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CHAPTER I 
 

INTRODUCTION 

 Cotton harvesting and ginning have evolved over time with the introduction of 

new technology. Cotton was hand harvested until the mid-1940s and was transported 

from the field to the gin in trailers (Cotton Incorporated, 2010). With this technology, 

producers were required to own multiple trailers. When mechanical harvesting became 

more prominent, the trailers started limiting the efficiency of the harvesting-ginning 

system because they could not transport sufficient volume with the increased harvesting 

capacity. As a result, harvesters would have to wait for the cotton in the trailers to be 

ginned to continue harvesting the crop. Not only did this lengthen harvest, but also it left 

the cotton in the field longer where it could be exposed to the elements and yield or 

quality could be reduced (Cotton Incorporated, 2010).  

The module builder and module truck were developed in the early 1970s to help 

increase transportation efficiency. A module builder packs cotton dumped from the 

harvester into a trapezoidal shape. Originally, modules were built on pallets made of 

various materials. Module haulers used tilting beds with rollers and a winch that pulled 

the pallets onto the truck. Later, it was discovered the modules could be built directly on 

the ground without experiencing significant quantity or quality loss. Modules also 

allowed for longer storage of the cotton (Cotton Incorporated, 2010). Once modules were 

built directly on the ground, module trucks began using a series of parallel chains built 

into a tilting bed to load the modules. Both modules and module trucks allowed cotton to 

be transported longer distances at higher speeds (Cotton Incorporated, 2010).  
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Integrating module builders into farm operations also created the need to improve 

cotton ginning equipment. Suction was used to unload cotton from the trailers. This 

method proved to be ineffective when used on the compacted modules. As a result, a new 

ginning method was implemented. This initially consisted of “either stationary or moving 

heads that used several cylinders with lugs to remove the cotton from the compacted 

module, dropping the seed cotton onto belts or into pneumatic conveying systems” 

(Cotton Incorporated, 2010).  

Not only have these investments changed how farm level operations work, it also 

has changed the way the gin handles the cotton. With a different harvesting process, the 

cost of transporting and handling the cotton changed. When hauling cotton by module 

trucks it cost $11.49 per bale and $114.92 per load, while cotton being hauled by semi-

trailer cost $6.46 per bale and $103.00 per load (Grier, 2014). The ginning, transportation 

and total cost per bale also have changed with the technology which has changed the 

demand for ginning services. In turn, this has had an impact on the size and number of 

cotton gins on the Texas Southern High Plains.  

 The most recent technological advancement in cotton harvesting is the invention 

of a round bale cotton stripper1 that includes an on-board module system that creates a 

wrapped round bale of cotton (similar to round hay bales). Currently, there are only a 

limited number of producers who have integrated this new round bale technology into 

their operations. John Deere, for example, no longer manufactures conventional cotton 

                                                
1 Currently, John Deere is the only company to manufacture a round bale cotton stripper, 
the John Deere CS690. 
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strippers, so each year there will be more producers using the round bale stripper 

technology in their farming operations.  

The round bale cotton stripper contains new technology that uses an on-board 

module builder to release a completed, wrapped round module, which eliminates the need 

for separate equipment during the harvest season such as additional tractors, a boll buggy 

and a module builder to build the traditional module. This technology allows the producer 

to be able to easily and more quickly move their equipment from field to field. Because 

less machinery will be necessary to harvest the crop, labor costs can be reduced up to 78 

percent. At the same time, operating costs per pound of lint can be reduced by 2 to 20 

percent because growers can harvest more cotton per gallon of fuel (John Deere, 2014). 

The John Deere CS690 Cotton Stripper allows for a “faster harvest, combined with the 

proven round-module wrap system helps maintain lint moisture and quality.” The module 

wrapping also helps protect the cotton from the weather and reduces the amount of lint 

lost while handling the module both in the field and at the gin (John Deere, 2014). While 

there are limited suitable studies available, if the corporate projects are reasonably 

accurate, the technology could result in significant labor and operational costs for the 

producer.  

Traditional modules contain around 12 bales of cotton. The new round modules 

contain around three bales of stripped cotton. The round modules can either be 

transported in module trucks or on semi-trailers. In order for them to be picked up by the 

trucks, the producer must arrange them in groups in the field (Cotton Incorporated, 2010). 

A module truck can haul four round modules, which is close to the equivalent of one 

traditional module. A module truck exceeds the weight limit for federally funded 
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roadways which forces the drivers to take alternate, longer routes (Grier, 2014). A semi-

trailer is also an option for hauling round modules. Depending on the type of trailer, a 

semi can haul between six and eight round modules. Hauling by semi also allows the 

modules to be hauled on interstate highways (Grier, 2014). Hauling additional modules 

allows gins to haul more cotton in one round trip than they would be able to by traditional 

means.  

Specific Problem 

Cotton gins offer their customers the service of ginning the cotton. Plant location 

is the main factor in differentiating the service a cotton gin offers, although speed and 

timing of ginning are also relevant. “In most production areas, gins have some advantage 

for obtaining cotton in their immediate vicinity by reason of their location due to time 

and cost involved in transporting cotton to a gin” (Ethridge and Myers, 1984). Since 

1960, the average distance cotton was transported to the gin has increased from two to 

three miles to 10 to 30 miles in 2003 (Simpson, Parnell, and Searcy). In some cases, 

modules have been transported up to 100, 200 or 250 miles in order to get the modules 

from the field to the gin (Simpson, Parnell, and Searcy). The new round module 

technology has the potential to further increase this distance because of the reduction in 

transportation cost from the field to the gin. Both the increase in the amount of cotton that 

can be transported per load and the opportunity to choose more efficient routes have the 

opportunity to reduce the transportation cost to the gin, assuming semi-loads are chosen. 

Historically, new technology being introduced at both the farm and gin level has 

had an impact on cotton gins. In 1980 there were 783 active gins in the state of Texas 

compared to 214 gins in 2016 (Texas Cotton Ginners’ Association). Figure 1.1 
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demonstrates the decline in the total number of cotton gins in Texas. This drop in number 

of gins could be a result of gin mergers, inactive gins, or gins shutting down, but it is 

clear these changes in gin industry structure are driven by technological changes and/or 

changes in the location of production (McPeek, 1997). New technology has allowed gins 

to transport cotton at a lower cost and greater distance, which has the potential to increase 

a gin’s trade territory. This increase in territory could cause gin size to increase, but also 

places gins in direct competition for cotton at the fringes of their trade area.  

 

 

Figure 1.1 Total Number of Cotton Gins in Texas 

 

McPeek (1997) analyzed the optimal structure of the cotton ginning industry in 

the Southern High Plains of Texas. Their study found that many gins were not operating 

at their effective capacities, which contributed to excessive ginning cost. Under the 

optimal structure in their study the number of gins decreased from 127 gins to 61 gins. 

Out of these 61 gins, 16 smaller gins would be included because it was found that small 
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gins running close to their effective capacity were more effective than large gins handling 

the same number of bales. However, when the levels exceed the capacity of a small gin, 

the larger gins were able to operate more effectively and at a lower cost (McPeek, 1997). 

Today, there are 75 gins in the Southern High Plains of Texas (Texas Cotton Ginners’ 

Association), suggesting their projections likely overestimated the decline, but were 

correct in the general direction and magnitude of change. 

It is unknown how the widespread use of the round bale stripper technology will 

impact cotton gins on the Texas Southern High Plains. Texas is the number one cotton 

producing state in the nation as it produces around 40 percent of the United States cotton 

crop. In 2014, the Texas upland cotton crop was valued at $1.754 billion (Texas 

Almanac, 2014). The Texas Southern High Plains, which is the grey shaded region in 

Figure 1.2, produces two-thirds of the state’s cotton with approximately 4.7 million bales 

in 2016 (National Agricultural Statistics Service, 2016). It is important to know the 

impact this technology will have on the cotton industry and gin industry structure in the 

area. With the recent advent of the John Deere CS690 Cotton Stripper, the optimum gin 

number, location and size has the potential to change again as the industry adjusts to new 

lower transportation costs. 
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Figure 1.2. Texas Southern High Plains 16 County Region  

 

Objectives 

 The general objective of this research study is to examine the effects of the 

adoption of the round bale harvesting technology at the farm level on the optimal 

structure of the ginning industry on the Texas Southern High Plains.  

The specific objectives of this study will be to analyze:  

1. the change in ginning, transportation and total cost per bale from conventional 

modules and round modules, 

2. the change in demand for ginning services, and  

3. the potential change in the optimal number and location of cotton gins on the 

Texas Southern High Plains. 
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CHAPTER II 

LITERATURE REVIEW 

 The following studies have been gathered in relation to this research project and 

are presented in the following categories: 

1. Cotton Harvesting Studies 

2. Monopolistic Competition Overview 

3. Previous Ginning Industry Structure Studies 

4. Programming Models 

Cotton Harvesting Studies 

The innovation of the on-board module builder is in line with the trend toward 

machinery with an increased capacity. The objective of the Bennett et al. (2015) article 

was to discuss the “mechanisms leading to increased adoption of novel harvesting 

technology” and to “examine the practicalities of confining all traffic-induced soil 

compaction to the least possible area of permanent traffic lanes” (Bennett et al, 2015). 

With higher capacity equipment, producers have been able to reduce risk with regards to 

climate uncertainty as well as improve system efficiency and harvest rates. However, this 

equipment investment results in an increase in the weight of the farm equipment (Bennett 

et al, 2015). While this article focuses on the picker baler, a stripper baler (most 

commonly used on the Texas Southern High Plains) could have similar benefits.  

 There were some reports that the quality of cotton harvested from the round baler 

was different than the cotton that was conventionally harvested. The purpose of the study 

by Sluijs, Long and Bange (2015) was to compare both the average fiber quality and the 

variability of the quality between cotton harvested by both types of harvesting. This study 
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was conducted by planting two types of upland cotton varieties on four fields. Alternate 

rows throughout each field were harvested with either round modules or conventional 

means and then ginned at the same gins (Sluijs, Long and Bange, 2015). 

 These authors showed that the difference between cotton harvested with the two 

methods showed no significant difference in HVI length and strength. For the round 

modules, the micronaire grade was lower and the HVI reflectance was higher (Sluijs, 

Long and Bange, 2015). It also showed a higher variability of fiber quality between bales 

with the round modules because of “a lesser blending effect when round modules are 

sequentially ginned” (Sluijs, Long and Bange, 2015).  

Monopolistic Competition Overview 

Skinner (1983) discussed the details of Chamberlin’s The Origin and 

Development of Monopolistic Competition. The article addressed the differences between 

pure competition and monopolistic competition. One difference is that monopolistic 

competition including both monopoly and competition in all aspects, it also “embraces 

heterogeneity of the product in all degrees,” and it “embraces oligopoly wherever it is 

present” (Skinner, 1983). Monopolistic competition also “embraces selling activity, 

instead of assuming that goods are sold automatically” and that it emphasizes “policy 

objectives other than profit maximizations” (Skinner, 1983).  

Previous Ginning Industry Structure Studies 

The study by Ethridge, Roy and Myers (1985) was a Markov chain analysis of the 

structural changes in the Texas High Plains cotton industry. The objective of this study 

was to determine the major economic factors affecting the cotton gin industry and 

provide conditional projections of the future structure of the Texas High Plains ginning 
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industry. Specifically, this study used the Markov chain analysis utilizing both stationary 

and non-stationary transition probabilities (Ethridge, Roy and Myers, 1985). They 

concluded the non-stationary Markov chain was preferred because in this situation it is 

able to provide the ability to examine the effects of external forces on the structure of the 

ginning industry. 

