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Supply chain coordination and shipping conditions have a substantial impact on 

food quality of produce supply chains, especially when supply chains cross international 

borders. After harvesting, shipping conditions are the primary determinants of food 

quality for highly perishable commodities such as tomatoes. In addition, based on food 

marketing research, food quality for highly perishable commodities is becoming one of 

the most important issues in today’s food markets. The objective of this project is to 

develop a tool to help identify opportunities to improve food quality and their marketing 

implications on the Puerto Rico-United States tomato supply chain after new technology 

has been adopted. 

With the help of a discrete-event simulation software (SIMUL8®), a simulated 

supply chain distribution model, including tomato harvesting, packing, shipping and 

distributing, was developed to analyze overall supply chain performance, and Simetar©  
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was used to estimate associated costs and benefits for each participant in this supply 

chain (e.g., from tomato grower to wholesaler). Finally, benefit-cost ratios were 

simulated to assess the adoption of temperature controlling technology on tomato supply 

chain marketing implications. 

The results show that tomato keeping quality can be improved from 2.7 days to 5.4 

days on average when temperature range within marine containers is controlled better 

from 11.20C (52.5oF) to 31.40C (88.5oF) down to from13.30C (56.0oF) to 15.60C (60.0oF). 

However, whether or not tomato grower/shippers should adopt the temperature 

controlling technology to increase exports and higher margin possibilities depends not 

only on the benefit-cost ratio, but also on the actual cost of technology. 
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CHAPTER 1 
INTRODUCTION  

Extending shelf life and quality are two keys for increasing tomato imports to the 

United States. Food quality is directly impacted by the quality of transportation being 

used, especially when food crosses international borders. Therefore, examining the 

worthiness of investing in technology is becoming more important. In the Caribbean 

Basin, fruit exports have declined from $553 to $272 million from 1991 to 2001 (FAO 

Stat, 2003). The decline in exports is due in part, to food quality issues. “Food Industry 

Review 2003” (Figure 1-1) highlights that 87% of American consumers choose their 

primary supermarket based on high quality fruits and vegetables. Consumers demand 

produce that has desirable appearance, taste and texture. To meet consumers’ 

expectations, high quality fruits and vegetables must be provided. 
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Figure 1-1 Top Factors in Selecting Primary Supermarket 

Tomatoes, along with potatoes and lettuce, are the most accepted and consumed 

fresh produce in America (ERS, USDA 2004). The tomato industry estimates that fresh-

market tomato retail value may exceed $4 billion (ERS, USDA 2004). Tomatoes are 

prized for their good nutrition, wide acceptance and high consumption. However, as 
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supply chains grow, improving quality is becoming more challenging for all tomato 

supply chain participants. For international distribution systems, physical and 

environmental conditions are the primary determinants of food quality for highly 

perishable commodities. Among these determinants, temperature is extremely important 

for maintaining high tomato quality, referred to in this research as tomato keeping 

quality. 

Tomato imports now account for about 39 percent of U.S. tomato consumption, an 

increase from approximately 20 percent in the early 1990’s (ERS, USDA 2004). This 

trend shows potential for increases in tomato exports from Caribbean basin. Therefore, 

Puerto Rico could be one of the beneficiaries. Tomato grower/shippers in Puerto Rico 

might have the opportunity to increase their tomato shipments to the United States if they 

can, continuously and consistently, increase their tomato quality to meet American 

consumers’ needs. One way to improve tomato quality is to control temperature 

conditions after harvest. 

1.1 Overview of Tomato Supply Chain 

Tomatoes are harvested at the mature green stage in Puerto Rico for shipment to 

the United States. Harvesting occurs from January until the end of March for tomatoes 

that are exported to the United States and the remaining harvests are consumed on the 

island. 

During the peak of the harvesting season there may be 500 to 600 workers in the 

tomato fields every day. By the end of the season there may be as few as 300 workers. In 

each harvesting team, there is a crew leader, pickers, a truck driver and a bucket dumper. 

The driver is in charge of punching the cards of the pickers every time they bring a 

bucket. Typically there are 5 to 7 supervisors who are responsible for managing the 
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pickers and taking care of mulching, spaying, fertilization and pesticide applications. 

Most of the employees that work in the field have been with their respective tomato 

companies for several years. 

The pickers are mostly Puerto Rican women and are paid per hour or per bucket 

depending on what they prefer. They are paid $5 per hour and they work 8 hours/day 

excluding weekends ($40/day). They can make more money than $40/day if they harvest 

a number of buckets that is greater than the average number of buckets that results in 

$40/day. The price of each bucket may vary between 50 cents and $1 depending on 

seasonality. 

Normal daily production averages approximately 30,000-25 pound boxes of 

tomatoes. The price per box may vary from $13 to $15 during March and from $37 to 

$40 when Florida production is low in January and February. 

All boxes can be traced using a number and a series of information including field, 

variety, picker, and number of boxes picked in that field. 

When tomatoes arrive at the packinghouse from the field, they are sorted by color 

and defects, and graded by size into 4 different grades: Beefsteak Grade 1; Flavor ripe 

Grade 1; Homegrown Grade 2; Garden Grade 3. All tomatoes showing a little pink color 

are separated from the green and sold to local markets. Only green tomatoes are exported 

to the USA. Tomatoes are then washed and waxed, and then packed into 25 lb boxes. At 

the end of the packing line, tracking codes are stamped on the boxes. There are about 150 

to 160 workers in the packinghouse, who work a 4 to 6 hr/day, depending on the tomato 

volume and grades to be packed.  
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After packing, tomato boxes are immediately palletized and placed into ethylene 

treatment rooms. The medium-large size tomatoes stay three nights inside the ethylene 

room and the extra large size tomatoes stay four nights. Temperature of the ethylene 

rooms are approximately 68.0ºF (20.0ºC). 

Tomatoes to be exported are placed inside refrigerated marine containers (e.g., 

Horizon Lines) after the 3-day period in the ethylene treatment. Containers are shipped 

on the same day from Santa Isabel (south part of the island) to the port of San Juan (north 

part of the island). Depending on shipping schedules, containers are then loaded to ships 

and transported to the port in Jacksonville, Florida. 

During the peak of the tomato season, an average of 50 to 60 marine containers are 

shipped every week to the United States. By the end of the season, an average of 15 to 25 

containers are shipped each week. Each marine container holds 18 pallets of tomatoes 

and each pallet holds eighty 25 pounds tomato boxes. Average temperature inside 

refrigerated container is about 13.3ºC (56.0ºF). 

Upon arrival to Jacksonville, the containers are unloaded and then taken by truck to 

a distribution center in Quincy, FL. Upon arrival, containers are immediately unloaded 

and placed in a large cold room with a temperature setting of 58.0°F (14.4°C). Each 

container has a specific place designated by a number in the cold room. 

Tomatoes are then stored for a short period of time (no longer than 1 day) before 

leaving the warehouse to be re-distributed to diverse wholesalers around the U.S. 

(Florida, Tennessee, California) and Canada (Toronto). 

Figure 1-2 illustrates the steps involved in the tomato supply chain used in this 

research from field to wholesalers.  
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Figure 1-2 Tomato Supply Chain Distribution Process 

1.2 Problem Statement 

Any technology that could be used to increase tomato quality would be welcomed 

by Puerto Rico-United States tomato supply chain participants. Tomato supply chain 

participants are always looking for ways to improve their profitability. 

This study will identify the effect of temperature-controlling technology used by 

Puerto Rican tomato grower/shippers on tomato quality for all tomato supply chain 
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participants and what the possibility is for tomato grower/shippers to adopt this 

technology from financial point of view. 

1.3 Objectives 

The general objectives of this study are to develop a tool to help identify potential 

tomato quality improvements as a result of the adoption of new temperature-controlled 

technology, and to discuss their marketing implications for the Puerto Rico-United States 

tomato supply chain. The specific objectives are: 

• To identify an established relationship between tomato keeping quality, 
temperature and time in the distribution system; 

• To build a tomato supply chain simulation model to analyze tomato keeping quality 
changes as they relate to the changes in temperature and time in the tomato supply 
chain; 

• To conduct a sensitivity analysis of benefit-cost ratio for tomato supply chain 
participants. 

1.4 Testable Hypotheses 

Effects of temperature and time on fruit keeping quality are well documented in the 

literature. This information is applied in this study. While the impact of temperature on 

tomato keeping quality is well documented, the quantity impact of increasing keeping 

quality is not as clear. But it’s clear that tomato’s shrinkage might be reduced by an 

increased keeping quality. An assumption is made in this study that higher quality usually 

results in more tomato exported to the United States market. Therefore, the hypotheses of 

the study are the following:  

H1: Simulated software can be used to analyze the complexities of Puerto Rico-United 
States tomato supply chain distribution system; 

H2: The adoption of temperature-controlling technology will prolong tomato keeping 
quality; 
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H3: The adoption of temperature-controlling technology will result in increasing 
probabilities of the benefit-cost ratio being greater than 1. 

1.5 Research Scope 

Discrete-event simulation software, such as Arena® and Simul8® are commonly 

used to analyze complex systems with stochastic model. Simul8® was used in this study 

to build a tomato supply chain distribution model. Results from previous fruit keeping 

quality studies, which are highlighted in the next chapter, are used in this tomato supply 

chain model, to analyze the effect of temperature controlling technology on Puerto Rico-

United States tomato supply chain participants. 

Even through benefit-cost analysis has not proven to be particularly useful in 

capturing the intricacies of complex scientific problems (Whittington and Grubb, 1984), 

it is widely accepted in the area of policy effect and project determination. Therefore, 

benefit-cost analysis is utilized to analyze the possibility of adopting the selected 

technologies for tomato supply chain participants. The benefit is derived from the overall 

revenues generated by supply chain participants. The costs of adopting temperature 

controlling technologies are obtained from financial cost data. 

Since the project is still on-going, the actual benefit and cost data will be collected 

in late 2006 or early 2007. Estimated benefits and costs are used in this study to conduct a 

sensitivity analysis. 

 



 

CHAPTER 2 
LITERATURE REVIEW 

While there is a vast body of research related to technology adoption, much less 

research has been done studying the economic impact of technology adoption. This study 

will concentrate on previous studies in three different categories. The first category 

reviews literature related to how physical conditions affect tomato quality. The second 

category lists previous studies which used discrete event simulation models to solve 

problems in supply chain distribution systems. The last category is comprised of research 

focused on economic implication of new technology adoption and price asymmetry. 

2.1 Physical Conditions and Tomato Quality 

The reaction rate of a decrease in quality (of all fresh fruit) as it relates to 

temperature, is identified in Arrhenius’law: 

)11)*((

exp absref

a

TTR
E

refKK
−−

=         (2.1) 

where K is reaction rate of the decrease in quality; T is the temperature; Ea and R are both 

Constant (Chang, 1981). This study showed that temperature has an effect on reaction 

rate (the speed at which keeping quality changes based on differences in temperature and 

time) for all different kinds of perishable fruits and vegetables. 

