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ABSTRACT

Optimizing the Pistachio Supply Chain and Logistics Network for Fresno County Using

Geographic Information Systems Network Analysis Method

Farnaz Daneshpour

This study aims to optimize the transportation of pistachios from orchards to processing centers in
Fresno County, California to improve logistics efficiency and reduce environmental impacts. This
study evaluates the current transportation situation and compared it with the case in which a new
processing center is built. Also, this study evaluates transportation efficiency based on calculations
of total driving distance, driving time, fuel cost, and Co2 emission and assesses how much of these
variables will be saved if a new facility center is built. This study also explores optimal locations
for pistachio cultivation, based on soil characteristics such as soil pH, type, and drainage class and
compared these locations to current pistachio orchards. The study is based on data from 52
pistachio orchards in Fresno County, 11 existing large scale processing centers in the Central
Valley, the current transportation network, and soil survey data. Location allocation and closest
facility analyses using Network Analysis in ESRI ArcGIS are carried out on two scenarios; first
for allocation of the orchards to existing processing centers and second, reallocation of orchards
considering a new processing facility in the area. A Center of Gravity model is used to determine
an optimal location of the new processing facility in Fresno County. Comparing two scenarios
shows that there is 41% of saving in distance, Co2 emission, fuel cost, and driving time in a
harvesting period by considering the new processing center in Fresno County. Locating the new
facility center in the area can make positive improvements towards logistics efficiency and

environmental issues.
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CHAPTER I

INTRODUCTION

The pistachio (Pistacia Vera L., Anacardiaceae family), a member of the cashew family, is one of
the oldest flowering nut trees, which originated in the Middle East and extended to the
Mediterranean. They have been used from prehistoric times because of their nutritional values,
disease reduction characteristics, and long storage life (Koshteh & Urutyan, 2005). In the 1880°s,
pistachios were imported to the United States as a specialty nut from the Middle East. In the
beginning of the early 1930s, pistachios were planted in California experimentally. Commercial
production of pistachios developed throughout California’s Central Valley in the 1960s and 1970s,
where the long, hot summers provide ideal growing condition for proper ripening of the fruit
(Koshteh & Urutyan, 2005). Pistachio trees are now planted in countries such as Iran, Turkey,

Greece, Syria, Afghanistan, China, and the United States, specifically in California (Razavi, 2005).

Pistachios are an important crop due to their economic value, high nutritious content,
favorable taste, and storability. Pistachios are well-known for being a rich source of protein,
minerals, mono-unsaturated fat, antioxidants, and vitamins. Pistachios are an excellent source of
vitamins containing B-complex groups such as niacin, pantothenic acid, folates, riboflavin,
thiamin, vitamin B-6, vitamin E, and C. Moreover, pistachios contain various minerals such as
selenium, zinc, copper, calcium, magnesium, phosphorus, potassium, and iron (Kizilgoz et al.,
2001). For these reasons, producing pistachios has become more common in many countries
around the world. As a commercial product and an exportable currency earning output, pistachios

have an important role in agricultural production (Karim et al., 2003).



Description and Culture

The pistachio tree is a desert tree that can survive with the full sun in a variety of soil conditions
including clay, loamy, or sandy soil textures, highly alkaline soils, slightly acidic, or even saline
soils (Koukoulakis et al., 2013). The best region for pistachio cultivation is a place with hot, dry
climates with cool winters. However, the optimal production is on deep, friable, well drained, and
sandy loam, with a soil pH slightly acidic to highly alkaline (Couceiro, et al., 2013; Demirkiran &
Cengiz, 2013). According to Sakbaeva et al. (2012), there is a direct relationship between the plant
nutrient value and soil properties. In the U.S., the Central Valley in California and the Southwest
of the U.S. are the best locations for pistachio cultivation because of hot, dry climates and good

soil conditions (Good Agricultural Practices Manual Guidelines, 2009).

Pistachio trees are broad and bushy, with male and female flowers on separate trees. They
grow slowly and require several years to begin bearing nuts, with considerable production
happening at 7 to 10 years and full bearing accruing at 15 to 20 years. The pistachio tree can grow
25 to 30 feet (10 m) tall. Pistachios trees keep bearing nuts for centuries, although the life
expectancy of commercial products is evaluated about 50 to 80 years if conditions are favorable

(Ferguson et al., 2005).

There are 13 varieties of pistachios that have been cultivated in California. Kerman
pistachio type is the most broadly commercial variety cultivated because it is more considered by
importers and processors due to its large size, crispness, good quality, widely split shells, and
favorable taste (Beede et al, 2008). Pistachio trees are like other nut trees in production variations,
they have a large bearing in one year followed by a smaller production the next year. This has
caused the industry to implement inventory building with large production volume to compensate

for subsequent years of decreased supply. Pistachio trees are very susceptible to fungal
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contamination, which can destroy the trees and the roots quickly. In addition, the trees are sensitive
to Aflatoxin contamination in all the production stage from growing, harvesting and processing.
Aflatoxins, which is a toxic fungus contamination, can grow on the crop and destroy it. Drying

and proper storage conditions can reduce contamination risk (CRFG, 1997).

The nuts are harvested in early fall, from September 15" to December 10" in California
(California Fruit & Nut Review, 2005). Pistachios grow like grape clusters. When their fleshy hull
surrounding the shell and the inner shell is split and rosy hue, they are ready to be harvested. The
trees are mechanically shaken and matured nuts fall down on a tarp. Then they are sent to
processing centers to have their hulls removed and dried within 12 to 24 hours after harvest time,

otherwise the nuts will become stained (Onay, 2005).
Production, Export, and Import

Statistics on pistachio production worldwide illustrate both the geography and recent trends in the
industry. According to the United Nations Food and Agricultural Organization (FAO, 2013), world
pistachio production was 1,005,436 metric tons (MTs) in 2012. Out of the total world pistachio
production, Iran produced approximately 472,097 MTs, or 47% of world production. The United
States with a production of 231,000 MTs represents 23% of world production. Turkey with
150,000 MTs represents 15%, while China with 74,000 MTs represents 7.3% of world production.

Figure 1 shows the top five pistachios producers in the world from 2001 to 2012 (FAO, 2013).
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Figure 1. Top Five Pistachios Producers, 2001-2012. Source: Source: FAOSTAT, 2013.
According to National Agricultural Statistics Service (NASS, 2013), and California
Department of Food and Agriculture (CDFA, 2013), U.S. pistachio production of in-shell basis
ranks first in 2012 with 551.0 million pounds, or 250,000 MTs, while Iran, Syria, and Turkey
produced 160,000 MTs, 65,000 MTs, and 50,000 MTs respectively. The production of pistachio
nuts in the U.S. was up to 24% to 275,500 MTs because of favorable weather and a larger area of

production in 2013 (FAS, 2013).

The United States Department of Agriculture (USDA, 2013) estimates approximately
222,000 tons (98%) of U.S. pistachios production are produced in California, where the top five
county producers are Kern, Fresno, Tulare, Madera, and Kings respectively. After California, other

states producing pistachios include Arizona, Nevada, New Mexico, Texas and Utah.

According to the FAS (2013), the United States is the second largest pistachio exporter in

the world with 24% of the total world supply. China, Syria, and Turkey are the largest pistachios
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exporters in the world after Iran and the U.S respectively (Figure 2). The most important country
that the U.S. exports pistachios to is Hong Kong where the U.S. exports a total of $379.3 million
annually (FAS, 2013). The next largest country is Belgium with a value of $104.9 million. When
the nuts are exported to Hong Kong, most of the shipments are re-exported to China because the
number of Chinese customers using pistachios in baked and confectionary products is increasing
(Boriss, 2005). After China, the Netherlands and Canada are the most important countries for
United States pistachio production. Also, pistachio nuts valued at $1.8 Million were imported

primarily from Turkey, followed by Italy and France in 2012 (Figure 2).

Top Five Pistachios Exporter from 2001 to 2011
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In Figure 3, pistachio production, consumption, and export from the U.S. are shown.
Recently, domestic pistachios consumption was increased by 18% to 91,482,000 pounds in 2013
from 77,517,000 pounds in 2012. Also, domestic per capita consumption increased to 0.29 pounds
in 2013 from 0.25 in 2012. However, domestic pistachio consumption relative to other nuts like

almond, walnut, or cashew is low (USDA, 2013).



USA Pistachios Supply and Utilization (shelled basis), 1980 - 2013
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Figure 3. USA Pistachios Supply and Utilization (shelled basis), 1980 - 2013.
Source: USDA, 2013.

Environmental Issues

The pistachio production has been increasing due to better use of resources, advanced
technology, and more skilled labor in recent years (Zheng et al, 2012). In order to have increasing
trend in pistachio production, consumption, and exportation in the long run, resources such as soil
should be optimally employed. Planting on lands that are poor in nutrients, soil water capacity,
soil organic materials, and soil type cause a higher rate of soil erosion which require farmers to
utilize chemicals, fertilizers, and more irrigation (Ritter and Eng, 2012).

Another important environmental issue raised from increasing pistachio production is the
potential increase in greenhouse gasses emissions. Soysal et al. (2014) argues that greenhouse gas
emissions are believed to have grave consequences on the environment. In particular, Davis et al.
(2013) believed that one of the considerable impacts on the environment comes from greenhouse
gasses emissions from food transportation. Therefore, the increasing trend of food transportation
around the world causes more greenhouse gasses (Davis, 2013). Rosenthal (2008) believed that

the greenhouse gasses such as carbon dioxide is one of the major pollution that comes from food



transportation. Greenhouse gasses such as carbon dioxide are the most important gasses affecting
the environment (USGS, 2011). Carbon dioxide remains in the atmosphere for many millennia and
threatens both environmental quality and human health. Co2 is emitted into the air when fuel is
burned in the combustion process and causes the earth’s temperature to increase by trapping heat
in the atmosphere (CLECAT, 2010).

Consequently, energy consumption is an important cause of the global warming which
affects climate change. According to U.S. Energy Information Administration (EIA, 2013), “world
energy-related carbon dioxide emissions are expected to increase to 36.4 billion metric tons in
2020”. As shown in Figure 4, carbon dioxide emissions from liquid fuels consumption accounted
for 43% of the world total in 1990 and 36% in 2010, higher than natural fuel and lower than coal.
Among the Organization for Economic Co-operation and Development (OECD) regions, the
United States continues to be the largest source of energy-related carbon dioxide emissions through
2040, followed by Europe and Japan. Higher levels of energy consumption and Co2 emissions
were caused by residential, commercial, and transportation sectors, which generally are more
energy and carbon-intensive than other sectors of the economy (EIA, 2013).

