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Abstract

Rainfall is one of the biggest predictors of profit in the ranching industry. Yet,

rainfall varies widely from year to year. A major drought can put ranchers out of

business and even a minor drought can significantly reduce their profit. In response

to this risk, the USDA Risk Management Agency has developed a new policy called

the Pasture, Rangeland and Forage (PRF) Insurance. This insurance is unique in the

United States because it pays out based on rainfall, not measured losses. Rain-index

policies such as the PRF program can reduce problems of moral hazard because insured

ranchers cannot affect their own payout once they have purchased the policy.

However, the rain-index insurance may still affect rancher behavior. First, with

the current levels of subsidies, the rain-index policy has a positive expected value: on

average, it pays out more in indemnities than ranchers pay in premiums. Increasing

the profitability of ranching is likely to increase the intensity of ranching, both by

inducing market entry and by increasing the number of cattle in an optimally profitable

herd for a given rancher. When cattle production is more profitable, the marginal

product of the base herd and other production inputs increase leading to higher levels

of investment in those inputs. Second, the rain-index policy transfers drought risk from

the rancher to the insurance system. Transferring drought risk may lead ranchers to
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reduce investments in other types of drought risk management strategies. Conversely,

the rain-index insurance could increase investmentsin drought risk management if the

ranchers were previously cash constrained.

In this paper, I introduce the Drought Ranching Insurance Response R Model

(DRIR-R) and use a ranching simulation driven by the model to test these questions

experimentally with decision-makers. The DRIR-R model simulates a cow-calf ranching

operation in periodic drought, with participants choosing their level of investment in

supplemental feed to offset low forage growth in drought years. They also determine the

number of cows and calves they sell each year which affects their current revenues and

future herd size. Among the study population, I find that the rain-index insurance does

not affect average herd size but does reduce the likelihood of herd liquidation associated

with a market exit. I also find that the rain-index insurance increases the investment

in supplemental feed, especially for those who are risk averse. These experimental

findings are a first step in using the DRIR-R model simulation to better understand

the impact of the rain-index insurance on two important aspects of the cattle ranching

industry that have long-term natural resource impacts: grazing intensity and drought

adaptation.
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1 Introduction

As the climate warms and precipitation patterns change, adaptation to new climate regimes

and resilience to climate variability will be paramount to moderating the impacts of climate

change. Across the world, agriculture is the most vulnerable economic sector to climate

change impacts (Antle, 2008). Globally, agriculture only generates 3% of total GDP;

however, in developing countries, much of the population is still dependent on these volatile

industries, as more than 25% of their respective GDP comes from crop production and

ranching (World Bank, 2012). Even in the United States, around one million individuals

are employed in ranching and agriculture (US. Department of Labor, 2017). The cattle

industry alone produces $61.2 billion in commodities annually (USDA Economic Research

Service, 2017). From a land use perspective, the importance of ranching is even more

pronounced: 40% of land use in the United States is shared between ranching and farming,

with a majority of farms supporting or participating in the ranching industry (USDA, 2014;

Farmland Information Center, 2014).

Climate change is already affecting agricultural production in many regions around the

world with more negative than positive impacts, especially in the response of agricultural

systems to climate extremes (Porter et al., 2014). As the climate continues to warm, the

impacts on agriculture will become even more serious. Beginning in 2050, agricultural yields

decrease in 70% of projected model scenarios (Porter et al., 2014). However, adaptation

can improve agricultural yields by 15-18% (Porter et al., 2014). For livestock production,

adaptation strategies to deal with current climate risks, such as inter-annual volatility in

precipitation, provide a good template for adaptation to future climate change (Thornton

et al., 2009; Derner et al., 2017; Shrum et al., 2018).

Drought is already the most serious risk to ranching productivity. For example, the
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2012-2013 North American drought caused massive sell-offs, leading to the smallest total

US cattle herd size in 60 years (Waters, 2013). Even five years later, the market still has

not recovered. With climate change, drought risk will loom larger as higher temperatures

lead to higher water demand for forage growth. Ranching is vulnerable to climate change

due to the major impacts from volatility in rainfall and extreme heat (Reeves and Bagne,

2016). The extent of the vulnerability depends on the frequency and severity of drought

and extreme heat, the sensitivity of the ranching system to those hazards, and the adaptive

capacity of the ranching system (Adger, 2006; Derner et al., 2017). Rainfall is one of the

key inputs to cattle ranching in the western United States and around the world (Conley

et al., 1999). Most of the ranching in the United States relies on rainfall, not irrigation

(McNew et al., 1991; Conley et al., 1999; Frisvold et al., 2013; Gillam, 2012). Temperature

also has an important role: extreme heat stresses cattle which can reduce growth rates and

increase mortality (Hahn, 1999).

