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ABSTRACT 
The viability of the agricultural industry in the Texas High Plains depends on 

irrigation from the Ogallala aquifer to maintain yields and provide economic and 

environmental sustainability. As sustainability becomes a key component in agricultural 

production, there are opportunities to develop a framework for sustainability 

measurements and quantify environmental and economic progress. The emphasis of this 

study is to analyze the tradeoffs between management systems and provide a 

comprehensive evaluation of the effects of sustainability metrics on cotton production in 

the Texas High Plains. 

Using the Texas Alliance for Water Conservation farm site data, production 

functions were estimated for cotton lint yield relative to the level of irrigation across 

various irrigation delivery systems and the sites were evaluated on a production cost 

structure. The results show that SDI systems are expected to have higher cotton lint 

yields compared to center pivot systems. In addition, the sites were evaluated on 

environmental and economic sustainability through a producer’s sustainability 

“footprint”. Results suggest that an SDI system shows improved environmental 

sustainability. Currently the Fieldprint Calculator does not evaluate profitability: 

however, a profitability metric was created to incorporate profitability into the 

sustainability footprint. The strong post relationship between the profitability metric and 

the land use metric implies that the land use metric can be used to evaluate economic 

performance for cotton. Results from the study show that to be economically viable, 

cotton production in the SHP of Texas is primarily driven by yield, therefore, decisions 

made to enhance sustainability will be powered by a grower’s management of resources 

and the type of systems used in an operation to maximize production.   
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CHAPTER 1  
 

INTRODUCTION 

The concept of sustainable agricultural production is becoming an important 

aspect of the agricultural supply chain consisting of producers, processors, marketing 

agents and consumer product companies. The interlocking components of economic 

viability, social equity, and environmental health will help ensure the future productivity 

of natural resources and improve the lives of individuals (U.S. Agency for International 

Development, 2017). The increasing costs associated with modern agriculture have 

encouraged consumers, producers, and policy makers to develop innovative approaches 

to develop a more sustainable agricultural industry in order to build a more secure food 

chain. According to the Food and Agriculture Organization of the United Nations (2009) 

the world population of 6.8 billion people today is projected to increase to 9.1 billion 

people by 2050 which will require a greater demand for food, land, and other natural 

resources. As the world’s largest industry, agriculture is dependent on natural resources, 

therefore it must also continue to adapt and innovate without jeopardizing stewardship of 

the land and quality of life for future generations.  

The dynamics of sustainability cannot be condensed into a single definition, but a 

range of different indicators (Pannell and Glenn, 2000). Implementing a definition for 

sustainable agriculture has ranged from conceptual to legislative, but the ideas for reform 

of industrial agriculture has brought about a hastened pathway for sustainable agricultural 

systems. The National Institute for Food and Agriculture as part of the United States 
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Department of Agriculture (2018) addresses the definition and goals for sustainable 

agriculture:  

 Improve profitability in farm operations 

 Enhance environmental stewardship and preserve natural resources for future 

generations 

 Promote quality of life for farmers and their communities 

 Satisfy global demands for food and fiber production 

 

These goals for sustainability allow opportunities for research that will design 

new tools in strengthening the connections between the agricultural industry and society. 

Achieving sustainability measures will include an array of trades-offs and decision-

making tools. Policy structures in agriculture will have to build necessary incentives to 

derive desired sustainability and economic outcomes over time. By developing and 

implementing new sustainability measures into current production systems, individuals 

could potentially improve their well-being through environmental benefits and positive 

economic opportunities. The boundaries of sustainability extend far beyond the farm unit 

into community interactions, and globalization of trade and capital markets that 

correspond to the effects of social and economic well-being (Robertson, 2015). These 

changes in industrial agriculture could lead to a significant impact on lessening the 

environmental footprint in the overall supply chain.  

Producers are limited by changes in weather, policy, and the scarcity of natural 

resources needed to fuel the agricultural economy. For the Southern High Plains of Texas 

(SHP), agriculture is engrained in the region’s economy. The area is responsible for much 

of the national and global demands for commodity production in food and fiber that  

depends on the availability of natural resources such as water. Attaining sustainability in 

agriculture will require combined efforts from producers, universities, commodity 
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organizations, and industry to enhance water resources and the use of effective 

management methods to maintain the viability of agricultural and rural economies.  

GENERAL PROBLEM DESCRIPTION 

Through the late 1960’s and 1970’s agriculture experienced a dramatic shift in the 

standard practices of farming systems. The development of techniques and new concepts 

brought about awareness for a more narrowed focus on the limitations of production 

agriculture. Events such as the Green Revolution highlighted the delicate relationship 

between agricultural development and its impact on the environment. Although the 

framework established for the Green Revolution lacked a broader scope for the diversity 

of commodities, regional imbalance, and a broadened framework for sustainability it was 

the initial push for a more sustainable agriculture (Harwood, 1990). Events such as these 

have pivoted agricultural sustainability into a multi-dimensional concept and a significant 

issue throughout the industry supply chain. 

As modern agriculture advances in technology and continues to improve 

efficiency, key issues such as sustainability have become prevalent amongst all vertical 

steps of integration in agriculture. The agricultural industry is faced with challenges of 

preserving natural resources for future generations while trying to meet the consumption 

demands for population growth and consumer preferences. Robertson (2015) separates 

agricultural sustainability into three separate components -  economic, environmental, 

and social. Economic sustainability in agriculture provides monetized goods and services 

and is the basis for the global economy. Resource conservation and enhancement of 

ecosystems help promote environmental sustainability. Food security and an accessible 

food supply are part of social sustainability that embodies the human welfare and new 
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accessibilities to modified diets. These dimensions of sustainability will correspond to 

create a robust food chain to allow for product quality assurance, increased public 

confidence, and decreased information costs throughout the agricultural industry.  

Companies are continually fulfilling consumer demands for products marketed as 

sustainably grown and encouraging growers to produce commodities that have less 

environmental impacts. This push by consumer and policy preferences has pivoted the 

agricultural industry into taking the necessary steps to preserve resources and adopt 

sustainable techniques. Corporations are beginning to build resiliency in the supply 

chains in order to reduce variability in the production sector that can be caused by 

environmental, social, and market conditions (Macfadyen et al., 2015). For example, 

General Mills is planning to cut gas emissions across the supply chain by 30 percent in 

the next ten years along with other major brands who are committing to work on 

stewardship and create new initiatives to enhance sustainability measures (James, 2016). 

In order for companies to take a step toward a sustainable agriculture they are committing 

to understand where the commodities are sourced and produced along with the current 

production practices in order to seek continuous improvement in all sectors of the supply 

chain (Thomson et al., 2017). Participation throughout the supply chain will enable 

farmers to advance production outcomes, build solutions for production barriers, and 

quantify sustainability though yearly performance measures. 

The uniqueness of agriculture requires finding an efficient and effective balance 

between the three dimensions of sustainability. For producers, sustainability can be 

achieved through management decisions and production practices that are beneficial to 

the region (Parr, Papendick, Youngberg, & Meyer, 1990). For example, effective 
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production practices differ across various regions and therefore the dynamics of 

sustainability can also change. Though a practice might be sustainable in a particular 

area, it might lack the same components needed to be sustainable on a broader scale due 

to the conditions a specific area might face. The costs and benefits of adopting 

sustainable practices will change depending on features of the agricultural area. 

Sustainability could be accomplished by developing economic incentives for producers to 

utilize technological advances and efficient production practices that fit their operation. 

Currently, the main barrier to the adoption of sustainable practices is the economic cost to 

farmers and the effects on productivity. If there is an opportunity to save on production 

inputs as well as improve conservation without a decrease in revenue, the more likely 

these practices are to be implemented. In order to adopt new practices there must be clear 

financial benefits to the producer.  

Arguably, the volatility of weather conditions will be the biggest obstacle for 

producers to face. Year-to-year, grower’s must be flexible in order to optimize or 

maintain the performance of their operations. The threats of changing weather patterns 

increase the uncertainty for adoption of more sustainable production practices. Farmer’s 

decisions are driven by the changes in climate that include longer growing seasons 

caused by intense rainfall and increased heat intensity that jeopardizes agricultural 

productivity (Pryor et al., 2014). These violent weather patterns result in uncertainty that 

may drastically affect crop yields and measures to improve environmental conditions. 

The goal for producers will be to innovate and adapt to manage changing production 

factors and the variability of scare resources.  
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Irrigation water is a major input in production agriculture and a critical dimension 

of sustainability. Nationwide, rural and urban areas are feeling the effects of declining 

water supplies. The conservation of groundwater is a robust issue that all producers and 

stakeholders are addressing. Agriculture is a major user of groundwater. Approximately 

70% of all the worlds’ freshwater withdrawals are dedicated to large-scale agriculture in 

order to feed the worlds growing population, without this level of water use agriculture 

would not be able to provide for the food system (USGS, 2017). Demonstration of 

effective water management could allow agriculture to become more sustainable.  

The Ogallala Aquifer is the main source of water that feeds irrigated crops and 

livestock in the Southern High Plains (SHP) of Texas. The High Plains is one of the 

country’s largest depletion zones and the agricultural economy is highly dependent on its 

availability. Water levels have declined in more than 4,000 wells in the SHP and have 

decreased more than 100 feet from reported levels of saturated thickness observed 20 

years ago (James and Reilly, 2016). The introduction of irrigated agriculture has 

quadrupled yields in comparison to yields of dryland-produced crops, making irrigated 

agriculture a significant factor in the region’s economy (Colaizzi et al., 2009). As one of 

the largest fresh groundwater aquifers, the Ogallala underlies eight states South Dakota, 

Kansas, Oklahoma, New Mexico, Wyoming, Colorado, and Texas. Figure 1.1 shows a 

map of the Ogallala Aquifer highlighted in blue, which the aquifer is a prominent water 

source to the agricultural area.  
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Figure 1.1. The Ogallala Aquifer (in blue) which supplements a large portion of irrigation 

agriculture in the High Plains (USGS, 2018). 

As applied to the Southern High Plain (SHP) in Texas, the Ogallala is a major input 

into crop and livestock production. Since irrigation accounts for 95% of the water 

consumed from the aquifer, water levels are declining rapidly, and the depletion rate is 

greater than the recharge rate, which consistently lowers the saturated thickness of the 

aquifer over time (Texas Water Development Board, 2017). Growers are continuing to 

learn how to adapt to drought and volatile weather patterns, which have a massive impact 

on the livelihood of producers in West Texas. With the introduction of new irrigation 

technologies and seed varieties, farmers can increase crop yields with the same amount of 
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resources. With the right initiatives and goals in place, agricultural producers are more 

likely to innovate, preserve, and utilize the groundwater resources more efficiently.   

SPECIFIC PROBLEM DESCRIPTION 

Producers in the Southern High Plains of Texas face a dilemma of preserving the 

agricultural economy for the future. The area’s economic growth through crop and 

livestock production is threatened by a deficit in water availability. Innovative tools and 

better management practices are assisting producers in their farm operations in order to 

maintain economic viability. The evaluation of more efficient systems has increased 

awareness and strengthened the potential for economic stability while utilizing less water 

and other resources. However, with the adoption of sustainable farming practices, it is 

essential these practices are consistent with maintaining or increasing the economic 

viability of producers.   

In the Southern High Plains of Texas (SHP) producers are working to manage 

their water resources and maintain economic progress. In a semi-arid climate with an 

annual rainfall of only 18 inches, there is a heavy reliance on ground water for crop 

production to produce optimal yields (Texas Water Development Board, 2017). 

Producing 30% of the nation’s cotton crop, this productive agricultural region plays an 

influential role in food and fiber production within the national and global economy. 

Dwindling water supplies threaten the economic livelihood of agribusinesses that sustain 

the region’s rural economy. The viability of this agricultural economy comes at the 

expense of the Ogallala aquifer, low fertility soils, high soil erosion, and taxing weather 

conditions (Sustainable Agriculture Research & Education, 2017). The Texas Alliance 

for Water Conservation (TAWC) collaborates with Texas Tech University along with 
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government agencies, industry and producers to promote better management and water 

use efficiency throughout the SHP of Texas. The TAWC works diligently with growers 

to gather detailed crop and livestock system data in order to improve education and 

economic well-being. Evaluation of production practices and innovative technologies 

have allowed for the creation of a database to compare management practices across a 

variety of crops on a yearly basis. These systems vary from monoculture systems to 

integrated crop-livestock-forage systems. The demonstration farms embody a range of 

management practices relating to tillage and irrigation systems. These include no-till, 

minimum-till, and conventional tillage practices in addition to irrigation management 

systems which include dryland, subsurface drip irrigation (SDI), center pivot irrigation 

(LESA, LEPA, MESA), and furrow irrigation. Figure 1.2 shows a map of the nine 

counties that are included in the project. 

 



Texas Tech University, Taylor A. Black, May 2018 
 

10 

 

 Figure 1.2. Map of the Southern High Plains of Texas where the blue counties 

represent locations of TAWC demonstration sites. 

 

 

 

Approximately 29 producers have been involved in the TAWC project over the 

period 2005-2016. Crops represented in the project over that time frame include: 14,943 

acres of cotton, 6,453 acres of corn (grain), 3,148 acres of sorghum, 428 acres of alfalfa, 

2,678 acres of wheat, 3,226 acres of sideoats gramma, 1,049 acres of millet, 1,120 acres 

of triticale, 1,660 acres of sunflowers, 1,956 acres of corn (silage), 159 acres of grass, and 

40 acres of black-eyed peas (TAWC Research Reports, 2017). Field level data was 

collected for each site and used to construct cost/return budgets for each site for each 

year. Data collected included the types and quantity of production inputs, input costs, 

production, and prices received. The budget analysis allows for the evaluation of different 

types of irrigation methods, tillage practices, and irrigation scheduling technologies. 
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Detailed information on production inputs at the field level helps evaluate the differences 

in input use efficiency and profitability of the various production practices. Each 

production system may use resources differently, therefore the combination of production 

technologies and inputs provide comparisons of sustainability within each operation, 

which was analyzed by using the Fieldprint Calculator. 

Developed by Field to Market, the Fieldprint Calculator allows producers to 

evaluate their operations from a sustainability perspective over time. The metrics utilized 

by the calculator can help identify production aspects of a specific field or site that may 

be addressed to improve sustainability. The Fieldprint Calculator offers a sustainability 

framework that can help evaluate improvements in environmental performance and 

productivity. The utilization of tools such as the Fieldprint Calculator allows producers to 

have a seat at the table for the future of production agriculture. Having the ability to 

evaluate sustainability at the farm level has allowed individuals to find areas of 

improvement in their operation. Field to Market has gained support from agribusinesses 

and conservation groups to find common ground to measure sustainability in agricultural 

production. Field to Market is committed to collaborating with stakeholders that have a 

shared value in sustainable agriculture. The Fieldprint Calculator gives the agricultural 

industry a base platform for benchmarking sustainability performance, helps catalyze 

improvement in sustainability, and enables agribusiness and marketing firm to 

substantiate sustainability claims (Field to Market, 2017). The goals of Field to Market 

are to develop opportunities to enhance efficiency and performance through tracking the 

progress of measuring sustainability performance through seven metrics. This tool could 

assist producers in identifying inefficiencies in their operation and areas where 
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conservation and environmental outcomes may be improved. By integrating sustainability 

metrics into current operation practices, producers can document the effects of production 

management on sustainability and productivity.  

The Fieldprint Platform is the power source for the Fieldprint Calculator, by 

entering field level data a producer can receive a sustainability score and evaluation of 

sustainability metrics over a given time period. Data entry includes the following: 

location of the field, which includes soil characteristics, crop rotation, irrigation systems 

and well specifications, management of tillage practices and chemical inputs, product 

transportation and hauling, drying and harvesting, and conservation practices. Field to 

Market has identified seven indicators of sustainable agricultural production. The first 

five indicators were developed to evaluate the efficiency of crop production: land use 

(acres/unit of production), irrigation water use (acre-inches of water applied/unit of 

production), energy use (gallons of diesel)/ unit of production), greenhouse gas emissions 

(lbs of carbon dioxide equivalent (𝐶𝑂2𝑒)/unit of production), and soil conservation (tons 

of loss soil/ac/year). The soil carbon and water quality metric are comprised of several 

components and are expressed as indexes. The soil carbon metric uses the soil 

conditioning index (SCI) and the water quality metric uses a water quality index (WQI).   

The metrics are presented as a graphical spidergram, Figure 1.3, which produces a 

field’s sustainability footprint. The spidergram from the Fieldprint Calculator compares a 

producer’s sustainability footprint (shaded purple area) to the state averages (orange), and 

national averages (green). This system allows users to evaluate performance on a variety 

of areas of sustainability to gain valuable insights on how they compare against national, 

state, or regional benchmarks (Potter, 2017). The goal is to achieve sustained 
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improvement in the overall sustainability footprint and improve economic viability over 

time. 

The land use metric is centered on improving land use efficiency while 

conserving environmental habitats. The irrigation metric measures water use efficiency 

and assists in addressing improved irrigation management. The energy use and 

greenhouse gas emissions metrics meet the growing demand in production agriculture to 

improve energy efficiency while reducing emissions on a per unit basis. The soil 

conservation metric serves as a measure of production practices effecting soil erosion. 