Consequently, transportation is one of the major sources of Co2 emissions and pollutants.
However, transportation is part of the food industry and cannot be omitted. Also, there is high
dependence on fossil fuels for transportation which produces Co2 (Craiga et al, 2012). Therefore,
this is the current situation of the food transportation with fossil fuel, so transportation needs to be
optimized to reduce Co2 emissions. Litman (2011) argued that in the transportation segment, short
mileage driving uses less fuel and produces fewer emissions. Thus, this study aims to optimize

transportation by minimizing driving mileage.
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Figure 4. World Energy-Related Carbon Dioxide Emissions by Fuel Type in Billion Metrics
Tons, 1990-2040.Source: U.S. Energy Information Administration, EIA, 2013.

Given the need to optimize transportation by minimizing driving mileage, Meyer (2011)
believed that a facility’s location could play a critical role in total transportation distance and it is
necessary to find the best location for facilities. Also, pistachio cultivation should be in ideal
locations to utilize soil optimally and to reduce soil erosion as well. Also, it is important to allocate
the pistachio orchards to the closest facility in order to reduce shipping distance and Co2 emissions.
For this aim, the location allocation model is used through Geographic Information Systems (GIS)

Network Analyst extension.

ESRI ArcGIS, a GIS software, includes the Network Analyst extension, which can be used
for a variety of location allocation problems. ArcGIS has a significant role in researching location
allocation models (Peterson, 2009). ArcGIS is built based on spatial analyst tools that allow

visualizing the output results dealing with only single objective location allocation problems and



minimizing either time or distance (Massey, 2011). These tools and associated geospatial data for

Fresno County provide the foundation for analysis in this project.
Fresno County Overview

For this study, Fresno County was selected as an objective area because of the importance of
pistachio cultivation in this county and availability of the data. Also, there is only one large scale
pistachio processing center located in this county. Fresno County is located in the Central Valley
of California, south of Stockton and north of Bakersfield. Fresno, the fifth-largest city in
California, is located in Fresno County. According to the U.S. Census Bureau in 2013, the county
has a total area of 6,011 square miles (15,570 km?), of which 5,958 square miles (15,430 km?) is

land and 53 square miles (140 km?) (0.9%) is water; the population was 955,272 in 2013.

Fresno County is the center of a large agricultural area, known as the most agriculturally
rich county in the United States (NACo, 2013). According to the 2013 California Agricultural
Statistics Review, Fresno County plays an important role in pistachio production and ranks second
after Kern County in California. Fresno County accounts for 18.7% of total California pistachio
harvested acreage in 2013 (CDFA, 2013). According to the 2012 Fresno County Annual Crop &
Livestock Report, pistachios’ dollar value increased by $19,373,000 (10.97%) from 2011 to 2012,
resulting from an increase in harvested acres. In addition, production increased by 12.26% to
47,600 tons in 2012 from 42,400 tons in 2011. However, production per acre decreased by 8.5%
to 1.40 tons in 2012 from 1.53 tons in 2011 (Fresno County Annual Crop & Livestock Report,

2012).



Research Questions

Which parts of Fresno County have the best soil characteristics for the maximum potential
pistachios production?

e Are current pistachio lands located in the best locations based on soil characteristics?

e Where is the best location for a new pistachio processing center within Fresno County?

e How much distance, shipping time, fuel cost, and Co2 emission will be saved if a new

facility center is built?

Problem Statement

The current pistachio processing plants and pistachio lands in Fresno County are not optimally

located to each other, which cause emissions and costs to increase.

Hypotheses

An ideally placed processing plant located with respect to pistachio farms in Fresno County can

reduce emissions from transportation by 30% over the current locations.

Objectives

This study aims to investigate whether pistachios lands and processing facilities are optimally
located to each other or not. This study evaluates the current situation and compares it with the
case in which one new processing center is built. In addition, this study will find the best location
for a new facility center in Fresno County. The other aim of this study is to find and compare the
best locations for pistachio cultivation and current pistachio orchards regarding soil quality. The

quality of lands is mostly affected by soil characteristics. Also, the study aims to calculate how
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much distance, shipping time, fuel cost, and Co2 emission will be saved if a new facility center is

built.

Justification

California produces 98% of pistachios in the U.S (USDA, 2013). According to California
Agricultural Statistics Review (2013), pistachio was the sixth largest agricultural export
commodity with 2011 exports valued at $778 million in California. Consequently, pistachios play
an important role in the agricultural export revenue in California. Since this study discusses the
best locations for pistachio cultivation according to soil characteristics such as pH, drainage, and
texture, it will be beneficial for pistachio growers to know where the most suitable locations for
the production are in Fresno County. Moreover, this study provides the growers with information
to figure out whether the current pistachio transportation network from farms to facility centers
are optimal or not.

This study also will be beneficial to pistachio processors in the Central Valley and can be
used as a decision support for them regarding the optimal location for a new processing center in
Fresno County. Eventually, results of this study could help in mitigating Co2 emission, fuel cost,

and shipping time.
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CHAPTER II

REVIEW OF THE LITERATURE

Introduction

The scope of this study is comparing a current pistachio transportation situation from farms to
facilities with consideration of building a new facility and investigating the ideal location of
pistachio cultivation in Fresno County. Therefore, a literature review regarding utilizing ArcGIS
Network Analysis-location allocation analysis which is applied as the methodology in this study
needs to be reviewed. However, it should be considered that this study was unable to locate any
articles using ArcGIS Network Analysis-location allocation models in the agricultural sector. As
such, in this chapter, an extensive literature review regarding optimizing transportation and finding
best locations for different aims utilizing the various location allocation models for decision

support is provided.

Optimizing Transportation Using a Location Allocation Model

Geographic Information Systems (GIS) provide an integrated spatial management environment for
the capture, storage, manipulation, management, and mapping of relevant data. GIS provides an
interface between the data and map adding the dimension of geographic analysis to information
technology. This GIS data analysis makes results easy to present information to key decision-
makers quickly, efficiently, and effectively (Wang, 2010). GIS includes a Network Analyst
extension, which can be used for a variety of location allocation problems. There are few studies
in the literature which describe methodologies utilizing ArcGIS tools and spatial data with solving

location allocation models in agricultural and environmental segments. Also, there are some
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studies that conduct a location analysis in other areas such as public services, emergency service,

and supply chain.

Nath, et al. (2000) conducted a study using the ArcGIS and introduced its applications
regarding location decisions in an aquaculture study. They believed that ArcGIS is playing an
important role in world activities in natural resources management. They used both raster and
vector data in ArcGIS to visualize results. Nath, et al. (2000) demonstrated how water resources
and land usage type and environmental characteristics with wide range of their categories can be
integrated into a map and can show the best locations for aquaculture activities which might be
very important for decision makers.

The other application of ArcGIS in agriculture is to obtain the best location for wetland
preservation regarding spatial, ecological and cost criteria (Schleupner & Schneider, 2013). They
used a GIS optimization method for a forest and agricultural sector in Europe. They combined this
GIS optimization method with a mathematical land use optimization model. Their model finds the
areas within a region which fall into different utilization demands and helps evaluate the scarce
resources in Europe.

Furthermore, Wang et al. (2004) approached the GIS and location allocation model in their
study to obtain the best usage of land in the future for Lake Erhai in China. In their study, they
utilized a GIS optimization model considering current land slope and distance. They considered
the current land slope and distance to optimize the allocation of the specific number of lands to
each different land usage. They provided suggestions regarding the best location and best
allocation for the future of this watershed usage based on these factors.

Moreover, Jiangxia et al. (2011) used ArcGIS spatial analysis and linear programming in

their study to determine best locations for different kinds of watershed lands. In their study, the
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factors, such as current land use type and slope, were considered. Their outcomes showed that
what the best allocation of various watersheds could be in the area. Accordingly, the results help
decision makers to manage and develop these watersheds optimally.

Escavy and Herrero, (2013) utilized the ArcGIS location allocation methodology to
determine the best locations for gypsum facilities from demand points, which are locations of
minerals resources. Their study suggested improvement strategies for the market layout of Spanish
gypsum by identifying the optimal facilities locations to cover a significant portion of the market.

Moreover, finding an optimal location for a storage and disposal place for solid wastes in
India was conducted by Ghose et al, (2006). ArcGIS location allocation was used to obtain the
best disposal place based on the shortest route to transferring wastes to the disposal facility. The
factors such as population density, route network, and types of road were considered in their
studies shapefiles.

Optimizing the best location for bioenergy facilities in northern Spain was another study
which was conducted by Panichelli and Gnansounou (2008). In their study, an ArcGIS location
allocation model was used to model competition between facility centers and demand points
regarding the least delivery cost (Panichelli & Gnansounou, 2008).

In addition, Zhang, et al. (2011), introduced an approach to the location problem of biofuel
production facilities with a two-stage methodology based on multiple attributes. In the first stage,
Geographic Information System is utilized to consider county-based pulpwood distribution, city
and village distributions, a federal/state road transportation network, county boundaries, a railroad
transportation network, and a population census to identify the feasible locations for the biofuel

facility. In the second stage, the optimal location to minimize the total transportation cost is
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identified. This approach is applied in a case study to locate a biofuel production facility in Upper
Peninsula of Michigan.

In regards to finding optimal locations, Wood and Brown (2007) utilized another
methodology. Their approach used a Center of Gravity model and GIS by providing decision
makers with precise and accurate location solutions. The Center of Gravity model is a method that
can determine the effectiveness of a location. Moreover, Fuente and Lozano (1998) approached
the problems of grouping towns into zones and assigning warehouse to the zones utilizing cluster
analysis and Center of Gravity algorithms. They allocated a warehouse to each zone and calculated
the location of these warehouses by using a Center of Gravity model. Their study aimed to
minimize transportation cost from factories to future warehouses which is part of an optimal

operations management.

Chaiken, Ignall, and Walker (1976) conducted multiple studies regarding how to locate a
fire station based on a positioning methodology for fire station locations. Their method
investigated basic components, methodologies, and concepts of all of the fire station location
analysis issues such as travel and response time estimations. While Chaiken et al. (1976) did not
develop any kind of mathematical model for the fire station location allocation problem; their study

implies the importance of the computer based mathematical formulas for large problems.

