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Abstract 

 

The U.S. fresh winter tomato industry and Mexican tomato production have been engaged in a trade 

conflict since the early1970s. Given that tomato is the highest valued fresh vegetable item, the fresh 

tomato market in the U.S. is open for rent seeking actions of importers and domestic producers. While 

importers try to increase their shares by lowering the prices, domestic producers attempt to keep 

tomato as a high-valued item and at the same time avoid any costly investment in production practices 

(such as greenhouse production). However, the competition with Mexican greenhouse tomato 

producers push winter tomato producers (particularly, in Florida) to search for new investment 

opportunities. This paper utilizes net present value and real option analysis to investigate whether it is 

beneficial for Florida tomato producers to invest in greenhouse production methods to stay 

competitive in the tomato market during the winter season. 

 

Keywords: Risk in investment decision, greenhouse tomato, net present value, real option approach.  
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1. Introduction  

Among all the vegetable crops in the U.S., the total value of production is the highest for tomato 

production (USDA-ERS 2012a). Moreover, the U.S. is the second largest fresh tomato producer in the 

world with 33.5 million cwt produced in 2010 (FAOSTAT 2012; USDA-ERS 2012b). Florida (12.3 

million cwt) and California (10.4 million cwt) are the largest tomato producing states in the U.S. The 

tomato demand in the U.S. is high during all 12 months of the year (USDA-ERS 2012b). During the 

summer season most of U.S. states, Mexico and Canada produce tomatoes so the supply is high and 

prices are relatively low. All producers are able to compete for a relatively same tomato price, and US 

producers face fair competition. However, the dynamics are different during the winter season since 

the main tomato suppliers are the state of Florida and Mexico. Florida produces field-grown tomatoes, 

while producers in Mexico use greenhouse production technique to increase yield and decrease 

production risk, and possibly production cost. Therefore, Mexican producers are able to offer tomatoes 

at lower prices than the Florida winter tomatoes. Additionally, Mexico greenhouse production acreage 

increased to 30,000 acres in 2012, and 70% of these acreage is devoted to tomato production 

(SAGARPA 2013) while tomato planted land in Florida has been diminishing since 1990s and 

nowadays it is around 32,000 acres (USDA-ERS 2012b). Overall, competition with Mexican 

producers affects the profits of the Florida tomato producers that have traditionally benefited from the 

high prices at the winter tomatoes niche market.  

 

This paper uses net present value and real option analysis to investigate whether it is worth for Florida 

producers to invest in greenhouse production methods to stay competitive in the tomato market during 

the winter season. Due to the difference between production methods, the costs for Mexican producers 

are significantly lower than those for US producers. Therefore, we also investigate how investment in 

greenhouse technology allows to reduce the costs of tomato production in Florida that might lead 

Florida producers to keep their market share. 
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2. Tomato Production in the US 

Fresh tomatoes are harvested in California during all seasons except winter, while in Florida they are 

harvested from October to June with peak production from November to January. Most of Florida’s 

winter production is shipped to the eastern U.S. while Mexico provides fresh tomatoes for the western 

part of U.S. (VanSickle et al. 2003). Overall, almost one-third of the total U.S. fresh tomato 

consumption is imported from Mexico and Canada during the off-season period, and around 40% of 

Mexican and the large majority of Canadian tomatoes are produced in greenhouses (USDA-FAS 

2012). Other countries like the Netherlands and Spain also export greenhouse tomatoes to the U.S. in 

smaller quantities.  

 

In the last decade, U.S. greenhouse tomato production increased two-fold (from 2.7 million cwt in 

2000 to 5.4 million cwt in 2011), although its share in the total fresh tomato production is still 

relatively low (approximately 15 percent). However, for retail market specifically, more than 40% of 

tomatoes are produced using greenhouse technologies (USDA-ERS 2012b). California and Arizona 

have become the key states for greenhouse production since the competition with Mexican greenhouse 

tomato producers drove them to switch into niche market during the winter season when the tomato 

price is at peak level. 

 

Florida supplies tomatoes largely for winter while California supplies in spring and summer. Florida 

producers get higher prices for their product because they produce in the off-season, when lower 

winter supplies result in higher prices. The average price of fresh tomatoes was $72.50 per cwt in 2010 

in Florida, while the average price in California was $33.10 per cwt (USDA ERS, 2012b).  However, 

fresh tomato prices are known to be sensitive to the instabilities of supply which lead to the price 

volatility. Florida’s biggest winter tomato competitor Mexican greenhouse production has anywhere 

between threefold and twenty-fold more productivity (on per-acre basis) than Florida field production. 