In addition, one study (Robertson, 1993) explained the quality of most foods and 

beverages decreases with storage or time. The relationship between shelf life and time 

can be expressed by the zero order equation. This research will use a common form of the 

pseudo first order equation, which is shown in (2.2) 

8 
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)*(
0 * TKEXPQQ −=                             (2.2) 

where Q is the remaining shelf life at the end of the time period, Q0 is the shelf life at the 

beginning of the time period, K is the reaction rate and T is the time period. 

Fruit keeping quality and shelf life are often highly correlated concepts. Tijskens’s 

study provided the definition of keeping quality (Tijskens et al., 1994). According to this 

study, keeping quality can be defined as the minimal quality necessary for a consumer to 

accept the product. 

Tijskens and Polderdijk (1996) extended the research on fruit keeping quality with 

the application of Chang’s theory to the study of keeping quality of vegetable produce 

during storage and distribution. Their results showed that a change of keeping quality 

(shelf life) is negatively impacted depending on temperature. This relationship between 

shelf life, keeping quality, and temperature is illustrated in the following reaction rate 

equation: 

)1(
infQ

QKQ
dt
dQ

−−=           (2.3) 

where 
dt
dQ  is the change of the quality, K is the reaction rate, Q is the keeping quality 

and Qinf is the quality maximally possible at infinite time (Tijskens and Polderdijk, 1996). 

One useful result from the 1996 Tijskens and Polderdijk’s study, for this research, 

is the use of a discrete generic model to predict tomato keeping quality and temperature, 

shown in figure 2.1. It indicated that when temperature is around 15.00C, tomato will 

have longest keeping quality, at around 15 days. 
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Figure 2-1 Tomato (×) Keeping Quality and Temperature Relationship 

In summary of this category of literature, for tomato, keeping quality can be written 

as a function of both reaction rate K and time period t. Furthermore, it is understood that 

the optimal shelf life for tomato is a result of maintaining a temperature range of 12.00C 

to 18.00C. 

2.2 Simulation System Modeling 

One particularly relevant study (Schepers et al., 2004) showed an example of 

building a dynamic simulation model for analyzing the complexity of the mango supply 

chain distribution system. Mangoes and tomatoes share many of the same physiological 

and distribution characteristics, and both are highly perishable fruits. 

Three distinct research fields (consumer science, quality management and chain 

science) and the links among them are analyzed by this study. The relationship between 

these research fields are illustrated in Figure 2-2. 

This approach is useful for studying and understanding a wide range mango supply 

chain management issues. However, this analysis is relatively less detailed for each of the 

three fields. Our current tomato supply chain study will be only concentrated on two of 

the three fields, but in more detail. 
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Figure 2-2 The Relationship Between Three Distinct Research Fields In a Dynamic 
Simulation Model 

In summary, the literature related to supply chain modeling analysis is less 

extensive. However, the Schepers et al. study provides a good example of using modeling 

software to analyze supply chain complexities. Furthermore, our study could be 

considered an extension of this earlier research, especially the economic analysis section 

2.3 Economic Analysis of Technology Adoption and Price Asymmetry 

Deming (1967, 1972), Juran and Gryna (1970) and Juran (1974) emphasized that 

most quality problems are “management” or “systems” problems requiring “statistics” in 

their solution. 

Following this study, Marquardt (1984) pointed out that product quality is high 

visibility in today’s economic environment. The article explores the respective roles of 

business philosophy, management systems and technology systems. It also pointed out 
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that “the quality technology systems require new directions and new emphases in 

statistics, software engineering, and other disciplines in order to be cost-effective.” 

But how quality is affecting the food industry? Caswell et al. (1998) explained how 

quality management meta-systems affect the food industry. They indicated that “food 

quality meta-systems are adopted by system participants for a variety of 

reasons……depending on the internal benefits and costs of adoption……” This study 

utilized benefit-cost analysis to identify the adoption of a meta-system on one company. 

The internal benefits pointed out by this study are the revenues from sale of products, and 

costs are captured through production, transaction and regulatory compliance. The result 

of this study showed that 71% of small firms expected adoption to increase their market 

share, while only 48% of large firms had the same expectation. 

For the current study, price asymmetry in retail, wholesale and shipping point price 

(grower’s price) is also a key component that needs to be considered. Several studies 

have examined vertical price transmission in fresh produce. 

All of the studies indicated that short-run supplier price changes precede retail price 

changes (Ward, 1982; Powers, 1995; Heien, 1980). Furthermore, a statistical test finds 

that tomato retail prices respond more to free-on-board (f.o.b.) price increase than to 

f.o.b. price decrease (ERS, 1999). In the short-run, prices are affected more by supply. 

An increase (decrease) in supply causes f.o.b. prices to fall (rise) which, in turn, leads to 

decreases (increases) in retail prices (ERS, 1999). This study also indicated that on 

average, the shipping point price for fresh field grown tomato is about one-fourth of the 

retail value (ERS, 2004). 
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In conclusion, technology is one of the most important factors for determining food 

quality. Technology can be adopted by a system or a private company to improve food 

quality and the effect can be evaluated by benefit-cost analysis. Moreover, for the whole 

tomato supply chain distribution system, if the shipping point price and its trend could be 

known, the wholesale and retail price and their trends should possibly be calculated 

through the vertical market markups. 

 



 

CHAPTER 3 
METHODS 

The objectives of this study are to develop a tool to help identify potential tomato 

quality improvements that lead to less shrinkage and more exports, to discuss their 

marketing implications for the Puerto Rico-United States tomato supply chain with the 

consideration about new temperature controlling technology being adopted, and to 

conduct a sensitivity analysis of the benefits and costs of technology adoption. Several 

different, but connected, methods are used in this study. 

3.1 To Find Tomato Keeping Quality Equation 

To find the impact on tomato keeping quality for temperature, the reaction rate 

(equation 3.1) of how keeping quality responds to the change of temperature is calculated 

by the following function, which is a transformation of equation (2.1): 

)1()( 10
absT

KLn ββ +=          (3.1) 

where K represents the reaction rate and Tabs is the absolute temperature. 

The keeping quality equation (3.2) can be derived based on the above calculated 

reaction rate K and equation (2.2): 

)*(
1 * TK

tt
tTEXPQQ −

−=          (3.2) 

where Q represents tomato keeping quality, t and t-1 represent time periods, K represents 

the reaction rate and T represents the time between time period t and t-1. 

14 
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This equation shows the relationship between temperature and tomato keeping 

quality, which is the most important input for the tomato supply chain simulation model 

in this study. 

3.2 To Build Tomato Supply Chain Simulation Model 

A specific simulation model is built for tomato supply chain between Puerto Rico 

and the U.S. by using SIMUL8® software, a widely used simulation software. The 

dynamic nature of Simul8® allows the user to show the creation of processes and outputs 

as moving objects, while other software programs are static in nature. 

This tomato supply chain model features the tomato keeping quality equation as 

well as all other stages showed in Figure 3.1. 
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Distribution center for storage
Truck for shipping

Puerto Rico

Tomato Grower:

Packing House for Packing 
Ethylene Room for Storage
Shipping by Truck and Sea

Retailers:

Stores for retailing

U.S.A.

U.S.A. & Canada
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Packing House for Packing 
Ethylene Room for Storage
Shipping by Truck and Sea
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U.S.A.

U.S.A. & Canada
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Wholesale price

Retail price
 

Figure 3-1 Puerto Rico-United States Tomato Supply Chain Components 

In conclusion, the tomato supply chain simulation model includes all the above 

components. The key output of the model for this study is tomato keeping quality as it is 

affected by temperature changes in the tomato supply chain. 
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3.3 To Conduct A Benefit-Cost Sensitivity Analysis 

Simetar© (Simulation & Econometrics to Analyze Risk) software will be used to 

conduct benefit-cost sensitivity analysis for the adoption of temperature controlling 

technology on tomato supply chain participants. This section will consider the sensitivity 

for both increased export quantity and reduced shrinkage generated by the increased 

tomato keeping quality. The steps in this sensitivity analysis are: 

• Modeling key output variables by using financial data with different distributions. 

Total revenue = f(export price, quantity exported) 

Total cost =Production Cost + Transportation Cost 

Benefit-cost ratio = B / C ratio = total revenue / total cost 

• Benefit-cost ratio analysis for tomato grower with four possible increased export 
scenarios. 

• Sensitivity cost analysis for highest amount money that tomato growers would pay 
for a given technology regarding to four increased export scenarios. 

• Benefit analysis for other supply chain participants (wholesalers) for three possible 
industry mark-ups between each level of participation regarding to reduced 
shrinkage. 

The results of benefit-cost analysis are used to provide recommendations about 

whether or not tomato grower/shippers in Puerto Rico should adopt this temperature 

controlling technology. 

 

 

 



 

CHAPTER 4 
DATA COLLECTION 

The data needed for this study is diverse as a result of the methods mentioned in the 

previous chapter. Most of the required data on operational and financial data are regarded 

as non-public information by most companies. Therefore, the data collected in this study 

came from four major sources. One source was collected from one typical tomato 

operating firm, Gargiulo, at both field and packing house in Santa Isabel, Puerto Rico, as 

well as distribution center in Quincy, Florida in March of 2005 and 2006. The second 

source was collected from the tomato export port at San Juan, Puerto Rico and the tomato 

import port at Jacksonville, Florida in March of 2005 and 2006. The third source of data 

was collected through telephone interviews in Florida during October of 2005 and March 

of 2006. The remaining data came from secondary on-line data sources. 

Five types of data were collected from both Puerto Rico and the United States: 1) 

production related data, such as daily production; 2) processing time related data, such as 

packing time and truck moving time; 3) labor related data, such as how many workers 

and their salaries; 4) temperature and shelf life related dat; 5) financial related data, such 

as costs and prices. 

Data from first three categories are used to build the Puerto Rico-United States 

tomato supply chain model. Category 4 data is used to build the tomato keeping quality 

equation which is an integral part of the simulated supply chain model. Finally, category 

5 data and the results from the model will be used to conduct benefit-cost sensitivity 

analysis. 
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4.1 Production Related Data Analysis 

As an integrated tomato company, Gargiulo has tomato fields in Puerto Rico and 

also a distribution center in Quincy, Florida. Around 750,000 pounds of tomato can be 

picked within one day and dumped into the packing house. Among all of these tomatoes, 

on average 25% never make the grade and are disposed of. The remaining 75% goes to 

both the Puerto Rican local market and the U.S. export market. 

For all tomatoes exported to the U.S., there are three different sizes and four 

different grades. Size one represents the extra large tomatoes, which constitute around 

25% of all export tomatoes (Figure 4-1). Size two represents the large tomatoes, at about 

60%. Finally, size three represents the medium tomatoes that are 15% of the total crop on 

average. 
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Figure 4-1 Export Tomato Size Distribution 

Tomato exports to the U.S. include grades 1, 2, 3 and 4 (figure 4-2). Grade 3 

tomatoes make of the majority of tomatoes (about 60%), while Grade 1 and 2 each have 

approximately 12.5%. The 4th Grade share approximately 15% of the tomatoes exported. 
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Figure 4-2 Export Tomatoes Grade Distribution 

4.2 Processing Time Related Data Analysis 

The processing time is the time period from the start to the end of one task. In this 

research, the most important time period is the processing time for packing one box of 

tomatoes, palletizing one pallet, shipping, loading and unloading trucks and boats. 