The water quality and soil carbon indexes contribute to addressing potential offsite 

pollution from runoff and soil health.  

 

Figure 1.3. Spidergram developed by the Fieldprint Calculator to demonstrate a 

sustainability footprint of a TAWC cotton production site based on seven metrics. 
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By measuring and tracking aspects of their operations, producers can address 

areas that may need improvement to increase the sustainability of their operation. By 

using the Fieldprint Calculator metrics over time a producer can decide which practices 

best fit their operation. Establishing a framework for leading-edge production practices 

allows for more improvements in sustainability performance and the opportunity to 

increase profitability. The crucial point is identifying production methods that 

complement the conservation of soil and water, and promote the strengthening of 

agriculture communities which has an overall impact on the livelihood of west Texas.  By 

pinpointing trade-offs between different types of irrigation and tillage systems growers 

can enhance environmental health without sacrificing productivity. Incorporating 

dynamic management systems can improve sustainability, reduce a producer’s carbon 

footprint, and meet the social needs of the world.  

The purpose of this study is to analyze the effects of different irrigation and tillage 

systems with regard to production, operating cost, and profitability; and measure the 

impact of those systems on sustainability. Technological improvements in irrigation 

systems has allowed for increased irrigation efficiencies and reduced environmental 

impacts without sacrificing yield productivity. Identifying the advantages and 

disadvantages of each system will allow producers to compare and contrast systems to 

evaluate economic viability and environmental concerns. The study also provides insight 

on the values of the sustainability metrics for cotton production in the SHP. Specifically, 

developing a profitability metric to evaluate economic performance in conjunction with 

environmental outcomes to help create a balance between production and sustainability. 
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By creating spidergrams with a unit-based measure, a producer’s sustainability footprint 

can be quantitatively analyzed in order to compare it to other systems and across time.  

Objectives 

 

The central objective of this study is to evaluate the effects of irrigation and 

tillage practices on economic viability in the SHP and analyze tradeoffs between those 

production systems and sustainability performance. The specific objectives are: 

1. Evaluate different irrigation methods on a production platform in order to 

compare yield performance and detect efficiencies in the systems. 

2. Identify tradeoffs of irrigation and tillage practices through a cost analysis 

and show the impacts on per acre and per unit production cost.  

3. Develop a profitability metric to derive a consistent measure of the 

economic impacts alongside environmental outcomes.  

4. Create a unit-based measure to compare on farm operations and quantify a 

reliable footprint analysis for real-world applications. 
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CHAPTER 2  
 

LITERATURE REVIEW 
In agriculture, the evolution of production practices has allowed farmers to adopt 

more widespread sustainability systems and opened more doors for opportunities in 

growth and development. The progress toward sustainable agriculture has led farmers to 

pivot toward a more productive and efficient industry by lessening harmful external costs 

that are being imposed on society. Companies are putting an emphasis on incorporating 

sustainability throughout the value chain, although a blanket application of sustainability 

cannot be applied to all producers because they utilize production methods and incur 

costs differently. By developing methods to capture the economic and output effects of 

irrigation and tillage systems their performance on sustainability can be analyzed. This 

will help identify tradeoffs that farmers will face in order to adopt management systems 

that are consistent with the principles of sustainability.  

The first section focuses on the conditions for sustainability in agriculture. 

Expanding the profile for sustainability will allow clear goals to be defined in economic, 

environmental, and society aspects. Identifying these concepts can develop a framework 

for movement toward sustainability systems that minimize environmental deterioration 

and increase production efficiencies for growers.  

The second section emphasizes the movement toward conservation systems and 

diversification and innovation in irrigation and tillage systems. The innovative 

management practices that have been developed over the past decades have allowed for 

more transition into sustainably accepted methods. The evolution of irrigation systems 

have increased productivity and decreased the amount of water needed to produce 
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optimal yields, which have also made the adoption of less invasive tillage practices easier 

which in turn creates other cost saving measures. This section will look at previous 

literature on the application and impacts that these systems have on farming operations.  

The third section will combine innovative production practices and sustainability 

through the analysis of the Fieldprint Calculator. In comparison to the first two sections, 

this section will look at the balance between profitability, production systems, and 

sustainability. This will be done by quantifying sustainability metrics and analyzing 

economic performance of producers over time. By merging the concepts of production 

and sustainability in agriculture this will aid in resolving the gap between concept and 

action.  

This literature review examines the application of economic and production 

characteristics in farming operations in order to explore the relationship between the 

profitability and sustainable systems. Section 1 reviews the concepts of sustainability in 

agriculture. Section 2 analyzes the features of irrigation and tillage systems in farming 

operations. Section 3 compares the balance between economic viability, production 

systems, and sustainability through evaluation of the Fieldprint Calculator.  

A Sustainability in Agriculture 

There have been numerous concepts and visions for sustainability in agriculture 

throughout history. These studies look at the development of sustainability over time and 

derive necessary conditions that should be satisfied in order to meet the requirements of 

environmental, economic, and social demands. The lack of a formal understanding for 

sustainability creates discontinuity between the industries as a whole in agriculture. 
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Defining local solutions to problems and identifying issues that could undermine the 

improvement of cropping systems will help contribute to the success of increasing 

sustainability in agriculture.  

For instance, Robertson (2015) outlines the challenges of sustainable agriculture 

by having the capability to produce agricultural goods at an environmental cost that 

won’t impair food security or general welfare of future generations. The scale of 

agriculture quickly determines how sustainability is to be applied. By producing more 

output on less acres agriculture has become increasingly intensified, but with 

intensification also comes the loss of resources such as soil, water depletion, and the 

degradation of resources.  

The central idea for agricultural sustainability is broken down into economic, 

social, and environmental components. The economic component takes into 

consideration the transactions of local operations to global trade and the external costs of 

modern agriculture. The social aspect integrates human welfare through access of the 

food supply, quality of food safety, and security along with many other factors. The 

environmental feature includes the dynamics of surrounding natural systems and services. 

The interactions of these components are decided by management decisions that farmers 

utilize in order to provide goods to consumers at a given price. However, through this 

process, direct and indirect consequences can be a result of agriculture production.  

Since agricultural sustainability is scale dependent the capacity of local resources 

allocates how sustainable inputs are and the mitigation of external costs. Viewed at the 

global scale, there are some instances where food production shifts to a different location 
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due to external pressures that create agricultural expansion and intensification elsewhere. 

In this instance, on net there could be a greater environmental burden to the earth as a 

whole. Therefore, there are geographic tradeoffs to indirect land conversions that require 

a scale comparison of the indirect and direct effects of local practices to the globe 

(Robertson, 2015).  

The outline for agricultural practices to be considered sustainable must conform 

to be economically viable, environmentally safe, and socially adequate (Robertson, 

2015). Although there is not a single remedy for the application of production practices 

due to the dynamics of a region and the resource allocation that that region is constrained 

by. Over the years, research has shown that practices such as integrated crop-livestock 

operations and crop rotation help improve crop performance and provide benefits to soil 

organic matter. The advantages of enhancing a cropping system also comes with 

understanding the tradeoffs. For example, a no-till management practice helps enrich soil 

organic matter however, the use of a conventional tillage system allows for more weed 

control. When applying a no-till management practice there is the possibility that 

additional herbicides will be used to control weed infestations. By better analyzing the 

impacts of these systems, tradeoffs can be minimized and benefits can be reaped in order 

to allow coexistence of multiple sustainable systems within a single farming operation 

(Robertson, 2015).  

Though many systems are recognized to be sustainable the adoption rate at which 

farmers apply them can be directly tied into the economic cost or the potential profits 

those systems impose. There is value in stewardship of the land, but the overriding factor 

is sustained profitability. Another barrier that sustainability faces is weather variability 
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throughout many agricultural productive areas. Changes in weather effect a farmers 

management decisions and the outlook on productivity. The potential for sustainability in 

agriculture will have to triumph over several obstacles, but with the correct incentives, 

innovative research, and political motivation the goals for a more sustainable future can 

be accomplished (Robertson, 2015).  

Benbrook (1990) gave an overview of agricultural sustainability in the United 

States, defined key features, and looked at the consequences, costs, and benefits of 

transitioning to sustainable agriculture. The paper provided several general points on the 

status of sustainability in American agriculture and some of the conditions it will face in 

the future. Given that a portion of commodities are strictly devoted to exports, how will 

the competitive balance change once environmental goals are placed at higher 

prominence? Second, the characteristics for sustainability does differ from region to 

region so adjustments will have to be made to current systems in order to be sustainable 

and remain competitive. Third, environmental impacts have developed growing concerns 

from pesticide residues to policies such as the Endangered Species Act that creates 

challenges for producers. These issues will also alter variations in current farming 

systems and bring forth new barriers. Fourth, many regions are changing conventional 

farming practices through economic and environmental necessity in forms of new 

technology, better management practices, and policy. Pressure has been put on research 

and extension agencies to find solutions for alternate methods of production and resource 

allocation. Fifth, the economic component of implementing sustainable systems allows 

for a higher adoption rate if there is an opportunity to make higher profits. Sixth, new 

technologies have modified production systems dramatically through new seed varieties 
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and systems. Finally, the movement from conventional practices to sustainable systems 

also has a transition period where producers are faced with a learning curve through 

economic, social, and managerial costs on the operation.  

The paper also assesses some of the consequences, costs, and benefits of the 

transition into sustainable agriculture through three goals of resource conservation, water 

quality, and enhancing profitability (Benbrook, 1990). Farms would gain from facilitating 

practices that encourage reduction in soil erosions and improving soil organic matter. The 

benefit to the soil quality would help reduce volatility in weather challenging years and 

reduced costs because of the soils ability to retain nutrients. The costs incurred by 

producers would include variety agronomic implications. Improving water quality is one 

of the significant benefits of adopting sustainable practices and would allow producers 

and consumers to be better off. Consequences of the degradation of surface water and 

groundwater could arise due to the inefficient use of resources and pesticide use.  

Economic performance is fundamental to the agricultural marketplace. The ability for 

agriculture to remain economically sustainable and competitive would be accomplished 

through modifications in reducing production costs to farmers. These changes would be 

compatible with an increased adoption of sustainable agricultural systems (Benbrook, 

1990). This would benefit consumers and producers through exploiting gains in economic 

performance and opportunities. Benbrook (1990) concludes this paper by looking at 

society’s involvement in the future of sustainable agriculture through economic 

incentives and environmental welfare. The linkages between public concerns for 

environmental health could put political pressures to create regulatory actions while also 

balancing fiscal stresses from agriculture. Progress toward sustainability in agriculture 
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will breed many competing ideas through society, industry, and producers, but one of the 

essential conditions for the long run is maintaining environmental quality and economic 

viability of American agriculture. 

Features of Production Systems 

This section discusses various studies that analyzed the use of production 

practices in agricultural farming systems. By comparing irrigation and tillage systems, 

efficiencies can be identified and their impact on productivity can be evaluated to 

determine performances of each system. As sustainability has become a more prevalent 

issue in production agriculture the technological change of these systems have allowed 

for productivity and sustainability to coexist. Learning the advantages and disadvantages 

of each irrigation and tillage method over time can establish an understanding for better 

water management and develop strategic methods to keep a farm enterprise sustainable.    

For example, Daystar, Barnes, Hake, and Kurtz (2017) analyzed sustainability 

trends in the cotton industry and the efficient use of resources that lead to an 

enhancement in the environmental impact. Textile industries have shown demand for 

sustainable input textiles and have placed a higher value on the fibers that have lower 

environmental impacts. Although the study found a need to understand what drives the 

decisions and concerns of growers related to profits and environmental impacts.  

Daystar, Barnes, Hake, and Kurtz (2017) conducted a survey in 2015 of U.S. 

cotton producers to self-assess cotton’s impact on the environment and then compared 

that survey to a previous natural resource survey done in 2008. The current report 

focused on U.S. cotton production divided into four regions the Southeast, Mid-South, 
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Southwest, and Far West with 925 responses recorded. The components of cotton 

sustainability include the use of crop rotation and cover crops, tillage practices, soil 

management, irrigation and water management, precision farming technology, and 

conservation practices. Energy use and greenhouse gas (GHG) emissions were also 

calculated from module to gin gate basis.  

Results showed that a total of 1,675,911 crop acres were represented in the study 

which accounted for 10% of the cotton planted in the United States in 2015. When land is 

not being utilized for cotton there are other opportunities to increase farm revenue 

through various other crops. From the analysis, farmers who reported using winter crops 

or cover crops produced a higher cotton yield of about 4% to 5.2% in comparison to 

farmers who didn’t.  

Over the years, industry and organizations have put an emphasis on the benefits of 

less invasive tillage practices such as conservation tillage and no-till in cotton production. 

In the comparison of tillage systems, from 2008 to 2015 conventional tillage remained 

constant, however survey responses showed an increase in no-till/strip-till practices by 

9%. Less invasive tillage practices can have possible tradeoffs with a loss in yield but a 

decrease in costs due to fewer passes over a field. In soil management, 94% of producers 

participated in at least one of 10 methods to reduce soil erosion.  From 2008 to 2015 there 

was a 17% increase in use of soil organic matter to improve soil health. 

Irrigation management and water use efficiency have become fundamental in 

agricultural production. The irrigation and water component included all crops not only 

cotton. The trend showed a transition from surface irrigation (furrow) to center pivot 
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irrigation systems. Fifty-nine percent of producers reported the use of advanced 

technology irrigation systems. A farming operation could benefit from devices such as 

flow meters to measure the volume of water that is used and insure the system is working 

properly. There were also comparisons done on other farming techniques and 

technologies. The data suggested that use of moisture monitoring eased the strain on 

water resources and implied an increase in cotton yield. The increased use of technology 

could lead to greater productivity and possible increased field performance, but this in 

turn must create savings or increased margins to justify the input cost of gained capital to 

the operation (Daystar, Barnes, Hake, & Kurtz, 2017).  

The energy use and greenhouse gas (GHG) emissions from cotton production 

were mostly comprised of fertilizer use and transportation from field to gin based on 

respondent data. An additional analysis was performed to find trends between energy use 

and GHG emissions with production practices and yield output. Tillage practices 

contribute a portion to energy consumption, therefore the analysis showed that 

conventional tillage required the most energy followed by conservation tillage, and no-

till/strip-till. Analysis of productivity showed a positive relationship with energy use and 

GHG emissions. Therefore, an increase in energy inputs result in higher yields.    

Some of the highlighted conclusions of this paper showed that conservation 

awareness has increased amongst farmers and taking measurements of factors effecting 

conservation can alter practices toward a sustainable operation. Further outreach from 

industry could be utilized to support the efficient use of resources and lessen the 

environmental impacts of a producer’s local ecology. Key aspects of this paper highlight 

the positive correlations between technology and field productivity, conservation tillage 
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methods and the minimization of cost to the farmer, and the transition to more efficient 

sprinkler irrigation methods that will help support sustainability. 

A study by Weinheimer et al (2013) examines the demand for groundwater in the 

Texas High Plains. Irrigated crops account for a large portion of the annual groundwater 

use from the Ogallala aquifer in the SHP. Due to the low level of recharge the aquifer is 

being depleted, therefore, the adoption of water conservation methods and increased 

irrigation efficiencies have become vital to the regional economy. By performing water 

management practices that target the application of irrigation and combining efficient 

irrigation systems and strategic irrigation management producers can optimize production 

and profitability (Weinheimer et al., 2013).  

Data was collected through the Texas Alliance for Water Conservation (TAWC), 

for corn and cotton which are the predominant crops, and analyzed for irrigation 

management and crop evapotranspiration estimates (ET).  For the period of 2006 and 

2009, 55 cotton and 20 corn observations were collected to evaluate the relationship 

between crop yield and the percent of ET provided by irrigation, precipitation, and soil 

moisture. The results showed that meeting 70 to 90 percent of the water demand for corn 

and cotton produced yields equal to or greater than when total water supplied was greater 

than 100 percent of ET (Weinheimer et al., 2013). The fields that were greater than 100% 

ET were usually in years of greater rainfall, which indicates that producers were over-

irrigating because they might lack the tools to measure crop moisture. The observations 

that exceeded 100% ET demonstrates the opportunities for producers to utilize irrigation 

management tools to conserve water while maintaining crop yield. Water conservation 

through strategically managing irrigation water is not simply limiting water usage, but 
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optimizing the timing and matching applications to achieve the specific needs of the crop. 

Due to the volatility of environmental factors, each crop year can be tailored through 

strategic management of irrigation water and to limit over-irrigation that will decrease 

costs and decrease the amount of water pumped. The combination of crop system 

management practices will create effective measures that will optimize a producers 

profitability and maximize envrionmental returns.  

The objectives of this study was to evaluate irrigation management technologies 

and practices that provide water savings within the SHP, but also may apply to other 

regions with similar environmental and econmic constraints. The methods used in this 

study included five sites using pivot irrigation and three sites for subsurface drip with a 

combination of water monitoring technologies. Web based planning tools were used to 

allow producers to use an economic-based optimization model to allocated available 

water and create an objective to maximize profit (Weinheimer et al., 2013). The input 

componetnts of this tool are water availability, production costs, yield potential and 

expected commodity prices.  The output of the model produces cropping options and 

acreages, yield goals, and overall profit projections for an individual field (Weinheimer et 

al., 2013). With the use of water monitioring tools and TAWC Decision Aids, a farmer 

can customize management practices to an individual field to account for environmental 

factors to help make  water allocation decisions. Based on the estimates in the study 

irrigation demand could be reduced by 10% or 580,000 acre-feet annually by producers 

utilization of innovate practices and strategic management of irrigation.   