Although greenhouse production cost is high, it is competitive in revenue and the quality can be better 

than that of field-grown tomatoes. Hence, imported greenhouse tomatoes have more opportunities to 
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increase their market share in the U.S. (Cantliffe and VanSickle 2009). Overall, the increased interest 

in greenhouse tomato production in Southwestern states, as well as increasing competition from 

imported Mexican greenhouse tomatoes can subsequently decrease winter tomato prices, and hence 

the profits of the Florida producers.  

 

Aforementioned, investment and operating costs for greenhouse tomato production are higher than 

those of field production, and as a result, greenhouse production is often perceived by Florida 

producers as more risky (Cook and Calvin 2005). Moreover, greenhouse production is very energy-

intensive (Singh et al. 2003). Nevertheless, the investment in the greenhouse production systems may 

a viable option for growers in Florida, since this technology yields much greater yields and high 

quality and a more stable market for their products than of current production technique. 

 

3. Literature Review 

To explore investments decision made by for growers, the risk-based model are widely used by 

academics and business consultants. In this study, we develop an investment decision model and 

employ simulation approach for including risk to examine the investment decision in the greenhouse 

production systems in Florida. Below, we review existing studies focused on (a) agricultural decision-

making under the risk and uncertainty, and (b) application of simulation methods for risk based 

analysis. Overall, we show how investment decision includes risk and how simulation is used to 

address the risk in the analysis. 

 

There are numerous empirical studies of risk and agricultural decision-making. The risk analysis 

methodologies proposed in the studies can be summarized chronologically: initially, risk programming 

was applied by Hazell (1971) to examine risky decisions; later, Anderson et al. (1977) focused on the 

role of producers’ risk attitudes; further, an empirical analysis on effective educational programs to 

facilitate risky decision-making was provided by Nelson and Harris (1978). Then, Young (1984) 

improved the methods of measuring risk. More general efficiency criteria for ordering risky choices 
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were introduced by King and Robison (1981), and stochastic simulation was proposed by Mapp and 

Helmers (1984). More applications of risk analysis in production, marketing, and finance are also 

published by various researchers (Robison and Brake 1979; Sonka and Patrick 1984).  

 

Collins and Barry (1986) evaluated two approaches for using a single-index model in portfolio 

analysis for agricultural firms. The single-index model offers a summary measure of risk for 

individual assets or enterprises that accounts for the combined effects of the asset's own variance, as 

well as covariance with other assets. When used in portfolio analysis to derive risk-efficient sets of 

decision choices, the single-index model offers a computationally efficient way to use quadratic 

programming that accounts for a full constraint set and for the covariance relationships among the 

decision choices.  

 

Williams et al (1990) examined risk-based decisions in the context of stochastic dominance of  two  

tillage  systems, conventional  tillage  and no-tillage,  for five  crop rotations, wheat-fallow, grain 

sorghum-fallow, continuous wheat,  continuous grain sorghum, and wheat-grain sorghum-fallow, 

shows that risk-averse managers prefer a conventional  tillage  wheat-sorghum-fallow system. 

 

Simulation is a widely covered subject; however, most of the existing studies are not written for 

agricultural economists and do not relate to agricultural firm-level models (e.g., Law and Kelton, 

Savage, Vose, Ragsdale and Winston). Simulation as a tool for analyzing risky decisions was 

suggested by Anderson et al. (1977). The types of equations and identities have been used to construct 

the Farm Level Income and Policy Simulation Model, as described in Richardson and Nixon (1986; 

1999); however, the methods for simulating the random variables were not discussed.  

 

Risk analysis of adopting any of four commonly used zero runoff sub-irrigation systems in greenhouse 

operations was described on different crop categories by Uva et al. (2000) with a Monte Carlo 

Simulation approach. Richardson et al (2000) used an applied procedure for estimating and simulating 

probability distributions in farm-level risk assessment and clearly describe the procedure on how to 
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analyze risk by this method. Moreover, Ramirez (2000) and, Featherstone and Kastens (2000) uses 

parametric techniques for modeling and simulating correlated variables. Iwai and Emerson (2008) 

implied risk analysis with a Monte Carlo Simulation by calculating NPV and real options price to 

assess sugarcane mechanization investment in Florida. In the lieu of previous studies, the goal of this 

paper is to use the agricultural decision-making under the risk and uncertainty, and to apply simulation 

methods for risk based analysis on greenhouse tomato investment decision in Florida. 