Optimizing the location of emergency stations which provide ambulances was another
study conducted by Revelle and Snyder (1995). They approached two location allocation analyses
for locating optimal emergency stations. One of the methods that they used is the Maximal
Covering location problem, which defines the best places for ambulance service. The other method

they used is a Facility Location-Equipment Emplacement method allocation, which allocates fire

15



services. They used these two different methods because there are different levels of criteria and

requirements for service and costs of the ambulance and fire service (Revelle & Snyder, 1995).

Furthermore, Mitchell et al. (1971) investigated relocating fire stations in a region to serve
the population more efficiently utilizing the location allocation model. The location allocation
model necessitates the closest fire station to respond to each respective fire incident. Their
methodology was based on multiple weights in order to find the best allocations for the fire
stations. The weights were defined based on a history of calls related to fire in each part of the
region. In this way, the number of fire incidents in each part, the probability of incidents, and
potential fire damage were considered. They considered non-weighted variables like a minimum
distance traveled by fire engines and incidents of two or more fire engines responding to a call as

well.

Optimizing postharvest supply chain was another study discussed by Pitaksringkarn and
Taylor (2005). An agricultural facility location model was developed to address the postharvest
supply chain. The model aimed to find the shortest path from production centers to markets
considering some restrictions such as vehicle routing restrictions. Moreover, their study
determined the number, size, and location of markets to balance the product price and

transportation cost. This was approached by GIS as an analysis and display tool.

Since transportation services and activities have become efficient, fast, liberalized, and
efficient globally, companies have started to unite their distribution activities to a few distribution
centers (Morgan, 2007; Oum & Park, 2003). To have an efficient logistics system playing a critical
role in the prosperity and survival of the firm, the number and the location of the united or

consolidated distribution centers must be recognized (Manzini & Accorsi, 2013). Moreover, an
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efficient logistics system in the food supply chain requires producers’ location analysis and

optimizing the best routes for collecting and distributing the products (Ljungberg et al, 2007).

Moreover regarding optimization of the best routes for collecting and distributing the
products, Bosona and Gebresenbet (2011) introduced network integration. They aimed to link
supply chain components to collaborate in sharing information to be competitive and have
sustainable growth. Their study aimed to investigate the local food supply chain characteristics
and develop a framework to coordinate the distribution system resulting in environmental impact
reduction, potential market increase, and efficient logistics. They implemented their proposed
framework on a case of 19 existing Large-Scale Food Distribution Centers (LSFDC) and 90 local

food producers from all over Sweden.

In Bosona and Gebresenbet’s (2011) study, GIS and the Center of Gravity method were
utilized for location analysis to find the locations of LSFDCs, producers, and determine optimal
product collection centers. They employed LogiX and ArcGIS software for route analysis of the
food supply chain from farms to collection centers and from collection centers to markets. For
food product collection they considered two scenarios: a) producers are in charge of transporting
the products, b) collection centers are in charge of handling the products transportation. They
conducted a comparison between these two scenarios and demonstrated that the second scenario
improved product delivery time, driving distance, and number of routes by 47%, 50%, and 68%,
respectively. They grouped producers in 14 clusters and about 86% of these clusters were
integrated into LSFDCs, which was able to improve the logistics efficiency, food quality

traceability, environmental issues, and potential markets.

There have been various techniques in the literature investigating location analysis

problems, including G1S-based location analysis (Li & Yu, 2005; Hernandez & Bennison, 2000),
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cluster analysis (Fuente & Lozano, 1998), Load-Distance technique (Russell & Taylor, 2009),
Center of Gravity technique, and Minimize impedance (P-median) technique (Jamshidi, 2009).
These mentioned articles have approached the location allocation analysis to optimize
transportation or to find an ideal location of a place by using other methods and tools for different
study areas. So far, none of the articles have utilized the location allocation analysis using the
minimize impedance method by the ArcGIS Network Analysis tool for an agricultural supply chain

problem.

Due to the foregoing, this study investigates a location allocation model in the agricultural
supply chain problem by using the ArcGIS Network Analysis tool. As it is described in the
beginning of this section, there are few studies utilizing location allocation models for agricultural
and environmental problems by different techniques. On the other hand, there are some studies
reviewed in this chapter utilizing location allocation models for finding optimal locations for fire
stations, emergency services, or warehouses. While most of the studies are using ArcGIS to solve
a location allocation model in natural resources or public services problems, this study is using
ArcGIS Network Analyst for the food supply chain and more specifically, for pistachios
production and transportation location allocation problems. This study aims to evaluate the current
transportation situation in Fresno County from pistachio farms to processing centers. Also, finding
the ideal location for both a new facility center and pistachio cultivation is another objective of

this study.
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CHAPTER Il
METHODOLOGY
Introduction

In this chapter, the procedures for data collection and analysis will be explained. Data collection
was one of the biggest challenges of this case study, in particular dealing with its availability,
consistency and variety of formats. The methods of determining the optimal locations for pistachio
orchards will be presented. Procedures for creating the network dataset for further network analysis
such as the location allocation and closest facility analysis will be described. Generally, the center
of gravity, location allocation, and closest facility analysis are the major analyses that will be

discussed in detail in this chapter.
Procedures for Data Collection

One of the objectives of this study was to evaluate the optimum locations of pistachio orchards
based on soil characteristics. As mentioned before, pistachios do best on well-drained, clay/sandy
loam soils with pH 7 to 8. For this study, spatial data, attribute data, and statistical data were used
in ESRI ArcGIS for geospatial analysis. For locating optimum locations for pistachio production,
spatial data and attributes of different soil characteristics of Fresno County such as soil pH, type,
drain class, surface texture, and area were obtained from the NRCS Web Soil Survey. These spatial
data were collected in separate shapefiles. ArcGIS help explains spatial data as “Information about
the locations and shapes of geographic features and the relationships between them” (ESRI, 2010).
These soil factors were considered for the analysis, and then data was implemented in GIS and the

results were compared with current orchards locations.
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Another objective of this study was to compare a current and new situation of pistachio
transportation for Fresno County. For this, two scenarios were considered. Scenario 1 considered
the current situation of pistachio transportation in Fresno County with existing processing centers.
Solving this problem by GIS, the location allocation and closest facility analyses were used. Both
analyses evaluated the optimality of pistachio transportation considering shipping distance
between pistachio farms and processing centers.

For this study, initial data used for reference in this project included California major roads,
interstate streets, and county boundaries, along with background aerial imagery accessed through
ESRI’s ArcGIS online database resources. The California major roads, interstate streets, and
county boundaries were line feature classes and the aerial imagery was raster data. Raster data is
defined as image data in the ArcGIS dictionary. Also in the ArcGIS dictionary, feature classes are
defined as a set of data that have the same features such as polygons, points, or lines. As simplified,
all data should be in the same format. Data should only be presented in polygons format, points

format, or only lines format.

Another required data set was current locations of pistachio farms and processing centers.
In regards to pistachio orchards, a satellite imagery classified by field crop type was obtained from
a USDA National Agricultural Statistics Service (NASS) CropsScape Data Layer. In addition,
related data to addresses and locations of existing pistachio processing centers in California were
gathered by searching the internet web sources such as American Pistachios Growers,
Administrative Committee for Pistachios, and California Pistachio Research Board. As a result,
eleven significant facility centers were considered in the Central Valley, including five Paramount
facility centers. Two of these facilities are located in Madera County, one in Fresno County, and

two in Kern County. Another processing center, Keenan Farms, is located in Kings County.
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Nicholas Farms, ARO Pistachio, Setton Farms, and Monarch Nut are located in Tulare County.

Primex Farms is located in Kern County.

Another scenario in this study was scenario 2 which considered the situation of pistachio
transportation with a new potential processing center in Fresno County. Regarding the data, current
locations of pistachio farms and processing centers were required, and were the same as scenario
1. But, a location of new ideal processing centers should be added to the current processing centers
data. For finding the new ideal location of a facility, the Center of Gravity technique was utilized,
which is discussed later. After adding coordinates of the ideal location of new facility center to the

data, the location allocation and closest facility analyses were used for this scenario as well.

Moreover, this study aimed to calculate the total shipping distance, Co2 emission, transit
time, and fuel cost for both scenarios, and then the results were compared. The data obtained from
manipulating some parameters such as fuel consumption, fuel efficiency, and an average speed of
trucks were from Franzese and Davidson’s (2011) study. Also, data regarding producing Co2

emissions and the average cost of diesel fuel were gathered from EIA, (2013).

Consequently, the location allocation and closest facility analyses were analyzed for both
scenarios. In addition, total shipping distance, Co2 emission, transit time, and fuel cost were
calculated for both scenarios. Then, the comparison displayed the difference between the current

and new situation.

Procedures for Data Analysis

This study was conducted mostly based on pistachio orchards and processing centers data in
Fresno County in California. Determining optimum locations for pistachio orchards, a new

processing center, and comparing those with the current situation were the major activities carried
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out. Data analysis tools were used including location allocation analysis and closest facility
network analysis found in ArcGIS (ESRI, 2010). Some calculations were done using Microsoft

Excel.

The key data was location data of pistachio orchards in Fresno County. It was important to
obtain the correct feature data for pistachio farms to calculate variables such as X, Y coordinates,
acreage, average production, and yield per acre. One source for these kinds of data is the
Department of Water Resources, which has most of the crop maps and attributes data for each
county in California. However, in this study, the data was not perfectly appropriate, because it just
provided the east of Fresno County and the data was not updated beyond 2009. Since pistachio
orchards spatial data was captured by satellite imagery and there were many errors of
misclassification and incorrect inputs, two parallel comparing procedures were used for defining

the correct data.

The first comparison method used for defining the correct pistachio farm locations was
comparing the NASS CropScape data with the previously available Department of Water
Resources data from 2009. In this study, the most recent raster data of pistachio lands in 2013 from
the NASS was used for the location allocation model. The previous updated data for east of Fresno
County was in 2009, which was used to compare with 2013 data. This helped to verify the 2013
pistachio lands’ data for Eastern Fresno County. Therefore, each 2013 location point was checked
individually with 2009 location data by using ArcGIS to consider how many of the locations are
shared in both years. In this method, 2009 layer was intersected with the 2013 layer and portions

of data that overlap in both layers verified those pistachio orchards locations in 2013.

The second comparing method used for defining the correct data was comparing the 2013

spatial data with the most updated imagery data via Google Maps. For each single location data
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the exact address was searched on Google Maps and zoomed-in to verify whether that land is
cultivating pistachios or is just an error in the NASS crop classification. After comparison of more
than 200 locations by using these two methods, 105 orchards were verified to be pistachio farms

in Fresno County.