Another important concept for the processing time related data is the distribution of 

the time. Not all the processing times are fixed in actual practice. Instead, most 

processing times vary over a predictable probability distribution. Considering this range 

in model building will increase the model’s prediction ability. 

For example, in table (Table 4-1), the shipping time from Santa Isabel to San Juan 

is 120 minutes (2 hours). This means that a truck driven from the packing house at Santa 

Isabel to the export port at San Juan takes around 2 hours. The corresponding distribution 

for this shipping time is considered to be a bounded normal distribution, which means 

that it takes half an hour to 4 hours to ship depending on other conditions such as traffic 

and weather. Other processing times can be explained in the same way. 
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Table 4-1 Processing Time Data 

Task Processing Time 
(Minutes) 

Distribution 
(Minutes) 

Harvesting 1.4 Exponential 

Packing (Per Box) 0.016 Exponential 

Palletizing (Per Pallet) 2-5 Uniform (2,5) 

Ethylene Room Storage 
(Size 1) 5040 Fixed 

Ethylene Room Storage 
(Size 2&3) 3600 Fixed 

Loading & Unloading Truck 
(Per marine Container) 5 Average 

(5, 1.25) 
Shipping (Santa Isabel to 
San Juan) 120 Bounded Normal (120,10,90,240) 

Shipping (San Juan to 
Jacksonville) 2160 Bounded Normal 

(2160,240,2880,1440) 
Shipping (Jacksonville to 
Quincy) 180 Bounded Average 

(180, 240,120) 
Loading & Unloading Ship 
(Per marine Container) 15 Average 

(15, 3.75) 
Cold Room Storage 
(Quincy) 1440 Average (10, 2.5) 

 

4.3 Labor Related Data Analysis 

For many industries, labor is a fundamental and required resource. Regarding the 

tomato supply chain between Puerto Rico and the United States, especially among tomato 

grower/shippers, the labor data is an integral component of the tomato supply chain 

simulation model. 

Labor data includes two types of data. One is the number of laborers for each task, 

such as picking and packing. The other is the working hours which includes what are the 

shifts and how long each shift is. 

For this study, field pickers of tomatoes averaged around 500 to 600 people daily 

(Table 4.2). They worked from 6am until 2pm everyday without a shift change. For 
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packing house workers, including sorters, graders, packers and people who palletize, the 

total number ranges from 150 to 160 people. These laborers work from 10am to 2pm or 

4pm depending on the amount of tomatoes in the packing house. The reason that packing 

house workers start later than field pickers is they have to wait until the tomatoes are 

dumped into the packing line after being picked in the field. 

Table 4-2 Labor Input Data 

Labor Type Numbers Working Hours Shifts 

Field Pickers 500-600 8 (6am-2pm) Day shift (6am-2pm) 

Packing House 
Workers 150-160 4-6 (10am-2pm or 4pm) Day shift 

 

4.4 Temperature and Shelf Life Related Data Analysis 

The basic and central idea of the tomato supply chain simulation model is to find 

the ways to increase tomato keeping quality, which should generate more total revenue 

for the whole industry. Therefore, obtaining the temperature and shelf life data and better 

understanding the temperature changes among different stages are extremely important. 

Shelf life here is synonymous with keeping quality. 

The data in Table 4-3 are collected from the tomato supply chain between Puerto 

Rico and the United States, with the exception of shelf life, which is obtained by a 

secondary source. The T in the table 4-3 represents temperature. For instance, in ethylene 

room 1, when tomatoes stay inside for 3600 minutes and under the temperature of 68.0oF, 

the shelf life is approximately 8.0 days. Most importantly, from the above data, it shows 

that the longest shelf life is about 14.8 days and the shortest shelf life is about 5.5 days 

due to different temperature conditions, treating humidity and other physical condition as 

constants. Therefore, tomato keeping quality can be increased to as long as 14.8 days. 
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Therefore, temperature distribution outside of the ethylene room, and particularly, 

inside the marine container is considered as a critical condition for maintaining tomato 

keeping quality. These distribution data is showed in Table 4-4. It indicates that within a 

marine container, the temperature varies considerably from 11.2oC (52.5oF) to 31.4oC 

(88.5oF), following the uniform distribution with the min of 11.2oC (52.5oF) and the max 

of 31.4oC (88.5oF). (Source: experiments of Agricultural Biological Engineering 

Department at the University of Florida). From the secondary data about the shelf life, 

when the temperature is 11.2oC (52.5oF), the shelf life would be 7.5 days. However, when 

temperature increases to 31.4oC (88.5oF), the shelf life of tomato would be as low as only 

2 days which is critical for tomato keeping quality (Figure 2-1). 

Table 4-3 Tomato Shelf Life and Temperature 

Items 
Storage 
Time 
(Minutes) 

T (oF) T (oC) T (0K) Shelf Life 
(Days) 

Packing 
120 76.5 24.7 297.9 5.5 

Ethylene Room1 
5040 68.0 20.0 293.2 8.0 

Ethylene Room2 
3600 68.0 20.0 293.2 8.0 

Marine Container 
(Truck) 120 56.0 13.3 286.5 14.0 

Marine Container 
(Ship) 2160 56.0 13.3 286.5 14.0 

Marine Container 
(Truck) 180 56.0 13.3 286.5 14.0 

Cold Room 
(Distribution Center) 720 58.0 14.4 287.6 14.8 

However, since only green tomatoes are exported to the United States, they need to 

stay inside the ethylene room for enough time to begin the ripening process. If one 
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assumes that ethylene room best practices are followed, the shelf life within ethylene 

room in the above table will not be considered as a critical condition for overall tomato 

quality. 

Table 4-4 Temperature Distribution of Marine Container (oC) 
Marine Container Min Temperature Max Temperature Distribution 
Bottom 11.2 31.4 Uniform 
Center 13.7 25.7 Uniform 
Up 14.9 24.6 Uniform 
Over all (Min & Max) 11.2 31.4 Uniform 

 

4.5 Financial Related Data Analysis 

Financial data are necessary to derive benefit-cost ratio sensitivity analysis. Two 

types of data were collected including costs related data (Table 4-5) and revenue related 

data (Table 4-6). 

Cost data are collected both from an on-line source and from a Puerto Rican tomato 

grower. It represents production cost of one typical tomato grower in Florida. This 

research compared production cost data for a particular Puerto Rican tomato grower 

through interviews. Based on these interviews, total operating cost for this tomato grower 

in Puerto Rico was $4,491.14, which was lower than the average Florida grower’s 

operating cost of $4,984.15 (Table 4-5). The fixed cost was $1,623.06, lower than the 

$1,658.01 average in Florida. However, the harvesting and marketing cost were similar. 

Therefore, the total production cost for Puerto Rico’s tomato grower used in the model 

was $11,858.20(Table4-5) per acre, which is lower than the total production cost on 

average for Florida ($12,386.16). 

It is easy to see that tomato growers in Puerto Rico have an advantage compared to 

growers in Florida based on production cost. However, this advantage is not that large  
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Table 4-5 Tomato Operation and Production Cost (Average Per Acre) 
Category Florida Gargiulo 
OPERATING COSTS Dollars 
Transplants 480.00 456.00 
Fertilizer 358.50 376.43 
Fumigant 550.00 577.50 
Fungicide 241.00 253.05 
Herbicide   20.77   21.81 
Insecticide 459.93 482.93 
General Farm Labor 140.63 140.63 
Machinery Variable Costs 858.59 858.59 
Tractor Driver Labor 193.55 203.23 
MISCELLANEOUS   
String and Stake Disposal 123.42 129.59 
Scouting   45.00   42.75 
Pruning   79.86   83.85 
Plastic Mulch Disposal 163.35 171.52 
Level Land 145.00     0.00 
Farm Vehicles   27.33     0.00 
Drive Stakes   81.31   85.38 
Cut Cross Ditches   27.20    0.00 
Tie Plants 145.20 152.46 
Drip Tube 145.20    0.00 
Plastic Mulch 315.00 330.75 
Tomato Stakes   90.00   94.50 
Plastic String   28.75   30.19 
Interest on Operating Capital 264.56   0.00 
Total Operating Cost 4,984.15 4,491.14 
FIXED COSTS   
Land Rent 500.00 475.00 
Machinery Fixed Costs 208.15 218.56 
Farm Management 678.47 644.55 
Overhead 271.39 284.96 
Total Fixed Cost 1,658.01 1,623.06 
HARVEST AND MARKETING COSTS   
Tomato Cartons 1,200.00 1,200.00 
Sell 240.00 240.00 
Pick and Haul 1,360.00 1,360.00 
Pack 2,800.00 2,800.00 
Various Association Fees 144.00 144.00 
Total Harvest and Marketing Cost 5,744.00 5,744.00 
TOTAL COST 12,386.16 11,858.20 
Total Fixed Cost 1,658.01 1,623.06 
TOTAL Variable Cost 10,728.15 10,235.14 

 



25 

since the production cost difference is only 5%. Tomato growers in Puerto Rico have to 

pay additional shipping costs averaging about $0.1 per pound. 

Revenue data were collected from two sources. One is the data collected from the 

Gargiulo firm. During the export season in Puerto Rico, the export price (the f.o.b. 

shipping point price) varied from $37 to $40 per 25 pounds during January and February 

(148 to 160 cents per pound) and from $13 to $15 per 25 pounds during March (52 to 60 

cents per pound). 

However, from the data collected from USDA on Table 4-6, the f.o.b. shipping 

point prices during January and February ranged from 18.4 to 116.0 cents per pound with 

an average of 39.2 cents per pound for the year 1990 to 2004. For March, prices ranged 

from 21.2 to 81.7 cents per pound with the average of 44.3 cents per pound during the 

same period. This indicates that tomato growers in Puerto Rico have a great advantage 

for revenue on the shipping point price since the average price is much lower than Puerto 

Rican growers’ prices during the Puerto Rican shipping season. 

On the other hand, the Table 4-6 also indicates that along with the change of f.o.b. 

shipping point price, the retail price has changed in the same direction for the past 15 

years during the January to March season without considering the abnormal price shocks 

brought about by weather, etc. This also suggests that the retailers should have the same 

price trend as the tomato growers. If tomato grower/shippers’ export price doesn’t 

change, the retail price is likely to remain unchanged as well. 

In summary, all category data were needed for the next chapter’s tomato supply 

chain simulation model and benefit-cost ratio sensitivity analysis. The first 4 category 
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data would be used for simulation model. The result of simulation model and the last 

category data would be used for benefit-cost sensitivity analysis. 

Table 4-6 U.S. Average Monthly Retail Price and f.o.b. Shipping Point  
Jan. Feb. Mar. Jan. Feb. Mar. 