The goal of this study was to provide a level of irrigation that was reduces the 

demand for irrigation water while still maintian a profitable level of production 
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(Weinheimer et al., 2013). Based on the estimates the study could reduce irrigation 

demand by 10% or 580,000 acre-feet annually by producers utilization of innovate 

practices and strategic management of irrigation. Overall enhancing the life of Ogallala 

aquifer and thereby benefit the rural economy that depends on the groundwater to supply 

proper yeilds for crop production.  

This paper adresses the concerns of water scarcity in the SHP and the strategic 

management tools that can be used to optimize the amount of water that is available for 

an individual producer. It provides direction for producers to better manage their 

operations through online resources and through innovative tools. This demonstration of 

strategic planning influences current studies such as this one to capture the knowledge 

and best practices for an individual producer and a more sustainable agricultural industry.  

Johnson et al (2013) evaluates an integrated crop and livestock production system. 

This study explains the importance of economic viability and its dependence on the 

availability of resources that are allocated within a system. In the Texas High Plains 

(THP), the agriculture economy is threatened by the depletion rates of the Ogallala 

aquifer that supplies irrigation to much of the region. Producers have responded to this 

shortage of water by adopting innovative irrigation methods and limiting irrigated land 

areas. The THP is a diverse crop production area that produces cotton, corn, and grain 

sorghum, but primary cotton monoculture. High levels of inputs and specialization have 

increased productivity, but have also increased stress on the ecosystems. By using 

diversified production systems, there are opportunities to reduce irrigation demand in 

comparison to conventional farming systems. In order to maintain a level of 
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sustainability, agricultural production systems have to be economically viable and 

maintain the agronomic characteristics.  

This study evaluated two production systems, a cotton monoculture system and an 

integrated cotton-forage-beef cattle system based on profitability, economic risk, water 

use efficiency, and energy use efficiency for 1999 to 2008 (Johnson et al., 2013). The 

cotton monoculture system used a wheat cover crop and no livestock grazing within the 

system. The integrated system used three sections, section one consisted of 53.5% of 

WW-B Dahl Old World bluestem, which was used as a grazing component. The other 

two sections were a rotation of rye-cotton-wheat-fallow-rye rotation and Angus and 

Angus Hereford steers were grazed on all sections. Annual budgets were created to track 

cost and returns using mean values for input and output prices in order to account for 

variation between systems and compare systems based on economic returns. Gross 

margin, which is calculated by cash receipts less cash expenses represented economic 

returns. Fixed costs were not used in the profitability calculation due to the variability of 

deprecation and equipment across farms. Irrigation use efficiency was measured by 

calculating the gross margin per cubic meter of irrigation water applied and energy use 

efficiency was expressed in gigajoules of energy use per unit of production.  

Results were reported on a system hectare basis. Relative profitability varied 

between the two systems over the 10 year period. During 1999-2002 the integrated 

system was more profitable, but through 2003-2008 the cotton monoculture system was 

more profitable. The shift in profitability of the cotton monoculture system was related to 

higher yielding cotton varieties. The results of the mean price scenario showed that the 

cotton monoculture system had a mean gross margin of $233 ha−1 compared to $228 
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ha−1mean gross margin for the integrated system. These profitability measures varied 

through the years. In the initial four-year period the integrated system was $36 ha−1more 

profitable than the cotton monoculture system, where 92% of the profits for the integrated 

system came from livestock-forage component. Through the years of 2003 from 2008, 

the cotton monoculture system became the preferred system due to the higher yields with 

the introduction of FiberMax cotton cultivars. One of the advantages of the integrated 

cotton system was lower cash expenses due to the reduction in tillage operations, but the 

integrated system as a whole didn’t differ from the cotton monoculture system overall.  

The integrated system was broken up into two components, integrated cotton and 

the livestock-forage-grass seed component. The total variability in the mean price 

scenario for the cotton monoculture system was 131%, which was higher than the 

integrated system (Johnson et al). In the actual price scenario, the input and output prices 

were based on the actual outcomes of each year. The systems 10 year mean gross margin 

for this scenario was $272 ha−1 for the cotton monoculture system and $257 ha−1 for the 

integrated system. In the integrated system, two sets of cattle were purchased in 2005 and 

2006 and valued the lowest gain in gross margin per head.  

Evaluating the study on an irrigation water use efficiency and energy use 

efficiency, both systems benefited from the introduction of higher yielding cotton. 

Overall the livestock-forage component of the integrated was the least efficient therefore 

adjustments could be made to help improve irrigation water use efficiency. This study 

separated total energy use into direct and indirect energy use. Direct energy was 

associated with consumption inputs such as diesel fuel used in tillage operations or 

electricity used to run irrigation pumps and any transportation or processing inputs. 
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Indirect energy was associated with fixed costs connected to assets. From the energy 

efficiency standpoint, the livestock component of the integrated system was least 

efficient.  

This paper was able to capture an analysis for two production systems over a 10-

year period in order to evaluate the gross margin under two price scenarios, irrigation 

water use efficiency, and energy use efficiency. The Southern High Plains is 

predominantly known for cotton monoculture systems, but with diversification within a 

cotton system could reduce economic risk due to the resilience in weather volatility. 

High-input monoculture systems may no longer be sustainable with dwindling water 

resources and integrated systems offer diversification options for producers. This study is 

directly related to the management of constrained resources in the Southern High Plains 

of Texas and opportunities for producers to diversify their operation to maintain a level of 

sustainability in order to conserve vital resources. The structure of this paper will help in 

reporting economic evaluations and understanding the impact of diversification into a 

system.  

Bordovsky, Lyle, and Segarra (2000) compare the outcomes between a LEPA and 

a SDI irrigation system by highlighting components such as net returns and associated 

risk incurred with the two systems. An experiment was conducted in Halfway, TX over a 

four-year period from 1995 to 1998 in order to capture the effects of LEPA and SDI (3 

SDI and 9 LEPA) treatments to cotton production. An economic comparison was made 

between the systems based on irrigation cotton budgets that consisted of expected 

revenues, variable costs, and fixed costs. These calculations were then used to derive 

levels of net revenues and risk. A price of $0.64/lb cotton lint and $110/ton for 
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cottonseed was used for all calculations of revenue. Variable cost was associated with 

inputs used in production which included herbicide, fertilizer, crop insurance, seed, seed 

treatment, insecticides, fuel and lube, repairs, labor, harvest-aid chemicals, stripping, 

module charges, and ginning. These costs differed between the irrigation systems due to 

irrigation treatments, pumping costs, and harvest and ginning with associated yields. The 

fixed costs were broken down into three categories: machinery ($48/ac), land ($40/ac), 

and irrigation system.  

When comparing cotton lint yields the SDI had higher production levels of 1109, 

1190, and 1215 lb/ac, than yields of the top LEPA treatment levels of 978, 1091, and 

1156 lb/ac. The SDI yield output was credited to less soil surface evaporation and more 

available water to crops (Bordovsky, Lyle, & Segarra, 2000).  The LEPA system was 

evaluated at a cost of $333/ac and two evaluations of SDI at $600/ac and $800/ac. The 

analysis of net returns and risk showed that under the $800/ac SDI scenario was similar 

to the LEPA system at the irrigation capacity of 0.1 in/d, but once irrigation capacity 

exceeded 0.1in/d the LEPA system had higher returns than that of the SDI. However, 

under the $600/ac SDI scenario net returns surpassed that of the LEPA system which 

implied that the delivery method for SDI is more adequate than LEPA in situations where 

LEPA had an installation costs that were higher than $333/ac or irrigation capacity was at 

0.1in/d. Under a life expectancy evaluation SDI systems net returns ranged from $46 to 

$87/ac, but similar results showed that under the $600/ac SDI scenario net returns 

became less sensitive to irrigation system life.  

The conclusions of this project evaluated the tradeoffs between the two irrigation 

systems. The advantages to SDI systems were increased yield production and better water 
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use efficiencies even at lower irrigation capacities (Bordovsky, Lyle, & Segarra, 2000). 

The LEPA had advantages in the economic analysis if compared to $800/ac SDI scenario, 

but not in the case where costs were $600/ac for an SDI system. The LEPA system also 

has possible advantages by having a lower initial cost, decreased management and 

maintenance, lower uncertainty about life expectancy, and the ability to use foliar 

materials (Bordovsky, Lyle, & Segarra, 2000).  

Profitability and the Fieldprint Calculator  

Another key concern for the application of sustainability in agriculture is the 

ability to measure and quantify environmental changes through management decisions 

and practices. The Fieldprint Calculator allows growers to assess environmental 

performance through utilizing field data. By documenting the effects of management 

systems producers can have a better understanding of how their operation fits on a local, 

state, and national sustainability benchmarks. Even brands and retailers have begun to 

take initiatives to meet future sustainability goals and reduce environmental impacts in 

products. Currently the calculator does not evaluate farmer’s profitability in an operation. 

Based on previous literature one of the essential factors for an operation to be sustainable 

is for it to return acceptable profits to the producers. The following studies analyze 

irrigation and tillage practices and their impact sustainability metrics alongside with 

components of profitability. 

Stokes and Johnson (2014) address the important issue of sustainability in 

production agriculture and the marketing of agricultural products to the global economy. 

This study analyzed fields in the Texas Alliance for Water Conservation project to 

evaluate sustainability through the Fieldprint Calculator tool. The study evaluated the 
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data outputs of the Fieldprint Calculator over the time period of five years, 2007-2011 

and created a sustainability index in measure economic and environmental production 

measures. Areas that are efficient or those that need improvement on an operation can be 

seen through the sustainability footprint that is generated by the Fieldprint Calculator-

based on seven metrics land use, irrigation water use, energy use, greenhouse gas 

emissions, soil conservation, soil carbon, and water quality.  

The methods and procedures of this study included a total of 22 TAWC grower 

sites with approximately 6000 planted acres of cotton that contained 107 observations. 

These observations represented farming operation practices that ranged from no-till to 

conventional tillage and irrigation systems such as subsurface drip, center pivot, or 

furrow. The study did not include any dry land acres. The data gathered through the 

TAWC sites were entered into the Fieldprint Calculator in order to generate the 

producer’s sustainability footprint on a given year. The calculator expresses cotton as a 

commodity that produces joint products of lint and seed therefore a lint equivalent yield 

(LEY) is used in many calculations for the sustainability metrics. Therefore when the 

sustainability metrics are calculated based on a per unit of output-cotton is addressed in 

per pound of LEY basis. The sustainability metric values can be defined as the smaller 

the value the more sustainable operation is and the smaller “footprint” a producer leaves 

behind.  

The results show variation in the index values amongst the 22 sites that were 

evaluated. There was a comparison made between three sites (A, N, and P) with different 

irrigation methods that were applied. These sites had similar soil types and multiple 

observations over the five-year span. Site A was a center pivot system using the LEPA 
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method for the irrigation method. Across the seven operations it produced an average 

LEY of 1317 lbs/ac and an average irrigation rate of 10.5 in/ac. Giving it a 93.6 overall 

average for the sustainability index with two metrics (land use and greenhouse gas 

emissions) being above the base level of 100. Site N was furrowed irrigated system with 

12 observations on three fields over the five years. It had an average LEY of 1185 lbs/ac 

and an irrigation rate of 15 in/ac therefore it had an overall sustainability index rating of 

125.3. For this site, four of the six sustainability metrics were above the base level (land 

use, irrigation water use, energy use, and greenhouse gas emissions). Site P was a 

subsurface drip site with a total of five observations over the five year span. It had an 

average LEY of 2037 lbs/ac and an average irrigation rate was 19 in/ac with an overall 

sustainability index rating of 85.6. All of the sustainability metrics were below the base 

level for site P.  

A comparison was also made in the annual index values for the three selected 

sites A, N, and P. The trend over time was relatively stable apart from 2011, which 

represented an extreme drought year. The trend suggested that the method of irrigation 

and output could have an impact of the on the overall sustainability. The objective of this 

study was to gain a better understanding of the metrics in the Texas High Plains region. 

These findings are valuable to this study in order to analyze alternate ways to index the 

sustainability metrics and quantifying sustainability in order to capture the full effects of 

these metrics in the Texas High Plains. This paper will help address the effects of erosion 

in the region and compare profitability relative to sustainability in the producer’s 

sustainability footprint. 
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Gillum (2015) analyzed the sustainability metrics relative to profitability. The 

study categorized sustainability in agriculture through environmental and economic 

components. The incentives for producers to adopt sustainability practices into their 

operation were directly tied into profitability. The physical attributes of sustainability had 

to be beneficial to the farmer financially in order for sustainable practices to be 

considered good business. A primary concern regarding sustainability in agriculture was 

the availability and usage of irrigation water. The reliance for optimal yield production 

relies heavily on a producer’s ability to irrigate. Faced with alarming depletion rates of 

the Ogallala aquifer producers in the Southern High Plains region are working to 

conserve their resources and preserve their rural economy.  

This study analyzed the correlation between sustainable practices across a variety 

of crops and the effect on profitability. Using data collected a from farm budgets through 

TAWC across the Southern High Plains of Texas, which consisted of detailed farm 

management practices and collected input costs to calculate overall profitability. The 

major differences in the farms were due to the types of practices used; therefore, each 

operation was evaluated based on the management practices used. Gillum evaluated each 

operation based on the sustainability indexes produced by the Fieldprint Calculator. 

Developed by Field to Market this tool allows farmers to analyze their sustainability 

footprint based on seven metrics that are produced by the calculator: land use, irrigation 

water use, energy use, greenhouse gas emissions, soil conservation, soil carbon, and 

water quality. The assessments of these metrics allow producers to explore alternative 

practices and improve the sustainability of the operation. The objective of this study was 
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to evaluate irrigation and tillage systems with respect to sustainability and how it may 

affect profitability.  

The methods and procedures of this study included a collaboration of TAWC and 

the Fieldprint Calculator and data collected over 8 years of production. Gillum evaluated 

the output data from the calculator in two different ways, first by running an ordinary 

least squares (OLS) to see the effects of gross margin with respect to the index values. 

Secondly, Gillum ran six models and evaluated the results of five metrics to see the 

impact of operational methods on sustainability over of a series of production years. Due 

to the limited information on the calculation of the Soil Carbon Index and Water Quality 

Index, they were not included in the study. The soil conservation metric was excluded 

from this model due to the characteristics of the metric and the lack of historical data for 

it have an impact on gross margin. The interpretation for the sustainability metrics is an 

increased index value on the metric has a negative impact on sustainability and a 

decreased index is a positive impact on sustainability (Gillum, 2015).  

 The results of the study showed that for cotton land use, irrigation water use, and 

energy use variables all had a positive effect on gross margin whereas corn indicated that 

land use and irrigation use were insignificant, but energy use was significant. When 

comparing the tillage and irrigation system effects on the sustainability metrics, found 

that producers who want to conserve soil should adopt SDI irrigation systems and no-till 

systems in order to improve their sustainability metric. In conclusion, the paper 

emphasizes the importance of dwindling resources and improvements needed to improve 

the quality of life for consumers and producers. Tools such as the Fieldprint® Calculator 

will continue to evolve and become more specific which will be valuable to further 
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research. This paper is the foundation for this study and key aspects in this paper will be 

further addressed in this current study. Its findings will contribute to finding the benefits 

of sustainability and the components that allow farmers to minimize economic risk.  

Mitchell, Johnson, Black (2017) revisited the relationship between sustainability 

and profitability in the study conducted by Gilum and Johnson (2015). The objective of 

the study was to examine the interactions between a variety of tillage and irrigation 

practices and their impact on the Fieldprint Calculator sustainability metrics. By 

expanding on previous studies allowed for comparisons of systems used in cotton farm 

operations in the SHP. The study used an OLS regression analysis to show the 

relationship between profitability and sustainability. Using gross margin as the dependent 

variable relative to land use, irrigation, energy use metrics, and the dummies for 2008-

2015, with 2007 as the base year. To determine the impact of management systems on 

each metric, another regression was constructed that used each index as the dependent 

variable relative to dummy variables of irrigation systems (furrow, LEPA, MESA, and 

SDI) with LESA as the base system and tillage (minimum-till and no-till) practices with 

conventional tillage as the base. A two-tailed t-test were executed at the 90% significance 

level to identify any statistical differences in the independent variables (Mitchell, 

Johnson, & Black, 2017). Overtime, the trend for the sustainability metrics for producers 

from 2007-2015 shows to be relatively flat with increasing values in recent years that 

might suggest producers are becoming less sustainable.  

The results show that the metrics have the appropriate signs to imply a positive 

relationship between sustainability and profitability. A negative coefficient suggests that 

a system has a positive impact on sustainability therefore for each metric evaluated the 
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negative coefficient show to be more sustainable for that analyzed metric. Under the land 

use metric, LEPA, SDI, and minimum tillage had negative coefficients in comparison to 

furrow and MESA systems that showed to be less sustainable due to positive coefficients. 

