and total water use  declines by about 2%.  This comes at 

a cost of about $3 million in net income for the county, or about $600 per ac-ft of water use 

reduction.  

OVERVIEW  

This paper analyses the effects of U.S. agricultural policy on agricultural input decisions, 

land and water resource allocation and net profits in the Lower Rio Grande Valley (LRGV).  
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It is the second in a series of three papers that utilize the same case study to analyze the 

effects of climate change and public policy on agricultural production.    

BACKGROUND 

Agricultural policies have substantial impacts on net returns for commodity producers, and 

therefore are important considerations in farmers’ production decisions.  There are different 

types of policies for different commodities that end up affecting resource allocation 

differently.  Cotton producers receive a direct subsidy when prices are below a certain point 

known as the loan rate.  Corn and grain sorghum are subsidized both directly and indirectly 

through incentives for end use products, such as ethanol.  Sugar cane is supported through a 

tariff-rate quota (TRQ) which places strict limits on the amounts of sugar that may be 

imported, and ensuring that the market price received by domestic sugar cane producers is 

well above the world price.  The TRQ is also an indirect benefit to corn producers, by 

making high-fructose corn syrup more affordable to consumers than cane sugar, and 

increasing market demand for corn.   

In this paper we utilize a positive mathematical programming model to analyze 

the effects of U.S. agricultural policy on resource allocation in agricultural production at the 

county level in southern most county in Texas, Cameron County.   

 

METHODS 
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Production cost data for Cameron County agricultural production were estimated by 

commodity and year by Agrilife Extension in the Department of Agricultural Economics at 

Texas A&M University.  County level acreage and yield data were obtained from USDA’s 

National Agricultural Statistics Service (NASS).  Water application data were obtained by 

telephone interviews with the Texas Water Development Board (TWDB).   

 

Model Development and Calibration 

Enterprise budgets detailing cost of production data for each crop were developed in order to 

establish accounting relationships among variables.  A limited scope for adaptation for 

producers was assumed, allowing for changes in land and water inputs for each crop, subject 

to constraints.   

The model was then calibrated so that established accounting relationships among 

variables were combined with behavioral assumptions in order to replicate observed 

behavior.  Elasticities, or the responsiveness of one component to a change in another, were 

determined through calculations and literature reviews – adding depth and breadth to the 

existing accounting relationships between the data.   Model parameters and constraints were 

obtained through existing studies and field observations.   

 

At the stage of multiple parameters and multiple equations, we pick constants that 

allow the model to replicate actual observed behavior.  Some constants are elasticities, some 

are scale parameters.  Scale parameters were calculated by holding economic variables and 
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elasticities constant, and solving for the scale parameters that enable to model to replicate 

observed behavior.   Constants and elasticities were then set as constants, and the model is 

allowed to change exogenous variables in optimization.   

As is standard in literature, returns to land and water application are diminishing 

(Howitt, 1995).  This feature is necessary to ensure that results do not suggest only the 

production of the one most profitable commodity under a given scenario.   

 

Data 

Production cost data for Cameron County agricultural production were estimated by 

commodity and year by Agrilife Extension in the Department of Agricultural Economics at 

Texas A&M University.  County level acreage and yield data were obtained from USDA’s 

National Agricultural Statistics Service (NASS).  Water application data were obtained by 

telephone interviews with the Texas Water Development Board (TWDB).   