 Their modeling process involved separating the cotton gins into different size and 

activity groups, tracing changes in the states of gins in the study area through time, and 

estimating probabilities of movement among different external economic states. The 

transitional probabilities were averaged and held stationary then were used to project 

future cotton industry structure (Ethridge, Roy and Myers, 1985). These predictions 

showed that many gins would exit the industry. There would also be an increase in the 

gins in the dead or closed state. This prediction also showed that by the year 2034 the 

industry would settle at an equilibrium state which would have 104 less gins than in 

1979. Today, there are 214 gins in the state of Texas and 75 gins on the Texas High 

Plains (Texas Cotton Ginners’ Association). A breakdown of the number of gins in each 

Texas county in 2016 is presented in Figure 2.1.  
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Figure 2.1. Cotton Gins Per Texas County 

 

This study found there were a few factors that would cause changes in gin size 

and number within the Texas High Plains cotton industry. There are changes in both the 

cost of labor and cost of energy, the proportion of the cotton moduled, and progression of 

time as an indicator of gradual technological change (Ethridge, Roy and Myers, 1985).  

Advances in technology in the ginning industry have created economies of scale 

that have led to competition between gins and forced gins to increase volumes in order to 

reduce costs. The investment required for high capacity gin equipment had doubled in the 

last decade prior to this research study. At the same time the revenue received for ginning 

services increased much slower (McPeek, 1997). Some cotton gins were operating at 

volume levels that were insufficient to cover costs and others were unable to implement 

new higher capacity technology. It was not known whether the excessive costs were due 

to a transition in structure, so the purpose of the research study by McPeek (1997) was to 
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examine the optimal cotton gin structure, assuming monopolistic competition, of the 

ginning structure on the Texas Southern High Plains. Since it was assumed to be a 

monopolistically competitive market, the information Skinner discussed in Chamberlin’s 

The Origin and Development of Monopolistic Competition could be useful in helping to 

understand the gin industry structure for the Texas Southern High Plains.  

To begin this study McPeek (1997) mailed a survey to all of the active gins on the 

Southern High Plains of Texas to determine both the current cost structure and processing 

capacity of the industry. With the information from the survey, they calculated the 

ginning cost per bale, average cost per bale, transportation cost per bale per mile, and the 

current amount of excess capacity for each of the gin sizes. This capacity was then used 

to calculate the total seasonal excess capacity for the ginning industry in the Southern 

High Plains of Texas.  

 The authors used a non-linear programming model to minimize the total cost to 

the industry, which allowed them to find the optimum size, number and location of cotton 

gins with a level of capacity that is consistent with the hypothesized market structure 

(McPeek, 1997). They found that restructuring the ginning industry on the Southern High 

Plains of Texas could save the industry $15 million per season in the cost of 

transportation and ginning. When this study was performed, the current structure of the 

ginning industry was imposing an excess capacity larger than it would be under the 

optimal structure leading to higher costs (McPeek, 1997). The study found that under the 

optimal structure there would be 16 smaller gins in a total of 61 gins meaning that some 

smaller gins processing at the level near the effective capacities were more cost effective 
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than a larger gin handling the same number of bales. If the levels exceeded that of the 

smaller gin, the larger gins were able to achieve a lower cost (McPeek, 1997).  

Programming Models 

 For the purpose of this study, it is important to understand the basic principle of 

programming models. According to the Merriam-Webster’s collegiate dictionary, linear 

programming is, “a mathematical method of solving practical problems (such as the 

allocation of resources) by means of linear functions where the variables involved are 

subject to constraints.” An article by Kersting, Mladenov and Tokmakov (2015) 

discussed relational linear programming and its uses. The article said linear programming 

has, “found a wide application in the fields of operations research, where they provide the 

basis for many approximation algorithms,” (Kersting, Mladenov and Tokmakov, 2015). 

 Programming models can be solved using a variety of computer programs. One 

such program is MATLABâ, which is, “a programming language and computing 

environment that uses matrices as one of its basic data types,” (Miranda and Fackler, 

2002). With this program, numerical code can be used to solve analysis and optimization 

problems in an efficient manner (Miranda and Fackler, 2002). 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 

Market Structure 

 In order to effectively analyze the effects of the adoption of the round bale 

harvesting technology will have on cotton gins, it is important to understand the market 

structure of the ginning industry on the Texas Southern High Plains. This understanding 

assists in the analysis of the change in demand for ginning services and the potential 

change in the optimal number and location of cotton gins.  

 Past studies have used both perfect competition and monopolistic competition to 

classify the ginning industry. McPeek (1997) concluded the ginning industry 

characteristics were consistent with a monopolistically competitive market. A 

monopolistic market is characterized by a number of different elements, which include 

having many firms with very few barriers to entry and a differentiated product.  

In the case of the ginning industry the product offered is the service of ginning the 

cotton for the producers. One of the main factors in differentiating this service is plant 

location. There is some advantage to gins obtaining cotton in their immediate vicinity 

(Ethridge and Myers, 1984). However, a cotton producer has the option to choose one gin 

over another. Factors that influence this decision could be the convenience to the 

producer’s location and the cost of transporting the cotton to the gin and/or the cost of 

ginning.   

With this information, the ginning industry is hypothesized to be monopolistically 

competitive. Figure 3.1 shows an example of short-run economic profit under 

monopolistic competition. When looking at the short-run for a monopolistically 
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competitive firm, it will produce at a level which will coincide with the point on the 

graph where marginal revenue equals marginal cost. In Figure 3.1 the market price is 

higher than the price where marginal revenue equals marginal cost, which results in the 

firm earning an economic profit.  

 

 

Figure 3.1. Monopolistic Competition Short-Run Economic Profit 

 

When products are differentiated, but still substitutable, excess capacity in the 

industry could be normal. The cotton ginning industry is imperfectly competitive in 

nature which is the reason this excess capacity exists (Ethridge and Myers, 1984). This 

excess capacity is shown in Figure 3.2 in the long-run equilibrium. In a monopolistically 

competitive market, the firm operates below the minimum efficiency. The excess 

capacity is the result of the difference between the quantity produced at the minimum of 

the total cost curve and the quantity where marginal revenue and marginal cost are equal.  
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Figure 3.2. Monopolistic Competition Long-Run Equilibrium 

 

Theoretical Framework of Industry Changes 

The next step in the process is to look at the theoretical effects certain changes 

will have on the Texas Southern High Plains ginning industry under a monopolistically 

competitive market. These changes include the impact the new round bale harvesting 

technology will have on an individual gin’s demand curve. 

 If as hypothesized, the transportation cost for the gin decreases as a result of the 

new round bale technology this will cause the individual gins to compete in a greater 

area. The decreased transportation cost will allow an individual gin the opportunity to 

haul cotton further distances at a competitive rate. This necessary growth will allow them 

to be competitive in the ever-changing market. As a result, there will be a reallocation of 

the optimal cotton gin industry structure based on the new market boundaries. Figure 3.3 

demonstrates an illustration of how the market boundary change could occur. In this 
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example gin A has been able to expand its territory into the territory of gin B with the 

advantages of hauling cotton further distances. Since gin A has grown and is now 

competing with gin B for customers. In this situation, gin B will either need to move up 

the cost curve to remain in business and competitive with gin A or it may be forced to 

close down. If it is forced to close down, the other gin would have the opportunity to 

increase the size of their operation. Changes like this throughout the surveyed area are 

possible and could change the optimal structure of the industry. 

 

 

Figure 3.3. Market Boundary Allocation 

  

With the new technology, a decrease in the total cost to the gin is anticipated. 

With this we expect to see a reallocation of the optimum gin industry structure, a 

reduction in the number of gins, and possibly an increase in the size of individual gins.  

With the introduction of the round bale harvesting technology it is hypothesized 

the transportation cost for the gin will decrease. This will occur if the cost of transporting 
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the new round modules is lower than the cost of transporting traditional modules. It is 

expected that this change will impact the optimal gin industry structure on the Texas 

Southern High Plains.   
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CHAPTER IV 

METHODS AND PROCEDURES 

 The following chapter describes the methods and procedures used to complete 

this research study. The main objective of this study was to examine the effects of the 

adoption of round bale harvesting technology at the farm level will have on the optimal 

structure of the ginning industry on the Texas Southern High Plains. The specific 

objective of this study were to analyze:  

1. the change in ginning, transportation and total cost per bale from conventional 

modules and round modules,  

2. the change in demand for ginning services, and 

3. the potential change in the optimal number and location of cotton gins on the 

Texas Southern High Plains.  

For the purpose of this study, the Texas Southern High Plains cotton ginning 

industry is assumed to be structured as a monopolistically competitive market, since the 

service of ginning cotton for the growers is considered to be a differentiated product.  

Estimating Current Industry Parameters 

To begin, in the spring of 2017, a Ginning Industry Assessment survey was 

mailed to all active cotton gins on the Texas High Plains. This included 75 cotton gins in 

the following 16 counties: Andrews, Bailey, Cochran, Crosby, Dawson, Gaines, 

Glasscock, Hockley, Howard, Lamb, Lubbock, Lynn, Martin, Midland, Terry and 

Yoakum. Of the 16 surveyed counties, 15 of them currently had active cotton gins within 

the county. Andrews county did not have an active cotton gin at the time of this research 

study. The survey should have taken 20-30 minutes to complete and respondents were 
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assured the information provided would be aggregated and individual gin information 

would remain strictly confidential. The assessment was accompanied by a letter from the 

researcher, Jayci Cave, as well as a letter from the Texas Cotton Ginners Association 

encouraging participation in this survey. Respondents were not offered any compensation 

in exchange for their participation in this research project.  

The primary objective of this survey was to determine the current ginning and 

transportation cost structure to the Texas Southern High Plains cotton ginning industry. 

This survey served the same goal as the Ginning Industry Assessment used by McPeek 

(1997). For the purpose of this research study the format and questions from the 1997 

study were updated to accommodate the new round bale harvesting technology as 

opposed to conventional cotton modules examined in their study. However, the same type 

of information was requested in both the 1997 and 2017 Ginning Industry Assessment. It 

was requested that survey participants provide information and answer 13 questions 

related to their ginning operations and the costs associated with both conventional cotton 

modules and the new round module technology. Most of the information gathered was for 

the 2016 crop year. However, the number of bales processed, percentage of cotton that 

was stripper or picker harvested, and the ginning charges were requested for each year 

from 2012 to 2016. Questions related to the following topics were included in the survey:  

1. Location of the gin, 

2. Counties served by the gin,  

3. Hourly and seasonal capacity of the gin, 

4. Yearly fixed costs, 

5. Average cost per bale of cotton,  
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6. Cotton hauling logistic information,  

7. Transportation costs, including both conventional cotton modules and round 

modules, and 

8. Percentage of conventional module hauled cotton versus round module hauled 

cotton.  

A complete version of the Ginning Industry Assessment distributed to active 

cotton gins on the Texas Southern High Plains is included in Appendix A. The complete 

survey was four pages long, which included an introduction that explained the purpose of 

this research project. The initial survey was followed by two additional mailings, one 

three weeks and one six weeks after the initial survey was mailed to the gins. Follow-up 

phone calls were made after the second mailing to encourage participation in returning 

the completed Ginning Industry Assessment for use in this research study. 

 Once the survey was returned and all the data was compiled, the responding gins 

were separated into four groups based on the bale per hour manufacturer rated capacity of 

each gin.  

The groups estimated for this study are as follows:  

 Group 1: 0 – 25 Bales Per Hour, 

 Group 2: 26 – 45 Bales Per Hour, 

 Group 3:  46 – 70 Bales Per Hour, and 

 Group 4:  ³ 71 Bales Per Hour.  

The survey data also was used to estimate the different cost parameters and 

processing capacity for the cotton ginning industry on the Texas Southern High Plains. 