When analyzing the t-tests for land use, the systems LEPA, SDI, and LESA significantly 

different on average when compared to a furrow system which had higher means 

indicating it is less sustainable than the other systems. The regression analysis for the 

irrigation use metric show that LEPA, and SDI have negative coefficients and the tillage 

systems show that conventional tillage is the most sustainable for irrigation use. The t-

tests show that the only significance shown was between the SDI and furrow system 

under conventional tillage. The regression analysis for the energy use metric where SDI 

was the only negative coefficient and the tillage systems indicated that conventional till 

was more sustainable. Under the regression analysis for greenhouse gas emissions, the 

MESA system and minimum tillage showed to be more sustainable. A significance in the 

t-test was demonstrated between LEPA and SDI. The outcomes for soil conservation 

showed that all irrigation systems were sustainable apart from MESA and no-till being 

the prominent choice under the tillage systems. The t-tests resulted in a significance 

difference between furrow and LESA, furrow and MESA, LEPA and MESA, and MESA 

and SDI at the mean.  

The conclusions of this study suggest that there is a positive relationship between 

sustainability and profitability therefore, there are possible opportunities for a producer to 

become more sustainable while also becoming more profitable. Although, the results 

indicate that the relationship between management systems and the sustainability metrics 

are uncertain. Based on TAWC data, efficient producer management demonstrates the 
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effectiveness and performance of certain systems. In practice it is expected to see that no-

till practices be more sustainable, but based on the results this is only indicated in the soil 

conservation metric.  

Thomson, et. al., (2017) defines the challenge of integrating sustainability 

throughout agriculture and the supply chain. To reduce environmental impacts on goods 

produced and vertically integrate the agriculture industry sustainability will need to be 

quantified. Companies are beginning to invest time and resources into collaborating with 

consumer demand in order to meet sustainability goals and connect with farmers in order 

to improve the resiliency of agricultural commodities. A key structure in this step is for 

companies to understand sustainable commodity sourcing, the location where the crops 

are produced, the current tillage and irrigation practices that are being used, and what 

improvements can be made in the future (Thomson, et al., 2017). The purpose of this 

paper is to highlight the gaps within current science and knowledge through the 

Fieldprint Calculator. By identifying three areas of improvement: models of complex 

environmental systems, the scale of environmental impacts, and how management 

practices influence environmental outcomes there can be a stronger collaboration within 

science and the agriculture industry. 

This study evaluated environmental outcomes over the time period of 1980 to 

2015 using public data through USDA data surveys of farm land, production, and 

practices. Nine commodities were used in the study: barley, corn, cotton, peanuts, 

potatoes, rice, soybeans, sugar beets, and wheat. The values for land use, water use, 

energy use, and GHG emissions were calculated on a per unit of production relative to 

land. The values for soil erosion, water use, energy use, and GHG emissions were 
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calculated on a per hectare in order to understand the impacts of increase crop yields 

across trends.  

The results show that over time indicators such as land, water, and energy 

efficiency required fewer resources per unit of production. Greenhouse gas emissions 

showed to have decreased over time among all reported commodities. Overall reductions 

in soil erosion were present in all commodities apart from sugar beet and peanut 

production. Irrigation water use improved amongst cotton, rice, peanut, and sugar beets. 

On a per hectare basis, the GHG emissions and energy use show mixed trend results. The 

improvements on a per hectare basis can most likely be attributed to adoption in 

technology which includes reduced tillage practices, irrigation measurement tools, and 

crop management practices. Cotton for example shows a transition in more efficient 

water delivery systems and genetic improvements to seed over time. The main point from 

this analysis is in comparison to the resources used in 1980 agriculture can produce more 

food, fiber, and feed with fewer resources (Thomson, et al., 2017). Part of this 

improvement is due to improved yields and plant genetics, but in some regions, yields are 

beginning to plateau. Limitations of the sustainability indicators can be recognized 

through the scope of practices and USDA survey data (Thomson, et al., 2017).  

In conclusion the sustainability indicators developed by Field to Market can allow 

field-scale metrics to give important feedback on environmental outcomes and help 

identify trends where improvements can be made. The collaboration with scientific 

experts ensures that the development of the metrics over time and the understanding of 

complex models. Understanding the dynamics of improved environmental outcomes will 

allow for effective changes through local, regional, and national levels of agriculture. 
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Creating insights to inform and develop research will allow farmers and the supply chain 

to collaborate ideas to improve sustainability outcomes.  
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CHAPTER 3  
 

CONCEPTUAL FRAMEWORK 

Technological innovation has transformed the agricultural industry by providing 

farmers with the ability to adapt to changing environmental conditions and manage 

resource scarcity. Technological innovation has been on the forefront in expanding the 

boundaries of agriculture productivity and increasing opportunities for positive 

sustainability impacts. The agricultural industry is constantly innovating to create a 

balance between the growths in productivity and managing the impact on environmental 

quality. The impacts of agricultural production have expanded into a working system of 

public and environmental concerns that have set new expectations for the future of 

agriculture.  

This section illustrates the relationship between technological change, 

productivity, and environmental improvement. Progresses in innovation can be seen in 

agriculture through examples such as seed varieties and irrigation systems. The first 

subsection shows how advancements in seed varieties have had significant impacts on 

cotton yield. The second subsection integrates technological change through irrigation 

systems into the production relationship. In the SHP, irrigation water use is utilized to 

supplement rainfall and has supported the agricultural economy in the region. The third 

subsection will analyze how the adoption of more efficient technologies such as irrigation 

can allow for an increase in productivity and improve the implementation of tillage 

practices beyond conventional systems to enhance soil and water quality. 
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Technological Change and Productivity  

Since technological change is vital to growth and productivity, it is important to 

develop an understanding of input constraints in order to allocate resources effectively. 

Often changes in productivity can be due to the efficiency of an input, the production 

system itself, and the capacity of the technology (Carlson, Zilberman, & Miranowski, 

1993). A producer can experience an increase in agricultural productivity by adopting 

technological innovations that increase output and/or increases input use efficiency, while 

increasing environmental quality. Technological change may cause an upward shift in the 

production function relative to specific input levels. Examples of this upward shift can be 

explained through new inputs and/or higher input quality (seeds, pesticides, fertilizers), 

improved management practices (tillage or irrigation techniques), innovation of 

technology, and gained scientific knowledge (Carlson, Zilberman, & Miranowski, 1993). 

Technological change has been experienced during the course of agricultural history 

through the need to adapt to harsh weather patterns that cause shocks to the supply chain. 

In the SHP, producers have adopted cotton varieties that have higher yield potential and 

have traits of herbicide tolerance and insect resistance. By using improved varieties, 

producers are able to optimize their yields to maintain or increase profitability. Figure 3.1 

illustrates the effects of the adoption of a yield increasing variety compared to a 

conventional variety.  

The technological change in crop varieties causes an upward shift in the 

production function, which allows a producer to obtain a higher level of output with the 

same level of input use. The innovation in crop varieties altered the yield-increasing 



Texas Tech University, Taylor A. Black, May 2018 
 

44 

 

potential seed by utilizing inputs more effectively and being able to withstand insect 

pressures.  

In figure 3.1, (I*) represents irrigation water that is applied to the crop. In 

comparison to the old variety, the new seed variety is more efficient and utilizes inputs at 

a higher rate therefore the production function shifts upward to reach a new level of 

output with the same amount of water applied. The illustration also depicts the three 

stages of production. Stage I exhibits increasing returns to scale. Stage II exhibits 

decreasing returns to scale. In stage III marginal returns begin to be negative where each 

additional input lessens the overall production. Where (X0) represents the boundary 

between stages II and III and is associated with the maximum of the TPP curve and 

where marginal productivity equals 0. For each stage the magnitude of the factor 

elasticity changes. Stage I from X2 to X1 E > 1, Stage II from X1 to X0 0 < E < 1, in Stage 

Figure 3.1. Three stage production function of a conventional crop variety and an 

innovation in technological change to develop a new higher yielding seed variety. 



Texas Tech University, Taylor A. Black, May 2018 
 

45 

 

III from X0 E < 0 (Beattie & Taylor , 1985). Stage II represents the combination of inputs 

utilized in order for a producer to reach an optimal amount of production.   

Technological Change in Irrigation Systems 

A development of technological change can also be recognized in irrigation 

technologies. Due to the scarcity of water resources in the SHP and the need to conserve 

water for the future, producers have adopted irrigation methods that improve irrigation 

application efficiency and crop water use efficiency. Previous irrigation systems include 

methods such as furrow irrigation, which had lower water application efficiencies in 

comparison to center pivot systems. Producers in the SHP have adopted center pivot 

systems such as LEPA, LESA, and MESA, and drip irrigation systems. These systems 

replaced traditional delivery methods to create more uniform distribution of water 

application, increased water application efficiency, and the ability to adopt minimum 

tillage practices. With these advancements, there is a reduction in water loss and 

increased productivity. The advancement in irrigation systems not only supplements 

productivity, but also has a positive impact on soil and water quality through minimizing 

run off and reducing soil erosion.  The adoption of center pivot systems and drip 

irrigation has higher investment and energy use, but generally saved on inputs and 

improved efficiency (Carlson, Zilberman, & Miranowski, 1993). Peterson and Ding 

(2005) found that a subsurface drip system (SDI) had a larger return to land, capital, and 

efficiency in comparison to center pivot irrigation systems (LESA, MESA, LEPA).  
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In the figure 3.2, if a producer adopts a system such as SDI compared to a LESA 

system, there may be an upward shift in the production curve that would increase yield at 

the same amount of applied irrigation (Y2 to Y3) or produce the same yield with less 

irrigation (Irr1 to Irr2) (Gillum, 2015). Initially the two systems would be expected to have 

the same level of production through the dryland portion of the production curve, but 

when irrigation is initiated the SDI systems shows to be more efficient and effective. 

With the adoption of an SDI system, a producer can choose between the options of 

irrigating at (Irr1) to increase yields to (Y3) of the SDI system or reduce the amount of 

irrigation applied (Irr2) and produce the same yield (Y2). The graph also represents the 

dryland yield that is dependent on rainfall that the area receives. A furrow irrigation 

system is also displayed on the graph to illustrate the enhanced productivity and water 

use efficiency through the adoption of center pivot systems and subsurface drip.  

Figure 3.2. The effects of a SDI irrigation system in comparison to a LESA system on 

production output and water use efficiency relative to total water. 
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Technological Change and Sustainability  

Traditional furrow systems restricted the types of tillage methods that could be 

adopted because of the application of water through the system. The furrow systems 

require rows to be cleared of crop residue and turning over the soil to properly distribute 

water to the crops. With center pivot irrigation systems, farmers could adopt more 

minimum tillage practices that can influence management of crop residue and methods 

that help retain soil moisture and decrease erosion.  Figure 3.3 illustrates three separate 

irrigation systems and their impact on productivity and total erosion. Holding a certain 

level of soil erosion constant at (TE1), a producer can transition from a furrow irrigation 

system to a LESA system and increase yield from (Y1) to (Y2) or they could maintain a 

level of yield and reduce erosion from (TE1) to (TE2).  

The adoption of the LESA system allows for a decreased level of water runoff due 

to the water application and gives producers the opportunity to manage less invasive 

Figure 3.3. The effects of a Furrow irrigation system in comparison to a LESA and SDI systems 

on production output and the impact on total erosion. 
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tillage operations. As producers converted from furrow irrigation to center pivot systems 

such as LESA there was a dramatic change in soil erosion due to decreased water runoff, 

preserving crop residue, and water application. In comparison to an SDI system a 

producer is faced with the same options of increasing yield from (Y2) to (Y3) and 

maintaining a certain level of erosion at (TE1) or holding yield constant at (Y2) and 

decrease total erosion from (TE1) to (TE3). The change from LESA to SDI is not as 

significant as the movement from furrow to LESA, but there are still improvements in 

productivity through the SDI system and the method of water application at the root zone 

level that benefit total erosion.  

The ability for producers to adapt to changing policy structures and environmental 

changes through technological change has created a linkage in agricultural growth. These 

examples of technological change can directly influence the growth of productivity 

through inputs and outputs that result in an upward shift in the production function. This 

will allow a producer to optimize their inputs while producing at a higher level of output 

than what was previously produced. This adoption of innovative technology improves the 

overall welfare of social and environmental capital as well as a higher productivity and 

performance in their operation.  
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CHAPTER 4  
 

METHODS AND PROCEDURES 

To achieve the objectives outlined in this paper, irrigation and tillage systems 

were analyzed under a production and cost structure to identify efficiencies and tradeoffs 

in the management practices. To distinguish relationships between these cropping 

systems and sustainability an analysis was conducted that focused on developing a 

profitability metric and constructing spidergrams to quantitatively measure the effects of 

production practices on sustainability. Since production and sustainability were evaluated 

in two separate analyses each subsection will have two parts to identify the individual 

data and methods of each segment. The first subsection highlights the data sources used 

and defines variables of the TAWC data set and the sustainability metrics developed in 

the Fieldprint Calculator. The second subsection presents the tools and techniques 

utilized in both analyses of production and sustainability. 

Data and Variables  

TAWC Enterprise Budgets  

In 2004, the Texas Alliance for Water Conservation (TAWC) project was created 

to collect data from sites in Floyd and Hale Counties in the SHP.  The Texas Alliance for 

Water Conservation includes partners from the Texas Water Development Board, Texas 

Tech University, Texas AgriLife Extension, the High Plains Underground Water 

Conservation District #1, producers from the Southern High Plains of Texas, and the 

United States Department of Agriculture. The goal of TAWC is to promote water 

conservation through better management of production practices and developing 

innovative technologies that assist in maintaining profitability and viability of the 

agricultural industry within the SHP.  
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The TAWC project includes approximately 29 producers across the counties of 

Floyd, Hale, Lamb, Lubbock, Crosby, Parmer, Castro, Swisher, and Deaf Smith. Data has 

been collected from on-farm demonstrations employing a diversity of sustainability 

practices and innovative irrigation technologies over an 11-year period from 2005 to 

2016. The TAWC works with producers to collect extensive data on each site that 

includes: production, fertilizers, herbicides, insecticides, tillage systems, harvest aids, 

processing fees, and irrigation application. The data is analyzed using cost and return 

budgets. The budgets vary across numerous commodities, which consist of monoculture 

cropping systems, crop rotations, and integrated crop-livestock systems.   

Several irrigation methods are utilized amongst the sites such as center pivot 

systems (LESA, MESA, LEPA), subsurface drip (SDI) and furrow irrigation (FUR). The 

classification for tillage systems were conventional-till, minimum-till, or strip-till, and 

no-till methods.  Conventional tillage refers to the use of tillage practices that turn over 

the soil and reduce the presence of previous crop residues. This system is usually 

associated with several operations prior to planting such as chiseling and disking. 

Minimum tillage requires that the soil is not turned over, therefore allowing residues from 

the previous crop to remain on the surface. The operations associated with this practice 

allow for minimum soil manipulation prior to planting. Strip-till is a minimum tillage 

system that involves special equipment to accomplish several production practices at a 

time. For example, this system may be comprised of the application of fertilizer, 

chemicals and/or planting within an 8 to 10 inch strip or row. No-till farming is classified 

as a minimum-till system that incorporates no pre-planting procedures and consist only of 

the planting operation. Budgets were estimated based on the production practices listed 
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above in order to calculate the cost of production and produce a profitability measure of 

the site.  

The primary focus of this study was the analysis of cotton production in the 

TAWC project, which includes 206 observations representing approximately 17,000 

acres. The data consisted of lint yield (lbs/ac), seasonal rainfall (in/ac), applied irrigation 

(in/ac), and applied irrigation squared (in/ac)2. The cotton data set included different 

irrigation and tillage systems. The production analysis consisted of five separate 

irrigation systems including dryland and four separate tillage systems.   

The cost/return budgets calculated variable pre-harvest cost per acre for 

production inputs (seed, fertilizer, herbicide, insecticide, irrigation pumping costs, and 

tillage costs) and the harvest costs per acre (harvest aids, harvest cost and ginning costs). 

The prices of inputs and outputs in the budgets reflected prices paid and received and 

were consistent across all producers for each year. Allowing prices to be consistent across 

producers allowed for standardized comparisons. Gross margin is used as a measure of 

profitability and is derived by calculating gross revenues less cash expenses. Per acre 

fixed costs are constant across budget years depending on the procedures used by a 

producer to account for land rents and irrigation pivot systems, but these calculations 

were not included in the cost analysis. 