 

SCENARIO DEVELOPMENT 

Cotton Subsidy 

The U.S. cotton program is complicated, and includes direct payments, crop insurance 

premium subsidies, counter cyclical programs and price support payments (Environmental 

Working Group, 2010).  For the sake of modeling, a direct payment of $0.10 per pound of 

cotton produced is considered the full subsidy.  Removal of the cotton subsidy is effectively a 

reduction in the output price of cotton by $0.10 in this analysis.   
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Sugar Tariff Rate Quota (TRQ) 

The world sugar market has numerous complex components driven by a myriad of complex 

policy interventions.  The European Union, Japan and the United States are among the worst 

offenders in these markets.  El-Obeid (2005) estimates that elimination of global trade 

distortions, including TRQs, would increase the world price of sugar by 27%.  For the sake 

of this study, we assume that removal of the U.S. TRQ would increase the world price by 

10%.  The world price for raw cane sugar was around $0.14/lb in 2009, and the U.S. price 

was $0.18/lb (USDA, 2009). For this case study, we increase the world price by 10%, and 

assume that the U.S. price declines to that price, $0.154/lb, and examine the effects on land 

and water resource allocation, as well as net income effects.    

 

Corn Ethanol Subsidy 

Ethanol subsidies are controversial in both U.S. energy and agricultural policy.  Farmers have 

come to value ethanol as a major market for corn, as ethanol increased to about 20% of the 

total U.S. corn market in 2007.  Gardner (2007) estimates a short-run price effect on corn of 

+1.3%, and a long run price effect of +6.5%, due to ethanol fuel subsidies.    For the purpose 

of this study, we assume elimination of the ethanol fuel subsidies would decrease the price of 

corn by 5%, or from $4.05 to $3.85/bushel and analyze the impacts on land and water 

resource allocation, as well as net income effects.   

We also assume a cross price effect for grain sorghum, and decrease grain 

sorghum price by 3%, from $6.05 to $5.87/bushel.   
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RESULTS 

Removal of Cotton Subsidy 

Table 1:  Effects of removing cotton subsidy on acreage and cropping mix 

 

  2009 Baseline 
(acres) acres % ∆ 

Corn             21,800  
               

22,199  
2% 

Cotton             21,700  
               

7,003  
-68% 

Grain sorghum          45,600  
               

46,587  
2% 

Sugar cane          12,400  
               

14,061  
13% 

TOTAL        101,500  
               

89,850  
-11% 

 

Model results show that removal of the cotton subsidy will result in a reduction in cotton 

acreage of about 14,700 acres, or 68%, from 21,700 to 7,003 acres.  Other crops will increase 

in acreage slightly, with a total reduction in acreage of 11%, from 101,500 to 89,850 acres.   
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Table 2:  Effects of removal of cotton subsidy on total water use in Cameron County 

 
2009 Baseline (ac-ft) ac-ft % ∆ 

Corn              47,740  
              

54,509  
14% 

Cotton              45,780  
              

13,616  
-70% 

Grain sorghum        100,320  
              

113,709  
13% 

Sugar cane          46,500  
              

58,506  
26% 

TOTAL        240,340  
              

240,340  
0% 

 

As expected, removal of the cotton subsidy results in a significant reduction in the amount of 

water allocated to cotton production.  As with other case studies, the total amount of water 

applied to crops is unchanged because it is quantity rationed, and about 32,000 ac-ft are 

redistributed fairly evenly among the other three crops.   
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Table 3:  Effects of removing of cotton subsidy on water application rates across 
crops 

 
  2009 Baseline  

(ac-ft/acre) ac-ft/acre % ∆ 

Corn                   2.2                  2.46 12% 

Cotton                   2.1                  1.94 -7% 

Grain sorghum 2.2                 2.44 11% 

Sugar cane 3.8                 4.16 11% 

 

Since total acreage declines and total water applied is unchanged, we expect an increase in 

the rate of water application per acre.  The rate of application for cotton drops slightly due to 

removal of the subsidy, from 2.1 to 1.94 ac-ft per acre, and the rate increases for other crops 

as follows:  corn from 2.2 to 2.46 ac-ft/acre; grain sorghum from 2.2 to 2.46 ac-ft/acre; and 

sugar cane from 3.8 to 4.16 ac-ft/acre.   
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Table 4: Effect of removing cotton subsidy on county level net income 

 