Year Retail price (cents per pound): F.o.b. shipping-point price (cents per 
pound: 

1990  173.5 236.1 176.5 116.0 97.6 32.3 
1991    91.2   84.0   94.8   23.1 31.6 44.0 
1992    93.6 143.0 172.9   40.5 76.0 80.7 
1993  114.1 109.8   88.0   38.3 21.9 21.2 
1994  160.4 111.2   91.4   41.5 19.3 24.5 
1995  132.3 130.0 108.1   41.1 29.8 37.1 
1996  110.3 108.4 146.7   18.4 40.0 81.7 
1997  121.3 131.4 165.4   32.1 45.9 57.4 
1998  145.2 135.6 151.5   26.4 44.0 34.0 
1999  190.4 147.6 139.5   33.5 23.4 22.3 
2000  144.3 128.6 136.4   21.4 21.1 33.0 
2001  141.4 131.3 133.6   43.8 29.1 56.4 
2002  145.1 129.8 129.2   38.2 28.0 41.7 
2003  171.1 156.5 161.9   50.9 31.7 55.6 
2004  147.2 151.0 152.9   34.5 36.3 42.2 

 

 

 

 

 



 

CHAPTER 5 
SIMULATION MODELING SPECIFICATION AND RESULTS  

Based on the previously described methods and the data collected, a specific 

tomato supply chain simulation model between Puerto Rico and the United States was 

built and the details building this model and the specifications used are explained in the 

following paragraphs. The tomato keeping quality equation is discussed first, since it is 

an important input for the tomato supply chain simulation model. 

5.1 Keeping Quality Equation and Results 

Based on the temperature and shelf life related data discussed in chapter 4, the 

reaction rate, which explains the keeping quality changes according to the change of the 

temperature, is calculated by the following equation: 

)1()( 10
absT

KLn ββ +=          (5.1) 

where K represents the reaction rate and Tabs is the absolute temperature. 

A linear regression is used to get the result and presented in table 5-1. 

Table 5-1 Statistics of Reaction Rate 
Intercept      24.22 F Ratio 250.26 

Slope -7277.48 Prob. (F)     0.000018 

R-Square        0.98 T-Test  -15.82 

S.E.    460.03 Prob. (T)     0.0004 

 

From the probability of the F ratio and T-test, the statistics for intercept and slope 

are both statistically significant. Therefore, the reaction rate can be calculated as 
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)1(48.727722.24)(
absT

KLn −=   by using the above statistics as 22.240 =β  and 

48.72771 −=β . 

The predicted K is showed in table 5-2. Within a marine container, the predicted 

reaction rate averages 0.31 when the temperature is at the average of 56.00F (13.30C). 

However, if the range of temperature in the marine container is 52.50F (11.20C) to 88.50F 

(31.40C), the predicted reaction rate will be ranged from 0.25 to 1.38 (Table 5-2), where 

the range (1.13) is 3.7 times of the mean. It indicates that within a marine container, the 

wide change of temperature will have a huge impact on tomato keeping quality. 

Table 5-2 Predicted Results of Reaction Rate 
Items Temperature 

(oF) 
Absolute 
Temperature (0K) 

Predicted Reaction 
Rate (K) 

Packing 76.5 297.9 0.811612748 

Ethylene Room1 68.0 293.2 0.547656726 

Ethylene Room2 68.0 293.2 0.547656726 

Marine Container (Min) 52.5 284.4 0.254924292 

Marine Container (Mean) 56.0 286.5 0.307248107 

Marine Container (Max) 88.5 304.5 1.38375325 

Cold Room (Distribution 
Center) 58.0 287.6 0.338899278 

 

After reaction rate is predicted, all the results for K will be used substitute into the 

following keeping quality equation:  

)*(
1 * TK

tt
tTEXPQQ −

−=          (5.2) 

where Q represents tomato keeping quality in days, t and t-1 represents time period in 

days, K represents the reaction rate and T represents the time between time period t and  
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t-1. This keeping quality is used to plug into the following simulation model as a key input 

to get the result of the final keeping quality. 

5.2 Tomato Supply Chain Simulation Model and Results 

The tomato supply chain simulation model between Puerto Rico and the United 

States was built by using simulation software, SIMUL8®. SIMUL8® Corporation 

develops markets and supports business simulation software for enterprise-wide use in 

business, government, education, and any organization that handles flows of orders, 

people, transactions or products (SIMUL8® homepage, 2006). One of the most popular 

uses of SIMUL8® is for supply chain management (SIMUL8® homepage, 2006). There 

are some successful cases studied by the company which proved the potential use of 

SIMUL8® in this study. 

5.2.1 Simulation Model before Technology and Results 

The model is very visual (Figure 5-1) and easy to see all the components of tomato 

supply chain between Puerto Rico and the United States. It includes tomato 

grower/shippers in Puerto Rico (light blue areas in Figure 5-1), tomato distributors (dark 

blue area in Figure 5-1) and tomato wholesalers and retailers in the United States and 

Canada (brown area in Figure 5-1). Graphs in the model represent all different facilities 

within tomato supply chain. For instance, harvesting represents being harvested and 

dumped into packing house. Packing represents tomatoes being packed into a 25lb-box 

and so on. Parameters (Appendix B) and computer programs (Appendix C) of each graph 

or facility are plugged into the model to allow the model to simulate the real world 

tomato supply chain distribution system. 

The data collection period for the model (Figure 5-1) is 3 months, which is exactly 

the period from January to March that tomatoes in Puerto Rico would be exported into 
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Figure 5-1 Supply Chain Simulation Model before and After Technology Applied 

the United States. When model starts to run, both green and red tomatoes would be 

picked in the field and then dumped into packing house through harvesting. Then 
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tomatoes would be sorted by four different grades and colors. Following, the red balls 

represent red tomatoes sold in Puerto Rico local market and the green balls represent 

green tomatoes being packed and exported to the United States by following all the 

processes and data that were collected. 

This tomato supply chain simulation model was built by varying the temperature 

conditions and holding other conditions such as humidity constant. Therefore the “before-

technology applied model” (Figure 5-1) represents the supply chain as it is without any 

temperature controlling technology being adopted by any supply chain player, especially 

tomato growers. 

Table 5-3 Summary Statistics of Simulation Model Before Technology 
Keeping Quality (Days) 

Grade 
Mean SD CV Min Max Range 

1 2.6 12.5 70.4 0.2 7.1 6.9 

2 2.4 13.2 81.9 0.2 7.0 6.8 

3 2.9 12.8 66.2 0.2 8.6 8.4 

4 3.0 12.5 62.2 0.3 7.0 6.7 

MEAN 2.7 12.7 70.2 0.2 7.4 7.2 

 

The results of this before-technology model indicate that tomato keeping quality is 

relatively low and varies widely. The result summary statistics are given for all four 

different grades in Table 5-3. The mean of tomato keeping quality is 2.7 days, which is 

low compared to the normal condition where tomatoes are kept for around 14 days. In 

addition, the range of tomato keeping quality, which is from 6.8 to 8.4, is almost three 

times of the mean (2.7). Moreover, the coefficient of variation for tomato keeping quality 
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is pretty high, on average at 70.2. These facts suggest that the variation of tomato keeping 

quality need to be reduced. 

In summary, the lower unacceptable mean with wide variation for tomato keeping 

quality indicates problems exist in this tomato supply chain between Puerto Rico and the 

United States. This is likely the result of wide temperature changes within the marine 

containers which is the key factor for changing tomato keeping quality. Therefore, the 

temperature controlling technology within marine container can be adopted by tomato 

shippers to increase tomato keeping quality and generate more exports and higher 

revenues. 

5.2.2 Simulation Model after Technology and Results Comparison 

Before temperature within marine container was controlled more closely, the 

temperature range was from 11.20C (52.5oF) to 31.40C (88.5oF). This temperature range 

results in a wide range of keeping quality and tomato shelf life. Therefore, if better 

temperature control can be obtained by use of technology in the marine container, tomato 

keeping quality should increase. 

The literature review and data collected from this study indicate that a temperature 

of 14.40C (58.0oF) is the optimal temperature for ideal tomato keeping quality. It is 

reasonable to assume that temperatures within marine container can be controlled 

between 13.30C (56.0oF) and 15.60C (60.0oF). The results of the model after-technology 

will be compared to the results of the model before-technology to see the impact of the 

adoption of temperature controlling technology on tomato keeping quality. 

The new model, “tomato supply chain simulation model after-technology” applied 

is visually similar as the model “before-technology model” (Figure 5-1) since all the 

components of this supply chain from Puerto Rico to the United States are the same. 
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However, the parameters for the temperature distribution within marine containers are 

different (Appendix B) to reflect the change of temperature. 

The result of tomato keeping quality after temperature controlling technology is 

adopted within marine container by tomato grower/shippers are presented in table 5-4. By 

comparing the coefficient of variance (CV) and the range to the result before-technology 

adopted model, it is clear that the coefficient of variation decreases substantially from 

70.2 (Table 5-3) to 11.56 on average (Table 5-4), which reduce the variation by 85%. 

Moreover, the range is also decreased from 7.2 (Table 5-3) to 4.74 on average (Table 5-

4). These suggest that temperature controlling technology adoption is important for 

reducing the variation of tomato keeping quality.  

It is interesting to know what the impact of this temperature controlling technology 

adopted by tomato shippers is by comparing the results between temperature controlling 

technology adopted before and after. 

Table 5-4 Summary Statistics of the Simulation Model after Technology 

Keeping Quality (Days) 
Grade 

Mean SD CV Min Max Range 

1 5.37 4.00 11.02 3.99 7.05 3.07 

2 5.48 4.44 12.00 4.28 6.99 2.70 

3 5.45 4.51 12.24 0.35 8.63 8.27 

4 5.43 4.03 10.99 1.95 7.00 5.05 

MEAN 5.43 4.24 11.56 2.64 7.42 4.77 

 

In the simulation, before marine container temperature was controlled, the tomato 

keeping quality at the end of supply chain averaged 2.7 days (Table 5-3) at temperature 

of 14.80C (58.00F). However, after temperature was controlled, tomato keeping quality 
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increased to 5.4 days. Figure 5-2 shows that the probability of tomato keeping quality less 

than 2.7 days is 55%, more than 5.4 days is only 12%, and between 2.7 days and 5.4 days 

is 33%. This indicates that the chance for tomatoes to have lower keeping quality is 55% 

(less than 2.7 days) and the chance to have higher keeping quality is 45% (greater than 

2.7 days).  
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Figure 5-2 Probability of Tomato Keeping Quality before Technology Adoption 

However, after using technology to control the temperature, the model shows 

substantial improvement. The probabilities of tomato keeping quality after-technology 

adoption are illustrated in Figure 5-3. Figure 5-3 indicates that the probability for 

tomatoes to have a lower keeping quality less than 2.7 days is 0%, to have a higher 

keeping quality higher than 5.4 days is 51%, and to have keeping quality between 2.7 

days and 5.4 days is 49%. Compared to tomato keeping quality before-technology, after 

temperature is being controlled more closely, the chance that tomato has less than 2.7 
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days decreases from 55% to 0%. However, the chance for tomatoes to have keeping 

quality higher than 5.4 days increases from 12% to 51%. This suggests that if temperature 

in marine containers could be controlled, tomato keeping quality could be improved by 2 

times. 
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Figure 5-3 Probability of Tomato Keeping Quality After Technology Adoption 

Furthermore, it is helpful to compare the overall average keeping quality for 

tomatoes before and after temperature controlling technology is being adopted by tomato 

grower/shippers. 

