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A Game-Theoretic Model of Crop Flood Indemnity in South Florida 

 

 

Abstract 

 

Crop insurance claims can serve as a metric of the climate-related vulnerability of 

agriculture. As the expected frequency and intensity of flood and extreme precipitation 

increases over time, the amount of indemnities paid upon losses due to these events is 

also expected to increase. This study develops a game-theoretic model of agricultural 

policy decisions and farmers’ optimal response, and places it in the context of the 

expected effects of climate change on South Florida’s precipitation trends. We estimated 

the optimal per-acre premium for maximum insurance participation for fresh market 

sweet corn at $126.97 and for fresh market tomatoes at $508.32, both well under the 

estimated maximum willingness to pay of $325.84 and $969.12, respectively. However, 

these maximum premium levels are exceeded by per-acre indemnities resulting from the 

extreme precipitation events occurring during the strongest El Niño years. 
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1. Introduction 

Changes in the frequency, spatial distribution, and magnitude of several climatic 

conditions and extreme events are likely to occur in the not too distant future and could 

pose significant risks to human well-being (IPCC 2014). Among such changes are an 

increased potential of flooding due to increased heavy precipitation events and 

accelerated sea level rise, posing particular concern to coastal communities and 

agricultural production. South Florida is among the areas of the U.S. most vulnerable to 

inundation (Gornall et al. 2010; Erwin 2009; Dolan and Walker 2006; Scavia et al. 2002). 

In addition to inundation, rising sea level can increase salinity of freshwater ecosystems 

and aquifers (Scavia et al. 2002). A mosaic of urban settlements, agricultural areas, and 

natural areas, South Florida is served by a highly human-engineered water management 

system (Harwell et al. 1996). Management agencies grapple with managing water to meet 

multiple objectives, including urban and agricultural water supply, flood control, and 

environmental restoration. Climate-induced (e.g., flood, drought, sea level rise) water 

shortage or excess often tests the limits of this engineering system, and extreme events 

are in turn expected to further increase the complexity of managing water resources for 

competing users. 

Heavy precipitation and flooding events in the United States and worldwide in recent 

years have greatly damaged crop production. If model projections of increased weather 

extremes are realized (National Park Service 2009; IPCC 2014), the cost of crop losses 

could increase drastically. Recent studies have attempted to simulate the effect of plant 

damage from excess soil moisture in order to estimate crop production loss, finding that 



losses under current climatic conditions may double in the next thirty years to an 

estimated $3 billion annually (Rosenzweig et al. 2002). In 2017, up to 7,000 acres of 

agricultural land in the southern portions of Florida experienced storm surge with salt 

water inundation during Hurricane Irma, with the Florida Department of Agriculture and 

Consumer Services estimating losses at over $30 million (Alvarez 2017)?). The costs of 

this and other losses may be borne directly by the farmers impacted or transferred to 

private insurers or governmental disaster relief programs. 

As the expected level and intensity of flood and heavy precipitation events increase, the 

amount of indemnities paid upon losses due to these events would also increase. Thus, 

crop insurance claims can serve as a metric of the climate-related vulnerability of 

agriculture. To develop such a metric, it is necessary to study how crop insurance 

decisions are made. Participation patterns have shifted as new insurance products have 

expanded farmers’ choices of types and levels of coverage, and the literature shows a 

variety of factors influencing farmers’ choices among available crop insurance products 

(Makki and Somwaru 2001a, 2001b; Sherrick et al. 2004; Smith and Baquet 1996; 

Moschini and Hennessy 2001). Chief among these factors is the level of risk, followed by 

the cost of insurance, and the level of premium subsidy. We use a risk-informed decision-

based theoretical framework to develop a modeling tool for measuring the impacts of 

climate-related flooding and excess precipitation. 

Frameworks for evaluating farmers’ crop insurance decisions typically employ the 

standard assumption that farmers will maximize the utility of their net revenue subject to 

physical and technical constraints (Bar-Shira, Just, and Zilberman 1997; Sherrick et al. 