Fieldprint Calculator Sustainability Metrics  

The data gathered from the TAWC budgets are entered into the Fieldprint 

Calculator, developed by Field to Market. The Fieldprint Calculator has united industry 

and agricultural producers to provide measurable sustainable outcomes for production 

agriculture (Field to Market, 2018). This online tool allows growers to estimate how their 
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management decisions effect efficient resource use and sustainability. This analysis can 

identify opportunities for improvement of sustainability outcomes to help improve an 

agricultural operation. The outcomes of a farmer’s sustainability performance are 

categorized by the following classifications and units of measurement for each of the 

sustainability metrics: land use (acres/unit of production), irrigation water usage (acre-

inches/additional units of production over dryland production), energy use (gallons of 

diesel/unit of production), greenhouse gas emissions (lbs of 𝐶𝑂2𝑒/unit of production), 

soil conservation (tons of soil loss/acre/year), soil carbon (index), and water quality 

(index). The metrics are plotted on a spidergram in order to represent a producer’s 

sustainability performance. Smaller values indicate more efficient resource use and a 

lesser sustainability “footprint”. The spidergram compares the footprint (shaded purple 

area) to the state (orange) and the national (green) averages. The lower the impact the 

producer has on each resource and the lower overall impact that that operation has on the 

environment. 
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The Fieldprint calculator categorizes cotton as a commodity that produces joint 

products of lint and seed. Therefore, to account for the value of seed income, a lint 

equivalent yield calculation was developed. For cotton, the share of seed value and lint 

production was determined to be 83% of lint yield. A lint equivalent yield (LEY) is 

expressed in the calculations of the sustainability metrics as:  

     LEY =  
𝐿𝑖𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 𝑙𝑏𝑠/𝑎𝑐

83%
 

The first five environmental indicators are used to evaluate a field’s efficiency in 

crop production and the last two capture the complex agriculture management impacts on 

the environment through index measures. These seven indicators that are used in this 

study are described below: 

Figure 4.1. The Fieldprint Calculator sustainability metrics plotted on a spidergram from a 

cotton production site in 2016. 
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Land Use  

 The land use metric is expressed as the amount of land required to produce one 

unit of production (acres/units of production) and is the inverse of crop yield. It is directly 

tied in with crop yield and attributes to the efficiency of an operation. This metric relates 

to the sustainability of productivity and the ability to sustain or increase production on a 

unit of land.  

Irrigation Water Use  

The irrigation water use metric (acre-inches of water applied/additional units of 

production over dryland production), reflects the average increase in crop yield per unit 

of water applied. This metric test the overall efficiency of irrigation water applied in crop 

production which is directly controlled by the decisions of the producer. The irrigation 

water use metric (IWU) is calculated as  irrigation water applied in acre-inches divided 

by the difference in the irrigated yield less the expected non-irrigated yield. The metric 

measures the application of irrigation necessary to produce additional units of production. 

The lower the metric the less irrigation necessary to produce an additional unit of 

production.  

Energy Use 

 The energy use metric, expressed as gallons of diesel/unit of production, accounts 

for energy required from pre-planting through the growing season and harvest and 

processing. It includes all major energy-intensive production methods from direct energy 

use such as tillage practices and irrigation, and the indirect energy use from the 

manufacture of fertilizer and chemicals. The components that impact the energy use 
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metric are inputs such as irrigation energy, operational equipment energy, post-harvest 

transportation, fertilizer, pesticides, and seed crops.  

Greenhouse Gas Emissions 

 The greenhouse gas emissions metric (lbs  𝐶𝑂2𝑒/unit of production) is calculated 

using data used to calculate the energy use metric. Due to this relationship there is a high 

correlation between greenhouse gas emissions and energy use. The greenhouse gas 

emissions metric is t related to fuel type. Emissions that originate from energy use 

generally come from equipment used for tillage systems. The common practices of tillage 

include conventional till, reduced till, and no-till. Conventional tillage utilizes the most 

energy from tillage systems therefore producing the greatest emissions from the practices 

in comparison to no-till that use little energy from tillage systems hence producing the 

least amount of emissions. The greenhouse gas emissions metric estimates the amount 

𝐶𝑂2 that was emitted in order to produce one unit of production.  

Soil Conservation 

 The soil conservation metric (tons of soil loss/acre/year) reflects soil erosion in a 

field from wind and water.  As a resource that is evolving based on land and crop 

management practices this metric explains changes over time of soil health. The data 

used to calculate this metric is complex, but practices that preserve and benefit soil health 

leads to an operation being maintained overall. It is simulated by USDA/NRCS data, the 

revised universal soil loss equation (RUSLE2) is used to account for water erosion and 

the wind prediction system equation (WEPS). Components that impact this metric are 

direct application methods to the soil such as soil type, tillage practices, crop type, the 
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type of irrigation system, and environmental factors. For this study, the soil conservation 

metric is expressed relative to the soil T value. The T value is soil loss tolerance which is 

the maximum amount of soil loss in tons/acre/year that can be tolerated and still permit a 

sustainable level of crop productivity. 

Soil Carbon   

 Defined by Field to Market, the soil carbon index estimates reductions in overall 

greenhouse gas emissions and health of the soil.  In order to calculate this metric, it is tied 

back to the USDA/NRCS soil conditioning index (SCI) (calculated by RUSLE2) which is 

a planning tool used by individual producers and takes into account soil organic matter, 

field operations, and erosion. The outcome is crop specific and is in a range of -1.0 to 

+1.0, this states that as the number gets closer to 1.0 the management practices are likely 

to increase soil organic matter over time.  

Water Quality  

 The water quality index (WQI) is constructed to evaluate the influences of 

management practices on water quality by surface water runoff. The characteristics of 

this index are a combination of field makeup, soil type, nutrient management, tillage 

practices, chemical and fertilizer applications, irrigation management, and any other 

impactful conservation practices that formulate one output with weighting criteria. The 

calculations of this index include data from USDA/ (NRCS). The water quality index is 

broken into four factors (field physical sensitivity, nutrient management, tillage 

management, pest management) that are weighted equally and summed into one output. 

This NRCS WQI output ranges from 1-10 and allows an individual grower to compare 
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practices to other potential practices that are more likely to benefit water quality. The 

closer the output is to 0 the more likely the practices are beneficial to water quality. The 

NRCS WQI output then translates in a Fieldprint Calculator score from 1-100, where 0 

the less likelihood of harm to the environment or likelihood practices were beneficial and 

100 being the most negative impact to the environment. The calculation of the WQI is as 

follows:  

𝐹𝑖𝑒𝑙𝑑𝑝𝑟𝑖𝑛𝑡 𝑆𝑐𝑜𝑟𝑒 [0 − 100] = 100 − (𝑊𝑄𝐼 𝑠𝑐𝑜𝑟𝑒 [0 − 10] ∗ 10 

The use of this metric is to gather the necessary data needed to evaluate water quality and 

maintain sustainability goals, therefore fields can assess practices and their impact on 

water quality.  

Data Entry into the Fieldprint Calculator 

 Initially, a producer has to register their field on www.fieldtomarket.org. After 

they have completed the user registration process. The producer has the ability to input 

the location of their field by state and county or a specific location depending on 

longitude and latitude. The field location tool then asks for acreage size of the field. 

Based on the location, the Fieldprint Calculator generates the soil characteristics. A 

producer begins by selecting the crop rotation tab and choosing the crop production year 

and crop type. The Fieldprint Calculator is compatible for the following crops: corn, 

cotton, rice, wheat, potatoes and soybeans. Other information required is: planting date, 

base seed treatments, seeding rate, row spacing, tile drainage system, irrigation specific 

information, rainfall received in the growing season, non-irrigated yield irrigation 

methods, detailed water source statistics, and previous crop planted.  

http://www.fieldtomarket.org/
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The management tab is concentrated on tillage practices and the application of 

chemical and fertilizer inputs. This tab also asks for information on vegetative cover, 

integrated pest management, nutrient application rate, soil condition, and the dominant 

application method, amount of fertilizer and crop protectant trips and timing of 

applications. Since cotton is processed differently from grains, the average transportation 

from field to the gin is estimated to be 10 miles using diesel as the fuel type. The drying 

tab considers any systems used to remove moisture out of grains or the level of moisture 

the commodity is once it reached the gin. Due to the climate in the SHP, cotton is 

assumed to be classified as very dry and no drying system are used for grains. The 

planted, but not harvested tab explains any field acreage that was planted, but not 

harvested due to any abonnement or failure to the crop. The conservation practices tab 

asks for any practices utilized in an operation that are recognized by the Fieldprint 

Calculator. The farm demographics tab collects the estimated farmed acreage that a 

producer manages beyond the field level. Once the information is entered into each tab 

the Fieldprint Calculator will calculate the seven sustainability metrics from the field 

information into an illustrated spidergram. Numerically it also gives the plotted values on 

each index for a national and state level where a producer can compare their field to other 

standard averages.  

Methods 

Production and Cost Analysis  

The TAWC producer sites were analyzed to look at productivity relative to 

irrigation systems and water applied. For the production analysis, the model focuses on 

how cotton yield responds to water application through several types of irrigation 

systems. More specifically, looking at the efficiencies of those irrigation methods and 
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how they compare to each other. This is useful to current studies because these models 

are based on data of actual producer management decisions and how these irrigation 

technologies responded to rainfall and water application in the SHP region. This study 

builds on the idea that improvement in technological innovation allows fproducers not 

only to be more productive, but also have positive impacts on the environment. The 

cotton production analysis evaluates different irrigation systems including subsurface 

drip (SDI), center pivot systems (LEPA, LESA, MESA), and dryland production sites. 

Four production functions were estimated to compare the effects of irrigation and rainfall 

on cotton lint production using a standard production model. These included SDI, LEPA, 

LESA, and MESA. The regression analysis specified lint yield as the dependent variable 

and seasonal rainfall, irrigation, and irrigation2 as the independent variables. 

Production Model 
Yield Irrigation System = β0 + β1 (Seasonal Rainfall) + β2 (Irrigation) + β3 (Irrigation2) 

 

Dryland Production Model 
Yield Dryland = β0 + β1 (Seasonal Rainfall) + β2 (Seasonal Rainfall2) 

 
Where the dependent variable, yield, is the production output of a field. The 

independent variable β1, is the seasonal rainfall received through the growing season of 

March to September, β2 is the amount of irrigation water applied, and β3 is irrigation2. 

The dryland model excludes the irrigation variables and used seasonal rainfall and 

seasonal rainfall2 as the independent variables.  

The regressions were estimated using OLS in Excel. There were 42 SDI, 46 

LEPA, 49 LESA, 46 MESA, and 11 dryland observations used in the analysis. Each 

system was compared on the average amount of irrigation (in/ac), average (lint 

yield/acre), and the water use efficiency based on production in (lbs/acre inch of water). 
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The estimated production functions are based on yield responses to total water and the 

plotted data points of production outcomes of TAWC growers. Table 4.1 displays the 

summary statistics for the data used in the production analysis by dryland and irrigation 

systems. Due to extreme weather conditions in 2011, the data points on the irrigation 

systems from that production year are highlighted in each graph. 

Table 4.1. Data summary of variables used in production analysis. 

Production Data Summary  

  SDI LEPA LESA MESA Dryland 

Observations   42 46 49 46 11 

Mean  

Irrigation  (in/ac) 14.42 14.60 12.36 10.36 N/A 

Seasonal Rainfall  (in/ac) 13.13 12.33 12.56 11.49 16.47 

Yield  (lbs/ac) 1512.44 1364.40 1283.71 1183.39 589.09 

Standard Deviation 

Irrigation  (in/ac) 6.84 6.93 5.70 5.19 N/A 

Seasonal Rainfall  (in/ac) 5.24 5.70 5.39 5.24 5.30 

Yield  (lbs/ac) 395.50 365.22 359.29 428.58 322.71 

Minimum  

Irrigation  (in/ac) 4.00 6.70 4.90 0.40 N/A 

Seasonal Rainfall  (in/ac) 3.00 2.60 3.00 2.57 8.60 

Yield  (lbs/ac) 530.00 477.00 0 0 0 

Maximum       

Irrigation  (in/ac) 36.30 38.0 34.20 29.70 N/A 

Seasonal Rainfall  (in/ac) 24.60 23.60 24.60 24.40 24.60 

Yield  (lbs/ac) 2454.00 2280.00 2112.30 2006.00 1238.00 

Range 

Irrigation  (in/ac) 32.31 31.30 29.30 29.70 N/A 

Seasonal Rainfall  (in/ac) 21.60 21.00 21.60 21.83 16.00 

Yield  (lbs/ac) 1924.00 1803.00 2112.26 2006.00 1238.00 

 

For the variable cost analysis, data was gathered from the TAWC enterprise 

budgets that included pre-harvest and harvest input costs. An economic comparison was 

used to evaluate the differences between variable costs of irrigation systems and tillage 

systems. Each analysis broke down the variable production cost per system based on cost 
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per acre in ($/ac), cost per unit of production in ($/lb), gross margin per acre and the 

average yield in (lbs/ac). If sites had multiple fields, the variable cost was weighted to the 

associated acres for that site to form a single observation. For this analysis, the 2011 data 

was excluded due to the extreme values caused by drought. In order to capture seed 

income two separate analyses were conducted for both tillage and irrigation systems. To 

calculate seed income for a grower, it is assumed that for every 1 lb  of lint production 

1.6 lbs of seed is produced. The price of seed was assumed to be $180 per ton across all 

years and sites. To account for the income received from seed production the income 

from seed production is added back to variable cost to find a truer breakeven price for a 

farmer. For irrigation systems, there were 37 SDI, 39 LEPA, 43 LESA, and 39 MESA 

observations. For tillage systems, there were 70 conventional-till, 12 no-till, 9 strip-till, 

and 33 minimum-till observations. Table 4.2 displays the summary statistics for the data 

used in the cost analysis by each tillage system. Table 4.3 exhibit the summary statistics 

for the cost analysis by each irrigation system.  

 

 

 

 

 

 

 

 

 

 



Texas Tech University, Taylor A. Black, May 2018 
 

62 

 

Table 4.2. Data summary of variables used in tillage systems cost analysis. 

Cost Data Summary for Tillage Systems 

  Conventional 

Till 

No Till Minimum 

Till 

Strip Till 

Observations  70 12 33 9 

Mean 

Cost per acre  ($/ac) 741.48 571.30 708.66 751.43 

Cost per lb  ($/lb) 0.54 0.48 0.55 0.56 

Yield  (lbs/ac) 1418.79 1217.69 1335.59 1355.22 

Gross Margin  ($/lb) 415.17 452.25 470.36 389.59 

Standard Deviation  

Cost per acre  ($/ac) 200.54 157.59 145.76 66.40 

Cost per lb  ($/lb) 0.15 0.13 0.12 0.07 

Yield  (lbs/ac) 393.74 311.50 326.72 204.60 

Gross Margin  ($/lb) 327.51 261.96 286.32 204.96 

Minimum  

Cost per acre  ($/ac) 323.11 246.45 392.92 661.39 

Cost per lb  ($/lb) 0.26 0.25 0.26 0.46 

Yield  (lbs/ac) 530.00 541.00 530.00 1104.00 

Gross Margin  ($/lb) -875.65 73.09 -80.42 87.23 

Maximum       

Cost per acre  ($/ac) 1343.28 812.50 996.29 898.81 

Cost per lb  ($/lb) 1.41 0.78 0.87 0.68 

Yield  (lbs/ac) 2454.00 1801.00 2006.00 1670.00 

Gross Margin  ($/lb) 1365.04 1041.12 1213.53 599.20 

Range  

Cost per acre  ($/ac) 1020.17 566.05 603.37 237.42 

Cost per lb  ($/lb) 1.15 0.54 0.61 0.23 

Yield  (lbs/ac) 1924.00 1260.00 1476.00 566.00 

Gross Margin  ($/lb) 2240.69 968.03 1293.95 511.97 
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Table 4.3. Data summary of variables used in irrigation systems cost analysis. 

Cost Data Summary for Irrigation Systems 

  SDI LESA LEPA MESA 

Observations  37 43 39 39 

Mean      

Cost per acre  ($/ac) 789.43 660.82 726.65 600.19 

Cost per lb  ($/lb) 0.54 0.52 0.53 0.48 

Yield  (lbs/ac) 1529.29 1295.96 1390.72 1265.14 

Gross Margin  ($/lb) 446.93 369.09 439.00 336.41 

Standard Deviation 

Cost per acre  ($/ac) 186.98 136.43 199.91 150.94 

Cost per lb  ($/lb) 0.18 0.12 0.10 0.08 

Yield  (lbs/ac) 405.23 300.38 357.86 330.29 

Gross Margin  ($/lb) 364.18 246.08 261.21 260.03 

Minimum 

Cost per acre  ($/ac) 462.60 386.49 246.45 323.11 

Cost per lb  ($/lb) 0.26 0.35 0.25 0.27 

Yield  (lbs/ac) 530.00 541.00 900.00 530.00 

Gross Margin  ($/lb) -875.65 -80.42 44.54 -14.01 

Maximum 

Cost per acre  ($/ac) 1343.28 1013.59 1191.02 996.29 

Cost per lb  ($/lb) 1.41 0.81 0.75 0.64 

Yield  (lbs/ac) 2454.00 2112.26 2280.00 2006.0 

Gross Margin  ($/lb) 1365.04 1213.53 1058.83 1075.58 

Range  

Cost per acre  ($/ac) 880.68 627.10 944.57 673.18 

Cost per lb  ($/lb) 1.15 0.46 0.51 0.37 

Yield  (lbs/ac) 1924.00 1571.26 1380.00 1476.00 

Gross Margin  ($/lb) 2240.69 1293.95 1014.29 1089.59 

 

Sustainability Metrics Analysis  

This analysis utilized TAWC demonstration site data that was entered into the 

Fieldprint Calculator to evaluate the operations in the SHP on a sustainability scale. The 

diversity of inputs and outputs from these farm sites allowed for comparisons to be made 

across different management systems. An evaluation was conducted on the effects of 

production practices on sustainability outcomes over each crop year. The Fieldprint 

calculator analyzes sustainability based on seven metrics to allow a producer to evaluate 

and quantify management methods. Therefore, sustainability metrics are derived based on 
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the attributes of the field and the production practices used by the producer. This gives 

farmers the ability to enhance the efficiency of their operation and allows for increased 

opportunities in the market place. Since the Fieldprint Calculator expresses cotton as a 

joint commodity that creates products of lint and seed a lint equivalent yield ratio is 

expressed in the calculation of the metrics to capture income from seed. Based on the 

TAWC data there were 29 sites evaluated with 194 observations in this study.  