Another challenge in working with the geospatial data was the differences in data formats.
The NASS CropScape data for pistachio locations was based on satellite imagery, which was based
on raster format (image pixels). This format was not useful for the network analysis. In order to be
used, pistachio fields’ location data needed to be converted into a polygon feature class data type.
After converting raster data to polygons with ‘Raster to Polygon’ command in ArcGIS, there was
another problem. Most of the polygons were not exactly matched with dimension of the field on
the map. For example, the field was square but the polygon covered half of that area or extended
somewhere beside the area. Ideally, they should be placed on the correct field location. For this
aim, these converted polygons were further edited in ArcMap via the standard Editing toolbar. For
each farm, the exact polygon was drawn meticulously through their perimeters because it was very

important for the analysis to have the correct area.

In order to properly represent the orchards in the network analysis, these data should be
stored in point format. Therefore, the pistachio orchards should be converted from polygons to
points. Consequently, 52 polygons of pistachio orchards were edited in GIS out of the 105 orchards

and selected as the cleaned data.

After obtaining the correct farm data, they were implemented in the GIS regarding using
the location allocation, and closest facility analyses. Consequently, the results were compared to

each other to show which one is the most optimal one.
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Determination of Optimum Locations

In ArcGIS, one of the most powerful tools is geoprocessing by which it is possible to define,
manage, and analyze data and information to make decisions. A typical geoprocessing operation
carries out an operation on a dataset such as a feature class, raster, or table and creates a second
dataset as the result of that. There are more than 200 available geoprocessing tools in ArcGIS. The
most typical commands are Buffer, Dissolve, Intersect, and Clip. Also, geoprocessing provides
more complex operations like complicated regression analysis and image classification. The action
of cutting features from a layer is defined as Clip, and intersect shows a common features between

two layers.

One of the objectives of this study was to evaluate the optimum locations of pistachio
orchards based on soil characteristics. In this study, the soil pH range of 7 to 8 was considered
(Demirkiran & Cengiz, 2013). Therefore, the best soil criteria for having maximum pistachio
production were considered as well drained, clay/sandy loam with pH 7 to 8 for our evaluation.
The world imagery was obtained from the ESRI ArcGIS Online database. The soil polygons were
collected from NRCS Web Soil Survey. Specific attribute data from the NRCS Soils was extracted
to ESRI shapefile format using the Soil Data Viewer 6.1 plug-in for ESRI ArcGIS. Initially, the

California soil polygons’ attribute data had only drain class and soil type information.

The other factor, soil pH, was extracted from NRCS Soils by using the Soil Data Viewer,
converted to shapefile, and joined to the existing polygons shapefile. All those factors and soil pH
were combined as an attribute table in a shapefile. Different layers were specified by each soil
factor and were shown on the GIS map separately. Then Geoprocessing tools in ArcGIS were used
for this analysis. For the analysis, a final result was obtained by selecting data by attributes of soil

pH, drain class, and soil type, which were chosen based on the range from 7 to 8, well drained,
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and Clay Loam/Sandy Loam. Then, the intersect tool that calculates the geometric intersection of
any number of layers and feature classes was used. The intersect tool calculated all common inputs
between the layers. Therefore, the intersection of these three layers shows the best locations for

maximum pistachio production in Fresno County (Figure 5).

Figure 5. Intersection of three layers.

Center of Gravity Technique

The Center of Gravity technique was conducted to determine the optimum location of a new
processing center. The Center of Gravity Method is a quantitative technique used for finding the
location of a facility such as a distribution center or warehouse in a geographic area. The Center
of Gravity model is based on weight and distance, rather than strictly locating the geographical
center which will minimize distribution distance and cost (Russell & Taylor, 2009; Ludin & Nazri,
2008). This model feature is useful for minimizing overall shipping distances. Also, the Center of
Gravity model can be used for finding several locations, rather than just one location to minimize

shipping distances in a given region.

The coordinates for optimum location could be computed and determined by using the

following equations (Russell & Taylor, 2009):
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Where:
Xi = X-coordinate (Longitude) of location i
Yi = Y-coordinate (Latitude) of location i
Qi = Quantity of goods moved to or from location i

The major assumption in the Center of Gravity method is that cost is mostly affected by
distance and the amount of shipment. The optimal location minimizes the weighted linear distance
between the warehouse and its related retailers, where weight is defined as the number of shipped

containers (Russell & Taylor, 2009).

In this study for locating a new processing center in Fresno County, 52 locations were
considered for using the Center of Gravity model. Their X and Y coordinates, acreage, average
yield per acre, and average production of each farm (Qi) were calculated in the attributes table in

ArcGIS.

Consequently, the calculated X coordinates was used as X-coordinate of location i and
calculated Y coordinates was used as Y-coordinate of location i. The pistachio production of
Fresno County for the years of 2013, 2012, and 2011 were equal to 2,188 Ib/acre, 2,800 Ib/acre,
and 3,060 Ib/acre respectively, and were gathered from Fresno County annual crop & livestock
report (2013). The average per acre of these three years was 2,682.66 pounds per acre. Then, the

product of the production rate and the acreage of each farm were calculated and used as Qi in the
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Center of Gravity model. Consequently, this model calculated the new X and Y coordinates of
optimal location of the processing center. For further information regarding the calculation, the

Center of Gravity technique calculation table is provided in Appendix B.

Network Analysis

The ArcGIS Network Analyst extension helps to create a network dataset and conduct analyses on
the network dataset. Network-based spatial analysis is suited for problems dealing with
transportation networks and service locations. One of the examples of network analysis includes
the Closest Facility model. Closest facility analysis measures the nearest facility center based on a
specified network cost, which may include measures of route distance, speed limits, or other

restrictions, for instance, identifying the nearest fire station for each residence across a community.

Another example of network analysis is the Location Allocation model, which involves
finding the best new location for a given service, and other familiar examples such as identifying
the shortest transportation route and providing travel directions. Additional dynamic
characteristics of network problems such as speed limits, one-way streets, variable speed limits,
turn restrictions, and height restrictions can also be included in modeling real network problems

(Sandhu & Chandrasekhar, 2010).

In this study, closest facility and location allocation analysis were used for our research
objectives, which evaluated the optimality of pistachio transportation regarding time, and traveling
distance between pistachio farms and processing centers. Since Network Analyst is an extension
of the basic ArcGIS tool set, the Network Analyst software extension must first be activated with
the ArcGIS program. This allows the Network Analyst toolbar to be displayed in addition to the

Network Analysis window. In order to begin the analysis, the available roads, orchards, and
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facilities data must first be converted from their original simple points, lines and polygons and re-
formatted into the specific network dataset (Figure 6), (ESRI, 2010). Network analysis layer
properties should be set up based on factors and criteria which are considered by a study.
Consequently, performing the analysis and displaying the results would be the last step (Sandhu

& Chandrasekhar, 2010).
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Figure 6. Creating a Network Dataset in ArcGIS.

Network Dataset

Network datasets are used and created to model transportation networks. They are made from
source features, such as lines, points, and turns (ESRI, 2010). The network dataset is built from
GIS-based transportation layers such as roads, streets, speed limitation, one-way streets, and turn
restrictions to model transportation routes. For creating a network dataset five main steps should
be considered. First of all, for creating a geodatabase network dataset, all feature classes including
sources in a network should be displayed in one feature dataset. Then, the sources used for creating
a network dataset should have fields that show the network impedance values such as distance and

travel time (ESRI, 2010).
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For this study, ESRI Roads for Network dataset was used as a major California road
feature class, which includes distance. Adding a turn feature class is another step in creating the
network dataset. A turn feature class should include fields with information that can be utilized in
the network attributes, like turn impedances (for instance, this turn takes two minutes to make) or
conditional turning restrictions (for instance, trucks cannot make this turn). But, it is not necessary

to use turns for creating a network dataset (Figure 7).
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Figure 7. Adding parameters to the Network Dataset in ArcGIS.

After that, the process of creating network components, making connectivity, and assigning values
to the defined attributes are done. Accordingly, the network dataset based on the major California
road feature class, was used for the network analysis of location allocation and closest facilities

identification.

Location Allocation Analysis Model

The location allocation model is one of the Network Analysis tools in ArcGIS that is an extension
to this software. In the location allocation model, there are facilities providing goods and services
and demand points consuming these products. The location allocation model aims to find a facility

location that supplies the demand points most efficiently. In a location allocation problem, not
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only is the optimal location of a new facility determined, but also the optimal allocation of demand

between all of the facilities is addressed (Sandhu & Chandrasekhar, 2010).

One of the applications of location allocation is to find the best locations for a food
processing center in the food supply chain. According to Wakeland et al. (2012), one challenge
corresponding to food production is that the location of food facilities can affect emissions.
According to Gebresenbet (2011) and Forsman and Paananen (2010), an efficient food logistics
improves food packaging products, the vehicle emissions, transport services, transportation time,

distance, and routes in the food and agriculture supply chains.

Since the location of facilities plays a critical role in a company’s cost structure, one of the
strategic decisions in supply chain management is the facility location problem. Therefore, in the
supply chain management one of the important factors is location strategy due to its critical role
in determining the location of manufacturing based on certain qualities. Since the location of a
company greatly affects the fixed and variable costs, companies are trying to benefit from the

location decision process.

Depending on the type of product or service, transportation costs can vary (Russell &
Taylor, 2009). Therefore, savings in the transportation of raw material to the company and final
products from the company might increase a company’s total revenue. Furthermore, wages, taxes,
the price of raw materials, and rents are among the expenses influenced by a company’s location

(Russell & Taylor, 2009).

The other factor affecting the optimal locations is considering costumer needs. An
optimum location for the new facility is defined based on satisfying the requirements of the

existing facilities or customers who need the new facility (Chuang, 2002). Oum and Park (2003)
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discussed accessibility of the region, modern logistics services, geographical location, market size,
transportation facilities, growth, and potentials of the region as the most important factors for
locating distribution centers. Different types of businesses consider the location decision
differently. Generally, the objectives of the location decision are minimizing costs, maximizing
the benefits, or maximizing profits (Gebresenbet et al, 2011). The location decision is important
for a company because the location is both a substantial cost and an income driver (Wood &
Browne, 2007). Therefore, a warehouse location decision considers a combination of cost and

speed of delivery (Gebresenbet et al, 2011).