The impacts of climate change on rangeland forage productivity are complex: there are

both direct and indirect drivers to consider, and some effects are positive while others are

negative (Porter et al., 2014). The main direct drivers are temperature, carbon dioxide

concentrations, and precipitation. Higher temperatures are expected to increase the length

of the growing season in the United States, but, depending on precipitation levels, may

decrease the quality of forage (Izaurralde et al., 2011). Increases in CO2 concentrations

tend to have a positive impact on the growth of forage species, although due to the dif-

ferential impact on C3 and C4 plant species, changes in CO2 concentrations may change

the plant community dynamics in rangelands (Izaurralde et al., 2011). The biggest source

of uncertainty is precipitation. Precipitation is likely to become more variable, which can

significantly reduce the net primary productivity of rangelands, holding other variables,

like total rainfall, constant (Knapp et al., 2002; Fay et al., 2003). In general, in areas
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where soil moisture is a limiting factor in growth, if rainfall increases, then forage produc-

tivity will also increase (Izaurralde et al., 2011). Likewise, if rainfall declines, then forage

productivity will also drop.

The impacts of climate change on cattle reproduction and growth are more straightfor-

ward. The IPCC has high confidence that higher temperatures will reduce cattle growth

rates (Porter et al., 2014). The relationship between heat stress and decreased cattle pro-

ductivity is well-established (St-Pierre et al., 2003; Brown-Brandl et al., 2006). While even

moderate heat stress can slow down cattle’s growth, extreme heat can be deadly. For

example, the prolonged heat waves in France in 2003 and 2006 caused cattle mortality

rates of 24% and 12% respectively (Morignat et al., 2014). Additionally, the IPCC has

high confidence that pathogens that affect livestock will increase their geographical range

(Porter et al., 2014). Tropical pathogens may even extend into North America and impact

U.S. ranching operations.

Climate change is expected to increase temperatures across the Western United States

(Polley et al., 2013). Predictions for changes in average precipitation are mixed (Polley

et al., 2013), but precipitation is likely to have higher volatility leading to more frequent and

more severe droughts (Ault et al., 2014). Since 1950, much of the Western United States

has actually gotten wetter. The first half of this period was much drier and punctuated with

extreme droughts while the second half of this period had considerably more precipitation

Melillo et al. (2014); Scasta et al. (2015). However, for the latter half of the twenty-first

century, this trend is expected to reverse, at least in the Southern Great Plains and the

Southwest (Polley et al., 2013). Soil moisture levels are expected to drop 2-10% in most of

the contiguous United States (Dai, 2013), with more severe drops corresponding to areas

with higher concentrations of ranching operations. In the Southwest and Central Plains,

model results show that with moderate to high future emissions scenarios, drought towards
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the end of the twenty-first century may reach extremes that are unprecedented, surpassing

even the extreme droughts of the Medieval Climate Anomaly (1100-1300 CE) (Cook et al.,

2015).

The USDA Risk Management Agency offers rainfall-index insurance to help ranchers

through periods of low rainfall that tend to reduce their income. The Pasture Rangeland

and Forage (PRF) rainfall-index insurance policy was rolled out starting with a few states

in 2007 and was made available to the contiguous forty-eight states in 2016. The PRF

policy pays an indemnity on insured acreage when precipitation falls significantly below

the historical average for the area. Because the payouts do not depend on actual losses,

this type of insurance is meant to minimize the moral hazard associated with the policy.

While this policy is intended to help ranchers deal with drought risk, it could incentivize

maladaptive behaviors. Because the policy reduces the income risk of drought, it may

increase the returns to investment in production inputs, such as herd size, and reduce

the return on investment in risk reducing inputs, such as drought adaptation investments.

As a result, the policy may affect the optimal size of the ranchers’ herd and the optimal

investment in drought adaptation in ways that have longer term consequences for the

vulnerability of ranching to climate change impacts.

The goal of this study is to test whether the rain-index insurance affects ranch man-

agement in ways that will increase or decrease vulnerability to more intense drought and

heat. Specifically, I test the following two hypotheses with an experimental simulation:

H1: The availability of rain-index insurance leads to an increase in the average size of cattle

herds because the expected return on investment in cattle production will increase

when drought risk is mitigated.