This information was used to examine the current structure of the Texas Southern High 
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Plains ginning industry and to provide the necessary data to complete the objectives of 

this research study. Analysis was utilized to determine not only cotton gin industry 

statistics, but also gin operation and transportation statistics. This included, but was not 

limited to, the following information: 

1. Average length of 2016 ginning season, 

2. Average hours ginned and downtime per day, 

3. Percentage of cotton stripper harvested and picker harvested, and 

4. Average distance cotton was hauled by the gin. 

The next step in the process was to calculate and compare the ginning cost and 

transportation cost for the industry for both conventional modules and the round modules 

under the current market structure. The average number of bales of cotton hauled per 

conventional module load and per round module load, the average distance the cotton is 

hauled, and the transportation cost per bale for each type of module were calculated from 

the information provided in the survey. Along with this information the gins provided all 

the counties from which they receive cotton as well as the average distance traveled to 

each and the percentage of cotton coming from each county. This provided a current 

layout of the cotton gins and the size of the current service area for responding gins. 

The gins who responded to the Ginning Industry Assessment also provided 

information regarding the ginning cost per bale for their ginning operations. This 

information was categorized by the four gin size groups previously mentioned in order to 

determine the current ginning cost structure for each group and the Texas Southern High 

Plains ginning industry as a whole for all gins included in the sample.  
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The current amount of excess capacity for each gin size group and the total for the 

Texas Southern High Plains ginning industry also was calculated by subtracting the 

average processing capacity in 2016 from the manufacturers rated capacity of the gin. 

This calculation resulted in the hourly excess capacity for each individual gin. To get the 

total seasonal excess capacity the hourly excess capacity was multiplied by the total 

number of hours in the 2016 season for each gin. This average seasonal excess capacity 

for each group was multiplied by the number of gins in that particular group of 

responding gins to get the total excess capacity for the four gin groups. The totals of each 

group were then added to get the total excess capacity of the sample for the Texas 

Southern High Plains cotton ginning industry for the 2016 ginning season under the 

current ginning industry structure. This excess capacity is common in a monopolistically 

competitive market.  

Optimal Size, Number and Location of Gins on the Texas High Plains 

 A linear programming model was utilized to complete this analysis and determine 

the optimal size, number and locations of cotton gins on the Texas Southern High Plains. 

The information provided in the Ginning Industry Assessment was used to develop four 

different gin size groups for use in this model. Prior to running the optimization model, 

the 16 surveyed counties were broken down into 64 sections by separating each county 

into four different quadrants which were: Northeast, Northwest, Southeast and 

Southwest. Figure 4.1 shows an illustration of the breakdown of the 16 counties and 64 

quadrants used in this study. 
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Figure 4.1. Texas Southern High Plains County/Quadrant Summary 

 

 The programming model used in this research study will determine the possible 

number of gins in each of the 64 quadrants as well as which size group the gins should be 

classified under the optimal structure. The model was ran two different times to 

determine the optimal structure for both scenarios, one with 100% conventional modules 

and one with 100% round modules. It assumes that all cotton in the 16-county surveyed 

area is stripper harvested since 95% of the cotton received by the responding gins was 

stripper harvested for the 2016 crop year. Within this model, each gin had the option to 

not only obtain cotton from the county in which they reside but all 16 surveyed counties 

as well. The supply of cotton in bales for each county was calculated by averaging the 12 
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years of historic cotton production from 2005 to 2016 in each county included in this 

research study from the United States Department of Agriculture National Agricultural 

Statistics Service. A complete table of this information can be found in Appendix B.  

 A summary of the model is as follows: 

Objective Function: 

1. Minimize ∑ ∑ ∑ (𝑡$%&	()
&*(

+
%*(

)+
$*( +	𝑉$%&) ∗ ∑ ∑ ∑ (𝑓$%&()

&*(
+
%*(

)+
$*( ∗ 𝑌$%&)  

Constraints: 

2. C = 2𝛼( +	𝛽( 5
(

6789:7;<,>
?@; for j = 1 - 4, i = 1 - 64 

3. ∑ 𝑥%(&()
&*( 	≤ 	 𝑆(; for i = 1 - 64 

4. ∑ 𝑥%D&()
&*( 	≤ 	 𝑆D; for i = 1 - 64 

5. ∑ 𝑥%E&()
&*( 	≤ 	 𝑆E; for i = 1 - 64 

6. ∑ 𝑥%+&()
&*( 	≤ 	 𝑆+; for i = 1 - 64 

7. ∑ ∑ ≤ 𝐷+
%G(

)+
$*( ; for k = 1 - 16 

8. ∑ 𝑥$(&()
&*( ≤ 𝑆(𝑌( 

9. ∑ 𝑥$D&()
&*( ≤ 𝑆D𝑌D 

10. ∑ 𝑥$E&()
&*( ≤ 𝑆E𝑌E 

11. ∑ 𝑥$+&()
&*( ≤ 𝑆+𝑌+ 

Where: 

 i:    Index for gin location, representing the 64 quadrants. 

 j:    Index for gin size, representing the 4 gin size groups.  

 k:    Index for county, representing the 16 surveyed counties.  

 𝑥$%&:   The decision variable in this model, which represents the 
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cotton from county k that is processed by the gin with size j 

in location i.  

 𝑡$%& :   Transportation cost per bale from county k to location j,  

which is the same for all gins size k.  

 𝑉$%&:   Variable ginning cost from county i processed at location j 

of a gin with size k, which only varies with k. 

 𝑓$%&:   Fixed cost at gin k for cotton from county i which is  

processed at location j, which only varies with k.  

 𝑌$%&:   Index variable for 𝑓$%& .  

 𝑆(:   Capacity constraint for gin size group 1, which is 32,559 

bales as determined by survey responses. 

 𝑆D:   Capacity constraint for gin size group 2, which is 57,000 

bales as determined by survey responses.  

 𝑆E:   Capacity constraint for gin size group 3, which is 120,107  

bales as determined by survey responses. 

 𝑆+:   Capacity constraint for gin size group 4, which is 185,770 

bales as determined by survey responses. 

 D:    Demand constraint, which is represented by the supply of 

cotton in bales for each of the 16 counties examined in this  

study.  
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Model Explanation 

 Equation 1 is the objective function of this optimization programming model. The 

overall objective of this model is to minimize the total cost to the Texas Southern High 

Plains cotton ginning industry to determine the optimal layout of cotton gins. The first 

part of this equation, in particular, adds the transportation cost to the gin and the variable 

ginning cost to get the total variable ginning cost. The second part of the equation takes 

into account the fixed cost of the gin. The variable cost and the fixed costs are then added 

to get the total cost of ginning for each gin. 𝑌$%&  represents the index variable of x to 

ensure that the fixed cost of the gin is only taken into account if the gin will process 

cotton under the optimal ginning industry structure. The individual gin costs are then 

summed to obtain the total cost to the ginning industry on the Texas Southern High 

Plains. This objective function is subject to the capacity, demand and integer constraints 

in equations 2-10, which are explained in the following paragraphs.  

 The second equation represents the average cost curves for each of the four gin 

size groups for individual gins in this programming model. Based on gin size group, these 

equations can be used to calculate the cost of ginning a single bale of cotton at any of the 

gins on the Texas Southern High Plains. McPeek (1997) utilized a computerized cost 

simulation program called GINMODEL to, “calculate the cost of ginning using the 

relationships specified by both technical and economic input data,” (McPeek, 1997).  

Currently, the GINMODEL cost simulator was not available to be utilized in this 

model. For the purpose of this research study, the average cost functions from the 1997 

study were recalibrated to fit the updated gin size options under the current Texas 

Southern High Plains ginning industry structure. Due to technological advances, the 
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current existing cotton gins have a manufacturer rated capacity larger than those from the 

McPeek study in 1997. These average cost curve estimations were used in both the 

variable and fixed cost parameters in the objective function of this model.  

The output from the utilization of GINMODEL was used to determine the 

estimated cost curves for each of the four different gin size groups. GINMODEL used 

both technical and economic data to calculate the cost of ginning (McPeek, 1997). 

 “Output from GINMODEL consists of total and per bale ginning costs separated 
into fixed and variable components. These costs are calculated for processing utilization 
levels ranging from 10 to 100 percent. The output is arranged in a cost matrix across 
these utilization levels. The cost curves for each of the separate plant configurations were 
estimated using Ordinary Least Squares regression. An inverse specification was used to 
capture the non-linear nature of the average cost curves. The regression was performed 
across the utilization levels and yielded an estimated average cost equation with average 
cost as the dependent variable and utilization level (the number of bales at each level) as 
the independent variable (McPeek, 1997).”  
  

Equations three through six represent the supply, or capacity, constraints for this 

optimization model. There are four equations, one for each of the four gin size groups, for 

each quadrant. This particular constraint has, in total, 256 equations to be utilized in this 

model. This allows the model to determine the optimal size, number and location of gins 

on the Texas Southern High Plains by allowing gins of each size to be present in each of 

the 64 quadrants. These equations also serve the purpose of allowing the gins in the 

optimal structure to be one of the predetermined size groups. Gins of a particular size can 

only gin an amount of cotton that is less than or equal to the effective capacity of an 

individual gin. For example, a group one small gin would not be able to effectively 

handle the amount of cotton received by a group four gin.  

Equation seven in this model is the demand constraint. The cotton gins on the 

Texas Southern High Plains can only gin an amount of cotton that is less than or equal to 
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the demand. In this instance, the demand of cotton is the amount of cotton, in bales, 

produced in each county. This information was gathered by taking the average cotton 

production, in bales, for the year 2005 to 2016 from the United States Department of 

Agriculture National Agricultural Statistic Service.  

The integer constraints for this model are represented by equations eight through 

eleven. This constraint applies to the fixed cost included in the optimization model. If, 

under the optimal structure, the gin is found to process any amount of cotton greater than 

one then 𝑌$%&  will be equal to one. Adversely, if it is found that a gin does not exist in a 

specific quadrant, then 𝑌$%&  will be zero. This ensures that only gins which process cotton 

under the optimal structure will incur the fixed cost of the gin to help increase the validity 

of this research project.   

In order for this model to be solved in MATLAB, the objective function and 

constraints needed to be transformed into matrix form and coded appropriately. A 

complete version of the MATLAB code and matrices used can be found in Appendices C 

and D. Appendix C is the optimization model code for 100% conventional while 

Appendix D is for a scenario with 100% round modules. This code allowed MATLAB to 

function properly to compute the optimal size, number and location of cotton gins on the 

Texas Southern High Plains.   

In the code, the t variable was compiled by calculating the county to quadrant 

distances for every combination of counties and quadrants possible. For this estimation, 

the center of a quadrant to the center of the county distances were used to calculate the 

transportation distances used in this study. This value was then multiplied by the cost per 
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bale per mile to obtain the transportation cost for the gins. This value was $0.38 and 

$0.32 per bale per mile for conventional and round modules, respectively.  

The average cost functions are translated into the v and f matrices in the complete 

MATLAB code. The objective function can be represented by C = [t + v  f] in the code, 

which essentially takes into account all costs including transportation, variable and fixed 

costs. The remaining capacity, demand and integer constraints were compiled into the A 

matrix. This model was ran two times, one with 100% conventional and one with 100% 

round modules. The results of this model include the optimal structure and cost to the 

industry for scenarios with each type of module.  
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CHAPTER V 

RESULTS 

 This chapter outlines the results of this research study, which includes a 

breakdown of the results of the ginning industry assessment as they relate to the main and 

specific objectives of this project. The main objective of this research study is to examine 

the effects of the adoption of the round bale harvesting technology at the farm level on 

the optimal structure of the ginning industry on the Texas Southern High Plains. In the 

next section both gin operation statistics and transportation information is presented, 

which is followed by a cotton gin service area overview. The current cost characteristics 

and the results of the optimization model which includes the optimal size, number and 

location of cotton gins on the Texas Southern High Plains, are also presented in this 

section. This is followed by a comparison of the current structure to the optimal ginning 

industry structure as determined by the optimization model. 