The location allocation model has the ability to solve the problem and find optimal
locations efficiently. It is not practical to locate the facilities over obstacles such as a body of water
and buildings (Gong et al., 1995). Therefore, setting the properties and uploading a suitable
barriers class should be taken into account. Also, in the location allocation problem, it is always
presumed that customers choose the closest facility. However, in reality, the closeness of locations
may not always be the best choice criteria for customers. Locations can be selected based on
priority or types such as specific school, hospital, or market. For example, sometimes customers
prefer a specific type of school such as private, public, sports, or art school rather than the nearest

one. It is important to consider the consumers’ preferences (Lindeskov, 2002).

Location allocation problems can be viewed either as a single criteria decision making
problem, such as finding the optimal distance, or a multiple criteria decision making problem such
as considering distance and capacity of the facility as decision making criteria. The location
allocation problems aim to find the best location or locations for single or multiple facilities

optimizing the value of one criterion or multiple criteria (Schietzelt & Densham, 2003).
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One of the problems which can be solved in the location allocation model is a minimize
impedance (P-Median) problem in ArcGIS. This is a technique in the location allocation model
which is considered extensively in related studies (Jamshidi, 2009). The P-median problem is the
same as minimize impedance in the classical location allocation problem. Minimize impedance is
considered as minimizing shipping time or distance in the location allocation problem from
demand points to facilities points (Jamshidi, 2009). The P-median problem is utilized to find a
private facility such as warehouse or a public facility such as library, airport, and theater in order
to minimize the distance or driving time from demand side to facility side. By minimizing the
distance, the final objective is to minimize the transportation cost (Jamshidi, 2009). Distance in
the classical P median location allocation problem is assumed as a straight line from a facility
center to a demand point (Min et al., 1998). However, in some software programs, such as ArcGIS
and Flowmap, routing analysis is assumed to be closely related to the location allocation problem
and is considered as one of the criteria in the problem. The routes play an important role for the
location allocation problems such as dedicating an ambulance where an emergency patient needs

to be reached in minimum time (Sasaki et al., 2010).

Minimize impedance is utilized to approach locating warehouses through minimizing
transportation costs of delivering goods to outlets. Minimize Impedance reduces the overall
travelling distance required to reach the facilities. In other words, to find optimum locations of
facilities, the sum of the (weighted) distance between each demand location and the nearest facility
will be minimized. Since this study aims to allocate the farms to the processing centers optimally
and minimize overall traveling distance from farms to the processing centers, it uses “Minimize
Impedance” for the analyses. Therefore, the best-fitted model is minimizing impedance which

reduces the total transportation costs of delivering products.
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The location allocation analysis layer can be created from the Network Analyst toolbar by
clicking Network Analyst > new location allocation. Then it is popped up on the Network Analyst
window with six network analysis classes at the left side of ArcMap window. Classes include

Facilities, Demand Points, Lines, Point Barriers, Line Barriers, and Polygon Barriers.

One of the classes is a facility class which means a point feature class indicating a facility,
warehouse, or processing center. Each facility can have a weight that shows the importance or
attractiveness of that. In this study, locating the processing centers is done by considering a weight
value of one because weight value more than one can only be employed for the maximize target
market share problems. For example, the larger demand point would have a weight of 2.0 and the
normally sized one would have a weight of 1.0, so careful consideration is required for determining

what factors impact facility weight.

Demands Point class is usually a location indicating the demand for the goods and services
that facilities provide. The demand point can be a ZIP Code, which is weighted by the number of
consumers living within it or by the expected consumption; also these points can indicate business
customers. In this study, eleven facility centers were identified in the Central Valley. These
facilities include five Paramount facility centers, Keenan Farms, Nicholas Farms, ARO Pistachio,
Setton Farms, Monarch Nut, and Primex Farms. Addresses for each location were Geocoded in
ArcGIS and used as a Facilities class in the location allocation model. In addition, all 52 pistachio
farms were converted from polygons to points for using as a demand points class in this model.
This analysis was solved twice for both existing situation and with new processing center for

comparing the results.

The routes class of Network Analyst provides the results or output for route-based features

calculated by the solver during the analysis process. For example, the route class contains the line
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features (route) that link demand points to the facility centers to which they are allocated (Sandhu
& Chandrasekhar, 2010). Point, Line, and Polygon Barriers are different types of feature classes
that sometimes in an analysis define the barriers such as a river, railroad or building. In this study,
an incorrect result occurred because there was a wrong connection in the border of Fresno and
Madera County, which was close to one of the pistachio orchards. A line barrier was created for
solving this problem. The line barrier was created along part of this border with editing tools and

added to the line barriers class.

These classes have attributes indicating the inputs and outputs for a given location
allocation problems. The location allocation layer keeps the network analysis objects such as
inputs and parameters. Network analysis objects are features and records used as input and output
during network analysis such as barriers, routes, and facilities. Once the analysis layer is created,
the objects should be added, and parameters for the analysis objects should be set up. In this study,
spatial locations of pistachio orchards and processing centers are considered as demand and facility
classes, respectively. It is only possible to add objects to input classes not to any results classes
made by the solver. Next, properties of the network analysis layer should be set up based on
different criteria for each problem (Table 1). Then the network problem is solved by the analysis
and given the results for the location allocation problem (ESRI, 2010). Therefore, after having
input into our model and setting criteria of the model, the result is displayed as a map. The location

allocation analysis settings and criteria are set up for two scenarios based on Table 1.
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Table 1. Location Allocation Analysis Settings for Two Scenarios

Location Allocation-Scenario 1 Location Allocation- Scenario 2
e Problem Type: Minimize Impedance e Problem Type: Minimize Impedance
e Facilities to Choose: 11 e Facilities to Choose: 12
e Impedance Cutoff: None e Impedance Cutoff: None
e Impedance Transformation: Linear e Impedance Transformation: Linear
e Impedance: Distance (meters) e Impedance: Distance (meters)
e Travel From: Demand to Facility e Travel From: Demand to Facility
e U-Turns at Junctions: Allowed e U-Turns at Junctions: Allowed

Closest Facility Model

A closest facility analysis layer measures the nearest facility center and incidents based on
a specified network cost. There could be options to set how many facilities to find and specify in
which direction to detect toward or away from them. The closest facility analysis layer determines
the best direction from a demand point to a facility center based on travel costs. The closest facility
layer has six classes including Facilities class, Incidents class, Routes class, Point, line, and
polygon barriers classes. A facility class is a point feature class that indicates a candidate facility
or processing center. Incident class keeps the network locations, which are used as starting or
ending points in closest facility analysis. In this model, again all 52 pistachio farms were converted

from polygons to points for using as an incident class in this model.

In addition, eleven geocoded existing centers’ addresses were used as a Facilities class in
this model. This analysis was solved twice for both scenario 1 and scenario 2 as well. Routes class
reports the resulting routes between facilities and incidents. Same as the location allocation layer,
this class is the output-only class, which means it is made by the solver. A line barrier is considered
for the closest facility analysis because there is a wrong route connection in the border of Fresno
and Madera County that provides an incorrect result. A line barrier is created along part of Fresno

and Madera County with editing tools and added to the line barriers class.
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When the closest facility analysis layer is produced, the classes are empty. The point, line,
and polygon barriers are optional, but a minimum of one incident and one facility is required to
solve the problem and must be added. The closest facility analysis settings and criteria are set up

for two scenarios based on Table 2.

Table 2. Closest Facility Analysis Settings for Two Scenarios

Closest Facility-Scenario 1 Closest Facility-Scenario 2
Impedance: Distance (meters) Impedance: Distance (meters)
Default Cutoff Value: None Default Cutoff VValue: None
Destinations to Find: All Destinations to Find: All
Facility to Find: 11 Facility to Find: 12
Travel From: Incident to Facility Travel From: Incident to Facility
U-Turns Allowed at Junction: Allowed U-Turns Allowed at Junction: Allowed

Calculation of Distance, Fuel Cost, Co2 Emissions, and Time

In Table 3, the average weight, fuel consumption, efficiency, and average speed of a truck,
which are needed for further assessments, are obtained from the study of Franzese and Davidson,
(2011). In their study, fuel consumption and efficiency were calculated based on a speed of 64.9
(mph), however, the highway and rural speed limit for trucks is 55 (mph) in California. Since a
truck is not driving on highways all of the time, we assume that the average speed is less than 55

and is equal to 52.5.

Consequently, other variables such as fuel consumption and fuel efficiencies are changed
based on this speed. The parameters such as the average weight and distance traveled were
considered fixed factors. Therefore, the average truck weight is considered 55,468 pounds
according to Franzese and Davidson’s (2011) study. The fuel consumption and fuel efficiency

(Miles per Gallon) were calculated based on 52.5 mph by using cross-multiplication. The fuel
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consumption and speed has a direct relation; however, the fuel efficiency (Miles per Gallon) and
speed has the inverse relation. Also, the product of average weight (ton) by miles per gallon is
equal to fuel efficiency (ton-miles per gallon). Consequently, new parameters which are

considered for further assessments are shown in Table 4.

Table 3. Original Average Weight and Fuel Consumption of a Truck

Truck Weight | Average Distance Fuel Fuel Efficiency Fuel Efficiency Average
Capacity Range | Weight Traveled Consumed (Miles per (Ton-miles per Speed
(Pounds) (Pounds) (Miles) (Gallons) Gallon) Gallon) (mph)
50,000-60,000 55,468 541.2 63.3 8.6 237 64.9

Note: The product of average weight by miles per gallon is equal to Ton-miles per gallon.
Source: Franzese, O., & Davidson, D. (2011). Effect of weight and roadway grade on the fuel

economy of class-8 freight trucks. Oak Ridge National Laboratory, Tennessee, USA.

Table 4. Average Weight and Fuel Consumption of a Truck

Truck Weight | Average Distance Fuel Fuel Efficiency Fuel Efficiency Average

Capacity Range | Weight Traveled Consumed (Miles per (Ton-miles per Speed
(Pounds) (Pounds) (Miles) (Gallons) Gallon) Gallon) (mph)

50,000-60,000 55,468 541.2 51.2 10.63 293 52.5

For computing total distance for trucks per farms in scenarios 1 and 2, the total production
(pounds per farm) was divided by the average truck weight capacity. Then, the result is the number
of required trucks per farm. The multiplication of the number of trucks for each farm and the
distance the truck needs to drive from each farm to a processing center, equals the total distance

for each farm driven by its trucks (Example 1).
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Example 1:

Total distance for all trucks per farm; = TDF; = Total # of needed trucks for farmy x their

distance driven.