H2: The availability of rain-index insurance will decrease investment in (i.e., crowd-out)

other drought adaptation strategies because insurance serves as a substitute.
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The major contributions of this paper are two-fold. First, I introduce the Drought

Ranching Insurance Response R Model (DRIR-R), which to my knowledge, is the first de-

cision model to incorporate the USDA’s rainfall-index insurance. Second, I test the model

in a randomized control experiment. This experiment is a preliminary test of the exper-

imental simulation and of the hypotheses described above. Additional experiments with

this model will be carried out with ranchers currently operating in the Great Plains region.

Because cattle ranchers are a relatively small population, it is important to thoroughly vet

the model and experimental paradigm with a test population before deploying it with a

large sample of ranchers.

The rest of the paper is organized as follows. Section 2 reviews the economic and

policy background on agricultural insurance as well as the links between climate and cattle

production. Then, Section 3 lays out the coupled natural-human system model that drives

the experimental simulations. Section 4 reviews the experimental methods used in the

simulations and section 5 goes through the analysis of the experimental results. Finally,

Section 6 offers conclusions from our experiments and a roadmap for future research with

this experimental model.

2 Agricultural Insurance: Policy and Economic Theory

The United States has a long history of providing assistance to the high-risk business of

agriculture. With the Federal Crop Insurance Act of 1980 and the Agriculture and Food

Act of 1981, policymakers shifted the policy trajectory towards heavier reliance on crop

insurance to reduce the need for ex post weather and natural disaster assistance (Barnett,

2000; Coble and Barnett, 2012). Yet, even after subsidizing the program, disaster assistance

was still very common: sixty percent of farms received it between 1987 and 1994 (Barnett,

1999). Additional policies passed in 1994 and 2000 provided free catastrophic coverage
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and increased crop insurance subsidies (Coble and Barnett, 2012). Premium subsidies

grew from 20 percent in 1980s to the current levels of 60 percent for corn and soybeans

(Annan and Schlenker, 2015). In addition to the subsidy, premiums are required to be

set at the actuarially fair price, and the private insurance agents’ administrative costs of

selling and maintaining policies are reimbursed by the federal government.

As of 2016, U.S. ranchers have two main choices for federal insurance for their ranching

operations: the Noninsured Crop Disaster Assistance Program (NAP) and the Pasture,

Rangeland and Forage (PRF) rain-index insurance. NAP supplies aid to producers of non-

insurable crops (e.g., crops planted and grown for livestock consumption) in the event of a

natural disaster that results in crop losses or lower crop yields. The PRF rain-index insur-

ance program is designed to provide area-based insurance coverage to rangeland, perennial

pasture, or forage used to feed livestock against low precipitation (USDA Risk Manage-

ment Agency, 2015). The area-based characteristic of the PRF program indicates that

insurance payouts are based on gridded precipitation data from the National Oceanic and

Atmospheric Administration Climate Prediction Center (NOAA CPC), rather than an in-

dividual producer’s loss experience. The PRF rain-index insurance program is the third

largest crop insurance program in the United States. In 2016, 43 million acres were in-

sured with $127.8 million in subsidies and $70.8 million paid out to rancher in indemnities

(USDA, 2016).

Insurance allows agricultural producers to reduce their exposure to risk and smooth

their income. In theory, a risk-averse producer would have positive demand for crop insur-

ance at actuarially fair prices (Ahsan et al., 1982). Yet we observe under-insurance even at

subsidized premiums, which leads us ask what other factors of decision-making might be

at play. Incentives to purchase insurance can be broken up into four major components:

1) risk aversion of the producer, 2) income transfers from the subsidy, 3) adverse selection,
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and 4) moral hazard (Just et al., 1999; Coble and Knight, 2002).

Risk aversion is likely to increase demand for the rain-index insurance while dampening

the impact of the insurance on risk-taking behavior. We expect ranchers who are more

risk averse to have a higher willingness to pay to avoid or reduce their risk. We would also

expect that for a given level of insurance, those who are more risk averse are more likely

to still hedge against risk that remains once again because they have higher demand for

risk reduction.

Adverse selection in agriculture is not a straightforward story of agricultural producers

knowing their own risks better than the insurers. Demand for insurance to insure weather

related risks may be hampered by decision-makers tendency towards certain cognitive

errors when dealing with low probability events (Kunreuther, 1996). Evidence suggests

that decision-makers have a difficult time estimating their true risk of low probability

events, like severe drought (Kunreuther, 1996; Burby, 2001). These cognitive errors may

lead them to under-insure. This issue is well established for non-agricultural disasters, but

more research is needed to better understand the role that cognitive errors about risk may

play in agricultural insurance (Coble and Barnett, 2012; Du et al., 2016).