Survey Results 

There were 28 usable surveys returned from the Ginning Industry Assessment 

sent to the 75 active cotton gins in the region, representing a 37% response rate. Cotton 

gins from 11 of the 15 county surveyed area responded by returning a completed survey, 

excluding Andrews county which currently does not have any active cotton gins under 

the existing structure. For this study, all responding gins were classified into groups 

based on the hourly manufacturers rated capacity of the gin. The information in Table 5.1 

is a breakdown of the four categories and the percentage of responding gins in each 

category under the current structure. Only 10.71% of the responding gins have a 

manufacturers rated capacity that is greater than 71 bales per hour. The remaining gins 
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were more evenly distributed among groups one through three indicating there are gins of 

all sizes in the industry under the current Texas Southern High Plains ginning industry 

structure. 

 

Table 5.1. Cotton Gin Size Categories 

  Manufacturer Rated Capacity Percentage of Gins 
Group 1 Up to 25 Bales Per Hour 25.00% 
Group 2 25-44 Bales Per Hour 39.29% 
Group 3 45-74 Bales Per Hour 25.00% 
Group 4 Greater Than 75 Bales Per Hour 10.71% 

 

Gin Operations Overview 

 Across all 28 responding gins, they handled an approximate total of 1.5 million 

bales for the 2016 season, which is an average of 80,463 bales per gin, with the smallest 

gin processing 15,000 bales and the largest 207,310 bales in a single season. Based on 

survey responses, the average seasonal capacities from responding gins for each gin size 

group can be seen as follows:  

 Group 1:  32,559 Bales, 

 Group 2:  57,000 Bales, 

 Group 3: 120,107 Bales, and 

 Group 4:  185,770 Bales. 

Of this cotton received by the gins 96% was stripper harvested while only 4% was 

picker harvested. According to the survey responses, the number of bales received in 

round modules has slowly increased over the last five years. In 2012, an average of 

2.26% of the cotton was received in round modules compared to 10.69% in 2016. Thus, 
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the trend is toward greater use of round bales by producers. This number will continue to 

grow each year because conventional module harvesting equipment is no longer being 

manufactured. Of the 28 responding gins, 20 of them handle, on average, over 90% of the 

cotton they receive in conventional modules. The larger responding gins received a larger 

proportion of cotton in round modules than the smaller gins in this study. It is anticipated 

that the percentage of cotton received in conventional modules will decrease in the 

coming years as producers shift to new technology. The gin with the highest percentage 

of round modules handled 82% round modules versus 18% conventional for the 2016 

season. All of the remaining responding gins handle less than 40% of the cotton in round 

modules. 

The length of the 2016 ginning season ranged from 65 to 150 days, or an average 

of 101 days across all responding gins (Table 5.2). Texas Southern High Plains cotton 

gins ran, on average, 19.77 hours per day with an average of 1.56 hours downtime daily.  

 

Table 5.2. Gin Processing Characteristics  

  Mean 
Standard 

Deviation Minimum  Maximum 
Rated Capacity (bph) 46.71 26.31 16.00 120.00 
Avg. Processing Rate (bph) 36.25 14.94 13.00 70.00 
Ginning Season Length 
(Days) 101.09 19.86 65.00 150.00 
Hours Ginned Daily 19.77 4.68 11.00 24.00 
Hours Downtime Daily 1.56 0.90 0.50 3.50 
Maximum Seasonal Capacity 80,463.39 53,758.19 15,000.00 207,310.00 
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Of the responding gins, they have a manufacturer rated capacity ranging from 16 

to 120 bales per hour with an average rated capacity of 46.71 bales per hour (Table 5.2). 

The responding gins also had an average processing rate of 36.25 bales per hour, with the 

minimum being 16 and the maximum being 70 bales per hour. This means that most gins 

were not operating at their full capacity during the 2016 season with an average hourly 

excess capacity of 10.46 bales per hour per gin. Only two of the responding gins operated 

at levels above the manufacturer rated capacity of the gin. This average varied among the 

different size groups. At the time of McPeek’s study in 1997, the average hourly capacity 

for the gin size groups one through four were 3.05, 3.71, 5.80 and 10.28, respectively 

(McPeek, 1997). While there has been an increase in gin capacity, the amount of hourly 

excess capacity also has increased. Currently, the average hourly excess capacity was 

1.51, 6.41, 10.00 and 47.28 for groups one through four, respectively. Table 5.3 

summarizes the hourly excess capacity, the average excess capacity of each gin per the 

four gin sizes as well as the total excess capacity per gin group and the Texas High Plains 

ginning industry as a whole. The hourly excess capacity was calculated by subtracting the 

2016 average processing capacity from the manufacturers rated capacity of the gin. This 

hourly capacity was then multiplied by the average number of hours for the 2016 season 

to get the seasonal excess capacity per gin, which was then averaged for each gin size 

group. The average seasonal excess capacity for each group was multiplied by the 

number of gins in that particular group to get the total excess capacity for the four gin 

groups. The group excess capacities were then added to get the total excess capacity for 

the sample.  
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Table 5.3. Current Industry Excess Capacity  

  
Average Hourly 
Excess Capacity 

Average Excess 
Capacity Per Gin 

Total Excess 
Capacity Per Group 

Group 1 1.51 1,823 12,758 
Group 2 6.41 9,588 76,703 
Group 3 10 22,545 157,817 
Group 4 47.28 127,222 381,665 

Total Sample Excess Capacity: 628,942 
 

 

In this situation, the amount of excess capacity increased as the size of the gin 

increased. This data shows that the two smaller gin size groups were able to run more 

efficiently closer to their effective capacity than the larger gins included in this study. In 

2016, the current amount of total excess capacity for the sample was 628,942 bales. Of 

this total, group four gins account for 60.68% of the total excess capacity, while group 

one accounts for 2.03%. This supports the assumption that the smaller gins are currently 

processing cotton close to their effective capacity and possibly more efficiently. As 

hypothesized, this excess capacity is inherent for a monopolistically competitive market 

where the market offers a differentiated product, which in this case is the service of 

ginning cotton. Cotton producers have the option to take their cotton to one gin over 

another for many reasons, including personal preference. This unknown factor could play 

a role in the amount of excess capacity under the current market structure and impact the 

actual versus least cost structure.  

Gin Transportation Characteristics 

 Each of the 28 responding gins reported the gin hauled the seed cotton from the 

field to the gin and incurred the cost of transportation. On average, the surveyed gins haul 
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87% of the cotton received in conventional modules and 13% by round modules. Only 

5.5% of responding gins deal solely with conventional modules while 85.17% handle a 

combination of both round and conventional modules. None of the surveyed cotton gins 

deal solely with round modules at this time. Transportation cost also varies for both 

round and conventional modules. The average per bale transportation cost for cotton 

hauled by round modules is $7.28 compared to the $6.48 per bale transported by 

conventional modules (Table 5.4). At the same time the cost per bale per mile of hauling 

round modules was $0.32 compared to $0.38 per bale per mile for hauling conventional 

modules. As gins continue to increase their efficiency in hauling to take advantage of the 

round modules it is expected that the cost per bale per mile for round modules will be 

relative to that of conventional modules by a greater margin. 

Cotton gins on the Texas Southern High Plains not only get cotton from their 

county, but from surrounding counties as well. The surveyed gins in the 16 county region 

gin cotton from a total of 32 counties with individual gins receiving cotton from as few as 

1 county up to 20 counties for one of the larger responding gins. However, 23 of the 28 

responding gins reported receiving more than 90% of their cotton from within a 30-mile 

radius of the gin itself. The number of bales per module vary between the types of 

modules. Conventional modules contain, on average, 11.26 bales per module while round 

modules contain 3.08 bales per module, on average. A module truck can typically haul 

four round modules at a time, which is an average of 12.32 bales. As a result, cotton gins 

can haul slightly more cotton per load than they are able to with conventional modules. 

 Table 5.4 also shows a comparison between the transportation costs and 

characteristics for both conventional and round cotton modules. The average distance 
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cotton is hauled for each is comparable for both types of modules at 20.07 miles for 

conventional and 20.29 miles for round modules. However, the maximum distance 

hauled for each was 62 and 100 miles for conventional and round modules, respectively.  

 

Table 5.4. Gin Transportation Characteristics  

  Mean 
Standard 

Deviation Minimum Maximum 
Avg. Distance Hauled By 
Conventional Module (Miles) 20.07 11.28 8.00 62.00 
Avg. Number of Bales Per 
Conventional Module 11.26 0.97 9.00 13.30 
Transportation Cost Per 
Conventional Module ($) 81.07 50.67 19.00 276.00 
Conventional Module 
Transportation Cost Per Bale ($) 7.28 4.37 1.58 23.00 

Avg. Distance Hauled By Round 
Module (Miles) 20.29 19.89 4.43 100.00 
Avg. Number of Bales Per 
Round Module 3.08 0.35 2.50 4.00 

Transportation Cost Per Round 
Module ($) 19.92 12.32 3.13 50.00 
Round Module Transportation 
Cost Per Bale ($) 6.48 4.15 0.98 17.30 

 
 

Ginning Cost Characteristics 

 As with transportation cost, total ginning cost per single bale of cotton varies with 

the size of the gin. For the 2016 season, the overall average cost of ginning a single bale 

of cotton across all responding gins was $62.69. This takes into account both the variable 

and fixed cost of ginning. The average cost of ginning a bale of cotton also was 

calculated for each of the four gin size groups. The results are summarized in Table 5.5. 
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 Size group two had the lowest average ginning cost of all groups, while group 

four had the most expensive ginning cost at $63.65 per bale. This increase in cost could 

be correlated with the amount of excess capacity present in that size group. For example, 

responding gins in group four have an average hourly excess capacity of 47.28 bales. If 

those gins were processing cotton at a rate closer to the effective capacity of the gin it 

could lower the individual ginning cost per bale for a cotton gin on the Texas Southern 

High Plains.  

 

Table 5.5. Ginning Cost Characteristics Per Gin Group 

  Manufacturer Rated Capacity Average Cost Per Bale 
Group 1 Up to 25 Bales Per Hour $61.20 
Group 2 25-45 Bales Per Hour $60.17 
Group 3 46-70 Bales Per Hour $62.86 
Group 4 Greater Than 71 Bales Per Hour $63.65 

 

 

Ginning Industry Cost 

 Table 5.6 breaks down the industry cost parameters for each gin size group under 

the current ginning industry structure for the sample of 28 gins on the Texas Southern 

High Plains. In order to calculate the total cost for each group, the total bales ginned per 

group were multiplied by the average ginning cost per bale for that group. These values 

were then added together to determine the total cost for the sample of the industry. This 

total is $98,310,186.06 under the current industry structure, for the responding gins. 

Table 5.6 also gives information on the percentage of the total cost to the industry for 

each size group. Group three accounts for the largest percentage of total cost at 42.41%, 
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which is consistent with the proportion of the total crop bales processed at group three 

gins.  

 

Table 5.6. Current Industry Cost Parameters 

  

Rated 
Capacity 

(bph) 

Total Bales 
Ginned 
(bales) 

Total 
Ginning Cost 

Per Bale 
Total Sample 

Cost 
Percentage 

of Total Cost  
Group 1 0 - 25  134,580 $61.20 $8,236,296.00 8.38% 
Group 2 26 - 45 368,675 $60.17 $22,183,174.75 22.56% 
Group 3 46 - 70 663,206 $62.86 $41,689,129.16 42.41% 
Group 4 ≥ 71  411,651 $63.65 $26,201,586.15 26.65% 

   Total:  $98,310,186.06  
 

 

Average Cost Curves 

Using the average cost functions from the McPeek (1997) research study, these 

cost functions were recalibrated to be appropriate for the new gin size groups. Each gin 

size group had its own average cost curve and in the function, both the fixed and variable 

costs were incorporated into the equations. Below the four average cost function 

equations are presented for each of the four gin size groups.  