2004; Smith and Baquet 1996; Shaik and Atwood 2017; Mahul 1999; Coble and Knight 

2002).  These studies show that the levels of insurance premium and government subsidy 

are the two key determinants of farmers’ participation.  Nevertheless, these two rates are 

policy decisions made by Risk Management Services (RMS) of USDA each year.  RMS 

grapples with the actuarial decision of optimizing insurance and subsidy rates such that 

private crop insurers are able to indemnify crop losses year after year adequately.  This 

would require that either premiums, farmers’ participation, or both are high enough to 

generate enough premium income to cover losses.  However, farmers’ participation level 

varies inversely with the premium. Furthermore, as the expected level and intensity of 

flood and heavy precipitation events increase, the amount of indemnities paid upon losses 

due to these events would also increase. Therefore, ultimate solvency of crop insurance 

market and climate-related crop risk reduction depend on the interactive decisions of 

RMS, farmers, and private insurers, under increasing level of climate-induced crop perils.  

This paper links the occurrence of flooding events and crop insurance indemnity claims 

by simulating farmers’ decision behavior of whether to purchase crop insurance and their 

choices among alternative products, considering varying risk of perils due to climate 

change and sea level rise. Government agricultural policy development and farmer 

response are modeled as a hierarchical Stackelberg leader-follower game-theoretic 

decision process. In our model, government is assumed to be the dominant player, or 

leader, choosing an optimal crop insurance premium and subsidy in order to optimize the 

participation response of the subordinate player, or follower, in this game represented by 

farmers. Ultimately, this paper seeks to understand the implications of funding insurance 



subsidies, how subsidy policies can influence participation rates, and setting premium 

prices for adequate participation by farmers and on private insurers’ underwriting ability. 

 

2. Methods 

2.1. Delineation of the study area 

This study focuses on two crops, fresh market corn and fresh market tomatoes, in Miami-

Dade and Palm Beach counties in South Florida. As of 2016, Florida ranked first in value 

of production of fresh market tomatoes, accounting for 40% of the total U.S. value, and 

second in value of production of fresh market sweet corn, accounting for 24% of the total 

U.S. value (Florida Department of Agriculture and Consumer Services 2017). Having a 

subtropical to tropical climate with a wet (warm) season and a dry (cool) season, 

cropping season in South Florida for these vegetables typically coincides with the dry 

season of October through May. 

Precipitation patterns in general as well as extreme precipitation events (in South Florida 

are found to be significantly correlated with large-scale climate effects, including the 

Atlantic Multidecadal Oscillation (AMO), with a 55-70 year periodicity; the Pacific 

Decadal Oscillation (PDO), with a 20-30 year periodicity; and the El Niño Southern 

Oscillation (ENSO), with a 3-7 year periodicity (Gunn 2010; South Florida Water 

Management District 2011; Wong et al. 2014). During El Niño years, the polar jet stream 

takes a more southerly flow which allows more frontal systems to reach Florida, 

increasing precipitation particularly in the dry season (South Florida Water Management 

District 2011). For the study period of 1989 to 2017, El Niño years are 1991-92, 1994-95, 



1997-98, 2002-07, 2009-10, and 2014-16 (NOAA). The 2014-16 El Niño was 

particularly strong compared to the rest of the US states (Figure 1), leading to nearly $3 

million in sweet corn and tomato losses in Miami-Dade and Palm Beach counties.  

 

Figure 1. Percent of average precipitation compared to 1981-2010 average, January 

1996. 

 
Source: https://www.climate.gov/maps-data/data-snapshots  

 

2.2. Game-theoretic models 

Game-theoretic methods, both cooperative and non-cooperative, have been widely used 

to simulate the strategic behaviors of agents in insurance markets, e.g., natural disaster 

and crop insurance markets (El-Adaway et al. 2015; Mahul 1999). Hierarchical market 

solutions, first introduced by Heinrich von Stackelberg in 1934, have in particular been 



employed to simulate sequential decision-making in situations in which one agent has 

dominating power over the others (von Stackelberg 1952). Now known as a Stackelberg 

equilibrium, this sequential game solution concept involves players with asymmetric 

roles, one a leader and the other following. The leader announces their action and the 

follower responds by choosing their optimal response given that announcement. The 

leader, knowing the follower’s objective function and anticipating the response, chooses 

the action that optimizes their own performance given the follower’s rational response. 