On average, tomato keeping quality has been improved by over 2 times. This is 

also true for all four individual grades (Figure 5-4). For example, before-technology for 

grade 3, the average tomato keeping quality at retail level is 2.9 days. However, after 

temperature is being controlled, tomato keeping quality on average is 5.5 days, which is 

extended by 1.9 times more than before (Figure 5-4).  
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Figure 5-4 Mean Comparison of Tomato Keeping Quality 

In summary, for the tomato supply chain between Puerto Rico and the United 

States, if marine container temperature can be controlled more closely from a range 

between 11.2C (52.5oF) and 31.4C (88.5oF) down to between 13.3C (56.0oF) to 15.6C 

(60.0oF), tomato keeping quality on average will be improved from 2.7 days to 5.4 days, 

which is 2 times longer than before. Furthermore, the probabilities for tomato to have less 

than 2.7 days keeping quality drops to 0% and the probability of having greater than 5.4 

shelf-life days increases from 12% to 51%. Additionally, the variation of tomato keeping 

quality decreases sharply by 85% from the calculation of the average coefficient of 

variation. All these figures imply that tomato supply chain participants’ total revenue 

should increase since all supply chain players and consumers prefer better quality product 

in the United States. 

 

 

 



 

CHAPTER 6 
BENEFIT-COST SENSITIVITY ANALYSIS AND RESULTS  

Chapter 5 showed that proper application of temperature controlling technology 

can lead to improved tomato keeping quality. However, participants in the Puerto Rico-

United States supply chain also want this question answered:  “Is this technology 

adoption worth it from a financial point of view?” The benefit-cost sensitivity analysis 

results presented in this chapter are generated from the information and results from 

previous chapters. Based on a thorough review of the literature and interviews with actual 

supply chain participants, production and transportation costs represent the “costs” and 

the total revenue represents the “benefits” respectively for this analysis. Financial risk 

analysis software, Simetar©, will be used to build a financial risk analysis model to obtain 

the results and graphs for the analysis. 

6.1 Analysis of Tomato Growers’ Benefits with Increased Exports 

Benefit was calculated as total revenue, using export prices and export quantity 

data collected in Puerto Rico. Cost was calculated as total cost, captured by both 

production and transportation cost. Based on the results from tomato supply chain 

simulation model in Chapter 5, one key assumption is made here. When the temperature 

conditions within marine containers are controlled better, tomato growers will partially 

regard this as a potential incentive to export more tomatoes to the United States, not only 

the green ones but also some pink ones. Recall that tomato grower/shippers normally 

only ship green tomatoes because of shelf life limitations. It is reasonable to assume that 

if shelf life can be improved through temperature-controlling technology, tomato 
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grower/shippers may be willing to send a percentage of those turning-pink tomatoes that 

are normally reserved for local Puerto Rican markets. Therefore, it’s appropriate to 

assume that improved tomato keeping quality will eventually result in more tomatoes 

exported to the United States market. 

The sensitivity of total revenue is analyzed for various possible increased export 

scenarios, which are exports increased by 5%, 10%, 15% and 20%, as opposed to a zero 

increase in exports before the adoption of temperature controlling technology. It should 

be noted that these percentage increases apply only to the current level of tomatoes being 

exported, not to the entire Puerto Rican tomato crop. For example, before technology 

adoption, tomato exports to the Unites States are 52.5% of the total crop. An increase of 

20% of the 52.5% results in 63% of the total crop now being exported, not 72.5%. These 

total revenue scenarios were compared to the total cost to find out the possibilities of  

increased benefit-cost ratio for tomato grower/shippers. The Simetar© model is presented 

in Appendix D. 

The results of benefit sensitivity analysis based on four different scenarios which 

indicate varying levels of increased tomato exports (resulting in increased revenues) are 

illustrated in Figures 6-1 and 6-2. Figure 6-1 shows the probability of benefits over costs 

for no increases in tomato exports because there was no temperature controlling 

technology adoption, increased tomato exports by 5% and 10% with technology 

adoption. The Y axis represents the probabilities and the x axis represents total revenue 

related to the scenarios of increased export volume. The $4,155,496.64 (Figure 6-1) is 

100% of tomato grower/shippers’ total cost and the number $4,571,046.30 (Figure 6-1) 

represents 110% of tomato grower/shippers’ total cost, when there is no tomato export 
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increasing before technology. The other four numbers in figure 6-1 represents 100% and 

110% of tomato grower/shippers’ total cost when tomato export increased by 5% and 

10%, respectively. Therefore, the results indicate that without temperature controlling 

technology adoption, benefits have a 15% chance less than costs (at normal export levels) 

and an 85% chance between 100% and 110% of cost, which means benefit-cost ratio has 

15% chance of being less than 1.This suggests that there is an 85% chance for tomato 

grower/shippers to break even However, benefit has 0% chance of being higher than 

110% cost-level, which means benefit-cost ratio has no chance to be higher than 1.1, also 

indicating no chance at all to get higher than a 10% margin. 
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Figure 6-1 Probabilities of Benefit Analysis (1) 

Finally, with temperature controlling technology adopted by tomato 

grower/shippers, when tomato export increases by 5%, the benefit have 0% chance of 

being less than cost, a 92% chance between 100% and 110% of cost, and 8% chance to 

be higher than 110% of cost. It means that the benefit-cost ratio has a 92% chance to be 
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between 1.0 and 1.1, and an 8% of being higher than 1.1. This suggests some positive 

margin exists up to 10%. However, the chance to get higher than a 10% margin is only 

8%. When tomato export increases 10%, a benefit have 0% chance to be less than cost, a 

24% chance between 100% and 110% of cost and a 76% chance of being higher than 

110% of cost, which means that the benefit-cost ratio has 24% chance to be between 1.0 

and 1.1, and a 76% chance to be higher than 1.1. These suggest that the margin has 24% 

chance to be up to 10% and a 76% chance to be higher than 10%. 

If tomato export increases by 15% and 20%, the chances for increased benefits 

would be higher, resulting in more margins for tomato grower/shippers. Figure 6-2 shows 

this situation. The number of $4,610,027.55 (Figure 6-2) is 110% of tomato 

grower/shippers’ total cost and $5,029,120.97 (Figure 6-2) represents 120% of tomato 

grower/shippers’ total cost, when tomato exports are at the 110% level. The red area in 

Figure 6-2 represents the possibilities of the benefit-cost ratio being less than 1.1, the 

yellow area represents the possibilities of the benefit-cost ratio being between 1.1 and 1.2 

and the green area represents the possibilities of the benefit-cost ratio being higher 

than1.2 for all different increased tomato export scenarios. 

If tomato exports increase by 10%, the benefit has 76% chance of being between 

110% and 120% of cost, which means the benefit-cost ratio is between 1.1 and 1.2. 

However, if tomato exports increase by 15%, the benefit has a 95% chance to be between 

110% and 120% of cost, which means the benefit-cost ratio has increased to 95% from 

76% for benefit-cost ratios between 1.1 and 1.2. It suggests that tomato grower/shippers 

have a 95% chance to obtain margins between 10% and 20%. Moreover, if tomato 

exports increase by 20%, the benefit will have 63% chance to be higher than 120% of 
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cost, which means the benefit-cost ratio has 63% chance to be higher than 1.2. It suggests 

that tomato grower/shippers have a 63% chance to reach margins higher than 20%. 
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Figure 6-2 Probabilities of Benefit Analysis (2) 

In summary, Table 6-1 shows that if temperature controlling technology is adopted, 

the probabilities for tomato grower to have benefit-cost ratio between 1.0 and 1.1 are 

92% and 24% when tomato exports increase by 5% and 10% respectively. And the 

probabilities for tomato grower/shippers to have a benefit-cost ratio between 1.1 and 1.2 

are 8%, 76%, 95% and 37% when tomato exports increase by 5%, 10%, 15% and 20%, 

respectively. Also the possibilities for tomato grower/shippers to have benefit-cost ratio 

higher than 1.2 are 5% and 63% when tomato exports increase by 15% and 20%. It 

suggests that there is 100% chance for tomato grower/shippers to break even and get 

more margins if they adopt this temperature controlling technology. 
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Table 6-1 Probabilities of Benefit-cost Ratio for All Scenarios 

Probabilities 
Increased 
Export 
(0%) 

Increased 
Export 
(5%) 

Increased 
Export 
(10%) 

Increased 
Export 
(15%) 

Increased 
Export 
(20%) 

B/C < 1.0 15%   0%   0%   0%   0% 

1.0 =< B/C < 1.1 85% 92% 24%   0%   0% 

1.1 =< B/C < 1.2   0%   8% 76% 95% 37% 

B/C >=1.2   0%   0%   0%   5% 63% 

 

6.2 Analysis of Tomato Grower/Shippers’ Costs with Increased Exports 

All of the above benefit results imply that when temperature controlling technology 

is adopted by tomato grower/shippers, tomato keeping quality would be improved, which 

will create more possibilities to obtain higher benefits. However, on average for each 

tomato export quantity increased, how much could be spent on technology adoption to 

insure a given margin? Table 6-2 provides the answer. 

Total revenue on average (Table 6-2) represents the average benefit from the 

average export price with different tomato export scenarios. Highest possible margin is 

the highest margin that tomato grower/shippers can get without paying anything for 

temperature controlling technology. When temperature technology is not adopted by the 

tomato grower/shippers, the highest margin that tomato growers can have is 2.5% on 

average (Table 6-2). However, if temperature controlling technology is adopted by 

tomato grower/shippers, the highest margin tomato growers can have varies from 7.2% to 

21% depending on the different levels of tomato export quantity increased. 

For instance, when tomato exports increase by 5% due to the technology adoption, 

the highest possible margin for tomato grower/shippers is 7.2%. If tomato 
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growers/shippers wish to obtain a 5% margin instead of 2.5%, they still have 2.2% 

margin ($87,947) left paying for the cost of technology. However, if tomato export 

increases by 10%, the highest margin could be 11.8%. If a 5% margin meets tomato 

grower/shippers’ lowest expectation, they can use all or part of the remaining 6.8% 

margin, which is $273,141 to pay for technology adoption. Or they can choose to pay 

$70,228 for technology cost and get higher margin at 10%. This suggests that tomato 

grower/shippers can decide to choose how much they would like to pay for technology 

cost by reducing the margin from 10% all the way down to 5%. 

In addition, if a 5% margin is the tomato grower/shippers’ lowest expectation, 

when tomato export increases by 15% and 20%, tomato grower/shippers would have 

11.4% margin ($458,335) and 16.0% ($643,528) to pay technology cost. However, this 

might be too much for the temperature controlling technology. Therefore, tomato growers 

can get at least 10% margin and still have money left to pay for the technology cost. 

When tomato export increases by 15%, tomato grower/shippers have $246,199 left to pay 

technology cost. When tomato export increases by 20%, tomato grower/shipper have 

$422,169 left to pay technology cost. If this is still too much, tomato grower/shippers can 

decide to have at least 15% margin, with some money left to pay for technology cost for 

these two last scenarios. 