 

21 Bale Per Hour Gin: 𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐶𝑜𝑠𝑡 = 22.557 + 573437.87 ∗ Z (
#	\]^_`

a 

 

40 Bale Per Hour Gin: 𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐶𝑜𝑠𝑡 = 19.7911429+ 716343.683 ∗ Z (
#	\]^_`

a 
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60 Bale Per Hour Gin: 𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐶𝑜𝑠𝑡 = 16.8797143+ 866770.854 ∗ Z (
#	\]^_`

a 

 

100 Bale Per Hour Gin: 𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝐶𝑜𝑠𝑡 = 11.0568571+ 1167625.2 ∗ Z (
#	\]^_`

a 

 Figure 5.1 shows a graphical illustration of the four average cost functions 

utilized in this model.  

 

 

Figure 5.1. Average Cost Curves 

 

Optimization Model Results 

 A linear programming model to minimize the total cost (ginning and 

transportation) was estimated to fulfill the main objective of this research project. The 

model resulted in a list of results that provided the optimal size, number and location of 

gins on the Texas Southern High Plains as well as the total cost to the industry. Two sets 
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of results were generated, one for 100% round modules and one for 100% conventional 

modules. The 64 quadrants in the 16 county surveyed area represent possible gin 

locations in the optimal configuration. A gin of each of the four gin sizes has the 

possibility to be placed in each county. The capacity constraint for each size group was 

determined by the average processing capacity for each size group from the information 

provided in the Ginning Industry Assessment. The demand of cotton, or cotton available 

to be ginned, was determined by 12-year production in bales for the years 2005-2016 

from the United States Department of Agriculture National Agricultural Statistics 

Service. The optimization model resulted in the optimal number of gins required to gin 

the given supply of cotton in the 16 counties while minimizing the total costs to the gins 

and the industry as a whole.  

Figure 5.2 shows an illustration of the optimal ginning industry broken down by 

quadrant. Table 5.7 presents the results of the optimization model and shows the optimal 

gin layout under the optimal ginning industry structure on the Texas Southern High 

Plains. The optimal structure included six gins in group 1 (size 0-25 bph), two gins in 

group 2 (size 26-45), nine gins in group 3 (size 46-70 bph), and nine gins in group 4 (size 

³ 71). This optimal structure included a total of 27 cotton gins in the 16 county area, 

which is a significant decrease from the 76 cotton gins currently present in the industry. 

The optimal structure of gins on the Texas High Plains were the same for an optimal 

industry with each type of module.  
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Figure 5.2. Optimal Ginning Industry Structure 

 

Under the optimal structure 12 of the 16 surveyed counties will have at least one 

cotton gin. There is not a cotton gin present in Andrews, Bailey, Howard or Midland 

county. Only one county maintained its current number of cotton gins between the two 

ginning industry structures. Eleven counties (Bailey, Crosby, Dawson, Gaines, Lamb, 

Lubbock, Lynn, Martin, Midland, Terry and Yoakum) included in this study are projected 

to see a decrease in the number of cotton gins by levels that are greater than or equal to 

50%. Glasscock County is the only county projected to see an increase in size of gins, 

going from one to three under the optimal structure. Overall, the results of the 
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optimization model show a significant decrease in the number of cotton gins on the Texas 

Southern High Plains. Under the optimal structure, group four gins account for the largest 

market share at 56.84% of the total cotton being ginning in this group. The second largest 

market share is group three at 34.34% of the total while groups one and two account for 

less than 5% of the total each. These percentages along with the number of bales for each 

group can be seen in Table 5.8.  

Similar to the McPeek (1997) research study, this analysis found the optimal 

ginning industry structure to include fewer gins in a variety of the four gin size groups. 

This consistency is related to the assumed monopolistically competitive market structure 

for this optimization model. In this instance, smaller gins operating closer to their 

effective capacity were more cost effective than larger gins processing smaller amount of 

cotton in some instances.  

The total cost to the industry under the optimal structure with 100% conventional 

modules is $63,562,000 while 100% round modules is $61,257,000. This difference is 

consistent with the per bale per mile cost of round modules being slightly less than that of 

conventional modules. These results confirm that even without taking round modules into 

considerations, cotton gins on the Texas Southern High Plains are not operating at cost 

minimization levels. Both optimization cost levels are significantly less that 

$98,310,186.06 of total costs incurred to the industry in the current ginning industry 

structure. If the cotton gins in the industry on the Texas Southern High Plains were 

operating at optimal levels, it could potentially save between $34 and $37 million.  
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Table 5.7. Optimal Ginning Industry Structure Breakdown 

 

County
Current Number of 
Gins Per County

Optimal Number 
of Gins

Optimal Size of 
Gins (bph)

Number of Bales at 
Optimal Gin (per season)

Andrews 0
Bailey 3
Cochran 2

Northwest 1 40 55,563
Northwest 1 60 109,924

Crosby 6
Southwest 1 100 185,770

Dawson 8
Northwest 1 100 147,177
Northwest 1 21 38,593
Northeast 1 60 99,723
Northeast 1 60 86,047

Gaines 8
Northwest 1 21 18,375
Northwest 1 60 115,683
Northwest 1 21 5,087
Southwest 1 100 185,770

Glasscock 1
Northwest 1 60 86,667
Northwest 1 21 3,760
Northwest 1 21 22,050

Hockley 7
Northwest 1 100 148,133
Northeast 1 100 146,850
Northeast 1 21 17,197
Northeast 1 21 21,723

Howard 4
Lamb 6

Northwest 1 100 185,770
Lubbock 10

Northwest 1 60 126,840
Northeast 1 40 58,930
Northeast 1 100 185,770

Lynn 6
Southeast 1 100 185,770

Martin 5
Southeast 1 60 81,170
Southeast 1 60 104,600

Midland 1
Terry 5

Southwest 1 100 185,770
Yoakum 4

Northwest 1 60 129,933
TOTAL 76 27 2,738,645



Texas Tech University, Jayci Cave, May 2018 
 

 45 

Table 5.8. Optimal Market Share Per Gin Size Group 

  Size Number of Bales Market Share 
Group 1 Up to 25 BPH 126,785 4.63% 
Group 2 25-45 BPH 114,493 4.18% 
Group 3 46-70 BPH 940,587 34.34% 
Group 4 Greater Than 71 BPH 1,556,780 56.84% 

 Total: 2,738,645  
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 

 
Research Overview 

 A previous similar study by McPeek (1997) concluded that the Texas Southern 

High Plains cotton ginning industry was characterized as monopolistically competitive. 

The amount of excess capacity inherent to the ginning industry is consistent with the 

monopolistic market structure. McPeek (1997) concluded the current structure at the time 

of the study was not operating efficiently. The results indicated there would be fewer gins 

overall in a variety of each gin size.  

 The purpose of this research project was to examine the effects of the adoption of 

the round bale harvesting technology at the farm level on the optimal structure of the 

ginning industry on the Texas Southern High Plains. This study resulted in not only a 

projection of the optimal ginning industry structure, but it also analyzed the 

characteristics of the current structure. The specific objectives of this study were to 

analyze the change in demand for ginning services, and the potential change in optimal 

number and location of gins on the Texas Southern High Plains. A cost minimizing 

optimization model was used to fulfill the objectives of this study.  

Summary of Results 

 A Ginning Industry Assessment was sent to active cotton gins in 16 counties on 

the Texas Southern High Plains in order to analyze the current structure and determine 

the optimal. There were 28 gins, out of 76, who returned the completed survey 

representing at 37% response rate. The data collected was then analyzed and used to run a 

least cost optimization model.  
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 A comparison of the costs associated with conventional modules and round 

modules was conducted. Survey results showed the average transportation cost for round 

and conventional modules were $0.32 and $0.38 per bale per mile, respectively. 

Currently, 23 of the 28 responding gins received more than 90% of their cotton from 

within a 30-mile radius of the gin itself. As hypothesized, excess capacity was present in 

each of the four size groups of gins on the Texas Southern High Plains. The hourly 

excess capacity for groups one through four were 1.51, 6.41, 10.00 and 47.28 bales per 

hour, respectively. The results of the cost minimization optimization model concluded the 

current industry structure was not operating a cost minimization levels. According to the 

model, the optimal structure would be comprised of 26 gins total with gins classified in 

each of the four gins size groups. The optimal structure included six gins in group 1 (size 

0-25 bph), two gins in group 2 (size 26-45 gins), nine gins in group 3 (size 46-70 bph), 

and nine gins in group 4 (size ³ 71).  

 In conclusion, this study showed that even without taking into account the new 

round module technology, the ginning industry on the Texas Southern High Plains is not 

operating at cost minimization levels. Should the industry transition to the optimal, it 

could possibly result in cost savings for the industry as a whole. However, this study did 

not take into account outside components, such as personal preference. Regardless of 

what the optimal structure is projected to be, it is likely the actual will vary from the 

results. This is because growers have the option to take their cotton to one gin over 

another for many reasons. This factor alone could be the reason the current ginning 

industry is structured as it is and is so far from the projected optimal. 
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Limitations and Implications for Further Research 

 This research study could be improved in a number of ways. First, a larger 

percentage of gins responding to the survey would have been ideal. However, with the 

time constraints this was not possible for this particular study. An increase in the amount 

of responding gins would have resulted in a more accurate representation of both the 

current and optimal ginning industry structure on the Texas High Plains.  

 Another factor that could improve this research study is the amount of round 

modules handled by the responding gins. Since the round bale harvesting technology is 

fairly new on the Texas High Plains. With gins only receiving around 13% of their cotton 

in round modules, they may not be experiencing their benefits to the full extent. As a 

result of the current low adoption rate of the round bale harvesting technology at the farm 

level, the cost differential between the two types of modules is low. Down the line, the 

optimal has potential to change as more data on increased implementation becomes 

available.   
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APPENDIX A 

GINNING INDUSTRY ASSESSMENT SURVEY 

 
Ginning Industry Assessment 

Texas Tech University, Department of Agricultural Economics 
 
This research study is examining the effects the adoption of the round bale harvesting 
technology at the farm level will have on the optimal structure of the ginning industry on 
the Texas High Plains. In this study, you will be asked to complete a survey. The 
questions are about the cotton gin and its operations. Individual data will be aggregated 
and individual information about your gin will be kept strictly confidential. Your 
participation in this survey is voluntary. Dr. Hudson, Jayci Cave and the Institutional 
Review Board have reviewed the questions and think you can answer them comfortably. 
You may skip any question you do not feel comfortable answering. You can also stop 
answering questions at any time. Participating is your choice. However, we do appreciate 
any help you are able to provide. We are asking for 20-30 minutes of your time. The 
questionnaire will not request any personal information to protect your privacy. As part 
of the industry you could find the results of this study useful and relevant to your 
business.  
 
This study is being conducted by Dr. Darren Michael Hudson from the Department of 
Agricultural and Applied Economics at Texas Tech University. If you have questions, 
you can call him at 806-834-0546. TTU also has a Board that protects the rights of people 
who participate in research. You can call to ask them questions at 806-742-2064. You can 
mail your questions to the Human Research Protection Program, Office of the Vice 
President for Research, Texas Tech University, Lubbock, Texas, 79049, or you can email 
your questions to hrpp@ttu.edu. 
 
Please answer all of the following questions. Your responses will be kept in strict 
confidence. If you wish to comment on any of the questions or qualify your answer, 
please feel free to use a separate sheet of paper. 
 
 

Section I 
 

1. What is the exact location of your gin, in reference to actual roads, county lines, 
etc.? 

(Example: Located on F.M. 1585, 2 miles west of I 27) 
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2. Please complete the following table concerning the counties which utilized your 
ginning services in 2016. 