Moral hazard is a major problem for crop insurance, particularly programs that are

based on actual production or revenues. There is evidence, for example, that agricultural

producers have responded to crop insurance for corn and soybeans by reducing adaptive

behaviors that minimize the impact of extreme heat (Annan and Schlenker, 2015). Annan

and Schlenker find that insured crop yields are 43% to 67% more sensitive to extreme heat

than uninsured crops, implying that farmers investing less in adaptive behaviors when

the losses are covered. They also find that insured crops are less sensitive to sub- or

supra-optimal precipitation levels. However, the crop insurance in their study pays out

indemnities based on actual losses which leaves the policy highly vulnerable to moral haz-
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ard. Because the losses are insured, there is less incentive to invest in other measures that

reduce losses. Hence, one of the major appeals of rain-index insurance is that it reduces

moral hazard (Carter et al., 2016). Insurance indemnities depend on rain alone; no matter

how producers respond to drought, they still receive the same payouts. Yet, because rain-

index insurance reduces the financial consequences of drought, it changes the payoffs to

investments in drought risk reduction (Fuchs et al., 2011). As such, we would expect to see

cattle ranchers substitute away from investments in drought adaptation. This substitution

in investment, paired with the increased profitability of ranching due to the income transfer

of the subsidy, leads us to hypothesize that ranching will become more profitable, which

will lead to an intensification of cow-calf production, both for individual ranchers and for

the industry as a whole.

There has been limited research on the impacts of rain-index insurance on risk-management,

especially in the U.S. where such policies are relatively new. In a recent randomized control

field study, Karlan et al. (2014) found that providing rain-index insurance to farmers in

Ghana increases risk-taking behavior and increases investment in cultivation. For exam-

ple, farmers increase the number of acres cultivated by 12.5% when they have rain-index

insurance compared to a control group without insurance. They also increase the produc-

tion of rainfall-sensitive corn by 9% and decrease other income generating activities. Other

studies that explore the impacts of weather-based insurance on agricultural investment and

risk management reinforce these findings (Cole et al., 2013; Cai, 2013; Cai et al., 2015).

However, there is a key distinction between the investment in inputs to increasing produc-

tion regardless of drought risk (e.g., increasing the size of the herd) and the investment in

drought risk reduction (e.g., feed supplements, trucking herds to rented pasture, or early

sales).

Karlan et al. (2014) developed a basic model of the impact of rain-index insurance on
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farmers who lack complete risk pooling for losses in revenue due to low levels of rainfall

(referred to in this paper as “the Karlan model”). Here, I briefly review the model, then I

tailor it to represent the RMA rain-index insurance market in the United States.

The Karlan model includes two periods (t = 0, 1) with two states of the world (s ∈

G,B). Preferences over consumption in the two periods are:

u(c0) + β
∑
s∈S

πsu(c1s) (1)

where πs is the probability of state s and β is a discount factor.

With perfect credit markets, assets can be borrowed or lent at a risk-free interest rate

of R = 1/β. With complete risk pooling, the authors assume access to an informal ex-post

risk pooling group that, regardless of whether a good or bad state occurs in the second

period, each household consumes the expected value of its second period consumption. In

other words, c1G = c1B =
∑

s∈S πsu(c1s).

The rancher, or, in Karlan et al’s model, the farmer, has a concave production function,

fs(x), that takes a vector of inputs, x, committed in the first period to produce output in

the second period. They assume two inputs: a risky input, xr, and a hedging input, xh.

The risky input outperforms the hedging input in a high rainfall state (s = G). Likewise,

the hedging input outperforms the risky input in a low rainfall state (s = B). In other

words, the marginal product of xr is lower in state B than in G and the marginal product

of xh is higher in state B than in G.

The risky inputs in the Karlan model are production inputs like “field preparation,

fertilizer and pesticide use, weeding and cultivation activities” (Appendix 1, pg 1). In

this study, the risky input is simply herd size. The cost of the herd consists of both the

opportunity cost of not selling the cow and the marginal operating costs of keeping them in

the herd. The marginal product of the herd size depends on rainfall with a higher marginal
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product in a high rainfall state than in a low rainfall state.

The hedging inputs in the Karlan model is the production input of irrigation, which

is not available in the Karlan et al. (2014) experimental study. In this study, the hedging

input is supplemental feed. (We assume no irrigation is available.) The marginal product

of supplemental feed is higher in the low rainfall state than in the high rainfall state. We

assume that supplemental feed cannot be stored or resold, so excess supplemental feed has

a marginal product of zero.