First, the raw output data was generated by the Fieldprint Calculator. For this 

study, the sustainability indexes were reevaluated to be based on the maximum value of 

each metric. In comparison to previous studies, the indexes were based on the mean value 

of each metric and values could exceed 100. For this analysis, the indexes are restricted 

to standardized measurement, based on a scale from 0-100 and are consistent across all 

sites and years. The analysis of the sustainability indexes remained constant with the 

Fieldprint Calculator by interpretation of the smaller value index indicates a positive 

impact sustainability and operation efficiency. Table 4.4 gives an example for how five 

of the seven metrics were calculated.  

Metric Calculation  

𝐿𝑎𝑛𝑑 𝑈𝑠𝑒 𝐼𝑛𝑑𝑒𝑥 =
𝑅𝑎𝑤 𝑁𝑢𝑚𝑏𝑒𝑟

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑉𝑎𝑙𝑢𝑒
 ∗ 100 

 

Table 4.4. Example of land use index calculation.  

Land use  Site D - Field 8 - 2013 Site D - Field 5 - 2014 

Lint Equivalent (ac/lb) 

0.00049025 (2039 lbs/ac 

LEY) 0.00060895 (1642 lbs/ac LEY) 

Index Calculation  
=

0.0049025𝑅𝑎𝑤 𝑁𝑢𝑚𝑏𝑒𝑟

0.0022074𝑀𝑎𝑥

∗ 100 =
0.00060895𝑅𝑎𝑤 𝑁𝑢𝑚𝑏𝑒𝑟

0.0022074𝑀𝑎𝑥

∗ 100 

Land Use Index 22 28 
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A profitability index was developed to incorporate an economic component into 

the sustainability footprint. Currently the Fieldprint Calculator does not analyze a 

measure of profitability. This index was added to the study due to the importance of 

economic viability and the adoption of sustainability practices. To create the raw values, 

the gross margin was divided by the lint equivalent yield ($/lb LEY), where gross margin 

is defined as variable cost subtracted from gross income. Since the metric was created to 

allow for negative gross margins, it is calculated by considering the vertical distance of 

all observations and the distance of the raw values from the maximum. The index is 

interpreted similar to the other metrics; therefore, a lower profitability index represents a 

better economic performance. The calculation for this metric is given in table 4.5. The 

soil carbon index was also calculated in this manner because it considers values from -1.0 

to 1.0. Due to the lack of relevance of the water quality metric in the SHP region, it was 

not included in the study. 

 𝑃𝑟𝑜𝑓𝑖𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =
(𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 −𝑅𝑎𝑤 𝑛𝑢𝑚𝑏𝑒𝑟)

(𝑇𝑜𝑡𝑎𝑙 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒)
∗ 100 

 

Table 4.5. Example of profitability index calculation.  

Profitability Index Site D - Field 8 - 2013 Site D - Field 5 - 2014 

Gross Margin/Lint 

Equivalent ($/lb) 0.30729 (626.81 $/ac) 0.1865 (306.28 $/ac) 

Index Calculation 

  

=  
0.6419𝑀𝑎𝑥 − 0.30729𝑟𝑎𝑤 𝑛𝑢𝑚𝑏𝑒𝑟

1.60838𝑇𝑜𝑡𝑎𝑙 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
∗ 100 =  

0.6419𝑀𝑎𝑥−0.1865𝑟𝑎𝑤 𝑛𝑢𝑚𝑏𝑒𝑟

1.60838𝑇𝑜𝑡𝑎𝑙 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
∗ 100  

Profitability Index 21 28 

 

Individual sites were compared based on the type of irrigation system used and 

how they performed based on each individual metric. If a site had multiple fields, each 

field was weighted to the appropriate acres to create one observation for a site per year. 

After analyzing the sites overall, four sites were chosen for comparison based on the 
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amount of observations, relative location, soil type (Pullman clay loam), and the 

irrigation system that was used (LESA, LEPA, and SDI). Sites D, A, U, and S were 

analyzed based on their sustainability metrics and spidergrams were constructed that 

include land use, irrigation use, energy use, greenhouse gas emissions, soil conservation, 

and profitability. 

Spidergram Analysis 

Though the Fieldprint Calculator produces a spidergrams for each field the 

underling methods of the footprint calculation are unclear and can make comparisons 

difficult. Another purpose of this study was to reexamine the calculation of the 

spidergrams that differed from the Fieldprint Calculator. From the index values, 

spidergrams were reevaluated to have a visual representation of a grower’s sustainability 

footprint. If a producer’s site had multiple fields for one year a weighted average was 

taken of the index values based on the associated acres of that field to make yearly 

evaluations. The spidergram analysis is measured on a scale from 0 to 100 based on how 

the producer performed on the metric analysis. Figure 4.2 displays a spidergram from a 

TAWC producer site that utilized a SDI irrigation system. Where the average (orange) 

represents the entire data set across all years and sites and the producer footprint (purple) 

demonstrates their sustainability performance based on six metrics.   
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Secondly, from the spidergrams the area of each section could be calculated in 

order to quantify the sustainability “footprint” represented by a producer. Based on a 

metric evaluation, (land use, irrigation use, energy use, GHG emissions, soil 

conservation, and profitability) the spidergram is divided into six sections that are 

triangular. The area of each triangle section is calculated and then summed to find the 

total area of the footprint1. Finally, these results are compared back to the average area of 

the data set to analyze how the site performed that year. Each year is relative back to the 

average to quantify a percentage for the producer’s sustainability footprint. The yearly 

footprint percentages are interpreted as a percent of the average. This allows for a 

quantitative measurement of the production practices that develop a representative 

footprint of an overall sustainability performance score for each producer.   

                                                           
1 Area of a triangle where b and c are the adjacent sides of the triangle, and A is the angle between them. 

𝐴𝑟𝑒𝑎 =  
𝑏𝑐

2
sin 𝐴 
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Figure 4.2. Spidergram of a cotton production operation that operated a 

SDI irrigation system. 
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Land Use and Profitability Metric  

An additional analysis was conducted to look at the relationship between the land 

use index and the profitability index for cotton. The profitability index allows each site to 

be evaluated on the efficient use of resources from an economic standpoint. The 

components of the land use metric are directly tied to yield production. The profitability 

metric also considers yield output to be a primary factor in the calculation of gross 

income as a component of the gross margin. If the metrics are highly correlated, one 

metric could be a proxy for the other. In order to analyze the relationship between the two 

metrics, the profitability index was regressed on the land use index and nine dummies 

variables for years 2007-2015 in order to account for the variability in weather and 

prices. The model used 2016 as the base year. The data was transformed into a natural log 

function in order to interpret the elasticity effects.  
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CHAPTER 5  
 

RESULTS AND DISCUSSION 

Production Analysis 

The TAWC sites were used to identify irrigation practices, production outputs, 

and water application through seasonal rainfall and irrigation. The data from 2005 to 

2016 was categorized into data sets for dryland and irrigation systems that included SDI, 

LEPA, LESA, and MESA. A total of five production functions were estimated to 

compare the effects of irrigation and rainfall on cotton lint production. The equations 

were estimated using Ordinary Least Squares (OLS) in Excel. The regression analysis 

specified lint yield as the dependent variable and seasonal rainfall, irrigation, and 

irrigation2 as the independent variables. A (0, 0) observation was added to each of the 

five data sets to account for the expected yields at zero water application and no rainfall. 

The dryland model excludes the irrigation variables and used lint yield as the dependent 

variable and seasonal rainfall and seasonal rainfall2 as the independent variables. Each 

system was compared on the average amount of irrigation (in/ac) used, average lint yield 

(lbs/acre), and the water use efficiency based on production in (lbs/acre inch of water).  

The production functions were estimated as quadratic equations with a squared 

variable added to irrigation to account for diminishing marginal returns. A squared 

variable was also added to the seasonal rainfall in the dryland production analysis to also 

account for diminishing marginal returns. The production functions do not exhibit a stage 

I of production due to the model that was used, instead the model captures stage II of 

production and entering into stage III in some cases. Since the SHP has a constraint on 

water use it is important to recognize that the optimal amount of irrigation falls between 

20 – 24 inches of water for producers in the region though the seed varieties could be 
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capable of more output than is currently demonstrated by growers due to water 

availability.  

Each section gives the estimated production functions based on yield responses to 

total water and a graph of the plotted data points of production outcomes of TAWC  sites. 

Statistical outputs are provided for each regression. Due to extreme weather conditions in 

2011, the data points from that year are highlighted in each graph. The graphs take into 

account an initial 13 inches of rainfall received based on an average rainfall across all 

sites. Figure 5.6 shows the combination of all systems on one graph in order to see the 

differences between each irrigation system. The construction of the model explains that 

water application has a positive impact on production output until it reaches a point of 

diminishing returns. Therefore, an increase in seasonal rainfall or irrigation indicates a 

positive increase in yield.  

 

Subsurface Drip (SDI) Production Analysis 

 

 There were 41 observations over a 12-year period that managed a SDI system on 

cotton production. Seasonal rainfall was based on the specific rainfall a field received 

during the growing season and irrigation water was the amount of water application that 

was applied by the producer through a SDI system. The SDI observations were assessed 

using Excel to evaluate the parameter estimates and determine the significance of 

variables. Model 1 shown in equation 5.1 conveys cotton yield using a SDI irrigation 

system as a function of (SRF), (IRR), and (IRR2). 

(5.1) 

 Yield SDI = β0 + β1 (SRF) + β2 (IRR) + β3 (IRR2) 

Where: 
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 Yield SDI = Lint output from producers managing a SDI irrigation system 

 SRF = Season rainfall received from March – September (in/ac) 

 IRR = Irrigation water applied (in/ac) 

 IRR2= the squared value of the IRR variable  

 

 R2 = 0.40 

 (F3,38 = 8.7, p < 0.05) 

 

Table 5.1. Parameter estimates for SDI irrigation system on cotton yield production.  

Variable Parameter 

Estimate 

Standard 

Errors 

t-Stat P-Value  

Intercept 362.2951 257.0995 1.4091 0.1669 

SRF 22.6743 10.9032 2.0796 0.0443 

IRR 76.3878 24.9285 3.0642 0.0040 

IRR2 -1.01622 0.6565 -1.547 0.1299 
 

 
Figure 5.1. Effects of a SDI irrigation system on cotton production. 

 

Table 5.1 presents the parameter estimates on cotton yield while managing an SDI 

irrigation system as a function of seasonal rainfall and irrigation water. The model had an 

R2 of 0.40. At a total of three degrees of freedom the model showed to be statistically 

significant (F3,38 = 8.7, p < 0.05). The coefficient for seasonal rainfall (SRF), irrigation 
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(IRR), and the (IRR2) variable had the expected signs. The (SRF) and the (IRR) variable 

were significant at the 95% confidence level. The (IRR2) was not significant in the 

model, but is needed to account for the diminishing marginal returns. An additional inch 

of rainfall had a positive increase on yield by 23 (lbs/ac) and an additional inch of 

irrigation had a positive increase on yield by 76 (lbs/ac). The results from this analysis 

showed to be economically significant relative to the impacts water application through 

an SDI system has on cotton production. This will allow producers to better manage 

water by understanding the marginal impact on yield output.  

Figure 5.1 illustrates the production function developed from the data analysis. 

The y-axis represents cotton production in (lbs of lint/ac) and the x-axis represents the 

combination of seasonal rainfall and irrigation water applied. The data points are plotted 

with the 2011 data points highlighted to show the impact the draught had on production 

and water application. For example, in 2011 a specific cotton sitereceived a combination 

of 28 (in/ac) and produced a yield of 1,234 (lbs/ac), in comparison to another year with 

the same amount of water and produced 2,255 (lbs/ac). The average irrigation water 

applied was 14.1 (in/ac) with an average lint yield of 1,476 (lbs/ac). The water use 

efficiency for the SDI systems was 105 (lbs/ac inch). 

Low Energy Precise Application (LEPA) Production Analysis 

 As part of a center pivot system the LEPA irrigation management system 

consisted of 45 observations over a 12-year period. Seasonal rainfall was based on the 

specific rainfall a field received during the growing season and irrigation water was the 

amount of water application that was applied by the producer through a LEPA center 

pivot system. The LEPA observations were evaluated through Excel to assess the 
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parameter estimates and determine the significance of variables. Model 2 which is shown 

in equation 5.2 expresses cotton yield through a LEPA irrigation system as a function of 

(SRF), (IRR), and (IRR2). 

(5.2) 

 Yield LEPA = β0 + β1 (SRF) + β2 (IRR) + β3 (IRR2) 

 R2 = 0.45 

 (F3,42 = 11.8, p < .05) 

 

Table 5.2. Parameter estimates for LEPA irrigation system on cotton yield production 

Variable Parameter 

Estimate 

Standard 

Errors  

t-Stat P-Value  

Intercept 86.6417 229.9063 0.3768 0.7081 

SRF 39.1594 9.0151 4.3437 0.0000868 

IRR 72.1670 22.8961 3.1519 0.0029 

IRR2 -0.9988 0.6232 -1.6027 0.1164 
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Figure 5.2. Effects of a LEPA irrigation system on cotton production. 
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Table 5.2 exhibits the parameter estimates on cotton yield while managing a 

LEPA irrigation system as a function of seasonal rainfall and irrigation water and shows 

the statistical significance of the variables. The R2 for the LEPA model is 0.45. With 

three degrees of freedom, the model shows to be statistically significant (F3,42 = 11.8, p < 

.05). The coefficients for seasonal rainfall (SRF), irrigation (IRR), and (IRR2) had the 

expected signs. The (SRF) and the (IRR) variable were significant at the 95% confidence 

level. The (IRR2) is not significant in the model, but is needed to account for the 

diminishing marginal returns. An additional inch of rainfall has a positive increase on 

yield by 39 (lbs/ac) and an additional inch of applied irrigation had a positive increase on 

yield by 72 (lbs/ac).  

 Figure 5.2 shows the relationship between output and total water through 

management of a LEPA system. The y-axis represents cotton production in (lbs of lint/ac) 

and the x-axis represents the combination of seasonal rainfall and irrigation water 

received. The data observations are plotted to show the results and 2011 observations are 

labeled to show the significant impact the draught had on production and water 

application. The average irrigation water applied was 14.3 (in/ac) with an average lint 

yield of 1,335 (lbs/ac). The water use efficiency for the LEPA systems was (94 lbs/ac in). 

Low Energy Sprinkler Application (LESA) Production Analysis 

 As a variety of a center pivot system the LESA irrigation management system 

consisted of 48 observations over a 12 year period. Seasonal rainfall was based on the 

specific rainfall a field received during the growing season and irrigation water was the 

amount of water application that was applied by the producer through a LESA center 

pivot system. The LESA observations were evaluated using Excel to assess the parameter 
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estimates and determine the significance of variables. Model 3 shown in equation 5.3 

implies the relationship between cotton yield through a LESA irrigation system as a 

function of (SRF), (IRR), and (IRR2). 

(5.3) 

 Yield LESA = β0 + β1 (SRF) + β2 (IRR) + β3 (IRR 2) 

 R2 = 0.35 

 (F3,45 = 8.3, p < 0.05) 

 

Table 5.3. Parameter estimates for LESA irrigation system on cotton yield production. 

Variable Parameter 

Estimate 

Standard 

Errors 

t-Stat P-Value  

Intercept 441.3735 199.4702 2.2127 0.0320 

SRF 20.2871 9.334 2.1734 0.0350 

IRR 57.6617 27.8045 2.0738 0.0438 

IRR2 -0.7278 0.8514 -0.8547 0.3972 
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Figure 5.3. Effects of a LESA irrigation system on cotton production. 

 

Table 5.3 displays the parameter estimates on cotton yield while operating a 

LESA irrigation system as a function of seasonal rainfall and irrigation water and shows 

the statistical significance of the variables. The R2 for the LESA model is 0.35. With 

three degrees of freedom, model 3 shows to be statistically significant (F3,45 = 8.3, p < 

0.05). The coefficients for seasonal (SRF), irrigation (IRR), (IRR2) had the expected 

signs. The (SRF) and (IRR) were significant at the 95% confidence level. The (IRR2) is 

not significant in the model, but is needed to account for the diminishing marginal 

returns. An additional inch of rainfall had a positive increase on yield by 20 (lbs/ac) and 

an additional inch of irrigation had a positive increase on yield by 58 (lbs/ac).  
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Figure 5.3 shows the relationship between output and total water through the 

management of a LESA system. The y-axis represents cotton production (lbs of lint/ac) 

and the x-axis is denoted by the combination of seasonal rainfall and irrigation water 

received. The data observations are plotted to show the actual results and 2011 

production results are labeled to show the significant impact the draught had on a 

production and water application. The average irrigation applied was 12 inches with an 

average lint yield of 1,258 lbs/ac. The water use efficiency for the LESA systems was 

104 lbs/ac in. 