 
County Avg. Distance of Farms in 

this County from your Gin 
Percentage of ginned cotton 

coming from this county. 
1.   

2.   

3.   

4.   

 
 

3. What is the manufacturer rated capacity of the gin in bales per hour? 
 
______________ bph 

 
4. What was your average processing rate in bales per hour in 2016? 

 
______________ bph 

 
5. What is your maximum seasonal capacity in bales per season?  

 
______________ bps 

 
6. What was the length of your ginning season in 2016?  

 
______________ days 

 
7. On an average, how many hours per day did you gin in 2016?  

 
______________ hours 

 
 

8. On an average, how many hours per day did you have down-time in 2016? 
 
______________ hours 
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Section II 
 

9. Did you haul seed cotton from the producers’ field to your gin? 
 
______________ Yes   ______________ No (Skip to Q-10) 

 
If Yes: 

A. Who incurred the cost of transportation? 
 
______________ The Gin ______________ The Producer 

 
B. What percentage of cotton was hauled from the field in conventional modules 

and round modules? 
a. ______________ by conventional module (If 100% Answer C, Skip 

D) 
b. ______________ by round module (If 100% Skip C, Answer D) 

 
C.  

a. What was the average transportation cost per conventional module? 
$ ________ per conventional module 
b. What was the average distance hauled by conventional module? 
   ________ miles 
c. What was the average number of bales per conventional module? 
  ________ bales/module 

 
D. Answer 

a. What was the average transportation cost per round module? 
$ ________ per round module 
b. What was the average distance hauled by round module? 
   ________ miles 
c. What was the average number of bales per round module? 
  ________ bales/module 

 
10. How much gin trash was generated in the 2016 ginning season? 

 
______________ Tons 

 
11. How did you dispose of the gin trash? 

a. ______________ paid to dispose of all of it (Answer A, Skip B) 
b. ______________ sold all of it (Skip A, Answer B) 
c. ______________ sold some and paid to dispose of some (Answer both A 

and B) 
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A. Answer 
a. How many tons of trash did you dispose of at your cost? 

________ tons 
b. What was the trash disposal cost per ton? 

$ ________ per ton 
 

B. 
a. How many tons of trash did you sell? 

________ tons 
b. How much did you receive in dollars per ton? 

$ ________ per ton 
 
 

Section III 
 

12. Please complete the following table indicating the number of bales processed and 
the ginning charge for the given seasons? 
 

  

Bales Harvested 
Percentage of 

Cotton Hauled by 
Round Module 

Ginning 
Charges 

 Stripper 
Harvested  

Picker 
Harvested in Percent Per cwt. 

2016         

2015         

2014         

2013         

2012         
 
 

13. Approximately, what was the total cost (variable and fixed) of ginning per bale in 
the 2016 ginning season? 
 
$ ______________ per bale 
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APPENDIX B 

COUNTY PRODUCTION INFORMATION 

  Andrews Bailey Cochran Crosby Dawson Gaines 
2016  96,100 164,000 298,800 339,600 318,800 
2015  70,100 139,200 239,100 328,700 372,200 
2014  71,000 134,800 276,300 228,700 217,900 
2013  36,000 64,900 228,600 86,100 174,200 
2012  26,900 61,400 214,400 160,300 245,200 
2011  34,100 47,200 79,400 68,000 115,100 
2010 25,300 111,400 192,200 305,800 381,900 398,800 
2009 19,000 30,200 75,500 265,000 271,000 313,000 
2008 8,300 24,800 48,300 227,200 144,500 167,500 
2007  59,000 160,000 342,000 393,000 487,000 
2006 20,900 64,900 131,100 214,700 161,000 346,200 
2005   42,258 100,484 245,100 400,000 461,000 

Average 18,375 55,563 109,924 244,700 246,900 301,408 
 

  Glasscock Hockley Howard Lamb Lubbock 
2016 112,400 414,000 116,500 221,900 479,300 
2015 90,600 282,400 87,900 164,900 358,000 
2014 84,300 275,900 35,300 170,800 279,700 
2013 57,400 211,600 30,700 116,500 195,300 
2012 57,100 192,500  145,400 251,100 
2011 27,600 79,100  114,100 117,000 
2010 104,400 425,600 113,900 301,100 456,100 
2009 86,300 268,000 91,000 156,400 332,000 
2008 38,600 280,000 10,700 163,000 346,700 
2007 180,000 450,000 182,000 230,000 482,000 
2006 51,300 279,700 57,600 339,500 247,800 
2005 150,000 381,000 123,700 312,000 467,000 

Average 86,667 294,983 84,930 202,967 334,333 
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  Lynn Martin Midland Terry Yoakum 
2016 416,900 148,100  285,900 137,500 
2015 365,200 145,100  222,100 151,200 
2014 211,500 92,000  151,700 121,200 
2013 188,200 24,800  152,100 102,200 
2012 205,000 44,500 16,300 186,400 100,300 
2011 106,600 17,100 13,600 94,900 47,600 
2010 350,500 168,700 27,500 306,700 183,100 
2009 208,000 115,000 21,500 198,100 129,000 
2008 197,400 26,300 10,100 161,300 65,900 
2007 443,000 233,000 39,000 371,000 182,000 
2006 140,500 61,600 19,900 214,200 146,200 
2005 429,000 179,000 28,500 409,000 193,000 

Average 271,817 104,600 22,050 229,450 129,933 
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APPENDIX C 

OPTIMIZATION MODEL MATLAB CODE - CONVENTIONAL 

% 100% Conventional Modules 
% This models solves the optimal location and size of gins along with the number of 
bales of cotton ginned on the Texas High Plains. 
 
i = 64; % The index for gin locations  
j = 4; % The index for gin size 
k = 16; % The index for county 
 
% Transportation cost per bale of cotton 1-by-(i*j*k) vector 
 
t = 
[5.7,50.92,35.72,56.24,26.98,10.26,39.14,39.14,34.2,53.58,45.98,38,23.18,31.16,24.32,2
5.84,9.5,53.58,38.38,50.54,16.72,14.44,30.78,41.8,26.22,55.86,43.32,27.36,14.82,22.8,25
.84,28.5,9.12,59.66,44.46,62.7,28.88,19.38,36.48,47.88,34.58,62.32,55.48,39.52,23.56,28
.12,33.06,34.58,11.4,56.62,11.4,56.24,22.04,17.48,24.7,44.08,25.84,58.14,48.64,32.87,14
.82,17.1,28.88,31.54,58.14,3.04,22.04,45.98,50.16,44.46,77.9,26.22,68.78,17.1,31.92,44.
46,67.26,188.48,39.9,32.68,54.34,6.46,18.24,41.04,46.36,40.66,74.1,21.66,64.98,12.54,2
7.36,39.9,63.84,71.82,36.1,28.88,51.68,4.56,15.58,44.08,42.94,37.62,70.68,19.38,61.56,1
7.1,30.4,42.56,60.8,69.16,32.68,26.22,49.4,9.5,12.92,39.52,41.04,35.34,68.78,17.86,59.6
6,12.54,25.84,38,58.52,66.5,30.78,23.56,44.84,11.4,4.94,41.8,41.8,30.78,69.54,15.96,60.
42,23.18,30.4,38.76,53.96,61.94,31.54,19,41.8,13.3,5.7,35.72,33.44,28.12,61.18,10.26,52
.06,19.76,24.7,32.68,51.3,59.28,23.18,16.34,39.52,22.8,3.42,42.18,36.48,25.46,64.22,17.
86,54.72,29.26,30.78,34.96,48.64,56.62,26.22,13.68,38.76,22.42,6.84,37.62,30.4,24.7,59.
66,13.3,50.54,27.36,26.22,30.02,47.88,56.24,20.52,13.3,55.86,44.08,35.34,7.98,34.96,44.
08,55.86,22.8,41.8,31.54,11.02,22.8,49.78,61.94,29.26,40.66,62.7,48.64,42.18,7.98,41.8,
50.92,60.04,29.64,46.36,35.34,17.86,29.64,56.62,65.74,36.1,47.5,55.1,45.98,36.48,3.8,31
.54,44.84,50.92,24.32,36.86,32.3,14.06,19.76,47.5,56.62,30.02,41.04,58.52,54.72,45.6,6.
46,34.96,51.68,53.96,33.06,40.28,41.42,22.8,22.8,50.54,59.66,35.72,47.12,26.6,44.46,34.
2,36.1,3.42,18.62,31.16,23.56,21.66,37.62,28.5,12.54,19,30.78,12.54,24.32,27.74,51.3,41
.04,32.68,4.56,20.9,31.54,30.4,19.38,42.56,25.46,9.5,20.14,32.3,19.38,31.16,20.52,49.78,
39.52,39.14,4.94,16.34,26.22,28.88,19.38,43.32,31.92,15.96,12.92,23.94,17.86,29.64,24.
32,51.3,41.04,34.58,4.56,20.52,25.84,30.4,14.44,44.84,31.16,15.2,15.96,26.6,19.38,31.16
,5.7,36.86,21.66,47.5,22.8,6.46,45.6,30.4,39.14,43.7,37.24,29.26,29.64,37.24,15.58,11.78
,20.9,40.66,28.88,41.42,14.82,8.74,39.14,24.32,30.78,38.76,31.16,21.66,25.46,36.86,9.12
,19,12.92,42.56,26.98,51.3,22.04,4.56,44.46,34.2,38.38,48.26,41.04,32.68,28.5,36.48,19,
17.1,15.58,45.98,30.4,47.88,13.3,6.46,37.62,28.88,30.02,43.32,35.72,24.32,21.66,29.64,1
3.68,20.52,34.58,74.86,64.98,52.44,28.12,41.04,3.04,53.96,14.44,68.4,55.1,39.14,17.48,1
2.16,43.32,54.72,37.24,74.1,63.84,49.02,27.36,43.32,8.74,53.2,11.02,69.54,52.82,36.48,2
0.52,17.86,42.18,53.96,34.2,74.48,64.22,57.38,27.74,40.66,6.84,53.58,20.14,68.02,54.72,
38.76,17.1,12.16,42.94,54.72,36.48,80.56,70.68,55.1,33.82,46.74,8.36,60.04,17.1,75.62,5
8.52,42.56,23.18,18.24,49.02,60.8,43.7,20.9,12.92,30.4,29.64,31.54,57.38,4.94,48.26,15.
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2,16.72,28.88,45.22,58.14,19.38,23.56,45.6,27.36,17.48,24.32,28.88,33.44,56.62,4.56,47.
5,14.44,10.64,22.8,44.46,57.38,19,28.12,40.28,23.18,12.54,28.88,23.56,28.5,51.68,5.7,42
.56,19.76,18.62,23.18,39.52,52.44,13.68,18.62,40.66,28.5,17.86,23.94,23.56,28.5,51.68,6
.46,42.18,21.28,13.68,19,39.52,52.44,13.68,23.94,28.5,60.8,50.54,36.1,14.06,30.02,16.72
,39.9,4.56,54.34,39.52,24.32,13.68,22.8,28.88,41.04,32.68,68.4,58.52,40.28,22.04,37.62,
18.62,47.88,4.94,61.94,47.5,31.16,18.24,24.32,36.48,48.64,28.12,66.5,56.24,41.42,19.76,
34.58,12.92,45.6,4.18,60.04,45.22,29.26,13.3,17.86,34.58,46.74,31.92,68.78,61.94,42.18,
22.04,37.62,15.96,47.88,4.18,61.94,47.5,31.16,17.1,23.56,36.86,48.64,58.14,15.58,25.08,
36.48,41.8,47.5,69.54,16.72,62.7,4.56,22.8,34.96,61.56,70.3,31.54,35.72,58.14,19,30.78,
36.1,41.42,46.36,70.68,17.86,60.04,7.22,20.14,32.3,58.9,71.44,31.16,41.42,54.34,17.48,1
8.24,33.44,38.38,40.66,66.12,13.68,59.66,7.22,19.38,31.92,53.96,66.88,28.12,28.88,52.0
6,22.04,22.8,27.74,35.34,40.28,64.6,11.02,53.96,8.36,14.06,26.22,52.82,66.5,25.08,33.44
,47.12,30.4,23.94,20.14,30.4,34.96,56.62,10.64,45.98,16.72,4.56,18.24,45.22,57.38,20.14
,31.16,50.16,36.48,29.64,14.06,29.26,38.38,55.48,17.1,44.84,23.18,3.04,17.86,44.08,56.2
4,23.56,34.58,41.04,34.58,24.32,19,23.56,29.26,49.78,12.54,39.14,22.42,9.12,11.4,38.38,
50.54,14.44,25.46,46.36,39.14,28.5,14.06,23.56,35.72,50.16,15.96,39.52,25.46,6.08,11.7
8,38.38,50.92,21.28,32.3,39.52,38.76,26.98,25.08,19.38,27.74,45.98,17.48,34.96,27.74,1
5.96,7.6,33.82,46.74,12.92,23.94,40.66,45.22,33.44,17.86,18.24,34.96,44.46,21.66,31.16,
31.92,14.82,6.08,32.68,45.22,19.38,30.4,36.48,42.56,32.3,26.6,14.06,26.22,40.66,21.66,2
9.64,34.2,20.9,6.46,28.88,41.42,11.4,22.42,34.58,51.3,40.28,21.28,12.54,28.88,38.76,27.
74,25.46,37.62,20.9,4.94,26.98,39.52,19,30.4,18.24,56.62,46.36,44.08,10.64,22.04,25.08,
35.72,20.52,50.16,37.24,22.04,9.5,17.48,24.7,36.48,23.56,58.52,48.26,42.18,11.78,28.5,1
9,37.62,11.02,51.68,38,22.04,8.74,19.76,26.6,38.38,16.72,62.7,47.12,52.06,17.86,23.18,1
9,43.32,18.24,57.38,44.84,28.5,3.42,13.3,32.3,37.24,21.66,61.94,51.68,49.4,15.2,28.12,1
2.92,41.04,12.16,55.1,42.18,25.84,3.8,13.68,30.02,41.8,19.38,64.98,49.78,58.52,24.32,25
.84,15.2,49.78,20.52,63.84,50.92,34.96,11.78,7.98,38.76,39.9,24.7,70.3,55.1,54.72,24.7,3
1.16,8.74,49.4,17.1,63.46,51.3,35.34,9.5,3.8,38.38,45.22,23.56,68.4,53.2,62.32,30.02,28.
88,19.38,55.48,24.7,69.54,57,41.04,17.48,12.54,40.66,43.32,28.12,73.72,58.52,60.04,30.
02,34.2,15.58,54.34,22.8,68.78,57,39.9,15.58,3.04,43.7,48.64,32.3,30.02,18.24,33.06,19,
20.52,46.74,14.06,37.62,28.12,22.8,17.48,34.58,47.5,8.74,13.3,32.68,33.44,22.04,26.98,1
5.96,20.9,44.08,12.92,34.58,26.22,16.72,15.2,31.54,44.84,6.08,17.1,26.22,34.58,22.8,36.
1,15.58,14.44,43.32,19.76,33.82,33.82,25.84,17.86,30.78,44.08,3.8,12.92,31.54,36.48,26.
22,32.68,9.88,19.76,37.62,15.96,28.5,30.02,22.42,12.92,25.46,38.76,4.94,16.72,31.16,26.
98,11.78,42.56,28.12,17.1,55.86,22.04,46.74,33.44,32.3,26.98,40.28,48.26,17.86,2.28,31.
92,26.98,11.78,39.14,25.46,18.24,53.2,18.24,44.08,32.3,28.5,24.32,41.42,49.4,15.2,6.46,
25.46,31.54,16.34,46.36,26.6,13.3,52.44,26.98,45.22,38.38,36.1,28.5,36.48,44.46,14.06,4
.94,25.84,31.16,15.96,42.18,21.28,12.16,49.4,23.18,39.9,37.24,31.92,23.94,34.96,44.08,9
.88,6.08];  
 