2009 Baseline 
($millions)   $millions % ∆ per acre ∆ ($) 

No Input Response $3.09  0%  $                    -    
Corn  $                  3.09  

With Input Response  $3.13  1%  $                1.80  

No Input Response ($0.08) 105% $             (83.87) 
Cotton  $                  1.74  

With Input Response  $0.49  -72% $           (178.49) 

No Input Response $7.59  0%  $                    -    
Grain sorghum  $            7.59  

With Input Response  $7.66  1%  $                1.50  

No Input Response $1.18  0%  $                    -    
Sugar cane  $            1.18  

With Input Response  $1.25  6%  $                4.98  

No Input Response $11.78  -13% $             (17.93) 
TOTAL  $           13.60  

With Input Response  $12.53  -8% $             (11.91) 

 

As land and water resources are taken from cotton production, net income from cotton is 

significantly decreased.  With no input response from farmers, the cost of production is 

greater than market price, and a loss of $80,000 is incurred for the county in cotton 

production.  With producer response, the country will make $490,000 from cotton 

production, down 72% from the baseline of $1.74 million.  Net income from each of the 

other three crops increases slightly due to resource reallocation, and total net income falls 

from $13.6 million to $11.78 (-13%) with no input response, or $12.53 (-8%) when allowing 

for input response by producers.   

 



84 
 

 

Removal of Sugar TRQ 

 

When calibrated to 2009, removal of the sugar TRQ results in a 10% increase in the world 

price of raw cane sugar, to $0.154/lb and the U.S. price moves to the world price from 

$0.18/lb.   

 

Table 4:  Effect of removing sugar TRQ on acreage and cropping mix 
 

  2009 Baseline 
(acres) acres % ∆ 

Corn            21,800             22,288 2% 

Cotton            21,700             23,768 10% 

Grain sorghum          45,600             46,765 3% 

Sugar cane          12,400                3,484 -72% 

TOTAL        101,500             96,305 -5% 

 

Removal of the sugar TRQ and associated drop in domestic raw cane sugar price would 

result in a reduction of sugar cane acreage of  8,916 acres, or 72%, and a total acreage 

reduction of 5,195 acres, or 5%.  
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Table 6:  Effect of removing sugar TRQ on total water use for Cameron County 
 

2009 Baseline  
(ac-ft) ac-ft % ∆ 

Corn            47,740             55,798 17% 

Cotton            45,780             56,010 22% 

Grain sorghum        100,320           116,268 16% 

Sugar cane          46,500             12,264 -74% 

TOTAL        240,340           240,340 0% 

 

Under this scenario, water application to sugar cane drops by 74%. The water taken from 

sugar cane production is reallocated to other crops, and the water constraint remains binding.   
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Table 7:  Effect of removing sugar TRQ on water application rate in Cameron County 
 

  2009 Baseline  
(ac-ft/acre) ac-ft/acre % ∆ 

Corn                     2.2  
              

2.50  
14% 

Cotton                     2.1  
              

2.36  
12% 

Grain sorghum 2.2 
              

2.49  
13% 

Sugar cane 3.8 
              

3.52  
-6% 

 

 

Removal of the TRQ would result in a lower water application rate for sugar, and a higher 

rate of application for other crops.  Since acreage dropped and total water application did not, 

the average rate of water application across all crops increased.  
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Table 8: Effect of removing sugar TRQ on farm net income for Cameron County 
 

2009 Baseline 
($millions)   $millions % ∆ per acre ∆ ($) 

No Input Response $3.09  0%  $                    -    
Corn  $                  3.09  

With Input Response  $3.14  2%  $                2.24  

No Input Response $1.74  0%  $                    -    
Cotton  $                  1.74  

With Input Response  $1.80  3%  $                2.52  

No Input Response $7.59  0%  $                    -    
Grain sorghum  $            7.59  

With Input Response  $7.67  1%  $                1.71  

No Input Response ($0.91) 177% $           (168.55) 
Sugar cane  $            1.18  

With Input Response  $0.25  -79% $           (266.93) 

No Input Response $11.51  -15% $             (20.59) 
TOTAL  $           13.60  

With Input Response  $12.86  -5% $               (7.68) 

    

 

With no producer response, removal of the TRQ would result in an operating loss for sugar 

cane producers, and production of sugar cane would cease.  By allowing for input responses 

by producers, there is a nominal positive net income of $250,000 in sugar cane production 

for the county.  Net income from each of the other three crops would increase slightly, and 

total net income across crops would decrease by 5%.   