In summary, the table 6-2 shows that under any situation, the benefit and cost ratios 

average greater than 1. However, after temperature controlling technology is adopted, 

tomato grower/shippers can get far higher margins than before. Even more, for each 

tomato export increasing scenario, they can choose a different margin level they like and 

use the rest of them to pay the cost of technology. 
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Table 6-2 Result of Technology Cost Sensitivity Analysis 

Categories 
No Change 
in Exports 
(0%) 

Exports 
Increased 
(5%) 

Exports 
Increased 
(10%) 

Exports 
Increased 
(15%) 

Exports 
Increased 
(20%) 

Total Revenue on 
Average $4,261,163 $4,474,221 $4,687,279 $4,900,337 $5,113,395 

Highest Possible 
Margin 2.5% 7.2% 11.8% 16.4% 21% 

Margin (5%)  $213,058 $223,204 $233,349 $243,495 
Total Possible 
Cost After Tech  $4,261,163 $4,464,075 $4,666,988 $4,869,900 

Total Cost Before 
Tech $4,155,497 $4,173,215 $4,190,934 $4,208,653 $4,226372 

Temperature 
Technology Cost 

 $87,947 $273,141 $458,335 $643,528 

      
Margin (10%)   $426,116 $445,485 $464,854 
Total Possible 
Cost After Tech 

  $4,261,163 $4,454,852 $4,648,541 

Total Cost Before 
Tech 

  $4,190,934 $4,208,653 $4,226372 

Temperature 
Technology Cost 

  $70,228 $246,199 $422,169 

      
Margin (15%)    $639,174 $666,965 
Total Possible 
Cost After Tech 

   $4,261,163 $4,446,430 

Total Cost Before 
Tech 

   $4,208,653 $4,226372 

Temperature 
Technology Cost 

   $52,510 $220,059 

 

6.3 Benefit-Cost Analysis of Grower/Shippers and Wholesalers with Shrinkage 
Reduction  

Within the tomato supply chain between Puerto Rico and the United States, besides 

tomato grower/shippers, tomato wholesalers are also important participants. If 

temperature controlling technology is adopted by tomato grower/shippers, one possible 

benefit for tomato supply chain is to have tomato quantity exported increased, which has 
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been discussed above. The other possible benefit for the supply chain is to have tomato 

shrinkage reduced. The benefit and cost associated with this shrinkage reduction is 

analyzed in this section. 

Not all tomatoes exported to the United States are sold to retail stores or 

foodservice operations. Some tomatoes are thrown away due to unacceptable keeping 

quality. For this portion of the analysis, we are assuming when tomato keeping quality is 

less than 2 days at wholesale level, these tomatoes will be considered a loss, which 

reduces total revenue of tomato supply chain. However, after technology is adopted, 

tomato shrinkage is reduced. Table 6-3 shows that before technology adoption, the 

tomato supply chain experiences a 41.4% shrinkage and after technology adoption, 

tomato has only 0.1% shrinkage, which means tomato shrinkage has been reduced by 

99.8%. 

Table 6-3 Growers and Wholesalers Benefits Analysis Regarding to Shrinkage Reduction 

  Before Tech After Tech Difference 

Shrinkage 41.4% 0.1% 99.8% 
   
  

Value of tomatoes with 2 days or less keeping quality 

At grower prices $1,764,121 $4,261 $1,759,860 

At grower price + 10% $1,940,533 $4,687 $1,935,846 

At grower price + 20% $2,116,945 $5,113 $2,111,832 

At grower price + 30% $2,293,357 $5,539 $2,287,818 
 

With the new technology, shrinkage is reduced, thereby increasing revenues for 

those further down the marketing channel that were previously having to dispose of 

spoiled tomatoes.  Before technology adoption, with spoilage assumed at 2 days keeping 
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quality, shrinkage is 41.4%. At grower prices, the value of this quantity of tomatoes is 

$1,764,121. However, after technology adoption, the value of tomatoes at 2 days or less 

keeping quality is only $4,261, a difference of $1,759,860. 

When tomato shrinkage reduces from 41.4% to 0.1% (Table6-3), the decrease in 

the cost of spoilage is $1,759,860 in grower prices (Table 6-3). However, wholesalers 

place a higher value on the tomatoes.  Table 6-3 identifies the value of the tomatoes 

under 2 days keeping quality using 10%, 20%, and 30% mark-ups at the wholesale level. 

When mark-up between growers and wholesalers is 10%, the possible decrease in 

spoilage is valued at $1,935,846. When the mark-up is 20%, the possible decrease in 

spoilage is valued at$2,111,832 and when the mark-up is 30%, the decrease in spoilage is 

valued a t $2,287,818.  

In summary, when temperature controlling technology is adopted by tomato supply 

chain between Puerto Rico and the United States, tomato keeping quality is prolonged, 

which on one side increase the probability of tomato export to the United States, and on 

the other side reduce tomato’s shrinkage. When shrinkage is reduced, the increased 

revenue will benefit not only tomato growers, but also other participants, such as tomato 

wholesalers. Moreover, wholesalers benefit even more than growers from the adoption of 

the technology. Hence, technology cost could be shared with the supply chain. However, 

whether the technology should adopt or not depends on the actual cost itself for tomato 

supply chain between Puerto Rico and the United States. 

 

 

 



 

CHAPTER 7 
CONCLUSIONS  

7.1 Summary 

This research focused on the overall tomato supply chain performance between 

Puerto Rico and the United States when new temperature controlling technology could be 

adopted. Among food issues today, food safety and food quality are paid considerable 

attention. Among all physical conditions, temperature is the most changeable and 

controllable condition for perishable food quality. Research has shown that American 

consumers desire higher quality products, and at the same time, Caribbean basin tomato 

growers, especially Puerto Rican growers are looking for ways to increase their tomato 

exports to the United States. 

The primary objective of this research was to find out if the temperature controlling 

technology is adopted by tomato grower/shippers, can improve tomato keeping quality, 

leading to increase exports and revenue. 

Researchers sought to understand the tomato supply chain between Puerto Rico and 

the United States by gathering as much information as possible. As a result, five different 

categories of data were collected from tomato firms in Puerto Rico and the United States. 

Secondary data was collected from the internet and from telephone interviews. 

To achieve this understanding, a tomato supply chain simulation model between 

Puerto Rico and the United States was developed using simulation software, Simul8®, to 

find out how tomato keeping quality changes with the adoption of temperature 

controlling technology. The results indicate that if the temperature range within marine 
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containers is narrowed from 11.20C (52.5oF) to 31.40C (88.5oF) down to13.30C (56.0oF) 

to 15.60C (60.0oF), tomato keeping quality would be improved by a factor 2 and shelf life 

could be extended from 2.7 days to 5.4 days on average. In addition, the variation of 

tomato keeping quality could be reduced by almost 85%. 

Finally, based on the results from the tomato supply chain simulation model, a 

benefit-cost sensitivity analysis was conducted to provide some guidelines for tomato 

grower/shippers about whether or not adopting this temperature controlling technology 

would be cost effective. Before temperature controlling technology was adopted, the 

results indicated that, on average, a tomato grower/shipper’s benefit is 1.025 times of 

their cost, which means the highest margin for tomato grower is 2.5%. Furthermore, 

tomato grower/shippers have a 85% chance to obtain a benefit that is greater than their 

cost which means benefit-cost ratios are between 1.0 and 1.1, keeping in mind they still 

have 15% chance that the benefit-cost ratio will be less than 1. 

If temperature controlling technology is adopted by tomato grower/shippers, the 

results show that, tomato grower/shippers have a 100% chance of reaching a benefit-cost 

ratio higher than 1.0, which means 100% chance to break even. The probabilities for 

tomato grower/shippers to have a benefit-cost ratio between 1.0 and 1.1 are 92% and 24% 

when tomato export increases by 5% and 10% respectively. And the probabilities for 

tomato grower/shippers to have a benefit-cost ratio between 1.1 and 1.2 are 8%, 76%, 

95% and 37% when tomato export increases by 5%, 10%, 15% and 20%, respectively. 

Also the possibilities for tomato grower/shippers to have a benefit-cost ratio higher than 

1.2 are 5% and 63% when tomato export increases by 15% and 20%. 
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Further more, if tomato grower/shippers expect to earn a 5% margin, they have 

$87,947, $273,141, $458,335 and $643,528 to pay for technology cost when tomato 

quantity exported increased by 5%, 10%, 15% and 20%, respectively. If tomato 

grower/shippers expect to obtain a 10% margin, they have $70,228, $246,199 and 

$422,169 to pay for technology cost when tomato quantity exported increased by10%, 

15% and 20, respectively. Even If tomato grower/shippers expect to get 15% margin, 

they have $52,510 and $220,059 to pay for technology cost when tomato quantity 

exported increased by 15% and 20%, respectively. 

The benefit-cost sensitivity analysis regarding to tomato shrinkage reduction by 

technology shows that when tomato shrinkage reduces 99.8% by the adoption of 

technology, the revenue for tomato growers increases by 70.5%. It also shows that this 

increase will benefit both growers and wholesalers, which means that the actual total 

revenue for tomato growers and wholesalers would be increased too depending on 

different mark-up level. Further study of the specific the benefit-cost impacts for 

distributors, wholesalers, and retailers are needed due to the difficulty of obtaining cost 

data. 

7.2 Conclusions 

The results of tomato supply chain simulation model suggest that supply chain 

complexities can be analyzed by simulation software. Controlling temperature within 

marine container is one of the effective ways to increase tomato keeping quality as well 

as reducing its variation when other physical conditions are held constant such as 

humidity. Furthermore, increased tomato keeping quality means tomato’s shrinkage will 

be reduced. This will generate more volume in the market from Puerto Rico to the United 

States, which also means that potential tomato export increasing exists. 
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Whether or not a tomato grower/shipper should adopt temperature controlling 

technology depends on the benefit-cost relationship and financial performance. The 

results of benefit-cost sensitivity analysis suggest that whether or not tomato 

grower/shippers should adopt this temperature controlling technology depending not only 

on the possibility of achieving a better benefit-cost ratio, but also on the cost of the 

technology itself. The bottom line is tomato grower/shippers and other tomato supply 

chain participants will have a greater chance to earn more money and enlarge their 

market if temperature technology is adopted within this tomato supply chain between 

Puerto Rico and the United States. 

Overall, this research suggests that the opportunity for Puerto Rico tomato 

grower/shippers to increase tomato keeping quality, leading to more volume and 

shrinkage reduction of tomatoes exported to the United States, resulting in higher 

revenues and margins, if tomato grower/shippers decide to adopt the temperature 

controlling technology within marine containers. 

7.3 Implications 

The volume and value of tomatoes sold and consumed in the U.S. food system is 

substantial Not only because their significant nutritional value, but also because tomatoes 

are one of the most consumed fruits and vegetables in the United States. Therefore, the 

opportunity to put more tomatoes into the United States market from Puerto Rico and 

other Caribbean Basin countries exists. However, one key thing importers will have to 

pay attention to is tomato quality since American consumers desire high quality products. 