Karlan et al. (2014) predict that while index insurance increases investment in produc-

tion overall, it may decrease investment in risk reduction. Insurance reduces the financial

risks of drought and thus reduces the incentive to mitigate those risks with other methods.

If the model and the assumptions for its translation from crop production to ranching hold,

then rain-index insurance should increase herd size and decrease investment in supplemen-

tal feed. We will test these key predictions in this experiment.

3 Dynamic Optimization Model

In this section, I lay out the dynamic optimization model that is used in the experimental

simulation. Where a traditional dynamic optimization model would use a numerical sim-

ulation, such as a Monte Carlo analysis, to find the optimal choice variables, I use human

subjects to interact dynamically with the model through a user interface. After I describe

the model in this section, I will detail the methods and results from the first randomized

control experiment that tests the impact of rain-index insurance on investment in risky

and hedging inputs (herd size and supplemental feed, respectively).

In this coupled-natural-human-systems dynamic optimization production model, ranch-

ers maintain a herd of cows to produce calves for sale at market. The variable inputs to

the production of calves are cows and forage (Comerford, 2018). Forage availability is
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determined by rainfall (Cable, 1975; Houerou and Hoste, 1977; Yang et al., 2008), which is

determined exogenously by drawing from historical rain gauge records, a forage production

function, and hay, which may be purchased on an annual basis. The stock of cows in a

herd can be increased or decreased over time by selling cows and calves and maintaining

forage that sustains calf reproduction.

Year is indexed with t and month is indexed with i. The goal of the player is to

maximize the following objective function:

max
C(at),xt,yt

T∑
t=1

πt(1 + r)−t (2)

subject to constraints on herd growth and forage potential as well as constraints on a

number of key variables described in the sections that follow.

3.1 Choice Variables

This model includes three choice variables: C(at), the investment in drought adaptation

in year t, xt, the percentage of calves sold in year t, and yt, the percentage of cows sold in

year t.

In this model, drought adaptation is assumed to be an irreversible investment under

uncertainty (Dixit and Pindyck, 1994; Fankhauser et al., 1999); the investment must be

made halfway through the growing season when only the first half of the growing season’s

rainfall is known and overinvestment (i.e. extra hay) does not carry over from year to

year. In the simulation, we simplify mid-year drought adaptation by allowing one option:

the purchase of hay. In contrast to the set-up of our model, hay can actually be stored

from year to year. However, other drought adaptations, such as the renting of additional

pasture, early weaning of calves, and culling of the herd are irreversible (Shrum et al.,

2018). Buying of hay is, therefore, a proxy for a number of different drought adaptation
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investments. It is an irreversible annual investment for simplification.

In the simulation, the player is given information about rainfall from the previous

November to June. Then, they are given advice about how much hay they should purchase

if they expect rainfall for the rest of the season to be normal, above normal, or below normal

(defined as one standard deviation above or below the average). They choose the dollar

amount of hay they would like to purchase given their expectations and risk preferences.

When they learn the actual rainfall for the rest of the year, then they realize the costs

of perfect adaptation. However, the perfect adaptation cost is not stated explicitly in the

simulation. The lower bound on drought adaptation is 0%. There is no upper bound on

drought adaptation, but there are strong financial incentives to not over-invest. Drought

adaptation, at, is further defined in Section 3.3.1.

In the simulation, the player chooses how many cows and calves to sell at the end of

each growing season. The lower bound on calf sales, xt, is 50% due to the fact that male

calves are assumed to have no economic value if retained in a cow-calf operation beyond the

yearling stage (Schroeder and Featherstone, 1990; Fausti et al., 2003; Frasier Pope et al.,

2011). The lower bound on cow sales is 0%. The upper bound on both variables is 100%.

We make the simplifying assumption of no relationship between culling cows and average

weaning percentage. In reality, a cow-calf operation sells cows that do not produce calves

in order to keep the herd at optimal calf production. If they do not sell cows, the weaning

percentage would begin to fall. We justify this simplification by assuming a young herd

that is not yet experiencing declining fertility due to age and by assuming that all cows

have an equal likelihood of producing a calf in a given year.
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3.2 Stock Variables

Two variables, herd size and forage potential are stock variables that depend on their values

in previous years and other choice and exogenous variables.