t = reshape(t, [k i])'; 
t = [t t t t]; 
t = reshape(t', [i*j*k 1])'; 
 
% Variable ginning cost per bale of cost 1-by-(i*j*k) vector 
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v1 = ones(i,k)*22.527; 
v2 = ones(i,k)*19.791; 
v3 = ones(i,k)*16.880; 
v4 = ones(i,k)*11.057; 
v = [v1 v2 v3 v4]; 
v = reshape(v', [1 i*j*k]); 
 
% Fixed ginning cost 1-by-(i*j) vector 
 
f1 = ones(i,1)*573437.87; 
f2 = ones(i,1)*716343.68; 
f3 = ones(i,1)*866770.854; 
f4 = ones(i,1)*1167625.2; 
f = [f1 f2 f3 f4]; 
f = reshape(f', [1 i*j]); 
 
% Create the linear parameter in the objective function -- total cost 
c = [t+v f]; 
 
% Create the linear constraint coefficient matrix A 
 
% A1 is the coefficients in the supply constraints for ginning service 
a = ones(1,k); % 1-by-k vector of ones 
a = blkdiag(a,a,a,a); % j-by-j*k matrix (repeat a by j times) 
A1 = 
blkdiag(a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,
a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a); % i*j-by-i*j*k matrix (repeat "a" i times) 
 
% A2 along with A1 provides the integer constraints 
 
a = [32559 57000 120107 185770]; % capacity of four size types of gins 
a = -a; 
a = diag(a); 
A2 = 
blkdiag(a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,
a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a); % i*j-byi*j matrix (repeat "a" i times); 
 
% A3 is the coefficients in the demand constraints for ginning services 
a = -ones(1,k); 
a = diag(a); 
A3 = repmat(a, 1, i*j); % k-by-i*j matrix  
 
Z1 = zeros(i*j,i*j); 
Z2 = zeros(k, i*j); 
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% Create the coefficient matrix for constraints 
A = [A1 Z1; 
     A1 A2; 
     A3 Z2]; 
  
b1 = [32559 57000 120107 185770]; 
b1 = repmat(b1, 1, i)'; 
 
b2 = zeros(i*j,1); 
 
b3 = -
1*[18375;55563;109924;244700;246900;301408;86667;294983;84930;202967;334333;2
71817;104600;22050;229450;129933]; %%%%%%% requires updates 
 
b = [b1;b2;b3]; 
 
% define the integer variables 
 
intcon = (i*j*k+1):(i*j*k+i*j);  
 
% define the lower and uppper bounds 
 
lb = zeros(i*j*k+i*j+k,1); 
ub = 185770*ones(i*j*k,1); 
ub = [ub;ones(i*j,1)]; 
 
% solving the optimization problem 
[x, fval] = intlinprog(c,intcon, A, b, [],[],lb, ub); 
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APPENDIX D 

OPTIMIZATION MODEL MATLAB CODE - ROUND 

% 100% ROUND MODULES 
% This models solves the optimal location and size of gins along with the 
% number of bales of cotton ginned on the Texas High Plains. 
%  
  
i = 64; % The index for gin locations  
j = 4; % The index for gin size 
k = 16; % The index for county 
  