 

Removal of Ethanol Fuel Subsidy 

In this scenario, we assume, based on literature, that removal of the ethanol subsidy would 

result in a 5% decrease in corn price, and a 3% decrease in grain sorghum price.   
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Table 9:  Effect of removal of ethanol fuel subsidy on Cameron County acreage and 
cropping mix 

 
  2009 Baseline 

(acres) acres % ∆ 

Corn            21,800             20,522 -6% 

Cotton            21,700             22,403 3% 

Grain sorghum          45,600             43,882 -4% 

Sugar cane          12,400             12,991 5% 

TOTAL        101,500             99,798 -2% 

 

As expected, acreage is reduced in crops that drop in price, and those acres are partially 

reallocated to crops with unchanged prices.  Total acreage drops by about 1,700 acres, or 2%.  
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Table 10:  Effect of removing ethanol fuel subsidy on total water use in Cameron 
County 

 
2009 Baseline  

(ac-ft) ac-ft % ∆ 

Corn            47,740             44,125 -8% 

Cotton            45,780             48,788 7% 

Grain sorghum       100,320             96,796 -4% 

Sugar cane         46,500             50,631 9% 

TOTAL       240,340           240,340 0% 

 

As with land, water allocation is reduced for corn and grain sorghum, and reallocated to 

cotton and sugar cane production.  Total water use remains unchanged.   
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Table 11: Effect of removing ethanol fuel subsidy on water application rate in 
Cameron County 

 
  2009 Baseline 

 (ac-ft/acre) ac-ft/acre % ∆ 

Corn                   2.2                  2.15 -2% 

Cotton                   2.1                  2.18 4% 

Grain sorghum 2.2                 2.21 0% 

Sugar cane 3.8                 3.90 4% 

 

The rate of water application declines for corn, increases for cotton and sugar cane, and is 

unchanged for grain sorghum.   
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Table 12: Effect of removing ethanol fuel subsidy on farm net income in Cameron 
County 

 
2009 Baseline  

($millions)   $millions % ∆ per acre ∆ ($) 

No Input Response $2.75  11% $             (15.60) 
Corn  $                  3.09  

With Input Response  $2.73  12% $             (17.54) 

No Input Response $1.74  0%  $                    -    
Cotton  $                  1.74  

With Input Response  $1.76  1% $                0.89  

No Input Response $7.03  -7% $             (12.28) 
Grain sorghum  $            7.59  

With Input Response  $7.02  -8% $             (12.99) 

No Input Response $1.18  0%  $                    -    
Sugar cane  $            1.18  

With Input Response  $1.21  3% $                2.31  

No Input Response $12.70  -7% $               (8.87) 
TOTAL  $           13.60  

With Input Response  $12.72  -6% $               (8.82) 

 

After allowing for input response, we see a 12% decrease in net income for corn production, 

and an 8% reduction in net income for grain sorghum production.  Net income from cotton 

and sugar cane increase slightly, and total net income declines by 6%, from $13.6 million to 

$12.72 million. 