Farmers, maximizing their total net revenue, decide whether to participate in the 

insurance market, and if so, which insurance product to purchase given the price of 

insurance premium, their risk factors, and a vector of economic variables. Government, 

knowing farmers’ optimal decision, sets the premium and subsidy levels. The farmers’ 

dynamic problem will first be developed, and all necessary conditions derived. These 

conditions will then be included as constraints in the development of the government’s 

dynamic problem, in which it attempts to balance the income from and flood indemnity 

claims paid to farmers’ insured crops by insurers. Interaction between government and 

farmers is assumed to be non-cooperative, which can still result in a socially efficient 

decision strategy under certain possible conditions (Bhat, Alexander, and English 1998). 

To this end, a sequential hierarchical game becomes particularly relevant for simulating 

the decision behavior of the government as a price-setter for both premiums and 

subsidies, and farmers as followers aiming to maximize their profits given the likelihood 

of perils. 

 



2.2.1 The farmers’ model 

Farmers’ objective is to maximize net revenue from agricultural production (market 

return less production cost), subject to stochastic peril. Farmers are assumed to lack the 

ability to influence the government’s policy decision once it is made. Alternatively, they 

attempt to optimally make their decisions regarding insurance purchase in response to the 

government’s decision variable. It is assumed that farmers are price takers and are in a 

climatologically homogenous region.  

Without the purchase of insurance, an individual farmer n’s total net revenue (TR) is 

𝑇𝑅 = 𝐴(1 − 𝜃)𝑅        (1) 

where A is planted acres, R is net revenue per acre, and θ is the expected probability that 

a certain peril will occur. With the purchase of insurance, the farmer’s TR becomes 

𝑇𝑅𝑗 = 𝐴[𝜃𝑅𝑗 − (𝑃𝑗 − 𝑆𝑗)]       (2) 

where P is the cost of insurance premiums, S is the subsidy for purchase of insurance, and 

subindex j is the specific insurance product purchased by the farmer. Following the crop 

insurance decision framework of Sherrick et al. (2004), a farmer will decide to purchase 

insurance product j if their expected TR (or utility) with insurance is at least as much as 

without the insurance. Formally, 

𝑃𝑟𝑜𝑏(𝑦𝑒𝑠 𝑡𝑜 𝑗) = 𝑃𝑟𝑜𝑏{𝐴[𝜃𝑅𝑗 − (𝑃𝑗 − 𝑆𝑗)] ≥ 𝐴(1 − 𝜃)𝑅}  (3) 

The above inequality can be solved for either the farmer’s maximum willingness to pay 

(WTP) for insurance (𝑃𝑗
∗) or the minimum subsidy (𝑆𝑗

∗) a farmer is willing to accept 

(WTA) to participate in the insurance market. Solving the inequality, the probability that 

(𝑇𝑅 − 𝑇𝑅𝑗) ≥ 0 is assumed to yield a linear probability function, 



𝑃𝑟𝑜𝑏(∆𝑇𝑅𝑗 ≥ 0) = 𝛼𝑋       (4) 

where X is a vector of Pj, Sj, Mj, and CCI, and where M represents prior participation and 

CCI represents general market conditions. Logit and probit models were also considered, 

and ultimately rejected in favor of a linear probability model using a censored Tobit 

estimator. 

 

2.2.2 The government’s model 

With symmetric information, the government, the leader of this game, is assumed 

to set the price of the premium at the optimal participation price 𝑃𝑗
∗, knowing that the 

farmer-followers will optimally decide their participation rate as in (Eq. 4) in response to 

the leader’s optimal insurance rate decision and given level of subsidy. That is, the leader 

attempts to set the premium 𝑃𝑗
∗∗ at a rate that implicitly equates the total premium 

payment with expected indemnity payment. Formally, 𝑃𝑗
∗∗ can be determined by solving,  

𝐶𝑗𝑃𝑗 − 𝐶𝑗𝜃𝑅𝑗 = 𝐶𝑗(𝑃𝑗 − 𝜃𝑅𝑗) = 0     (5) 

Subject to (Eq. 4), where 𝐶𝑗 is the extent of area covered by insurance and is a function of 

𝑃𝑟𝑜𝑏(𝑦𝑒𝑠 𝑡𝑜 𝑗), or 𝑃𝑟𝑜𝑏𝑗
∗ and total acres (𝐴̅).  