3.2.1 Herd Size

Herd size, θt, is a stock variable that grows or shrinks according to the following equation:

θt = θt−1(1− dt−1)(1− yt−1) + θt−2ωt−2(1− xt−2) (3)

where dt is the death rate of cows, yt is the percentage of cows sold in year t, ωt is the

percentage of cows who successfully birth and wean a calf in year t (referred to as weaning

percentage), and xt is the percentage of calves sold in year t.

In the simulation, we set the death rate of cows, dt, to a constant value of 4% per year

(Fall et al., 1982; United States Department of Agriculture, 2011). In future work, the

death rate could more realistically depend on variables such as forage availability, extreme

heat exposure, and age.

The weaning percentage, ωt, depends on the health of the herd in year t and year

t − 1, which is assumed to be fully based on total available forage per cow, λt and λt−1

(Figure 1). In the simulation, the weaning percentage maximum is 88%, represented by

ω̃ (Longworth and McLeland, 1972; Nob, 2002; Godfrey et al., 2009; Comerford, 2017).1

Weaning percentage in year t is given by:

1Our chosen value of 88% weaning percentage maximum is the average of multiple sources. Weaning
percentages in these sources range from 81% to 93%, with an average at 88%.
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ωt =



ω̃ if λt, λt−1 ≥ 1

ω̃ ∗ λ(1/4)t if λt < 1 ∧ λt−1 ≥ 1

ω̃ ∗ λt−1 if λt ≥ 1 ∧ λt−1 < 1

ω̃ ∗ λ(1/4)t ∗ λt−1 if λt, λt−1 < 1

(4)

Figure 1: Weaning percentage as a function of forage availability in year t and year t-1.

Low forage availability in a given year affects the survival rate of calves that have
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already been born, but the effect is quite small.2 Cows and calves stressed by underfeeding

may be more likely to fall ill, but only under extreme circumstances would you see major

mortality impacts. However, the forage availability in the year prior has a major impact

on the fecundity of cows for the next year (Rankin, 2017). If cows have low body condition

(i.e. are underweight) due to underfeeding, their birth rates will drop significantly (Eversole

et al., 2009; Moriel, 2016). Forage availability, λt, is further described in Section 3.3.1.

3.2.2 Forage Potential

Forage potential is a vector that translates monthly rainfall into annual forage production.

It is a stock variable that changes according to the following equation:

~αt = ~αt−1

(
1− Gt−1

γ

)
, (5)

where α̃ ≡
12∑
i=1

αi ≤ 1 (6)

Forage potential increases or decreases based on the grazing pressure, Gt, on the land

(Smart et al., 2010; George and Lile, 2009)3. If Gt > 0, then forage potential decreases

(subject to a minimum of 0). If Gt < 0, then forage potential increases (subject to a

maximum, α̃, defined in eq. 6). This maximum is the starting point of the model and

is determined by the Major Land Resource Area (MLRA) plant growth curves (Figure

2). MLRAs are designated by the USDA Natural Resource Conservation Service based

on similar physiography, geology, climate, water, soils, biological resources, and land use

2The survival rate of newborn calves is affected by colostrum-the milk that is produced by cows right
after birth. In order to produce high-quality colostrum, cows need adequate amounts of forage just before
calving. (Kniffen; Neel, 2011; Rutter et al., 2000b). However, there are supplements that ranchers can
choose from to alleviate the possibility of low-quality or lack of colostrum (Randle, 2015; Rutter et al.,
2000b; Daly, 2012).

3Smart 2010 shows that stocking rate (SR) has a negative correlation with peak standing crop (PCS),
which is correlated to forage potential.
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(USDA, 2005). The MLRAs for the state of Colorado are shown in Figure 3.2.2. The model

uses a plant growth curve for MLRA 67B, an area in Eastern Colorado that includes the

Central Plains Experimental Range (CPER) where we situate our model simulation. The

specific growth curve used is for a Western Wheatgrass, Blue Grama, Green Needlegrass,

Fourwing Saltbush Plant Community with upland, fine textured, loamy soils (Sprock et al.,

2004).
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season/warm season co-dominant; MLRA-67B; upland fine textured soils.

For each monthly value in the vector αt, the previous years’ forage value is multiplied

by a percentage that is determined by the grazing pressure and a scaling factor, γ. The
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Figure 3: Major Land Resource Areas for the state of Colorado.

parameter γ allows for the impact of grazing pressure on forage potential to vary for

different rangeland ecosystems (Milchunas and Lauenroth, 1993; George and Lile, 2009). In

the simulation where we model grazing at the CPER, γ = 1. This parameterization follows

the advice recommended by a team of ranching experts at the University of Wyoming who

study the CPER.4 They suggested that forage potential would decrease by 1-2% per year

when grazing pressure is relatively high. If the range were less resilient to grazing pressure,

γ would be less than 1, while those that are more resilient would have a value for γ that is

greater than 1.