% Transportation cost per bale of cotton 1-by-(i*j*k) vector 
  
t = 
[4.8,42.88,30.08,47.36,22.72,8.64,32.96,32.96,28.8,45.12,38.72,32,19.52,26.24,20.48,21.
76,8,45.12,32.32,42.56,14.08,12.16,25.92,35.2,22.08,47.04,36.48,23.04,12.48,19.2,21.76,
24,7.68,50.24,37.44,52.8,24.32,16.32,30.72,40.32,29.12,52.48,46.72,33.28,19.84,23.68,2
7.84,29.12,9.6,47.68,9.6,47.36,18.56,14.72,20.8,37.12,21.76,48.96,40.96,27.68,12.48,14.
4,24.32,26.56,48.96,2.56,18.56,38.72,42.24,37.44,65.6,22.08,57.92,14.4,26.88,37.44,56.6
4,158.72,33.6,27.52,45.76,5.44,15.36,34.56,39.04,34.24,62.4,18.24,54.72,10.56,23.04,33.
6,53.76,60.48,30.4,24.32,43.52,3.84,13.12,37.12,36.16,31.68,59.52,16.32,51.84,14.4,25.6
,35.84,51.2,58.24,27.52,22.08,41.6,8,10.88,33.28,34.56,29.76,57.92,15.04,50.24,10.56,21
.76,32,49.28,56,25.92,19.84,37.76,9.6,4.16,35.2,35.2,25.92,58.56,13.44,50.88,19.52,25.6,
32.64,45.44,52.16,26.56,16,35.2,11.2,4.8,30.08,28.16,23.68,51.52,8.64,43.84,16.64,20.8,
27.52,43.2,49.92,19.52,13.76,33.28,19.2,2.88,35.52,30.72,21.44,54.08,15.04,46.08,24.64,
25.92,29.44,40.96,47.68,22.08,11.52,32.64,18.88,5.76,31.68,25.6,20.8,50.24,11.2,42.56,2
3.04,22.08,25.28,40.32,47.36,17.28,11.2,47.04,37.12,29.76,6.72,29.44,37.12,47.04,19.2,3
5.2,26.56,9.28,19.2,41.92,52.16,24.64,34.24,52.8,40.96,35.52,6.72,35.2,42.88,50.56,24.9
6,39.04,29.76,15.04,24.96,47.68,55.36,30.4,40,46.4,38.72,30.72,3.2,26.56,37.76,42.88,20
.48,31.04,27.2,11.84,16.64,40,47.68,25.28,34.56,49.28,46.08,38.4,5.44,29.44,43.52,45.44
,27.84,33.92,34.88,19.2,19.2,42.56,50.24,30.08,39.68,22.4,37.44,28.8,30.4,2.88,15.68,26.
24,19.84,18.24,31.68,24,10.56,16,25.92,10.56,20.48,23.36,43.2,34.56,27.52,3.84,17.6,26.
56,25.6,16.32,35.84,21.44,8,16.96,27.2,16.32,26.24,17.28,41.92,33.28,32.96,4.16,13.76,2
2.08,24.32,16.32,36.48,26.88,13.44,10.88,20.16,15.04,24.96,20.48,43.2,34.56,29.12,3.84,
17.28,21.76,25.6,12.16,37.76,26.24,12.8,13.44,22.4,16.32,26.24,4.8,31.04,18.24,40,19.2,
5.44,38.4,25.6,32.96,36.8,31.36,24.64,24.96,31.36,13.12,9.92,17.6,34.24,24.32,34.88,12.
48,7.36,32.96,20.48,25.92,32.64,26.24,18.24,21.44,31.04,7.68,16,10.88,35.84,22.72,43.2,
18.56,3.84,37.44,28.8,32.32,40.64,34.56,27.52,24,30.72,16,14.4,13.12,38.72,25.6,40.32,1
1.2,5.44,31.68,24.32,25.28,36.48,30.08,20.48,18.24,24.96,11.52,17.28,29.12,63.04,54.72,
44.16,23.68,34.56,2.56,45.44,12.16,57.6,46.4,32.96,14.72,10.24,36.48,46.08,31.36,62.4,5
3.76,41.28,23.04,36.48,7.36,44.8,9.28,58.56,44.48,30.72,17.28,15.04,35.52,45.44,28.8,62
.72,54.08,48.32,23.36,34.24,5.76,45.12,16.96,57.28,46.08,32.64,14.4,10.24,36.16,46.08,3
0.72,67.84,59.52,46.4,28.48,39.36,7.04,50.56,14.4,63.68,49.28,35.84,19.52,15.36,41.28,5
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1.2,36.8,17.6,10.88,25.6,24.96,26.56,48.32,4.16,40.64,12.8,14.08,24.32,38.08,48.96,16.3
2,19.84,38.4,23.04,14.72,20.48,24.32,28.16,47.68,3.84,40,12.16,8.96,19.2,37.44,48.32,16
,23.68,33.92,19.52,10.56,24.32,19.84,24,43.52,4.8,35.84,16.64,15.68,19.52,33.28,44.16,1
1.52,15.68,34.24,24,15.04,20.16,19.84,24,43.52,5.44,35.52,17.92,11.52,16,33.28,44.16,1
1.52,20.16,24,51.2,42.56,30.4,11.84,25.28,14.08,33.6,3.84,45.76,33.28,20.48,11.52,19.2,
24.32,34.56,27.52,57.6,49.28,33.92,18.56,31.68,15.68,40.32,4.16,52.16,40,26.24,15.36,2
0.48,30.72,40.96,23.68,56,47.36,34.88,16.64,29.12,10.88,38.4,3.52,50.56,38.08,24.64,11.
2,15.04,29.12,39.36,26.88,57.92,52.16,35.52,18.56,31.68,13.44,40.32,3.52,52.16,40,26.2
4,14.4,19.84,31.04,40.96,48.96,13.12,21.12,30.72,35.2,40,58.56,14.08,52.8,3.84,19.2,29.
44,51.84,59.2,26.56,30.08,48.96,16,25.92,30.4,34.88,39.04,59.52,15.04,50.56,6.08,16.96,
27.2,49.6,60.16,26.24,34.88,45.76,14.72,15.36,28.16,32.32,34.24,55.68,11.52,50.24,6.08,
16.32,26.88,45.44,56.32,23.68,24.32,43.84,18.56,19.2,23.36,29.76,33.92,54.4,9.28,45.44,
7.04,11.84,22.08,44.48,55.04,21.12,28.16,39.68,25.6,20.16,16.96,25.6,29.44,47.68,8.96,3
8.72,14.08,3.84,15.36,38.08,48.32,16.96,26.24,42.24,30.72,24.96,11.84,24.64,32.32,46.7
2,14.4,37.76,19.52,2.56,15.04,37.12,47.36,19.84,29.12,34.56,29.12,20.48,16,19.84,24.64,
41.92,10.56,32.96,18.88,7.68,9.6,32.32,42.56,12.16,21.44,39.04,32.96,24,11.84,19.84,30.
08,42.24,13.44,33.28,21.44,5.12,9.92,32.32,42.88,17.92,27.2,33.28,32.64,22.72,21.12,16.
32,23.36,38.72,14.72,29.44,23.36,13.44,6.4,28.48,39.36,10.88,20.16,34.24,38.08,28.16,1
5.04,15.36,29.44,37.44,18.24,26.24,26.88,12.48,5.12,27.52,38.08,16.32,25.6,30.72,35.84,
27.2,22.4,11.84,22.08,34.24,18.24,24.96,28.8,17.6,5.44,24.32,34.88,9.6,18.88,29.12,43.2,
33.92,17.92,10.56,24.32,32.64,23.36,21.44,31.68,17.6,4.16,22.72,33.28,16,25.6,15.36,47.
68,39.04,37.12,8.96,18.56,21.12,30.08,17.28,42.24,31.36,18.56,8,14.72,20.8,30.72,19.84,
49.28,40.64,35.52,9.92,24,16,31.68,9.28,43.52,32,18.56,7.36,16.64,22.4,32.32,14.08,52.8
,39.68,43.84,15.04,19.52,16,36.48,15.36,48.32,37.76,24,2.88,11.2,27.2,31.36,18.24,52.16
,43.52,41.6,12.8,23.68,10.88,34.56,10.24,46.4,35.52,21.76,3.2,11.52,25.28,35.2,16.32,54.
72,41.92,49.28,20.48,21.76,12.8,41.92,17.28,53.76,42.88,29.44,9.92,6.72,32.64,33.6,20.8
,59.2,46.4,46.08,20.8,26.24,7.36,41.6,14.4,53.44,43.2,29.76,8,3.2,32.32,38.08,19.84,57.6,
44.8,52.48,25.28,24.32,16.32,46.72,20.8,58.56,48,34.56,14.72,10.56,34.24,36.48,23.68,6
2.08,49.28,50.56,25.28,28.8,13.12,45.76,19.2,57.92,48,33.6,13.12,2.56,36.8,40.96,27.2,2
5.28,15.36,27.84,16,17.28,39.36,11.84,31.68,23.68,19.2,14.72,29.12,40,7.36,11.2,27.52,2
8.16,18.56,22.72,13.44,17.6,37.12,10.88,29.12,22.08,14.08,12.8,26.56,37.76,5.12,14.4,22
.08,29.12,19.2,30.4,13.12,12.16,36.48,16.64,28.48,28.48,21.76,15.04,25.92,37.12,3.2,10.
88,26.56,30.72,22.08,27.52,8.32,16.64,31.68,13.44,24,25.28,18.88,10.88,21.44,32.64,4.1
6,14.08,26.24,22.72,9.92,35.84,23.68,14.4,47.04,18.56,39.36,28.16,27.2,22.72,33.92,40.6
4,15.04,1.92,26.88,22.72,9.92,32.96,21.44,15.36,44.8,15.36,37.12,27.2,24,20.48,34.88,41
.6,12.8,5.44,21.44,26.56,13.76,39.04,22.4,11.2,44.16,22.72,38.08,32.32,30.4,24,30.72,37.
44,11.84,4.16,21.76,26.24,13.44,35.52,17.92,10.24,41.6,19.52,33.6,31.36,26.88,20.16,29.
44,37.12,8.32,5.12]; 
t = reshape(t, [k i])'; 
t = [t t t t]; 
t = reshape(t', [i*j*k 1])'; 
  
% Variable ginning cost per bale of cost 1-by-(i*j*k) vector 
  
v1 = ones(i,k)*22.527; 
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v2 = ones(i,k)*19.791; 
v3 = ones(i,k)*16.880; 
v4 = ones(i,k)*11.057; 
v = [v1 v2 v3 v4]; 
v = reshape(v', [1 i*j*k]); 
  
% Fixed ginning cost 1-by-(i*j) vector 
  
f1 = ones(i,1)*573437.87; 
f2 = ones(i,1)*716343.68; 
f3 = ones(i,1)*866770.854; 
f4 = ones(i,1)*1167625.2; 
f = [f1 f2 f3 f4]; 
f = reshape(f', [1 i*j]); 
  
% Create the linear parameter in the objective function -- total cost 
c = [t+v f]; 
  
% Create the linear constraint coefficient matrix A 
  
% A1 is the coefficients in the supply constraints for ginning service 
a = ones(1,k); % 1-by-k vector of ones 
a = blkdiag(a,a,a,a); % j-by-j*k matrix (repeat a by j times) 
A1 = 
blkdiag(a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,
a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a); % i*j-by-i*j*k matrix (repeat "a" i times) 
  
% A2 along with A1 provides the integer constraints 
  
a = [32559 57000 120107 185770]; % capacity of four size types of gins 
a = -a; 
a = diag(a); 
A2 = 
blkdiag(a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,
a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a,a); % i*j-byi*j matrix (repeat "a" i times); 
  
% A3 is the coefficients in the demand constraints for ginning services 
a = -ones(1,k); 
a = diag(a); 
A3 = repmat(a, 1, i*j); % k-by-i*j matrix  
  
Z1 = zeros(i*j,i*j); 
Z2 = zeros(k, i*j); 
 
% Create the coefficient matrix for constraints 
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A = [A1 Z1; 
     A1 A2; 
     A3 Z2]; 
  
b1 = [32559 57000 120107 185770]; 
b1 = repmat(b1, 1, i)'; 
  
b2 = zeros(i*j,1); 
  
b3 = -
1*[18375;55563;109924;244700;246900;301408;86667;294983;84930;202967;334333;2
71817;104600;22050;229450;129933]; %%%%%%% requires updates 
  
b = [b1;b2;b3]; 
  
% define the integer variables 
  
intcon = (i*j*k+1):(i*j*k+i*j);  
  
% define the lower and uppper bounds 
  
lb = zeros(i*j*k+i*j+k,1); 
ub = 185770*ones(i*j*k,1); 
ub = [ub;ones(i*j,1)]; 
  
% solving the optimization problem 
[x, fval] = intlinprog(c,intcon, A, b, [],[],lb, ub); 
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APPENDIX E 

RUNNING BALES GINNED PER COUNTY 

  Andrews Bailey Cochran Crosby Dawson Gaines 
1991  70150 49150 107200 72000 240950 
1992  4900  61700 13700 277650 
1993  70850  173250 198800 347350 
1994  96350  189550 123750 332850 
1995  62000  142200 152750 311700 
1996  77200  193950 90000 281950 
1997  115800  207150 181350 310450 
1998  90400  145500 55600 228250 
1999  98600  160550 174850 285800 
2000  74450  156050 61250 180450 
2001  97500  116400 63150 186350 
2002  90600  176600 143250 236650 
2003  24750  98050 172650 268250 
2004  110550  299200 237950 411600 
2005  127950  281350 341350 532750 
2006  86950  172200 154000 412300 
2007  75500  351050 361900 567750 
2008  25150  230150 122600 220350 
2009    246700 237250 357100 
2010  109850  301250 329950 460100 
2011    67350 55100 173650 
2012    175550 124400 291450 
2013    220300 54550 248300 
2014    251450 170700 281950 
2015    200200 289150 470500 
2016    280800 255100 448200 
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 Glasscock Hockley Howard Lamb Lubbock 
1991  170250 62250 183350 180050 
1992  92500 59300 15450 72300 
1993  262900 68950 255050 323650 
1994  245900 50450 249000 291750 
1995  276350 45450 188750 241950 
1996  290650  253300 262050 
1997  273500 84900 258050 260600 
1998  209200  257100 216500 
1999  202300 48650 228200 248200 
2000  161600  236000 205950 
2001  175200  287050 161450 
2002  247350 36700 349050 275150 
2003  173950 68900 87900 201350 
2004  469700 82200 371500 579800 
2005  480250 137150 389400 582200 
2006  362450 75050 393850 338900 
2007  540750 183750 243450 629600 
2008  338750 9550 170250 412850 
2009  336050 128800 170000 400300 
2010  521750 175700 340200 578300 
2011  111300  138900 164750 
2012  232100  179050 337650 
2013  232600 37850 146600 342350 
2014  294900 71050 236450 442650 
2015  377150 149200 226450 505300 
2016  502900 145650 331700 657800 
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 Lynn Martin Midland Terry Yoakum 
1991 147750 86700  147450 91650 
1992 194700   117900 104700 
1993 262150 162450  246750  
1994 175500 93800  236100 126450 
1995 185750 102050  217300 132350 
1996 206950 36600  296950 149950 
1997 284100 172200  225750 152700 
1998 151300 22200  132550 98850 
1999 185050 107300  163150 163300 
2000 130650 34200  133650 78800 
2001 56450 34300  111150 121600 
2002 217200 74750  161900 95700 
2003 170650 130300  136800 99350 
2004 303700 140650  285300 139100 
2005 383950 244150  305950 156000 
2006 101850 108050  167350 112000 
2007 412300 284300  308950 162250 
2008 155450 44550  133000 53150 
2009 179250 155800  155250 142050 
2010 288200 203400  229750 216850 
2011 69900 28700  69050 60700 
2012 169150 55950  127300 114550 
2013 128850   94700 122800 
2014 154550 93100  104850 144050 
2015 297950 131750  147200 193700 
2016 328350 126150  194650 190500 

 