 

Combined Effects of Removing Cotton and Ethanol Subsidies and Sugar TRQ 

 

This scenario includes the removal of each of the above agricultural policy interventions, and 

the combined effects on resource allocation and net income.   
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Table 13:  Effect of removing all farm programs on acreage and cropping mix in 
Cameron County 

 
  2009 Baseline 

(acres) acres % ∆ 

Corn            21,800             21,795 0% 

Cotton            21,700                8,124 -63% 

Grain sorghum         45,600             46,447 2% 

Sugar cane         12,400                4,391 -65% 

TOTAL       101,500             80,757 -20% 

 

Removal of the cotton subsidy, ethanol subsidy and sugar TRQ has only nominal effects on 

corn and grain sorghum acreage.  Cotton and sugar cane, however, show decreases in acreage 

on the order of 65%, resulting in a reduction of almost 21,00 acres overall, or a 20% 

reduction in total acreage.   
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Table 14:  Effect of removing all farm programs on total water use in Cameron 
County 

 
2009 Baseline 

 (ac-ft) ac-ft % ∆ 

Corn            47,740             62,691 31% 

Cotton            45,780             19,251 -58% 

Grain sorghum        100,320           134,939 35% 

Sugar cane          46,500             18,714 -60% 

TOTAL        240,340           235,595 -2% 

 

Removal of all farm programs results in significant amounts of water being taken out of 

cotton and sugar cane production, and much of the water is reallocated to corn and grain 

sorghum production.  The most interesting thing about this scenario is that the total water 

constraint is no longer binding.  Removal of all farm programs would actually reduce water 

use in Cameron County by 4,745 ac-ft, or about 2%.  
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Table 15:  Effect of removing all farm programs on water application rate in Cameron 
County 

 
  2009 Baseline 

 (ac-ft/acre) ac-ft/acre % ∆ 

Corn                   2.2                  2.88 31% 

Cotton                   2.1                  2.37 13% 

Grain sorghum 2.2                 2.91 32% 

Sugar cane 3.8                 4.26 14% 

 

 

Even though total water consumption decreased for the first time in this scenario, it did not 

decrease by nearly as much as acreage.  The rate of water application therefore increased for 

each crop, with each crop getting the optimal amount of water without rationing of any sort.   
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Table 16: Effect of removing all farm programs on county level net income 

 

2009 Baseline 
($millions)   $millions % ∆ per acre ∆ ($) 

No Input Response $2.75  -11% $             (15.60) 
Corn  $                  3.09  

With Input Response  $2.78  -10% $             (14.22) 

No Input Response ($0.83) -148% $           (118.43) 
Cotton  $                  1.74  

With Input Response  $0.46  -74% $           (157.56) 

No Input Response $7.03  -7% $             (12.28) 
Grain sorghum  $            7.59  

With Input Response  $7.12  -6% $             (10.12) 

No Input Response ($0.92) -178% $           (169.35) 
Sugar cane  $            1.18  

With Input Response  $0.26  -78% $           (209.52) 

No Input Response $8.03  -41% $             (54.88) 
TOTAL  $           13.60  

With Input Response  $10.62  -22% $             (36.90) 

 

Production of each commodity was adversely affected by the removal its respective farm 

program.  Net income went down for each commodity.  With no producer response, total net 

income dropped by 41% to $8.03 million from $13.6 million.  After adjustment of resource 

allocation by farmers, total net income decreased by 22%, to $10.62 million.   

 

 

CONCLUSIONS 

 

Over the course of three papers, and through a range of plausible policy and climatic 

scenarios, the water constraint was binding – until all of the farm programs were 
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simultaneously removed.  This is because water is quantity rationed, and in most cases the 

value of water to producer output greatly exceeds the cost of the additional unit of water.  

Removing all of the farm programs however, would cause a reduction in acreage of 20%, 

allowing crops to receive total water requirements without using the complete water 

allocation.  It would reduce farm income by $3 million, or 22%, while reducing water 

consumption by only 2%. 

The ability of farmers to adjust production decisions also has a large bearing on 

profitability as predicted by the model.  In this case, by adjusting land and water inputs to 

production optimally, producers gain $2.61 million over business as usual scenario with 

similar acreage and water allocation.   
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