It is assumed that every truck ships one load of product from a farm to a processing center
with a full load of products, so the route that an empty truck drives back from a processing center
to a farm is not considered for this calculation. Due to all of the calculations being based on full
trucks and the fact that they are empty on reverse directions to farms. Therefore, reverse distances
are not considered in this study. Thus, the summation of all the distances for each farm is the total
distance driven in each scenario. In scenario 2, the new center is added for the assessment;
including, all of the calculation being conducted with considering the location of new center in the

area.

3. Total of distance in scenario 1 = ),; TDF;

The total number of gallons of diesel per scenario is calculated based on fuel efficiency
(293 ton-miles per gallon) and the total mileage for each scenario. For further calculation, the total
distance is converted to miles and the average weight is converted to tons from pounds, which is
27.73 tons (55,468 Ib = 27.73 tons), (Franzese & Davidson, 2011). Then, for each scenario, ton-
miles was calculated by taking the product of total distance in miles by 27.73 tons equals. By cross
multiplication, the number of gallons which is consumed for total distance under each scenario is

assessed.

4. Mile*Ton=Total distance (mile)x27.73 (Ton)

Mile*Ton

5. Total # Gallons= 93
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When the total number of gallons for each scenario is calculated, it is divided by the total
number of trucks for each scenario and it reflects the average number of gallons per truck in a

harvesting season.

Total gallons

6. Average # gallons per truck = Total #truck

Next, for scenarios 1 and 2, the average number of gallons per truck is assessed. Subtracting
these two numbers show how many gallons of diesel fuel per truck can be saved by using a new

facility in the harvesting season averagely.

According to EIA (2014), about 22.38 pounds of Co2 are produced by burning a gallon of
diesel fuel. Therefore, the product of the total number of gallons times 22.38 pounds would be the

total of Co2 in pounds produced for each scenario.
7. Total Co2 = Total # Gallons X 22.381b

For the fuel cost, the calculation is the product of the total required diesel gallons times
$4.11 (California average diesel price per gallon from Sep 15, 2013 to Dec 10", 2013) which is

the harvest period (EIA, 2013).
8. Fuel Cost ($) = Total # Gallons X $ 4.11/Gallon

Regarding the calculation of shipping time, based on Table 4, is the total distance of each
scenario divided by the average speed of 52.5 mph. Then, the results are compared for the two

scenarios in the results chapter.

9. Time(h) = Total distance (mile)

Average speed (mph)
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The above calculations are based on the average speed of 52.5 mph which is the assumption
of this study to show the mathematical procedure, however, a sensitivity analysis is done on the
average speed changing from 30 mph to 60 mph in 5 mph unit intervals. The sensitivity analysis
table shows that different average speed ranges do not change the saving percentage, although, the
amount of each variable is changed (Table 5). Since, the total distance in both scenarios are the
same for the different average speed, and there is a linear relationship between variables; the saving

parentage is not going to change for all of the considered variables in this study.

Table 5. Comparing Distance, Co2, Fuel Cost, and Travel Time in Scenarios 1 and 2 over a
Harvesting Season for Various Speed Values — Sensitivity Analysis

Speed Distan_ce Distan_ce C02_ C02_ Fuel C_ost Fuel C_ost Timt_a Timg
(mph) Scengrlo 1 Scengrlo 2 | Scenariol Scenario 2 Scenariol | Scenario2 | Scenariol | Scenario 2
(miles) (miles) (Ib) (Ib) (%) % (h) ()

30 33,662.93 19,956.03 40,493.95 24,005.59 7,436.56 4,408.53 1,122.10 665.20
35 33,662.93 19,956.03 47,242.94 28,006.52 8,675.98 5,143.29 961.80 570.17
40 33,662.93 19,956.03 53,991.93 32,007.45 9,915.41 5,878.04 841.57 498.90
45 33,662.93 19,956.03 60,740.92 36,008.38 11,154.83 6,612.80 748.07 443.47
50 33,662.93 19,956.03 67,489.91 40,009.31 12,394.26 7,347.55 673.26 399.12
55 33,662.93 19,956.03 74,238.90 44,010.24 13,633.69 8,082.31 612.05 362.84
60 33,662.93 19,956.03 80,987.89 48,011.17 14,873.11 8,817.07 561.05 332.60

Major Assumptions for Orchards and Processing Centers

Some major assumptions for orchards were considered for this study. One of them is consideration
of the same ownership for all the orchards next to each-other. The adjacency of several fields for
a farm and their similar addresses led to some situations which might confuse the analysis and
create the wrong results in ArcGIS software. Consequently, for convenient computations and
avoiding errors, the pistachio orchards which are next to each other and have common borders are

assumed to belong to one person and were merged. This assumption might not match the reality;
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however, it does not affect the overall computation process. Relaxing this assumption introduces

new farms and results in more computations.

Another assumption is in the location allocation and closest facility analyses, where each
farm chooses the closest facility to ship its production to. However, this assumption might not
match the reality; for example, each farm has a contract to ship its production to a specific facility,
no matter how much further it is located. On the other hand, it is possible that a processing center
makes decisions to choose farms to buy and ship the production from farms to the facility, because
of different factors such as quality and price of pistachios, or different contracts, no matter how
great the distance of the farm. Consequently, it was assumed current pistachio orchards make

decisions to ship their production and select a closest facility in the area.

Regarding ideal locations for the pistachio cultivation, this study has not investigated what
currently is in the ideal soil locations. It is possible that other current crops which have the same
requirements for maximum vyields are in these locations. This study assumed just to find the

optimal location and did not consider any constraints for feasible locations other than pistachios.

Moreover, regarding processing centers in the Central Valley, there was not any available
data, except locations, the name of companies, and some general irrelevant information. Therefore,

it is assumed that there were not any limits placed on demands by facilities in this study.

Major Assumptions for Trucks

Other assumptions are regarding the speed of trucks, weight, and direction ways. Speed limit for
both the highways and rural routes for trucks is 55 (mph) in California. Since trucks are not driving
on highways all of the time, and the average speed of them depend on different factors, which are

beyond the scope of this study; it is assumed that the average speed is less than 55 mph and equal
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to 52.5 mph. Consequently, other variables such as fuel consumption and fuel efficiencies are

changed based on this speed.

Another assumption is the average weight of truck capacity which is assumed 55,468
pounds based on Franzese and Davidson’s (2011) article. Regarding the direction way assumption,
only the shipping distance from a farm to a processing center is considered in this study. Because
in this direction, it is assumed a truck has a full load of products with average truck weight of
55,468 pounds. Therefore, the route that a truck drives back from a processing center to the farms

is not considered for this study.
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CHAPTER IV

RESULTS

Introduction

In this chapter the results of implementing of the location allocation model for two scenarios will
be compared with each other. One of the scenarios considers the current situation of pistachios
transportation in Fresno County and the other one assumes the situation with the new potential
facility center. However, first the optimum location of pistachio cultivation will be analyzed, and
the location of a new facility center will be found. A comparison between the best places and the
current orchards will also be conducted. At the end of this chapter, the comparison between the
results of two scenarios in the location allocation model displays the difference between objective

variables such as distance, Co2 emissions, fuel cost, and travel time.

Fresno County

Figure 8 shows Fresno County with a black border between other counties in the Central
Valley in California. Madera County is above Fresno County and three counties of Kings, Tulare,
and Kern are located below Fresno County. These counties are shown because of locations of
processing centers in the Central Valley. In addition, Fresno County pistachio farms and current
processing centers are shown with blue color and green triangle symbols in Figure 8, respectively.
There are 52 selected orchards, which are the results of merging all adjacent orchards together.
Total acreage was estimated 39,896.67 acres with the production of 107,029,252 pounds by
ArcGIS software. The map also shows that only one processing center, Paramount Plant, is

specifically in Fresno County.
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Fresno County
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Figure 8. California Central Valley and Fresno County. Source: Esri Data, 2014.

Determination of Optimum Locations

One of the objectives of this study was to determine the optimum locations of pistachio orchards
based on soil characteristics such as pH from 7 to 8 range, well drained, and clay loam/sandy loam

type due to their importance for the optimal pistachio production.

In Figure 9, the ideal locations are shown in the map with light green color. These locations
were selected based on all three assumed criteria (soil pH, soil type, and drain class). The result of
intersecting all these three characteristics in the map shows the best potential locations which are
located on the west side of Fresno County. Also, the area with soil surface texture filled with purple

color is defined as clay loam and the pink ones represent sandy loam.
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Figure 9. Fresno County Best Soil Area. Source: NRCS Web Soil Survey, 2014.

Figure 10 shows Fresno County best soil area with pink color and current pistachio
orchards all around Fresno County with yellow color, and identifies the current pistachio orchards
comparing with potential locations. Comparing these locations with each other, shows current
farms are not optimally located in Fresno County for optimal production. There are only few

orchards placed on the best soil.
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Fresno County Best Soil Area and Pistachio Orchards
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Figure 10. Comparing Pistachio Orchards Acre and Produ
Web Soil Survey, 2014.

In Table 6, acreage was estimated at 39,896.67 acres with the production of 107,029,252 pounds
by ArcGIS software. Also, it is shown that there is only 10,645 acres of pistachio farms from the
total of 39,897 acres (26.7%) located in the optimal area. From another perspective, there is only
3.22% of the best soil locations covered by pistachio cultivation. It is assumed that the pistachio
production could increase significantly if farmers consider these identified areas for the future
cultivation due to their importance for the maximum productivity. Also, there might be other crops
that can be produced very well in this selected locations based on soil characteristics, and they

might be more profitable crops than pistachios.

Table 6. Comparing Pistachio Orchards’ Acreage and Production with Best Area

Ideal Pistachio Farms Total Pistachio Farms Best Area
Acreage 10,645 39,897 330,546
Production (Ib) 28,557,794 107,029,252 -
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Center of Gravity Model

The Center of Gravity Method as a quantitative technique was used for identifying the location of
the new facility center in a geographic area of Fresno County based on demand points’ weight and
distance that minimized distribution distance and costs. The coordinates of the new facility center
were added to the facility classes for the location allocation and closest facility analyses in scenario
2. The study of a potential location using the gravity model has given a result in allocating pistachio
farms. In this study, using the gravity model with the application of GIS, spatial data and attribute

data were considered and analyzed, and the optimal center has been shown graphically.

In Figure 11, the location of new processing center is shown in the Central Valley with a
yellow star symbol, compared with locations of other pistachio processing centers. The new
processing center is located in the west side of Fresno County with X- coordinate of 1900000 and

Y- coordinate of 620772.