 

4. Data and Model 

The patriot model on greenhouse tomato production in Florida (VanSickle 2011) and University of 

Florida interactive budget tables for Florida field grown tomato (UF-FRED 2012) are used to estimate 

revenue and cost for tomato production. Although the patriot model uses 120,000 sq. m (29.7 acres) 

greenhouse area for a feasible investment, the comparison between field grown and greenhouse 

production is done on one acre basis.   

 

Table 1 shows the cost of tomato production for the two production techniques; field grown and 

greenhouse. The table indicates that greenhouse production requires approximately 30 times more 

capital than field production. The largest expense of the greenhouse production is growing cost since 

much more seedlings and chemicals are required for this intense production than field grown. 

However, higher yield in greenhouse production leads to the lower per-unit sales costs, as compared 

with the field grown production. Greenhouse production is more energy dependent method; and hence, 

energy cost is significantly higher for the greenhouse production than for field grown production. 

Since energy is the only acre dependent expenditure, it is examined separately while other cost items 

are aggregated. 
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Table 1. Tomato production budget models in Dollars (for 1 acre) 

  Field Grown Greenhouse Cost Share 

Seasons 07-08 08-09 09-10 

   Initial Investment 
  

976303.88 
   

Growing costs 3517.59 3671.71 258795.15 21.90% 21.26% 46.64% 

Energy costs 1138.54 1916.75 94239.57 7.09% 11.10% 16.98% 

Labor Costs 3971.40 3986.25 130368.88 24.73% 23.08% 23.49% 

Other growing costs 1389.29 1422.44 5446.13 8.65% 8.24% 0.98% 

Sales costs 5235.00 5385.00 41553.88 32.60% 31.18% 7.49% 

Maintenance 807.05 886.07 24481.68 5.03% 5.13% 4.41% 

Total Cost  

(w/o initial cost) 
16058.87 17268.22 554885.28 100.00% 100.00% 100.00% 

Source: Calculated by authors from Patriot model and interactive budgets. 

 

Despite its limitations, net present value (NPV) framework is a commonly used to evaluate 

agricultural investment. In this analysis, expected free cash flows (FCF) are calculated for the span of 

ten years; present value is found by discounting for the cost of capital. NPV was obtained by 

subtracting the initial investment cost from the present value. The investment cost items are converted 

into revenue-cost table in Table 2, and free cash flows are calculated. Tax rate on EBIT is taken as 

29% since average tax rate of agricultural production firms is calculated from corporate tax data for 

the last ten years (IRS 2012).  

 

Table 2 shows that operating cash flow (OCF) is 7.72 times higher given greenhouse production 

method, as compared with field grown production (on per-acre basis). However, production amount is 

15.44 times higher in greenhouse production technique. FCF ratio drops to 5.55 times after 

depreciation and tax items are included into equation. 

��� = �����	� − ���      (1) 

���� = ��� − �����������      (2) 

��� = ���� − ���       (3) 
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Table 2. Free Cash Flow Calculations 

  

Field Grown Greenhouse 

Ratio 

(Greenhouse 

/Field Grown) 

Seasons 07-08 08-09 09-10 

 Production Amount (lbs) 37500.00 37500.00 578991.88 15.44 

Revenue 54600.00 54600.00 843012.17 15.44 

Energy Cost 1138.54 1916.75 94239.57 49.17 

Other Costs 14920.33 15351.47 460645.71 30.01 

Operating Cash Flow 38541.13 37331.78 288126.89 7.72 

Depreciation 201.76 221.52 82174.08 

 EBIT 38339.36 37110.26 205952.81 

 Tax on EBIT (%29) 11118.42 10761.98 59726.32 

 Free Cash Flow 27220.95 26348.29 146226.50 5.55 

 

Monte Carlo simulation is used for forecasting field grown tomato yield and tomato prices. 