4The expert team consulted included Justin Derner, Dannele Peck, John Ritten, and John Hewlett.
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Grazing pressure, Gt, depends on forage availability per cow-calf pair, λt, which depends

on forage production of the rangeland, investment in drought adaptation, and herd size

(see Section 3.3.1 for more details):

Gt = 1− λt (7)

At a sustainable equilibrium, Gt = 0. We define this equilibrium as follows: when forage

availability per pair is equal to 1, then there is zero grazing pressure. As forage availability

per pair falls below 1, then there is positive grazing pressure leading to a degradation of

forage potential (Smart et al., 2010). As forage availability per pair rises above 1, then

there is negative grazing pressure leading to a recovery of forage potential if it is not already

at full health (Czeglédi and Radácsi, 2005), α̃.

3.3 Flow Variables

3.3.1 Forage Availability

Forage availability per cow-calf pair is equal to the sum of forage production, Ft, and

drought adaptation, at:

λt = Ft + at (8)

Forage production per pair, Ft, is the dot product of forage potential, αt, and monthly

rainfall, ρt, divided by the ratio, %K, of acres per cow and carrying capacity. αt and ρt

are vectors with a length of twelve representing each month of the year.

Ft =
αt · ρt
%K

(9)

In an average rainfall year with undegraded forage potential, if the herd size is equal
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to the carrying capacity, then Ft = 1. As rainfall or forage potential increases (decreases),

Ft increases (decreases). As herd size increases (decreases), Ft decreases (increases).

Utilization of carrying capacity, %K, is defined as follows:

%K =
l
θt

K
(10)

where l is the number of acres grazed, θt is the size of the herd (head of cows, not including

calves or yearlings), and K is defined as the sustainable carrying capacity of the ranch in

an average year (acres/cow).

When the herd is at its carrying capacity (l/θt = K), %K = 1. When the carrying

capacity is exceeded, %K > 1, which leads to a reduction of forage per pair, holding all

else equal. In other words, at any given level of forage potential and rainfall, the forage

per pair is smaller when the herd increases. Likewise, when l/θt < K, the forage per pair

increases (holding forage and rainfall constant).

Perfect adaptation, ât, is defined as the gap between full forage production per pair

(Ft = 1) and actual forage production per pair—the percentage of total forage demand

unmet by rangeland forage production.

ât = 1− Ft (11)

Actual adaptation, at, is defined as the portion of the gap between forage demand per

pair and actual forage production per pair that is filled with drought adaptation measures.

We define this as the ratio of expenditures on adaptation, C(at), and cost of perfect adap-

tation, C(ât), scaled by perfect adaptation, ât. We assume that the costs of adaptation
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are linear. The costs of adaptation are further discussed in section 3.3.3.

at =
C(at)

C(ât)
ât (12)

3.3.2 Profit

Abstracting away from changes in herd assets (i.e., the value of cows), we consider the

revenues to be cash flows in a given year and costs to be cash outlays in a given year:

πt = Rt − Ct (13)

There are four potential sources of revenues: calf sales, cow sales, earnings from interest

on cash assets, and indemnities from rainfall-index insurance.

Rt = Rφ,t +Rχ,t +Rinterest,t +Rinsurance,t (14)

There are four potential sources of costs: normal cow-calf operating costs, drought

adaptation costs, interest on negative cash assets, and premiums for rainfall-index insur-

ance.

Ct = Cop,t + Ca,t + Cinterest,t + Cinsurance,t (15)

3.3.2.1 Calf Revenues

Calf revenues are a function of the price per pound for calves, pφ,t, the number of calves

in the herd at the end of the growing season, φ, the average weaning weight of the calves

in the herd, wt, and the percentage of calves that are chosen to be sold, xt.

Rφ,t = pφ,t ∗ φt ∗ wt ∗ xt (16)
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In the simulation, calf prices are held constant at pφ = $1.40 (Rutter et al., 2000a;

Ishmael, 2018). The number of calves, φt, depends on the herd size, θt, and the weaning

percentage at the end of the season, ωt, (eq. 4).