Mid-Elevation Spray Application (MESA) Production Analysis  

 MESA is another form of a center pivot system, while the height of the 

application is more commonly seen in grains this system is commonly used amongst 

cotton producers in the Texas High Plains as well. The MESA irrigation management 

system consisted of 45 observations over a 12 year period. Seasonal rainfall was based on 

the specific rainfall a field received during the growing season and irrigation water was 

the amount of water application that was applied by the producer through a MESA center 

pivot system. The MESA observations were evaluated using Excel to measure the 

impacts of parameter estimates and determine the significance of variables. Model 4 

shown in equation 5.4 expresses the relationship between cotton yield through a LESA 

irrigation system as a function of (SRF), (IRR), and (IRR2). 

(5.4) 

 Yield MESA = β0 + β1 (SRF) + β2 (IRR) + β3 (IRR 2) 

 R2 = 0.45 

 (F3,42 = 11.9, p < 0.05) 
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Table 5.4. Parameter estimates for MESA irrigation system on cotton yield production. 

Variable Parameter 

Estimate 

Standard 

Errors 

t-Stat P-Value  

Intercept 113.6278 188.03 0.6043 0.5488 

SRF 35.9483 11.0634 3.2492 0.0022 

IRR 77.7530 29.425 2.6424 0.0115 

IRR2 -1.2200 1.1168 -1.0924 0.2808 

 

 
Figure 5.4. Effects of a MESA irrigation system on cotton production. 

Table 5.4 displays the parameter estimates on cotton yield production while 

managing a MESA irrigation system as a function of seasonal rainfall and irrigation 

water and shows the statistical significance of the variables. The R2 for the MESA model 

is 0.45. With three degrees of freedom, the equation 5.4 shows to be statistically 

significant (F3,42 = 11.9, p < 0.05). The coefficients for seasonal (SRF) irrigation (IRR), 

(IRR2) had the expected signs. The (SRF) and (IRR) were significant at the 95% 
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confidence level. The (IRR2) is not significant in the model, but is needed to account for 

the diminishing marginal returns. An additional inch of rainfall had a positive increase on 

yield production by 36 (lbs/ac) and an additional inch of irrigation had a positive increase 

on yield production by 78 (lbs/ac).  

Figure 5.4 shows the relationship between output and total water through the 

management of a MESA system. The y-axis represents cotton production (lbs of lint/ac) 

and the x-axis is denoted by the combination of seasonal rainfall and irrigation water 

received. The data observations are plotted to show the actual results  and 2011 

production results are labeled to show the significant impact the draught had on a 

production and water application. The average irrigation applied was 10 (in/ac) with an 

average lint yield of 1,183 (lbs/ac). The water use efficiency for the MESA systems was 

117 (lbs/ac in).  

 

Dryland Production Analysis 

 

 Under dryland production, there were 11 observations with seven years of data. 

Since dryland cotton production is only supplied water through seasonal rainfall no 

irrigation variables were evaluated in this analysis. Seasonal rainfall was based on the 

specific rainfall a field received during the growing season. The dryland observations 

were evaluated using Excel to assess the parameters estimates and determine the 

significance of variables. Model 5 shown in equation 5.5 was specified with cotton yield 

through a dryland system as a function of (SRF) and (SRF2). 

(5.5) 

 

 Yield Dryland = β0 + β1 (SRF) + β2 (SRF 2)  

 

 R2 = 0.68 

 (F2,8 = 8.6, p < 0.05) 
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Table 5.5.Parameter estimates for Dryland irrigation system on cotton yield production. 

Variable Parameter 

Estimate 

Standard 

Errors 

t-Stat P-Value  

Intercept -1826.2533 678.2253 -2.6926 0.0273 

SRF 282.2563 88.622 3.1849 0.0129 

SRF2 -7.5246 2.697 -2.7899 0.0235 

 

 
Figure 5.5. Effects of rainfall on dryland on cotton production. 

Table 5.5 displays the parameter estimates on cotton yield with a dryland system 

as a function of seasonal rainfall and shows the statistical significance of the variables. 

The R2 for the dryland model is 0.68. With three degrees of freedom, the model 5.4 

shows to be statistically significant (F2,8 = 8.6, p < 0.05). The coefficients for the seasonal 

(SRF) and (SRF2) had the expected signs. The (SRF) and (SRF2) were significant at the 

95% confidence level. An additional inch of rainfall had a positive increase on yield 

production by 282 (lbs/ac).  
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Figure 5.5 shows the relationship between output and total water through the 

management of a dryland system. The y-axis represents cotton production (lbs of lint/ac) 

and the x-axis is denoted by of seasonal rainfall received. The data observations are 

plotted to show the actual results. There were no 2011 production outputs in this data set. 

The dryland production function shows that at least 8 inches of rainfall is needed to 

produce a crop without supplemental irrigation. Dryland production showed to have an 

average lint yield of 589 (lbs/ac). 

The results from the production variables show that for the irrigation system 

analysis rainfall contributes 20-39 lbs of production per inch. Although when compared 

to the dryland production where rainfall had a greater impact on production the effect of 

rainfall with the supplement of irrigation was much smaller. This could indicate that the 

data lacked observations that utilized mostly rainfall compared to the amount of irrigation 

water applied. The MESA and SDI irrigation systems showed to have the highest water 

use efficiency (lbs/ac in). To determine the effects of the irrigation systems compared to 

production, each system was plotted on a single graph. Figure 5.6 shows the combination 

of all systems on one graph in order to see the variability in yield performance and 

identify efficiencies between each irrigation system. When comparing and contrasting the 

irrigation systems there appears to be little difference between the center pivot systems, 

but the SDI system exhibits a higher production across irrigation levels.   
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Figure 5.6. Analysis of production efficiency of all evaluated irrigation and dryland 

systems. 

Variable Cost Analysis 

For the variable cost analysis, data was gathered from the TAWC enterprise 

budgets that included pre-harvest per acre input costs (seed, fertilizer, herbicide, 

insecticide, irrigation pumping costs, and tillage costs) and the harvest costs per acre 

(harvest aids and ginning costs). An economic comparison was used to evaluate the 

different variable costs of irrigation systems and tillage systems. Each analysis itemized 

the variable production cost per system based on cost per acre in ($/ac), cost per unit of 

production in ($/lb), gross margin per acre ($/lb), and the average yield in (lbs/ac). If sites 

had multiple fields, the variable cost was weighted to the associated acres for that site to 

form a single observation. For this analysis, the 2011 data was excluded due to the 

extreme values caused by drought. Sites that had yield losses due to abandonment or crop 

failure were not included in this analysis due to the lack of yield values. For the irrigation 
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systems there were 37 SDI, 39 LEPA, 43 LESA, and 39 MESA observations. For tillage 

systems, there were 70 conventional-till, 12 no-till, 9 strip-till, and 33 minimum-till 

observations.  

Irrigation Systems 
 

Table 5.6. Variable cost analysis of irrigation systems. 

Irrigation System SDI LESA LEPA MESA 

Variable Cost  $/ac 789 660 726 600 

Variable Cost $/lb 0.54 0.52 0.53 0.48 

Avg. Yield  lbs/ac 1529 1296 1391 1265 

Gross Margin $/ac 447 369 439 336 
 

Table 5.7. Variable cost analysis of irrigation systems with the consideration of seed 

income.  

Irrigation System w/ Seed 

Income 

SDI LESA LEPA MESA 

Variable Cost  $/ac 569 474 526 418 

Variable Cost $/lb 0.40 0.38 0.38 0.34 

Avg. Yield  lbs/ac 1529 1296 1391 1265 

Gross Margin $/ac 447 369 439 336 
 

Tillage Systems  
 

Table 5.8. Variable cost analysis of tillage systems. 

Tillage System Conventional No Till Strip Till Minimum Till 

Variable Cost  $/ac 741 571 751 709 

Variable Cost $/lb 0.54 0.48 0.56 0.55 

Avg. Yield  lbs/ac 1419 1218 1355 1336 

Gross Margin $/ac 415 452 390 470 
 

Table 5.9. Variable cost analysis of tillage systems with the consideration of seed income.  

Tillage System w/ Seed 

Income 

Conventional No Till Strip Till Minimum Till 

Variable Cost  $/ac 537 395 556 516 

Variable Cost $/lb 0.40 0.34 0.42 0.40 

Avg. Yield  lbs/ac 1419 1218 1355 1336 

Gross Margin $/ac 415 452 390 470 
 

Tables 5.6 through 5.9, provide a summary of the economic cost of production 
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methods used in a cotton operation in the SHP. Analyses were conducted for each 

irrigation and tillage system without accounting of income from sales of cotton seed and 

to account for the income from seed production. No fixed costs were included in the 

calculations. The irrigation systems showed that the lowest variable cost system was a 

MESA irrigation system; however, the MESA system had the lowest gross margin and 

lint yield. The highest variable cost system for irrigation systems was SDI, but it also had 

the highest gross margin and lint yield output. The SDI, LESA, and LEPA showed to 

have similar variable cost when compared on a $/lb basis. The analysis of tillage systems 

showed that no-till had the lowest variable cost and lint yield. The gross margin for no-till 

showed to be the second highest, but it is also important to take into consideration that 

there were limited observations for no-till and strip-till management systems.  

Fieldprint Calculator and Sustainability Analysis 

To determine the effects that production management systems have on 

sustainability, a second analysis was performed to compare the economic and 

environmental tradeoffs that a cotton operation might face in the SHP of Texas. The 

initial analysis compared individual sites based on the type of irrigation system used and 

how they performed based on each sustainability metric produced by the Fieldprint 

Calculator. The profitability metric was evaluated in this comparison to capture the 

economic performance of each site. Based on the TAWC data there were 29 sites 

evaluated with a total of 194 observations. If a site had multiple fields, each field was 

weighted to the appropriate acres to create one value for each metric for a site per year. 

For this study, the indexes were measured on a scale from 0 to 100 and were consistent 

across all sites and years. The interpretation of the sustainability metrics is such that a 

lower index implies a better use of resources. For example, the decrease in the amount of 
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water used to produce a specific level of cotton yield would decrease the sustainability 

metric value. This would imply a positive impact on sustainability. Therefore, the 

interpretations for all metrics are such that a decrease in an index value results in a 

smaller sustainability footprint and an overall higher economic and environmental 

performance achieved by an operation.  

The results of the individual site comparison analysis were centered on the type of 

irrigation system (SDI, LEPA, LESA, and MESA) a producer used. This demonstrated a 

sustainability measure for production methods based on six metric analyses. Due to the 

complexity and calculation discrepancy of the soil carbon metric was omitted from the 

analysis. By standardizing the metrics, the sites can be assessed on several measures to 

interpret the environmental and economic performance. For comparison purposes, the 

overall average from the data set for each metric is added to tables. If the metric for the 

site was at a higher level than the overall average (blue) the metric is highlighted in red. 

Site D – LESA  

Site D used a center pivot LESA irrigation system over a nine year period from 

2007-2015. This site had 20 observations with an average LEY of 1,765 (lbs/ac), an 

average irrigation rate of 14.5 (in/ac), and a water use efficiency of 120 (lbs/ac inch). The 

average sustainability index for this site was 22 which was equal to the total average 

index of the data set. Based on the indexes per year this site showed to be above the 

average in 2011 and 2015. In the year 2015, the site was above the average index values 

except for the soil conservation metric, this is assumed to have been the result of higher 

irrigation inputs without yield responding adequately to balance out the costs of pumping. 

Table 5.10 exhibits the average index for the data set (blue) and the sustainability metrics 
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by year for Site D.  

Table 5.10. Average indexes by year and metric for Site D. 

Averages Site D 

Year Land Use Irrigation  Energy  GHG SC Profitability  

 Overall Average 30.76 17.18 21.62 17.95 17.95 25.78 

2007 18.60 8.32 11.85 9.70 16.45 22.44 

2008 22.41 16.52 19.19 14.97 11.21 29.61 

2009 30.32 10.49 15.55 12.50 15.79 27.65 

2010 31.62 11.27 26.63 29.29 12.60 21.88 

2011 39.50 35.50 35.39 28.59 17.03 19.43 

2013 22.21 20.79 22.56 18.76 12.17 20.80 

2014 27.59 12.74 17.64 15.40 16.41 28.31 

2015 33.36 28.33 40.49 32.73 12.00 35.92 

 

Site A – LEPA  

Site A applied a center pivot LEPA irrigation system over a nine year period from 

2007-2015 with 10 observations. This site had an average LEY of 1,320 (lbs/ac), an 

average irrigation rate of 10.6 (in/ac), and a water use efficiency of 124 (lbs/ac) in. The 

average overall index for this site was 21 which was one unit lower than the data set 

average. Based on the average indexes per year this site showed to be above average in 

2011, which is assumed to have been the result of the extreme draught conditions 

experienced in that year. Table 5.11 displays the average index for the data set (blue) and 

the sustainability metrics by year for Site A. 
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Table 5.11. Average indexes by year and metric for Site A. 

Averages Site A 

Year Land Use Irrigation  Energy  GHG SC Profitability  

 Overall Average 30.76 17.18 21.62 17.95 17.95 25.78 

2007 27.89 9.06 16.52 15.94 10.51 28.49 

2008 38.37 11.97 19.85 16.68 11.02 30.91 

2009 39.54 11.64 17.02 13.63 10.60 32.87 

2010 34.43 9.56 14.88 12.06 9.49 18.04 

2011 39.41 42.12 38.80 31.77 9.60 24.64 

2013 37.98 23.44 26.60 21.00 9.56 8.46 

2014 30.20 15.01 18.49 14.35 9.56 17.52 

2015 32.84 11.56 17.24 12.89 9.47 29.65 

 

Site U – MESA  

Site U operated a center pivot MESA irrigation system over a nine year period 

from 2008-2016 with 9 observations. This site had an average LEY of 1,309 (lbs/ac), an 

average irrigation rate of 10.1 (in/ac), and a water use efficiency of 129 (lbs/ac) in. The 

average overall index for this site was 30 which were eight units higher than the data set 

average. Based on the average indexes per year this site showed to be above average in 

2008, 2009, 2011, 2012, 2013, 2014, 2015, and 2016. Table 5.12 displays the average 

index for the data set (blue) and the sustainability metrics by year for Site U. 

Table 5.12. Average indexes by year and metric for Site U.  

Averages Site U 

Year Land Use Irrigation  Energy  GHG SC Profitability  

 Overall Average 30.76 17.18 21.62 17.95 17.95 25.78 

2008 48.77 17.68 17.10 11.68 40.23 24.06 

2009 42.68 9.74 14.71 11.64 41.97 30.10 

2010 32.00 5.04 13.28 12.85 42.72 20.36 

2011 81.74 40.97 50.79 43.84 62.73 5.78 

2012 35.01 24.36 29.34 24.97 41.25 0.00 

2013 22.90 12.90 18.92 17.52 61.60 16.53 

2014 33.78 11.48 16.09 12.67 41.19 31.09 

2015 31.95 7.94 56.02 63.98 35.18 28.22 

2016 25.30 16.77 23.32 19.55 34.95 78.74 
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Site S - SDI 

Site S transitioned from a furrow irrigation system to a subsurface drip system 

(SDI) in 2008. This site had 11 observations under the SDI system for an eight year 

period. This site had an average LEY of 1,955 (lbs/ac), an average irrigation rate of 12.7 

(in/ac), and a water use efficiency of 153 (lbs/ac in). The average overall index for this 

site was 17 which was five units lower than the data set average. Based on the average 

indexes per year this showed to be below average for all years including 2011. Table 5.13 

presents the average index for the data set (blue) and the sustainability metrics by year for 

Site S. 

Table 5.13. Average indexes by year and metric for Site S. 

Averages Site S 

Year Land Use Irrigation  Energy  GHG SC Profitability  

 Overall Average 30.76 17.18 21.62 17.95 17.95 25.78 

2008 20.02 6.95 12.35 9.87 13.41 26.99 

2009 19.79 21.07 23.84 17.69 12.90 28.15 

2010 28.22 4.66 11.63 9.56 8.24 14.19 

2011 23.54 18.14 22.37 17.86 9.05 10.98 

2013 16.77 12.27 17.30 14.95 12.77 16.19 

2014 25.46 15.98 19.47 15.32 12.77 28.43 

2015 31.86 9.24 20.92 19.02 14.17 29.37 

 

Spidergram Site Analysis  

From the index values, spidergrams were developed to provide a visual 

representation of a grower’s sustainability footprint. Each metric is represented on the 

diagram to create a complete footprint. The spidergram analysis is measured on a scale 

from 0 to 100 based on how the producer performed on the metric analysis and then the 

area of the footprint is calculated and compared to the overall average footprint. The 

interpretation of the spidergrams correspond with the index values such that the smaller 
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metric values a producer has translates into a positive environmental change. The target 

for producers is to remain inside the average or as close to the center of the diagram as 

possible. This formation of the spidergrams allows producers to quantify the 

sustainability footprint relative to constraints of the SHP of Texas.  

Figures 5.7 to 5.10, display the spidergrams for each of the four comparable sites. 