That is, 𝐴̅𝑃𝑟𝑜𝑏𝑗
∗(𝑦𝑒𝑠 𝑡𝑜 𝑗)(𝑃𝑗 − 𝜃𝑅𝑗) = 0, or, 

𝐴̅𝑃𝑟𝑜𝑏𝑗
∗(𝑃𝑗 , 𝑆𝑗 , 𝑀𝑗 , 𝐶𝐶𝐼)(𝑃𝑗 − 𝜃𝑅𝑗) = 0    (6) 

From (6) above, we can develop a function for the optimal price 𝑃𝑗
∗∗ which will then 

determine the optimal participation rates of farmers for insurance product j. Formally, 

𝑃𝑗
∗∗ = 𝛽0 + 𝛽1𝐼𝑡−1 + 𝛽2𝐶𝑟𝑜𝑝𝑃𝑟𝑖𝑐𝑒 + 𝛽3𝑅𝑎𝑖𝑛𝐸𝑣𝑒𝑛𝑡   (7) 



The final task of this research is to develop a model that captures the relationship 

between indemnity and farmers’ participation level, crop economic variables, 

government subsidies, and hydro-climatic peril factors. Each individual claim (𝑅𝑗) is the 

difference between guaranteed revenue (R) and observed revenue (𝑅𝑂). That is, 

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝐶𝑙𝑎𝑖𝑚 = 𝐼 = ∫ (𝑅 − 𝑅𝑂)𝑓(𝑅𝑂)𝑑𝑅𝑂
𝑅

0
    (8) 

As 𝑅𝑂 is a function of the probability of peril (𝜃), ultimately, I will become a function of 

𝜃. Insurance participation rate for each product j is a function of risk factors, government 

subsidies, expected revenue, and other economic variables. Indemnity then becomes a 

function of participation rate for each product.  

 

2.3. Estimation of willingness to pay and willingness to accept 

Probability of participation was estimated as a censored Tobit model, with a lower limit 

of 0 and upper limit of 1. Following standard practice (Johnston et al. 2013), the 

estimates of WTP (P*) and WTA (S*) were expressed as the ratios of the attribute 

coefficients to participation coefficient as in (Eq. 4). Formally, 

𝑃∗ =
𝛽̂0+𝛽̂2𝑆̅+𝛽̂3𝑀̅+𝛽̂4𝐶𝐶𝐼̂

𝛽̂1
       (9) 

And, 

𝑆∗ =
𝛽̂0+𝛽̂1𝑃̅+𝛽̂3𝑀̅+𝛽̂4𝐶𝐶𝐼̂

𝛽̂2
       (10) 

Crop insurance and loss data were retrieved from the United States Department of 

Agriculture (USDA) Risk Management Agency, while crop production and value data 

were retrieved from the USDA Census of Agriculture. Sourced of weather and climate 



data include the National Oceanic and Atmospheric Administration (NOAA) National 

Centers for Environmental Information Climate Data Online and NOAA National 

Weather Service Climate Prediction Center. Data were aggregated into a county-level 

format for each of the two selected crops, and monthly and annual means were calculated 

for the study period. All analysis was conducted using Stata13. 

 

3. Results and analysis 

3.1 Participation 

Results from Tobit model estimations of insurance market participation are described in 

Table 1. At sample mean levels, estimated likelihood of participation for farmers growing 

fresh market sweet corn was 0.7523. Estimates for likelihood participation were higher in 

Miami-Dade County than in Palm Beach County, at 0.7821 and 0.7278, respectively. 

Farmers growing fresh market tomatoes were approximately half as likely to participate 

in the insurance market, with overall likelihood at 0.3485. Similarly to sweet corn 

farmers, Miami-Dade tomato farmers had a higher likelihood of participation than those 

in Palm Beach, at 0.4041 and 0.2498, respectively.  