New Facility Center
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Figure 11. New Facility Center with Counties View.
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Location Allocation

Scenario 1 assumed to allocate demands to the nearest facility centers considering current
situation. And, scenario 2 investigated the allocation of demands to the nearest facility considering
a new potential facility in Fresno County. Regarding using data as input in the location allocation
model, information for facility centers and demand points are necessary. Data from pistachio
orchards in Fresno County were considered as demand points for applying into the location
allocation model. Both demands and facilities information were used in the location analysis in
shapefiles format. Shape format is a widely used format for ArcGIS Software. Therefore, shape

format was used in the analysis as the data input format.

Allocating farms to the facilities in Fresno County based on minimize impedance in the
location allocation problem was the goal. The analysis was conducted based on distance, which
was considered in the model through the road network data. The results were analyzed and

compared with each other based on the road network dataset.

In Figure 12, allocation of pistachio orchards to the corresponding current and the new
processing facility is shown with blue straight lines. These straight lines demonstrate the
connection lines from the demand points to the facility center and depict which demand points are
allocated to which facility centers. Also, the ideal location of new processing center is shown with
a yellow star symbol and current processing centers and farms are shown with green triangles and
black dots symbols respectively. In scenario 1, there are only three facilities that were selected by
the solver (two Paramount plants, one in Madera County and the other in Fresno County, and
Keenan Farms in Kings County). On the other hand, five farms could not be allocated due to long

distance in the optimal situation.
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In scenario 2, the spatial distribution of locations and demands with the new optimal
facility center show that the new facility center captures the most demand points in the area. As a
result, all the farms were selected for an optimal allocation. It is shown that the new facility center
captures 20 pistachios farms, which is quite a large number compared with other processing

centers.

Alocation Analysis-Scenario 1 Alocation Analysis-Scenario 2
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Figure 12. Comparing Location Allocation Scenario 1 and 2.

Closest Facility

In the Closest Facility model, like the location allocation model, two scenarios were considered.
In the first scenario, the goal was to find the nearest facility centers to demand points considering
shortest distance. In the second scenario, finding the nearest facility centers to demand points was
analyzed by considering the new potential facility in Fresno County. For applying the closest

facility analysis, pistachio orchards’ location data in Fresno County were considered as incidents
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(demand points). In addition, facilities locations information was used as the facility class layer.

Then, the results were analyzed and compared with each other based on the road network dataset.

In Figure 13, allocated pistachio orchards to the corresponding current and new processing
facility are shown with blue lines. Each farm is connected to the closest facility by blue lines that
show the driving directions on the map. In Figure 13, the optimal location of a new processing
center is shown with a yellow star symbol, and current processing centers and farms are shown

with green triangles and red dots symbol respectively.

As a result, there are only four facilities (three Paramount plants two of which are located
in Madera County and one in Fresno County, and one plant at Keenan Farms in Kings County)
that were selected by the solver among the 11 facilities in scenario 1. In scenario 2, there are four
facilities that were selected by the solver among all 12 facilities (two Paramount plants, one in
Madera County and one in Fresno County, Keenan Farms in Kings County, and the new processing
center in Fresno County). On the other hand, all of the farms could be allocated to the closest

facility in the optimal way.
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Figure 13. Comparing Closest Faciliy io land 2.
As it is shown in Table 7, all acreage, number of farms, and total production, which are allocated
to each facility based on closest distance, were calculated. For example, 13 farms with a total
acreage of 9,825.6 acres associated with total production of 26,358,677 pounds are allocated to
Paramount Processing center (1) in Madera County in scenario 1. However, it shows 12 farms with
total acreage of 5,184.6 acres associated with total production of 13,908,377 pounds are allocated
to the Paramount processing center (1) in Madera County in scenario 2. Also, in scenario 2, there

is not any farm in Fresno County allocated to the Paramount Silo (2) in Madera County.

Comparing these two scenarios shows that a new center reduces total amount of acreage,
production, and number of farms associated with Paramount and Keenan facilities. As a result, it
is shown that the new facility center captures 20 pistachio farms, which is quite a large number in
comparison to other centers. In addition, the new facility captures total acreage of 20,186
associated with 54,152,108 pounds of production. Comparing these numbers with the same ones
associated with other selected facilities shows that the new center has a big potential to capture the
area. Consequently, results show how locating the new center allocates a big volume of production

to itself.
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Table 7. Comparing Closest Facility Scenarios 1 and 2

Closest Paramount Processing 1 Paramount Silo Paramount Processing Keenan Farms New Processing Center
Facility (Madera) 2 (Madera) 3 (Fresno) (Kings) (Fresno)
4 Total " Total 4 Total # Total Total
Acreage Production | Acreage Production | Acreage Production | Acreage Production | Acreage | # Farms | Production
Farms Farms Farms Farms
(Ib) (Ib) (Ib) (Ib) (Ib)
Scenario
1 9,825.6 13 26,358,677 866.5 2 2,324,435 | 20,791.1 28 55,775,384 | 8,413.6 9 22,570,756 N/A N/A N/A
Scenario
2 5,184.6 12 13,908,377 N/A N/A N/A 9,126.6 15 24,483,301 5,399.7 5 14,485,466 20,186 20 54,152,108
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In table 8, the result of comparing two scenarios based on total distance, Co2 emissions,
fuel cost, shipping time, and how much saving might be considered is shown. As a result,
total distance from each farm to the processing center, for one harvesting period in
scenarios 1 and 2, is 33,662.93 miles and 19,956.03 miles, respectively. Therefore, in
scenario 2, the distance is 13,706.9 miles less than scenario 1, in other words, there is 41%

saving in distance traveled.

In addition, comparing these two scenarios shows how much would be saved in
producing Co2, fuel cost, and transportation time. Although the difference between
variables in scenarios 1 and 2 is not the same, the saving percentage, 41%, is the same for
all these four variables. Since, the most effective factor is the total distance for each

scenario, there is a linear relationship between variables, so their percentages are the same.

When the total mile-tons for each scenario was divided by fuel efficiency 293
(ton-miles per gallon), the total number of consumed gallons is shown. Then total gallons
are divided by total number of trucks or trips (1784.2) for scenarios 1 and 2. For scenario
1 and 2, the average number of gallon per truck is 1.78 and 1.05, respectively.
Consequently, the new facility center on average saved 0.73 gallons of diesel per truck or

per trip (from a farm to processing center) in the harvesting season.

The comparison between two scenarios shows that allocating the new processing
center to the pistachio farms would be highly beneficial. The captured volume reduces
the number of traffic loads for other facilities, and can minimize mileage, Co2 emission,

fuel cost, and transportation time.
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Table 8. Comparing Distance, Co2, Fuel Cost, and Travel Time in Scenarios 1 and 2 over
a Harvesting Season.

Distance :

(miles) Co2 (Ib/Gal) | Fuel Cost (%) Time (h)
Scenario 1 33,662.93 71,311.05 13,096.0 641.19
Scenario 2 19,956.03 42,274.56 7,763.56 380.11
Saving (%) 41% 41% 41% 41%
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

Due to increasing pistachio production, exportation, and domestic consumption in the U.S,
its market is very important in the U.S, specifically in California. Consequently, its
cultivation needs more natural resources, more processing centers, and more
transportation. Thus, important questions are raised about how to best manage this growth
and reduce potential environmental impacts such as Co2 emissions and soil erosion.
Accordingly, it is necessary to find the best location for facilities and allocate orchards
optimally to the centers regarding minimizing shipping distance to mitigate Co2 emissions.
Also, it is important to cultivate pistachios on ideal locations based on soil characteristics

to reduce soil erosion.

For this aim, Fresno County was selected because of the importance of pistachio
cultivation and availability of data. This study evaluated the current transportation situation
and compared it with the case in which a new processing center is built in this county. Data
analysis tools including the location allocation and closest facility network analysis tools
in ArcGIS software (ESRI, 2010) were used. Both the location allocation and closest
facility models considered two scenarios for the analysis. Scenario 1 provided network
analysis based on just the current situation of Fresno County with existing processing
facilities. Scenario 2 analyzed the network analysis with a new processing center.
Therefore, in the location allocation model and closest facility model regarding scenario 2,

coordinates of the new facility center which was calculated by the Center of Gravity model
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were added to the data. Using the Center of Gravity model showed that the new location
of the pistachio processing center is on the west side of Fresno County close to ideal

cultivation areas.

By employing ArcGIS for the analysis of optimal locations of pistachio cultivation
based on the soil characteristics (pH range, Sandy/Clay loam, and drainage), it was
determined that 330,546 acres in Fresno county are optimal for pistachio cultivation.
However, there is only 10,645 acres of pistachio farms from the total of 39,897 acres
(26.7%) located in the ideal location. From another perspective, there is only 3.22% of the
ideal locations covered by pistachio cultivations, which is very negligible. If farmers
cultivate their farms based on a proper knowledge about the soil characteristics, not only
their farms production amount will be improved, but the natural resources deterioration

such soil erosion will be minimized.

By using ArcGIS network analysis to compare the two scenarios, the results showed
that the new processing center captures 20 farms and 54,152,108 Ibs of production, which
are quite large numbers in comparison with other current centers. In other words, building
the new processing center decreases the amount of supplies to the other processing centers
and reduces their production amount. Comparing the two scenarios showed that there is a
41% saving in shipping distance, Co2, fuel cost, and driving time in a harvesting period by
allocating the new processing center to the pistachio farms. In addition, the new facility
center saved 0.72 gallon of diesel per truck in the harvesting season. Moreover, the results
of the sensitivity analysis suggest the same 41% of savings in shipping time, cost, and Co2
emission comparing scenario 1 and scenario 2. Thus, the saving percentage is not sensitive

to the average speed.
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Conclusion

In this study, the aim was to find the best locations for pistachio cultivation and the place
for the new potential processing center in Fresno County. Moreover, the location allocation
and closest facility models were compared with the current pistachio transportations from

orchards to processing centers with the situation of a new processing facility.

On one hand, cultivation on soil with poor structure, low water-holding capacity,
different pH values, and low nutrient levels causes a higher rate of soil erosion. As a result,
farmers have to utilize more fertilizers and organic matter to prepare the suitable soil for
cultivation (Duffy, 2012). On the other hand, the pistachio yield is improved by utilizing
quality lands which have appropriate soil characteristics for pistachio cultivation.
Therefore, it is beneficial for both pistachio farmers and natural resources to cultivate in

the best locations.