Greenhouse tomato yield is assumed to be constant for the seasons beyond 2010-2011. The data for 

tomato yield and prices are collected from ERS tomato statistics (USDA-ERS 2012b). The 

methodology developed by Richardson et al. (2000) was used in Simetar© software by simulating 

interdependent price and yield.  

 

Non-random components are found as a function of linear trend and trend square. 

���� = �� + �� ∙ Trend� + �̂ ∙ Trend�
'     (4) 

Random components are calculated by the difference of actual and predicted values (���(). 

�̂�� = ��� − ����        (5) 

Relative variability of observations is measured as a fraction of random components to predicted 

values.  

��� = *̂+,
-�+,

        (6) 

 

After the relative variability is sorted for each observation, correlation matrix is calculated by the 

probabilities of occurrence for the deviates. The intra temporal correlation matrix for price and yield 

variables is found as below. 
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.�/ = 01 0.14
0 1 5         (7) 

 

Correlated standard normal deviates (CSNDik) are found by using this correlation matrix and 

independent standard normal deviates (Rik) for ten-year simulation time span (with years indexed by 

k). Thus, we calculate empirical distribution for each variable using correlated uniform deviates. 

�6��( = ���78��9��( − �:;��() → ����(    (8) 

At last, stochastic simulation (�=�() is found by the multiplication of predicted values and MVE 

distribution. The relative risk expansion in the model is given as (��() which is not included in this 

simulation. 

�=�( = ���( ∙ 91 + ����( ∙ ��()      (9) 

 

End-user fuel prices are used for estimating growth rate of the energy cost. The data is collected from 

1978 to 2011 (US-EIA 2012). The growth rate of energy cost was calculated as 7% from the average 

annual growth rate. Moreover, the growth of other costs is assumed as 3%, based on inflation rate. 

 

Following the simulation methodology developed by Richardson et al. (2000) for yield and prices, and 

accounting for the growth rate for the cost items, forecasted FCF for field grown and greenhouse 

tomato production is given in Table 3. 

 

Table 3. Forecasted FCF for field grown and greenhouse tomato production 

 Seasons Field Grown Greenhouse 

10-11 20481.18 48759.52 

11-12 19613.49 71851.77 

12-13 19569.40 72767.68 

13-14 23018.03 53539.07 

14-15 50078.78 173636.65 

15-16 41828.13 191658.70 

16-17 37496.77 228051.41 

17-18 38104.23 84340.45 

18-19 25572.67 64558.32 

19-20 28617.58 38629.12 
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Table 4 shows the NPV results of field grown and greenhouse production practices. The table 

indicates that NPV of greenhouse investment is bigger than field grown, so this production method is 

economical for Florida tomato producers. 

>?� = ∑ �9����)/9BC'D'D
�C'DED 1 + FG��)BH�    (10) 

;>?� = >?� − �       (11) 

 

Table 4. Net Present Values for field grown and greenhouse tomato production 

  
Present Values 

Initial 

Investment 
NPV 

Field Grown 229601.8 
 

229601.8 

Greenhouse 895424.3 488151.9 407272.4 

 

 

The NPV analysis has the following limitations (1) only current information available at the time of 

the decision is used, (2) after the initial decision made, the future decisions cannot be included and (3) 

just a single discount rate is used (as opposed to allowing the rate to change over time). Hence, the 

high NPV result is not sufficient to explain why U.S. growers still do not switch to the greenhouse 

tomato production. The next step in this research is to use real options approach (ROA) to evaluate 

viability of greenhouse tomato production in Florida. ROA allows including the future value of 

agricultural investment. Second, ROA controls for the irreversibility of investment in analysis. Third, 

ROA allows modeling dynamic decision making process. Forth, ROA allows for the flexibility of 

agricultural investment by including the non-linear distribution of the cash flow or the eventual risk 

profile changes. The main difference in the concept of NPV and ROA could be shown precisely as 

 

;>?: JG�9�  = 0)[0, �D?� − �]     (12) 

��G: �DJG�9�  = �)[0, ?� − �]     (13) 
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To estimate the uncertainty for staying in field grown production, 10,000 sets of FCF are generated by 

simulating cost and revenue terms. We obtain the volatility from the standard deviation of annual rate 

of return defined as O = ln9>?E + ���E) − ln 9>?D). The procedure mentioned by Copeland and 

Antikarov (2001) is followed for the multiplicative stochastic process to calculate ROA.  
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