Table 1. Tobit regression results, insurance market participation in Miami-Dade and 

Palm Beach counties 
 Fresh Market Sweet Corn Fresh Market Tomatoes 

Observations 51 45 

Log-Likelihood 44.0313 31.5504 

Variable Coefficient (P-value) Coefficient (P-value) 

Per-Acre Premium -0.0033 (0.00) -0.0006 (0.03) 

Per-Acre Subsidy 0.0064 (0.00) 0.0012 (0.05) 

Previous Year Participation 0.5499 (0.00) 0.7343 (0.00) 



Consumer Confidence Index 0.0017 (0.02) 0.0037 (0.00) 

Constant 0.1151 (0.30) -0.3473 (0.02) 

 

Coefficients for premium and subsidy were significant and with expected signs, and for 

both sweet corn and tomatoes the subsidy coefficient is nearly twice that of the premium, 

indicating that the level of government subsidy is a stronger driver of insurance purchase 

decisions than the premium price. The sample mean per-acre premium price for fresh 

market tomatoes was $444.56, more than quadruple that of fresh market sweet corn 

($100.21). Sample mean of subsidy as a percent of premium for sweet corn and tomatoes, 

deflated to 2017 U.S. dollars, are consistent with national averages for all crops at 55% 

and 58%, respectively.  

For fresh market sweet corn, farmers’ maximum WTP for premium was $401.09 in 

Miami-Dade and $264.03 in Palm Beach, and $325.84 across both counties. Minimum 

subsidy WTA was $29.77, $86.15, and $60.72 across Miami-Dade, Palm Beach, and both 

counties, respectively. Farmers of fresh market tomatoes similarly had a higher WTP for 

premium in Miami-Dade than in Palm Beach, at $1023.35 versus $907.14, and $962.12 

overall. Miami-Dade tomato farmers were WTA a minimum subsidy of $91.33, while in 

Palm Beach the minimum was $0. 

 

3.2 Leader’s actuarial premium model estimation 

Various model specifications for each fresh market sweet corn and fresh market tomatoes 

are described in Table 2. The optimal fresh market sweet corn premium estimated at the 



sample average using Model C2 was $126.79. Using Model T1, the estimated per-acre 

premium for maximum participation of fresh market tomato farmers was $508.32. 

Table 2. Premium regression results 

Fresh Market Sweet Corn 

 Model C1 Model C2 Model C3 Model C4 

Adjusted R Square 0.93 0.87 0.88 0.22 

Observations 36 36 36 36 

Variable 
Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Intercept  -42.5014 

(65.6348) 

-36.7346 

(61.8134) 

-166.8853 

(155.1799) 

Per-Acre Indemnityt-2 
0.06236 

(0.03778) 

0.06248 

(0.03814) 

0.06207 

(0.03755) 

0.26203 

(0.08745)** 

Crop Pricet-1 
0.0384 

(0.0080)* 

0. 0452 

(0. 0132)* 

0.04592 

(0.0128)** 

0.04896 

(0.0327) 

Extreme Rain Eventt-1 
0.10545 

(0.9153) 

0.2892 

(0.9666) 
  

Participationt-1 
53.18154 

(21.8593)** 

72.8229 

(37.5099)** 

70.4319 

(36.1067)** 

126.1255 

(91.1857) 

County Dummy (PB=1) 
-123.7143 

(9.683)* 

- 123.3320 

(9.7931)* 

-122.4839 

(9.2354)* 
 

Fresh Market Tomatoes  

 Model T1 Model T2 Model T3 Model T4 

Adjusted R Square 0.73 0.74 0.01 0.04 

Observations 36 36 36 36 

Variable 
Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Coefficient 

(Std. Error) 

Intercept   790.0440 

(311.0084)** 

811.7306 

(291.4989) 

Per-Acre Indemnityt-2 
0.1537 

(0.0902)*** 

0.16188 

(0.0836)*** 

0.1138 

(0.0796) 

0.1081 

(0.0743) 

Crop Pricet-1 
0.02007 

(0.0167) 

0.02398 

(0.0081)* 

-0.0264 

(0.02123) 

-0.0266 

(0.0209) 

Extreme Rain Eventt-1 
2.4297 

(9.0430) 
   

Participationt-1 
104.85 

(174.2490) 

93.67687 

(166.7427) 

-57.4941 

(165.2168) 

-76.3857 

(140.5113) 

County Dummy (PB=1) 
80.6564 

(97.4179) 

89.0560 

(90.9182) 

20.0152 

(88.3249) 
 

*p<.01, **p<.05, ***p<.10 

 



Maximum WTP and minimum WTA were estimated for premium and subsidy, 

respectively, for each county individually as well as for sweet corn and tomatoes overall 

and are described in Table 3. At the maximum WTP for insuring sweet corn, there is only 

one crop year, 2010, in which per-acre indemnity exceeds the per-acre premium (Figure 

2). For tomatoes, the per-acre indemnity twice exceeds the maximum per-acre premium, 

in 2002 and 2012 (Figure 3). 