Regarding ideal locations for the pistachio cultivation which is on the west side of
Fresno County, there may be some issues. Although, these ideal areas show the best soil
for the maximum pistachio production, it does not necessarily mean that farmers are able
to choose them as their farms in the future. Therefore, it is possible that other crops or nuts
are being cultivated in these areas such as almonds or walnuts which may be more valuable
than pistachios. Also, it is possible that other crops have exactly the same soil requirements

as pistachios for maximum yield.

Moreover, it is important to consider other factors affecting maximum pistachio
production. Although the best soil factors were considered for this study, there may be

some other soil characteristics which affect reduction in pistachio production such as
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salinity of soil. Therefore, farmers may decide to not choose those areas because the
disadvantages outweigh the advantages. Another issue is water restrictions which is very
important for cultivation. Without access to enough water for production, farmers are

unable to have maximum vyields in the long run.

Regarding the calculated saving percentage, this study showed there is 41% savings
for shipping distance, Co2 emissions, fuel cost, and transit time which might be valuable
for decision makers to consider. When less mileage is driven by trucks, fewer gallons of
gas are burned, therefore both fuel cost and Co2 emissions are reduced. Reducing Co2
emissions should be considered because it is one of the most pollutant greenhouse gasses
causing climate change. Therefore, with 41% savings in Co2 emissions, building the new
processing center might be very beneficial for decreasing environmental impact in the long
run. In addition, by driving less mileage, the amount of traffic is decreased which
potentially would reduce the number of road accidents. Moreover, by saving 41% in
shipping time, the pistachios’ transportation will be faster and this may have a considerable

effect on the quality of pistachios; for example, reducing spoilage time.

Although there is 41% saving in the mentioned variables, it does not necessarily
mean that building a new processing center would be a good idea. Since this study does
not investigate the cost of establishing and operating a new processing center, it is not
logical to say that this idea is beneficial just based on these savings. Thus, lots of various

factors and cost structures must be considered to have an optimal decision.

There are two consequences for processing centers when they are operating at less
than a full production capacity. On one hand, since a company produces less than its

production capacity, it does not have as much profit as when it is producing under its full
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production capacity, while it is bearing the same fixed production cost as the full capacity
production scenario. Consequently, the company’s incomes may not cover its cost in the

long run, which causes the company’s bankruptcy.

Therefore, the new processing center might cause an economic loss for other
companies affected by it. On the other hand, when the production load is less, a facility
center can meet more orders on time. Thus, it can have higher level of the production

quality, which is more important than the amount of production.

Recommendation

This research suggests the need for more detailed pistachio orchards’ ownership
information, transportation schedule, and truck costs from farmers to provide decision
makers with better analytical results to optimize the transportation situation. Moreover, it
is suggested that in order to make a better decision regarding the beneficiary of the new
center, a stronger economic correlation between a cost-benefit analysis and an estimation

of the exact production capacity of the current and the new processing centers is required.

Regarding facilities in the Central Valley, it is suggested to investigate more
detailed information that can help to make a better decision to optimize the current
transportation situation; for example, facility capacities, demand limitations, and buying
and shipping contracts. By obtaining detailed information, it can be used in the location

allocation model as a way to provide more accurate and precise results.

Since this study identified the location of the new facility based on the current
orchards, it would be a good idea to find the best facility location based on possible future

orchards converging to optimal cultivation areas following soil characteristics. Therefore,
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exact estimations of future information such as pistachio acreages, yield per acre, and

number of orchards need to be considered.

This study found the location of the new facility center by the Center of Gravity
model based on all of the pistachio orchards as one group; however, it would be prudent to
determine the best facility location based on each ranch. For example, it is suggested to
divide all pistachio orchards in different groups based on a specific location. Next, by
considering them as different ranches, the location of a new facility for each ranch is

defined.

This study has not investigated what currently is in the ideal soil locations, and
has only found the optimal location and does not have any constraints for feasible locations
other than pistachios. Therefore, more investigation and analyses on this issue can help
find out about current usage of the ideal soil locations and consequently provide farmers
with a better decision. Also, it is recommended to extend the same analyses and procedures
for California as a whole. In addition, there is a capability of utilizing the same
methodology for other kinds of crops and nuts, for which data are available in each part of

the world.

Since this study was conducted based on the trucks’ speed, weight, and direction
assumptions, it would be beneficial to combine the trucks’ exact weights in both directions
from farms to facilities and vice versa. Therefore, both directions distances would be

considered for the analyses and results will be more close to reality.
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Appendices

A. Central Valley Pistachio Processing Centers Addresses

Paramount Farms Silos
Setton Farms

Keenan Farms

Primex Farms

ARO Pistachio
Nichols Farms
Monarch Nut

Name Address

Paramount Farms 39840 S El Dorado Ave., Coalinga, CA 93210
Paramount Farms 10429 King Rd., Lost Hills, CA 93249
Paramount Farms 13646 Highway 33, Lost Hills, CA 93249
Paramount Farms 10302 Ave. 7 1/2 Firebaugh, CA 93622

5970 Road 13, Firebaugh, CA 93622

9370 Road 234, Terra Bella, CA 93270

31510 Plymouth Ave., Kettleman City, CA 93239
16070 Wildwood Rd., Wasco, CA 93280

19570 Ave. 88, Terra Bella, CA 93270

13762 First Ave., Hanford, CA 93230

786 Road 188, Delano, CA 93215
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B. Center of Gravity Technique Calculation Table for all of Pistachio Orchards

| FID | Shape | SHAPE Leng | SHAPE_Area X Y Acre Yield Ib/Acre | Total Production (Ib)
| 1| Polygon 3131597443 612426.6218[ 1903400 539476 151.333914 268266 405,977
2| Polygon 4819.26879 1273062.545| 1309380 624991 314.580606 268266 843,913
3| Polygon 4314.269193 1280828.089 1891150 586271 316.499514 268266 849,061
4| Polygon 3891.284315 941522.4187( 1889240 533939 232.729388 268266 624,334
5| Polygon 5663.355944 497302.0408| 1889500 533291 122.88601 268266 329,661
6] Polygon 3172.713387 629093.9967| 1830700 535153 155.452612 268266 417,026
7| Polygon 4805.758546 1277882.691] 1300000 602475 315.77169 268266 347,108
8] Polygon 5808564573 2077982177 1303380 623475 513.480679 263266 1377.430
3| Polygon 5237.954163 1184394.296] 1891730 613703 292670204 268266 785,135
10] Polygon 4134131715 1032103598 1893360 535136 255.038353 263266 684,181
11| Polygon 9614.203612 4516768.676] 1834160 537081 16117847 268266 2,934,160
12| Polygon §374.621784 2539305.516] 1837610 537426 627.476058 263266 1,683,300
13] Polygon 8122.013887 3943709.657] 1830710 534278 974.511879 268266 2,614,280
14| Polygon 4360.473236 348433.7094] 1888960 534139 209.667362 263266 562,466
16| Polygon 1825107263 10771739.91] 1386660 537543 2661.7549 268266 7,140,580
18] Polygon 9727403342 2784709.763 1882520 538363 638.116766 263266 1,845,380
17| Polygon 3499.857582 2297203.231] 1383270 530383 567.651281 268266 1522,320
18] Polygon 5038.974725 1225724.405] 1385280 592067 302.383097 263266 812532
19| Polygon 5130.09439 1664876.567| 1394550 604547 386.639174 268266 1,037,360
20 Polygon 20121.2872 16334606.06] 1904350 623629 4036.369062 263266 10,828,200
21 Polygon £180.195208 1817829.393[ 1307370 623455 449.195426 268266 1,205,040
22| Polygon 16478.21028 3990567.266 1912420 627466 2221617551 268266 5,959,840
23] Polygon 6027.635676 1840717.927| 1333360 629538 454.851306 2682.66 1,220,210
24 Polygon 951104325 4137394.44] 1901550 632001 1022.372431 268266 2,742,680
25| Polygon 7332.154563 2203482393 1894370 637792 544492482 2682.66 1.460,690
26[ Polygon 7003138547 2053983978 1892330 538407 503.033127 268266 1,365,560
27| Polygon 5030.090514 2104534.323] 1899510 B05344 520041757 268266 1,395,100
28| Polygon 13008.04399 3349973.461] 1876610 617837 827.797706 268266 2,220,700
29| Polygon 3013.745618 563302.2471] 1860220 E70668 139.195017 268266 373413
30] Polygon 4235.76545 9380301377 1856030 E71540 231.792295 268266 621,820
31| Polygon 3572323406 784718713 1852940 E70174 193.773089 268266 519,827
32| Polygon 9313.887875 2387528691 1882310 660375 589.971188 268266 1,582,690
33| Polygon 17240.85184 1878167198 1893460 B50767 4641.027609 268266 12,450,300
34| Polygon 4151126019 1145804.234 1862160 671427 283.134392 268266 759,563
35| Polygon 5586.483068 1048800.496| 1891340 555558 259.164247 268266 695,250
36| Polygon £668.198351 1343478713 1891920 660137 331.980821 268266 §90,592
37| Polygon 457499957 1138021.405| 1878060 655487 293566482 268266 787,539
38| Polygon 8704.344722 2868769.314| 1867830 650221 708.893278 268266 1,901,720
33| Polygon 7062.717311 1271824.856] 1865610 652426 314.274766 268266 343,092
40 Polygon 1291745913 6107801585 1853120 662123 1509.270641 263266 4,048,860
4] Polygon 6485.051246 1333566.218] 1862560 662205 329.531389 268266 384,021
42| Polygon 7766.695551 2368248.923] 1300060 42114 585.207054 263266 1569,910
43| Polygon 6360.462384 1138218.14] 1303030 6425565 281.269828 268266 754,525
44| Polygon 12403.16756 4455046.365 1912960 625888 1100.865331 263266 2,953,250
45| Polygon 5669.30528 1261642.274] 1304520 537631 311733885 268266 336,276
46| Polygon 6414.690964 2571531.906] 1912960 536387 £35.439372 263266 1,704,670
47| Polygon 9102.267934 2925711133 1914210 622922 722.958966 268266 1,939,450
48] Polygon 9175.174797 2713096.126] 1914520 624285 67165618 263266 1301830
43| Polygon 7340.580024 2097995.076] 1912020 624530 513.425874 268266 1,390,760
50| Polygon 14593.08097 6305409.507| 1902160 538477 1681653312 263266 451,300
51 Polygon 12394.61889 5270116.232] 1905810 539672 1302.274082 268266 3,493,560
52| Polygon 11478.22278 5343074534 1912940 600302] 1468565715 263266 3,939,660
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