For representation purposes each of the diagrams compares the footprint of the overall 

average index and the metric analysis of 2014 for that site. The construction of the 

spidergrams allows a producer to add or filter specific years to make evaluations over 

time. The measurement of the sustainability footprints is implemented in the area 

calculation analysis. Each area is computed and compared back to the overall average of 

all the TAWC cotton sites from 2007 to 2016. For visual purposes, a single year was 

selected (2014) for each evaluated site to be graphically compared to the overall average 

on the spidergram. The interpretation of the area percentages is of the average. For 

example, if Site S in 2010 scored 31%, the producer’s footprint is 31% of the average or 

69% below the average. The smaller the percentage score, the smaller footprint that is 

expressed through the metric analysis. This allows for a quantitative measurement of the 

footprint to give a representation of an overall sustainability performance score for a 

single year and allow producers to identify management methods that could impact the 

score positively or negatively. Tables 5.14 to 5.17, give the percentage of the area in each 

year of the spidergrams.  
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Site D - Footprint 

 Figure 5.7 displays the spidergram for Site D based on the overall data set average 

and the metric analysis for 2014. Table 5.14 describes the sustainability scores for each 

year. Based on the average sustainability scores, Site D showed to be an overall 3% 

above the average footprint. Of the years analyzed, the LESA system showed to be above 

the average footprint in 2011 and 2015.  

Table 5.14. Percentage of the average sustainability scores for Site D. 
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2007 46% 

2008 75% 

2009 75% 
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Figure 5.7. Spidergram evaluation for Site D with a LESA irrigation system. 
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Site A – Footprint  

Figure 5.8 displays the spidergram for Site A based on the overall data set average 

and the metric analysis for 2014. Table 5.15 describes the sustainability scores for each 

year. Based on the average sustainability scores, Site A showed to be an overall 6% 

below the average footprint. Of the years analyzed the LEPA system showed to be above 

the average footprint in 2011. 

Table 5.15. Percentage of the average sustainability scores for Site A. 
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Figure 5.8. Spidergram evaluation for Site A with a LEPA irrigation system. 
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Site U – Footprint 

Figure 5.9 displays the spidergram for site U based on the overall data set average 

and the metric analysis for 2014. Table 5.16 describes the sustainability scores for each 

year. Based on the average sustainability scores, Site U showed to be an overall 82% 

above the average footprint. The graphical scale for Site U is slightly larger than the other 

sites due to the site performing far above average on the soil conservation metric. Of the 

years analyzed the MESA system showed to be above the average footprint in 2008, 

2009, 2011, 2012, 2013, 2014, 2015, and 2016. 
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Figure 5.9. Spidergram evaluation for Site U with a MESA irrigation system. 
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Table 5.16. Percentage of the average sustainability scores for Site U. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Averages  Area Percentages 

2008 139% 

2009 131% 

2010 86% 

2011 392% 

2012 116% 

2013 117% 

2014 127% 

2015 294% 

2016 234% 



Texas Tech University, Taylor A. Black, May 2018 
 

94 

 

Site S – Footprint  

Figure 5.10 displays the spidergram for Site S based on the overall data set 

average and the metric analysis for 2014. Table 5.17 describes the sustainability scores 

for each year. Based on the average sustainability scores, Site S showed to be an overall 

37% below the average footprint. Of the years analyzed the SDI system showed to be 

below the average footprint in all years. 

Table 5.17. Percentage of the average sustainability scores for Site S. 

Yearly Averages Area Percentage 

2008 48% 

2009 87% 

2010 31% 

2011 61% 

2013 47% 

2014 80% 

2015 87% 
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Figure 5.10. Spidergram evaluation for Site S with a SDI irrigation system 
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The results for the spidergram analysis show that based on individual 

management of cotton sites in the SHP of Texas the SDI irrigation system showed to be 

more productive and sustainable. Since the SHP, is limited by seasonal rainfall amounts 

the agriculture production relies heavily on irrigation water to supplement crop systems. 

Since this analysis was based on different individual producers there could be differences 

in how the sites were managed. Based on the four sites representing different irrigation 

systems, the SDI system on Site S had the highest water use efficiency at 153 (lbs/ac in). 

The system also had the lowest overall sustainability footprint in comparison to the data 

set average followed by the LEPA (Site A), LESA (Site D), and MESA (Site U) systems. 

Even in years of severe draught such as 2011, the SDI system was able to remain 

productive. In the comparison of the sustainability metrics, the SDI system performed 

better in the following metrics - land use, profitability, irrigation, energy, and greenhouse 

gases. The SDI site also remained below the average sustainability footprint in all years, 

where a smaller size footprint indicates a positive impact on sustainability. The LEPA 

irrigation system utilized by Site A performed best in the soil conservation metric and 

was second to the SDI site in energy use, greenhouse gas emissions, and profitability. 

The LEPA system had the second lowest overall average based on the sustainability 

metrics and was only above the average footprint in 2011 due to the extreme draught 

experienced in that production year. Although the LESA system on Site D performed 

better than the LEPA system in land use it was overall the third sustainable system 

evaluated by the metrics and spidergrams. The LESA system was above the average 

footprint in 2011 and in 2015. In comparison to the other irrigation systems, the MESA 

system managed in site U had the largest index average. This means that this system did 
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not contribute as much to sustainability compared to the other systems. The MESA 

system was second to SDI in irrigation water use, but had the highest indexes for land 

use, energy use, greenhouse gas emissions, and soil conservation. It remained at the 

average for profitability, but the spidergram analysis showed the MESA system to be 

182% of the average footprint.  

Land Use and Profitability Metric  
 

The final analysis that was conducted looked at the relationship between the land 

use index and the profitability index for cotton. There were 203 observations for cotton 

over a 10-year period. The prices used to develop the profitability index were related 

back to the TAWC budgets based on the gross margin calculations. Since this economic 

performance is currently not measured through the Fieldprint Calculator this metric was 

created to merge the gap between environmental and economic sustainability. The 

profitability index allows each site to be evaluated on the efficient use of resources from 

an economic standpoint. One of the major factors of the profitability metric is yield 

which is similar to the land use metric. Therefore, if there is a strong correlation between 

the metrics they could be used interchangeably to evaluate profitability on cotton 

operations in the SHP of Texas. The observations were analyzed in Excel to arrive at 

parameter estimates and statistical significance of variables. In order to analyze the 

relationship between the two metrics, the profitability index was regressed on the land 

use index and nine dummies for years 2007-2015. The dummy variables were included to 

account for the variability in weather and prices. The model used 2016 as the base year. 

The data was transformed into a natural log function in order to interpret the elasticity 

effects.  
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(5.6)  

𝐿𝑛𝑃𝐼  =  𝛽0  + 𝛽1 (𝑙𝑛𝐿𝑈) +  𝛽2 ∗ 𝐷1  +  𝛽3 ∗ 𝐷2  +  𝛽4 ∗ 𝐷3  +  𝛽5 ∗ 𝐷4   
+ 𝛽6 ∗ 𝐷5  + 𝛽7 ∗  𝐷6  + 𝛽8 ∗  𝐷7  +  𝛽9 ∗ 𝐷8  + 𝛽10 ∗  𝐷9  

 

Where:  

 

 

PI = the index value for the profitability metric  

LU = the index value for the land use metric 

D1 = dummy variable for the 2007 production year 

D2 = dummy variable for the 2008 production year 

D3 = dummy variable for the 2009 production year 

D4 = dummy variable for the 2010 production year 

D5 = dummy variable for the 2011 production year 

D6 = dummy variable for the 2012 production year 

D7 = dummy variable for the 2013 production year 

D8 = dummy variable for the 2014 production year 

D9 = dummy variable for the 2015 production year 

 

 R2 =0.56  

 (F10,192 = 24.6, p < 0.05) 

 

Table 5.18. Parameter estimates for profitability and land use sustainability metrics. 

Variable Parameter 

Estimate 

Standard 

Errors  

t-Stat P-Value  

Intercept 1.2627 0.2561 4.9288 1.78274E-06 

Ln LU  0.6382 0.0696 9.1677 7.50457E-17 

2007 -0.048 0.1194 -0.402 0.688097958 

2008 0.0343 0.1262 0.2724 0.78558631 

2009 -0.0115 0.1224 -0.0942 0.924984417 

2010 -0.4786 0.1204 -3.9749 9.95724E-05 

2011 -0.6274 0.1179 -5.3191 2.88406E-07 

2012 -0.9202 0.1181 -7.7868 4.17289E-13 

2013 -0.3436 0.1201 -2.8606 0.004696507 

2014 -0.0726 0.1196 -0.6071 0.544446744 

2015 -0.0916 0.1361 -0.6735 0.501378835 
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Table 5.18 presents the parameter estimates on the profitability metric as a 

function of the land use metric and years. The model had a R2 of 0.56. With 10 degrees of 

freedom the model showed to be statistically significant (F10,192 = 24.6, p < 0.05). The 

coefficient for land use (lnLU) had a positive sigh, meaning that is has positive impact on 

the profitability index. The (lnLU) variable showed to be significant at the 95% 

confidence level. The equation indicates that a 1% decrease in the land use index is 

estimated to decrease the profitability index by approximately 0.638%, all else being 

equal. The economic significance of this model show that there is a positive relationship 

between the profitability metric and the land use metric.  
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CHAPTER 6  

CONCLUSIONS 
This paper considered the environmental and economic effects of production 

practices on sustainability of cotton operations in the SHP of Texas. The emerging 

initiatives for sustainability has allowed for new opportunities in research and marketing 

to improve productivity and environmental health in the agricultural industry. As systems 

have progressed in efficiency and productivity, technological innovation has allowed 

growers to enhance environmental quality without sacrificing yield or profitability. To 

evaluate this relationship further, this study focused on the production platform of 

agricultural practices and how they performed on sustainability through economic 

viability and environmental outcomes. From a production standpoint, the irrigation 

methods were compared based on yield performance and the efficiency of each system. 

The cost analysis allowed tillage and irrigation systems to be evaluated to assess tradeoffs 

between the practices.  

The results indicate that on a production basis, the SDI irrigation system showed a 

higher yield output than the center pivot systems (LEPA, LESA, MESA). The water 

efficiency of the MESA systems showed to be higher than the other systems, but this 

could be caused by management or production methods that allowed those fields to be 

more productive. Evaluation of the variable cost based on systems showed that on a per 

acre and per pound basis SDI had the highest cost, but it also had the highest gross 

margin. To be confident in the variable cost analysis more observations would be needed 

to evaluate the no-till and strip-till management systems. Although it appears that tillage 

systems do not influence the yield based on the cost per pound results. The dynamics of a 

grower’s management decisions also may have a major impact on the economic and 
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environmental outcomes for crop production.  

The second analysis provided an insight on the values of the sustainability metrics 

produced by the Fieldprint Calculator for cotton production in the SHP of Texas. This 

section provided a method of indexing the raw sustainability numbers generated by the 

Fieldprint Calculator to create a standard scale to compare the effects of different 

management systems. A profitability metric was developed for the analysis to capture the 

economic performance for each site. For a producer to adopt sustainable practices, there 

must also be financial and economic benefits to the operation. The results of the index 

analysis show that if a site has a similar location and soil types the irrigation system could 

have an impact on how the operation performs on an economic and environmental 

standpoint. When comparing individual sites based on irrigation systems, the SDI system 

used in Site S showed to be more sustainable overall followed by the LEPA, LESA, and 

MESA systems. When analyzed on water use efficiency the SDI system exhibited the 

largest returns in yield per inch of water applied. The center pivot systems (LEPA, 

LESA, and MESA) had similar water use efficiencies ranging from 120 to 129 (lbs/ac in). 

This corresponds with the results in the production analysis where the center pivot 

systems showed few differences in yield. The evaluation of irrigation systems under the 

sustainability analysis revealed that if a producer can invest in a SDI system, that would 

be the optimal choice for sustainability and production outcomes. Based on this analysis a 

producer can, over time, isolate the quantitative impacts on a site’s performance of 

adopted changes in management and/or modern technologies. 

The study provided a different analysis of the spidergram calculation that allowed 

the sustainability footprints to be analyzed on a unit-based measure and highlight the 
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metrics that are relevant to the Southern High Plains. By calculating the areas of each 

footprint, a producer can determine a quantitative measure of sustainability. Currently the 

Fieldprint Calculator doesn’t provide an overall sustainability indicator for a field. These 

spridergrams allow for a more quantitative measure alongside with a graphical 

representation of how management practices influence sustainability. The impacts from 

years such as 2011 with extreme drought can be seen in the footprints where many 

farmers were unable to produce a crop without excess use in resources. Based on the 

irrigation systems evaluated in the site comparison, the sustainability scores showed that 

the SDI system had the smallest footprint across the evaluated years.  

The addition of the profitability metric allowed for an economic component of 

sustainability to also be evaluated. The final model in this study looked at the relationship 

of the profitability and land use metric. The strong correspondence between the two 

variables suggests that to be economically viable in a cotton operation it will be primarily 

driven by decisions relate to yield. Since the land use metric is dependent on production 

output this measure captures the information needed to deduce if an operation was 

economically sustainable. Therefore, if the land use metric is a proxy for the profitability 

metric, then the land use metric may be used to gauge a producer’s economic 

performance. This would result in decreased cost of information for a producer and 

industry.  

Encouraging the conservation of resources and promotion of better water 

management is a primary issue amongst producers in the Texas High Plains. As 

education and technology advances, strategic management methods are being utilized to 

reach maximum yields with minimal water use. Since irrigation water from the Ogallala 
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aquifer is becoming less available, the agricultural industry is working to preserve the 

rural economies that depend on water resources to maintain a viable economy. The 

TAWC enterprise budget data has allowed for irrigation systems to be gauged based on 

production and efficiency. As producers have transitioned out of furrow irrigation to 

center pivot and subsurface drip systems, there is an opportunity to improve production 

possibilities and diminish environmental concerns such as soil erosion. The main barrier 

to adoption of more sustainable practices is the initial costs to producers, but the benefits 

extend past increased production and allow for farmers to incorporate other innovative 

tools and tillage practices.  

The deductions from this study allow for producers to make management 

decisions that can allow their operation to not only be productive, but also sustainable. 

This is important to a grower to have the ability to identify opportunities of improvement 

through more efficient production practices that impact profitability and sustainability. 

With the depletion of water resources, producers must adapt to various constraints to 

remain stable in their operation. The results from this study capture the benefits and 

tradeoffs of irrigation and tillage systems as well as the corresponding sustainability 

measures to allow farmers to reach their economic and environmental goals.  

Sustainability in agriculture is comprised of economic, environmental, social 

components that are necessary to fuel the world’s food and fiber demands. The social 

component encompasses initiatives to integrate sustainability and precision agriculture to 

meet environmental goals set by the private sector. Currently, Field to Market hopes to 

engage 50 million acres by 2020 in the Fieldprint Calculator (Field to Market, 2018). 

Companies from all sectors of agriculture have voiced their support for continuous 
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improvement to promote sustainably produced commodities and obtain better data for 

crop production. Developing this outreach requires vertical cooperation throughout the 

agricultural supply chain and participation from producers. Implementing such goals on 

producers will not be likely to be adopted unless they show financial improvement to an 

operation. As the private sector looks for ways to assess the sustainability performance of 

their products they then require production and management information utilized by 

producers. Overall, the results show a strong relationship between the profitability and 

the land use metric for cotton production in the SHP of Texas. This finding reveals that 

land use is driven by profit maximizing decisions, assuming rationality. Measuring a 

producer’s profitability can be difficult since there can be several ways to evaluate 

financial stability. Therefore, the ability to economize on information would limit 

transactions costs and lower data requirements on producers. This could result in 

increased producer compliance to better understand the dynamics of the output and 

constraints that certain regions face. Industry would also be less invasive if it was not 

necessary to provide additional information outside of management practices.  

The efforts for a sustainable agriculture will seek to find a long-term balance of 

environmentally sound and profitable production systems. Utilizing features of 

sustainable production systems will help measure the costs and benefits of transitioning 

from conventional practices to systems that assist all components of sustainability. 

Stewardship of natural resources can impose benefits to farmers and surrounding 

communities without coming at a cost to producer’s profitability. The ambition to 

incorporate sustainability will be to preserve the agriculture livelihoods and quality of life 

for individuals across the world. In areas such as the High Plains of Texas it is crucial 
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that producers work to ease the environmental impacts caused by production agriculture. 

The main concern is to keep agricultural viable for current and future generations, as 

producers make continuous efforts to maintain the economic viability of their business 

and provide stewardship of the land with the adoption of sustainable systems that will 

continue to meet environmental constraints, economic conditions, and the preferences of 

society.  

Further Research  

 

The TAWC is continually working with farmers to develop innovative methods to 

conserve water and promote agricultural productivity. Since the results show that farmers 

are faced with a series of tradeoffs, future research should determine the interactions 

between irrigation and tillage systems to evaluate the best combination of methods. In 

further analysis, in order to capture the exact water use efficiency, the dryland yield 

should be incorporated in order to account for the increased production per unit of 

irrigation. 

Field to Market is continually updating the framework of the sustainability 

metrics and revising the underling components of the metric calculation to better account 

for the impacts of production practices on sustainability. The analysis showed that since 

the profitability index is not calculated in the Fieldprint Calculator, the positive 

correlation of the profitability metric and the land use metric would imply that the land 

use metric is a proxy for profitability in cotton production. In further research, to be 

confident about the relationship between the land use metric and the profitability metric a 

panel data set should be developed. 
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