 

Table 3. Maximum premium WTP and minimum subsidy WTA for participation in crop 

insurance market, 2017 US $ 

 Overall Miami-Dade Palm Beach 

Fresh Market Sweet Corn    

Maximum premium WTP $325.84 $401.09 $264.03 

Minimum subsidy WTA $60.72 $29.77 $86.15 

Fresh Market Tomatoes    

Maximum premium WTP $969.12 $1023.35 $907.14 

Minimum subsidy WTA $30.06 $91.33 $0 

 

3.2 Policy and climate simulations 

The U.S. Government Accountability Office (2014) found that reducing premium 

subsidies could potentially save hundreds of millions of dollars in the federal budget, 

Tables 4 and 5 illustrate the effects this action would have on participation rates. Holding 

per-acre premium prices constant, reducing subsidies by 20% lowers participation from 

75% to 68% and from 35% to 28% for sweet corn and tomatoes, respectively, at the 

highest level of reduction (Table 4). Nearly all years in which per-acre indemnity exceeds 

per-acre premiums coincide with occurrences of El Niño (Figures 2 and 3). 



 

Table 4. Participation at various levels of subsidy reduction (Fresh Market Sweet Corn), 

2017 US $ 

Fresh Market Sweet Corn     

% Reduction in subsidy 5% 10% 15% 20% 

$/acre Reduction in subsidy 2.77 5.54 8.32 11.09 

New subsidy per acre $52.71 $49.94 $47.16 $44.39 

Participation rate 0.734367 0.716406 0.698445 0.680484 

 

Table 5. Participation at various levels of subsidy reduction (Fresh Market Tomatoes), 

2017 US $ 

Fresh Market Tomatoes     

% Reduction in subsidy 5% 10% 15% 20% 

$/acre Reduction in subsidy 12.94 25.89 38.84 51.79 

New subsidy per acre $246.04 $233.09 $220.14 $207.19 

Participation rate 0.33291 0.317296 0.301683 0.286069 

 

 

Figure 2. Per-acre indemnity vs. premium, Fresh Market Sweet Corn 1990-2017 

 



 

Figure 3. Per-acre indemnity vs. premium, Fresh Market Tomatoes 1991-2017 

 

 

Conclusions and future work 

The existing literature primarily looked at farmers’ participation behavior (i.e., response 

to insurance premium or subsidy), without looking at the policymaker’s decision. Our 

paper is the first to capture the simultaneity of farmers’ and government decisions 

through a hierarchical strategic leader-follower game model. Farmers’ crop insurance 

participation decision was driven mainly by prior participation and the levels of premium 

and subsidy. The government’s decision was affected by participation levels, crop price, 

prior indemnity, and peril, and varied by county. The models yielded optimal WTP for 

premium and WTA for subsidy, which have been above the government-set premium 

rates.  



Actual indemnities from flood and excess moisture have exceeded crop premiums in 

several years, and WTP in one year. This demonstrates that the government has to be 

cautious in setting premiums in response to expected perils. Any government decision to 

reduce subsidies may adversely affect the farmers’ decisions and destabilize the overall 

crop insurance market. 

A trend analysis by the South Florida Water Management District (2011) from 1950-

2008 shows a general decrease in wet season precipitation, possibly due to a shortening 

or delay of the wet season, but an increase in the number of wet days during the dry 

season. Coupled with sea level rise and the attendant need for flood control, a series of 

strong El Niño years could prove catastrophic not only for farmers but for insurers. 

Reductions in subsidies may also negatively impact insurers. As subsidy rates decline, so 

do the corresponding participation rates for a given insurance product. Based on the 

results of this study, the authors will develop the model further to consider other climatic 

factors, as well as expand the study area geographically and in terms of agricultural and 

insurance products.  
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