This research quantifies the costs and benefits associated with effective controlling 

of temperatures, especially during marine shipment for Puerto Rican tomato 

grower/shippers. If tomato keeping quality is improved, exports of tomatoes into the 
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United States will increase along with the possibility for increased margins. This method 

can also be adopted by all other tomato grower/shippers from other Caribbean Basin 

countries. The simulation model and benefit cost sensitivity analysis can be applied to 

other perishable goods. This analysis can be used to find the temperature bottle-neck for 

their supply chain and temperature controlling technology can be applied at critical 

points. The model can be expanded to measure the impact of other variables related to 

food quality other than just temperature, such as humidity. 

Finally, further research is warranted using the simulation and benefit-cost 

approach to studying food supply chains. Innovations would include the utilization of 

more detailed financial information for tomato distributors, wholesalers and retailers. 

This approach to studying food supply chains could be applied not only to state to state 

trade within the U.S., but also to perishable foods other than tomatoes. 

 
 
 

 



 

APPENDIX A 
PICTURES OF TOMATO SUPPLY CHAIN DISTRIBUTION SYSTEM 

 

Figure A-1 Tomato Dumping Into the Packing Line 

 

 

Figure A-2 Tomato Grading Line 
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Figure A-3 Tomato Packing Line (25LB/box) 

 

 

Figure A-4 Tomato Palletizing Operation (80 boxes/ pallet) 
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Figure A-5 Tomatoes Stored in an Ethylene Room 

 

 

Figure A-6 Tomato Loading in Santa Isabel, Puerto Rico 
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Figure A-7 Truck Shipments Leaving Santa Isabel, Puerto Rico 

 

Figure A-8 Trucks Arriving at the Quincy FL Distribution Center 

 

 



 

APPENDIX B 
SIMULATION MODELING PARAMETERS 

Before Technology Adoption 

Parameters for Clock Properties: 
Time unit: minute; 7 days / week; start from 00:00 and 24:00 hours per day; 
Collection period: 3months (90*24*60 =129600 minutes)  

 
Parameters for Preferences: 

Distance: travel time = 0 
Continues: units measure = tons  ( 1ton=2200 lbs ) 

 
Labels and Distributions: 

Quantity: 1 tons = 2200 lbs 
Grade: lbl_GradeMix with probability profile distribution of dist_GradeMix 
(1-20%; 2-5%; 3-60%; 4-15%)  
Size: lbl_Size with probability profile distribution of dist_Size 
(1-25% extra large; 2-60% large; 3-15% medium) 
Image: Image:Tomato  ( 1 red tomato for local; 2 green tomato for US) 
Color: lbl_ColorMix with probability profile distribution of dist_ColorMix 
(1-30% red; 2-70% green) 

 
Parameters for Harvesting:  

Inter-arrival times (minutes): average 1.4 (480/341) with exponential  
distribution 
Label Actions: Quantity set to fixed value 2200 with fixed distribution 
Lbl_ColorMix set to the value of dist_ColorMix 
Image:Tomato set to the value of lbl_ColorMix 

 
Parameters for Sorting: 

Timing: average 1.4 (480/341) with exponential distribution 
Resources: picker and packer pool (number required from 60 to 80) 
Label Action: lbl_GradeMix set to the value of dist_GradeMix  
lbl_ColorMix set to the value of dist_ColorMix 
lbl_Size set to the value of dist_Size 
Routing Out: Percentage (25% disposal and 75% for packing ) 
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Parameters for Packing: 
Timing: average 0.016 (1.4*25/2200 ) with the distribution of exponential 
Resources:  picker and packer pool (number required from 20 to 25) 
Routing In: Collect 25, assemble, do not collect until all available 
Routing Out: label ( lbl_ColorMix; 1- red to local; 2-green to US) 
Label Actions:  
lbl_GradeMix set to fixed value of 1, 2, 3 and 4 for 4 packing lines; 
lbl_ColorMix set to the value of the distribution dist_ColorMix 
Image:Tomato set to the value of fixed value of lbl_ColorMix 

 
Parameters for Palletizing: 

Timing: 2 to 5 minutes with the distribution of uniform 
Resources:  picker and packer pool (number required from 2 to 4) 
Routing In: Collect 80, assemble, do not collect until all available 
Routing Out: label  
( lbl_Size; 1- extra large to room 1; 2-large to room2; 3-medium to room 3) 
Label Actions:  
Lbl_Size set to the value of the distribution dist_Size 
lbl_GradeMix set to the value of the distribution dist_GradeMix 

 
Parameters for Ethylene Room: 

Room 1:  min wait time 5040 minutes (12*7*60 ), high volume 
Room 2 and 3: min wait time 3600 minutes (12*5*60), high volume 

 
Parameters for Truck Loading: 

Timing: average 5 minutes with the distribution of average 
Resources:  truck loader (number required from 3 to 5) 
Routing In: Collect 18, assemble 
Routing Out: on complete VL of quality equation and Travel time 
Label Actions:  
lbl_GradeMix set to the value of the distribution dist_GradeMix 
Lbl_Size set to the value of the distribution dist_Size 

 
Labels, Distributions and Information Stores 

Labels: lbl_Quality, lbl_TimeStamp 
Distributions: dist_TravelTimeTrPR (bounded normal; 120, 10, 240, 90) 
dist_TravelTimeTrUS (bounded average; 180, 240, 120) 
dist_TravelTimeShip   (uniform; 2880, 4320) 
dist_DispatchtoEndConsumers (1-5%-Canada; 2-5%-Food Services  

3-14%-Groceries; 4-76%-Wholesalers) 
dist_Tabs (Uniform; 284.39, 304.52, min & max Tabs in marine container) 
Information Stores: int_TravelTimePR (number), 
int_TravelTimeShip (number), int_TravelTimeUS   (number), 
int_K (number; reaction rate within marine container) 
int_Tabs (number; Tabs within marine container) 
ss_Temperature (spread sheet for input temperature data) 

 



58 

ss_Log (spread sheet for outputting)   
gbl_LogRow (number for ss_Log use) 

 
Parameters for “Truck Unloading PR” 

Timing: average (5) 
Resources:  

 
Parameters for “Ship Loading” 

Timing: average (15) 
Resources:  
Routing Out: on complete VL of ship travel time 

 
Parameters for “Ship Unloading” 

Timing: average (15) 
Resources:  
Routing Out: on complete VL of quality equation 

 
Parameters for “Truck Loading US” 

Timing: average (5) 
Resources:  
Routing Out: on complete VL of Truck Travel Time 

 
Parameters for “Truck Unloading US” 

Timing: average (5) 
Resources:  
Routing Out: on complete VL of quality equation 

 
Parameters for “Cold Room” 

Timing: average (10) 
Resources:  
Routing Out: on complete VL of quality equation, 
On exit VL of the log of tomatoes out, 
Percent: 5% (Canada); 5% (Food Services); 14% (Groceries); 76% (Wholesalers) 
 

After Technology Adoption 

Compared to parameters before technology, except the following parameters have 

been changed, all other parameters for tomato supply chain simulation model after 

technology keep the same. 
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Labels, Distributions and Information Stores 
Labels: lbl_Quality, lbl_TimeStamp 
Distributions: dist_TravelTimeTrPR (bounded normal; 120, 10, 240, 90) 
dist_TravelTimeTrUS (bounded average; 180, 240, 120) 
dist_TravelTimeShip   (uniform; 2880, 4320) 
dist_DispatchtoEndConsumers (1-5%-Canada; 2-5%-Food Services  

3-14%-Groceries; 4-76%-Wholesalers) 
dist_Tabs (Uniform; 286.48, 288.71) 
Information Stores: int_TravelTimePR (number), 
int_TravelTimeShip (number), int_TravelTimeUS   (number), 
int_K (number; reaction rate within marine container) 
int_Tabs (number; Tabs within marine container) 
ss_Temperature (spread sheet for input temperature data) 
ss_Log (spread sheet for outputting)   
gbl_LogRow (number for ss_Log use) 

 

 

 



 

APPENDIX C 
SIMULATION MODELING PROGRAMMING 

VL SECTION: fnc_Quality Function 
  'fnc_Quality Function 
   SET lbl_Quality  =  lbl_Quality*EXP[0-[[ss_Temperature[6,int_Row]]*[[Simulation 
Time-lbl_TimeStamp]/[1440]]]] 
 
VL SECTION: fnc_Tiime Stamp 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Reset Log Logic1 
  'Obeyed just after all simulation objects are initialized at time zero 
  'Resets the ss_log spreadsheet 
  LOOP 1 >>> int_Row >>> gbl_LogRow 
    LOOP 1 >>> int_col >>> 6 
      SET ss_Log[int_col,int_Row+1]  =  "" 
  SET gbl_LogRow  =  0 
 
VL SECTION: Packing 1 Quality Equation  Work Complete Logic 
  'fnc_Quality Calculation at Packing 
  SET lbl_Quality  =  100 
  SET int_Row  =  42 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Packing 1 Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Packing 2 Quality Equation Work Complete Logic 
  'fnc_Quality Calculation at Packing 
  SET lbl_Quality  =  100 
  SET int_Row  =  42 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Packing 2 Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Packing 3 Quality Equation Work Complete Logic 
  'fnc_Quality Calculation at Packing 
  SET lbl_Quality  =  100 

60 
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  SET int_Row  =  42 
  (Disabled) SET int_Pre Shelf Life  =  ss_Temperature[5,4] 
  (Disabled) SET int_Aft Shelf Life  =  ss_Temperature[5,4] 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Packing 3 Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Packing 4 Quality Equation Work Complete Logic 
  'fnc_Quality Calculation at Packing 
  SET lbl_Quality  =  100 
  SET int_Row  =  42 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Packing 4 Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Palletizing US Action Logic1 
  IF lbl_Size  =  1 
    SET lbl_route  =  1 
  ELSE 
    SET lbl_route  =  2 
 
VL SECTION: Pelltizing US Quality Equation Work Complete Logic 
  'fnc_Quality Calculation at Palletizing 
  SET int_Row  =  42 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: To Loading Route-In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: (After Ethylene Room) To Loading Quality Equation Work 
Complete Logic 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Truck Loading PR Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: PR Truck Travel Time and Quality Equation Work Complete Logic 
  'Truck Travel Time from Santa Isabel to San Juan 
  SET int_TravelTimePR  =  dist_TravelTimeTrPR 
  Set Travel Time    Truck Loading PR ,  int_TravelTimePR ,  Queue for Truck 
Unloading PR 
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  'fnc_Quality Calculation at Palletizing 
  SET int_Tabs  =  dist_Tabs 
  SET int_K  =  EXP[[0-[7277.48*[1/int_Tabs]]]+24.223] 
  'Calculate Quality according to Temperature distribution within Marine Container 
  SET lbl_Quality  =  lbl_Quality*EXP[[0-[int_K]]*[[Simulation Time-
lbl_TimeStamp]/[1440]]] 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Ship Loading Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Ship Travel Time Work Complete Logic 
  'Ship Travel Time from San Juan to Jacksonville 
  SET int_TravelTimeShip  =  dist_TravelTimeShip 
  Set Travel Time    Ship Loading ,  int_TravelTimeShip ,  Queue for Ship Unloading 
 
VL SECTION: Ship Unloading Quality Equation  Work Complete Logic 
  'fnc_Quality Calculation at Ship Unloading 
  SET int_Tabs  =  dist_Tabs 
  SET int_K  =  EXP[[0-[7277.48*[1/int_Tabs]]]+24.223] 
  'Calculate Quality according to Temperature distribution within Marine Container 
  SET lbl_Quality  =  lbl_Quality*EXP[[0-[int_K]]*[[Simulation Time-
lbl_TimeStamp]/[1440]]] 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: Truck Loading US Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
 
VL SECTION: Truck Unloading US Quality Equation Work Complete Logic 
  'fnc_Quality Calculation at Truck Unloading US 
  SET int_Tabs  =  dist_Tabs 
  SET int_K  =  EXP[[0-[7277.48*[1/int_Tabs]]]+24.223] 
  'Calculate Quality according to Temperature distribution within Marine Container 
  SET lbl_Quality  =  lbl_Quality*EXP[[0-[int_K]]*[[Simulation Time-
lbl_TimeStamp]/[1440]]] 
  SET lbl_TimeStamp  =  Simulation Time 
 
VL SECTION: US Truck Travel Time Work Complete Logic 
  'Travel Time from Jacksonville to Quincy 
  SET int_TravelTimeUS  =  dist_TravelTimeTrUS 
  Set Travel Time    Truck Loading US ,  int_TravelTimeUS ,  Queue for Truck 
Unloading US 
 
VL SECTION: Truck Unloading US Time Stamp Route In After Logic 
  CALL fnc_Tiime Stamp 
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VL SECTION: (Out of Distribution Center) Dispatch to End Consumers Quality 
Equation Work Complete Logic 
  'fnc_Quality Calculation After Distribution Center Cold Room 
   SET int_Row  =  48 
  CALL fnc_Quality Function 
  SET lbl_TimeStamp  =  Simulation Time 
  SET lbl_route  =  dist_DispatchToEndConsumers 
 
VL SECTION: Log of Tomato Out of Distribution Center on Exit Logic 
  SET gbl_LogRow  =  gbl_LogRow+1 
  'To record the number of days since the tomato were harvested 
  SET ss_Log[1,gbl_LogRow+1]  =  [Simulation Time-lbl_Time Harvested]/1440 
  SET ss_Log[2,gbl_LogRow+1]  =  lbl_GradeMix 
  SET ss_Log[3,gbl_LogRow+1]  =  lbl_Size 
  SET ss_Log[4,gbl_LogRow+1]  =  lbl_Quality 
  SET ss_Log[5,gbl_LogRow+1]  =  Quantity 
 

 

 



 

APPENDIX D 
BENEFIT-COST SENSITIVITY ANALYSIS SIMETAR MODELING 

Model Input ((for 6.1 &6.2) 

A B C D E F G 
4 Production      
5  Unit Mean Min Max Remarks 
6 Daily Production LB 75,000    
7 Export period (1) days 59   January and February 
8 Export period (2) days 31   March 
9 Total Export Period days 90   =SUM(D7:D8) 

10 Total Production in 
Export Period (1) LB 4,425,000   =D6*D7 

11 Total Production in 
Export Period (2) LB 2,325,000   =D6*D8 

12 Total Production in 
Export Period LB 6,750,000   =SUM(D10:D11) 

13       
14 Quantity Sold      
15 Disposal % 25%    
16 U.S. Export % 52.5%   =D18*70% 
17 Local Market % 22.5%   =D18*30% 
18 Available Production % 75%    
19 Quantity Export to U.S. in 

Period (1) LB 2,323,125   =D10*D16 

20 Quantity Export to U.S. in 
Period (2) LB 1,220,625   =D11*D16 

21 Total Quantity Export 
to U.S.  LB 3,543,750   =SUM(D19:D20) 

22       
23 Export Price      
24 Export Period (1) $ / LB 1.54 1.48 1.6 $37-$40 / box (25LB) 
25 Export Period (2) $ / LB 0.56 0.52 0.6 $13-$15 / box (25LB) 
26       
27 Costs      
28 Total Fixed Cost $/Acre/Y

ear 1,623.06    

29 Total Variable Cost $/Acre/y
ear 10,235.14    
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30 Planted Acres Acres 2000    
31 Total Production Cost $/Year 23,716,400.0

0   =(D28+D29)*D30 

32 Total Production Cost 
for Export Period $/90days 5,847,879.45   =(D31/365)*90 

33 Transportation Cost $/LB 0.1   0.1 
34 Total Transportation 

Cost for Export Period $ 354,375.00   =D33*D21 

 

Model Output 1 (for 6.1 &6.2) 

36 Quantity Export to U.S. in 
Period (1) LB 2,323,125   =D19 

37 Export Price in Period (1) $/LB 1.54   =UNIFORM(E24,F24) 
38 Total Revenue in Period 

(1)  $ 3,577,612.50   =D36*D37 

39 Quantity Export to U.S. in 
Period (2) LB 1,220,625   =D20 

40 Export Price in Period (2) $/LB 0.56   =UNIFORM(E25,F25) 
41 Total Revenue in Period 

(2)  $ 683,550.00   =D39*D40 

42 Total Revenue from 
Export (100%) $ 4,261,162.50   =D38+D41 

43 Total Cost of Export $ 4,155,496.64   =D32*(D16+0.5*D15)
+D34 

 

This is the “Expected Value” model, which means that unit D36 and unit D39 are 

mean value1.54 and 0.56. However, D36 and D39 are stochastic variables with the 

uniform distribution with the min and max as the parameters. If the key of “Expected 

Value” be pressed again, the model will be appeared in “Stochastic Value” model, which 

means the number in unit D36 and unit D39 both can be changed any time according to 

their distribution. 

The output model (2) is also the “Expected Value” model like the above. All the 

revenues are expected mean values. If the stochastic model is chosen, all the revenue 

numbers will be changed due to the stochastic price. 



 

Model Output (2) Sensitivity Analysis for Benefit (for 6.1 &6.2) 
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A B C D E F G H

48 Export Quantity Q(LB) Period 1 Remarks Period 2 Remarks Total 
Quantity Remarks 

49        Q=105% 2,439,281 =$D$36*105% 1,281,656 =$D$39*105% 3,720,938 =C49+E49

50        Q=110% 2,555,438 =$D$36*110% 1,342,688 =$D$39*110% 3,898,125 =C50+E50

51        Q=115% 2,671,594 =$D$36*115% 1,403,719 =$D$39*115% 4,075,313 =C51+E51

52        Q=120% 2,787,750 =$D$36*120% 1,464,750 =$D$39*120% 4,252,500 =C52+E52

53        

54 Revenue ($) Period 1 Remarks Period 2 Remarks Total 
Revenue ($) Remarks 

55  Q=105% 3,756,493.13 =C49*$D$37 717,727.50 =E49*$D$40 4,474,220.63 =C55+E55 

56  Q=110% 3,935,373.75 =C50*$D$37 751,905.00 =E50*$D$40 4,687,278.75 =C56+E56 

57  Q=115% 4,114,254.38 =C51*$D$37 786,082.50 =E51*$D$40 4,900,336.88 =C57+E57 

58  Q=120% 4,293,135.00 =C52*$D$37 820,260.00 =E52*$D$40 5,113,395.00 =C58+E58 
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A        

   

B C D E F G H

61 100% Cost 110% Cost 120% Cost  

62 
Total Cost 
of Export 

($) 
Q=100% 4,155,496.64 4,155,496.64 4,571,046.30 4,986,595.97 =$D$32*($D$16+0.5*$D$15)+

$D$34 

63 
Total Cost 
of Export 

($) 
Q=105% 4,173,215.39 4,173,215.39 4,590,536.93 5,007,858.47 =$D$32*($D$16+0.5*$D$15)+

G49*$D$33 

64 
Total Cost 
of Export 

($) 
Q=110% 4,190,934.14 4,190,934.14 4,610,027.55 5,029,120.97 =$D$32*($D$16+0.5*$D$15)+

G50*$D$33 

65 
Total Cost 
of Export 

($) 
Q=115% 4,208,652.89 4,208,652.89 4,629,518.18 5,050,383.47 =$D$32*($D$16+0.5*$D$15)+

G51*$D$33 

66 
Total Cost 
of Export 

($) 
Q=120% 4,226,371.64 4,226,371.64 4,649,008.80 5,071,645.97 =$D$32*($D$16+0.5*$D$15)+

G52*$D$33 
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The followings are the input and output model for 6.3 in Chapter 6. The model 

shows in the “Expected Value” style so all the numbers represents the mean value. 

However, this model can be showed by “Stochastic” Style in Simetar. 

Model (for 6.3) 

A B C D E F G 

2 Input Data           
3             
4 Export Quantity           

5 
Quantity Export to U.S. in 

Period (1) LB 2,323,125       

6 
Quantity Export to U.S. in 

Period (2) LB 1,220,625       
7 Total Quantity Export to U.S.  LB 3,543,750       
8             
9 Export Price   Mean Min Max   
10 Export Period (1) $ / LB 1.54 1.48 1.6 $37-$40 / box (25LB) 
11 Export Period (2) $ / LB 0.56 0.52 0.6 $13-$15 / box (25LB) 
12             
13 Shrinkage           
14 Before Tech % 41.4%     Shelf Life less than 2 days 
15 After Tech % 0.1%     Shelf Life less than 2 days 

 

A B C D E F G 

18 

Before Technology 
Model           

19             
20 Actual Quantity Sold           

21 
Actual Quantity Sold to U.S. in 

Period (1) LB 1,361,351     =D5*(1-D14) 

22 
Actual Quantity Sold to U.S. in 

Period (2) LB 715,286     =D6*(1-D14) 

23 
Total Actual Quantity Sold to 
U.S.  LB 2,076,638     =SUM(D21:D22) 

24             
25 Export Price           
26 Export Period (1) $ / LB 1.54     =uniform(E10,F10) 
27 Export Period (2) $ / LB 0.56     =uniform(E11,F11) 
28             
29 Actual Revenue           
30 Actual Revenue in Period (1) $ 2,096,481     =D26*D21 
31 Actual Revenue in Period (2) $ 400,560     =D27*D22 
32 Total Actual Revenue $ 2,497,041     =SUM(D30:D31) 
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A B C D E F G 

35 

After Technology 
Model           

36             
37 Actual Quantity Sold           

38 
Actual Quantity Sold to U.S. 

in Period (1) $ 2,320,802     =D5*(1-D15) 

39 
Actual Quantity Sold to U.S. 

in Period (2) $ 1,219,404     =D6*(1-D15) 

40 
Total Actual Quantity Sold 
to U.S.  $ 3,540,206     =SUM(D38:D39) 

41             
42 Export Price           
43 Export Period (1) $ / LB 1.54     =uniform(E10,F10) 
44 Export Period (2) $ / LB 0.56     =uniform(E11,F11) 
45             
46 Actual Revenue           
47 Actual Revenue in Period (1) $ 3,574,035     =D43*D38 
48 Actual Revenue in Period (2) $ 682,866     =D44*D39 
49 Total Actual Revenue $ 4,256,901     =SUM(D47:D48) 
50             

51 

Total Actual 
Revenue increased $ 1,759,860     =D49-D32 

52 

Total Actual 
Revenue increased % 70.5%     =(D49-D32)/D32 

53 shrinkage Reduced % 99.8%     =(D14-D15)/D14 
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