φt = θt ∗ ωt (17)

Average weaning weight, wt, is determined by forage availability, λt (eq. 8), and the

maximum weaning weight, w̃.

wt =


w̃
(

1− (1−λt)
3

)
if λt < 1

w̃ if λt >= 1

(18)

Average weaning weight, w, increases linearly with increasing forage availability to a

maximum weight of w̃ (Scasta et al., 2015; Vantassell et al., 1987)5. In the simulation,

w̃ = 600 lbs. This is a simplified relationship that is more likely to reach an asymp-

totic maximum, however it roughly follows expectations based on market data and expert

opinion.

3.3.2.2 Cow Revenues

Cow revenues are not dependent on weight as culled cows are assumed to be sold for a

standard, per-cow price.

Rχ,t = pχ,t ∗ θt ∗ yt (19)

5Vantassell et al. 1987 states that “calf weights increased at a decreasing rate with respect to the
amount of precipitation received.” Based on previous literature that correlated a positive relationship
between precipitation and forage, we can assume that weaning weight increases with forage availability
to an asymptotic limit. The same applies to Scasta et al. 2016 - there is a correlation drawn between
precipitation and weaning weight; for each inch reduction in rainfall, weaning weight decreases by 7-14
pounds
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The price of cows in the simulation is held constant at $850/cow (Ishmael, 2018).

3.3.2.3 Revenues

Insurance revenues are determined by the insurance policy parameters and the rainfall in

insured months (USDA, 2015b).

In the simulation, the insured intervals are fixed at 50% for May-June and 50% for July-

August. These four months are the most important for forage growth based on the forage

production vector used in the simulation. These intervals were also chosen to coincide with

an adaptation decision at the end of June, so players would be able to infer that they

would likely have some indemnity payment but would not know the full extent of their

likely payment.

To maximize the difference between the insured and non-insured treatment groups, we

set the coverage level at the highest available point, which provides an indemnity when

rainfall in the insured intervals falls below 90% of normal. Land productivity was set at

100%, representing an average level of productivity for rangelands.

Throughout the course of the simulation, payouts range between $0 and $38,076.

3.3.2.4 Normal Operating Costs

Normal operating costs increase at a constant rate with the number of cows in the herd

(Lacey and Workman, 1986).6 These operating costs include the cost of land, labor and

other operating expenses other than insurance, drought adaptation, and interest on neg-

ative cash assets, which are modeled explicitly. Normal (non-drought) supplemental feed

costs are also assumed to be included in this rate. Fixed operating costs, ζ, do not depend

6Although the total cost of production decreases with herd size, that we are only accounting for normal
operating costs, not fixed costs.
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on herd size.

Cop,t = c ∗ θt + ζ (20)

In the simulation, the per cow normal operating cost, c, is $500 (Halich and Burdine, 2016;

Lawrence and Strohbehn, 1999) and fixed costs, ζ, are $0.7

3.3.3 Adaptation Costs

The actual costs of adaptation, C(at), are chosen by the user. They choose the dollar

amount of hay to purchase and that amount is translated into forage availability.

The costs of perfect adaptation are determined by the forage deficiency (or perfect

adaptation level), ât = (1−Ft), herd size, θt, days of adaptation, δt, daily ration of hay for

a cow-calf pair, qh, and the price of hay, ph. If forage production per pair is greater than

1, then additional forage is not needed and the costs of perfect adaptation is $0.

C(ât) =


âtθtδtqhph if Ft < 1,

0 if Ft ≥ 1

(21)

In the simulation, the days of adaptation, δt, are fixed at 180 since the adaptation

investment decision is made at the end of June with 180 days left in the year. The price

of hay is fixed at ph = $0.05/pound. The daily hay ration is fixed at 22 pounds/day.

3.3.4 Insurance Costs

The insurance premium is based on the USDA Pasture, Rangeland, and Forage rainfall-

index insurance rates from 2015 (USDA, 2015a). Insurance premiums are based on the

number of acres grazed, not the herd size (USDA, 2015b). In the simulation, the ranch

7Our calculation of per cow normal operating costs is an average, based off of multiple sources
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size is fixed at 3000 acres. The USDA PRF insurance is subsidized according to coverage

level. At a 90% coverage level, the premium is 51% subsidized (USDA-RMA, 2017). With

these variables set accordingly, the annual premium in the simulation is $5,655.

3.3.5 Interest Costs and Revenues

For simplicity, the interest rate on both positive and negative cash assets in the simulation

is r = 5%. In the simulation, players start with a positive cash asset balance of $90,000. We

chose to start with a positive cash asset balance due to early feedback when participants

noted that starting at zero made them very hesitant to go negative because of a personal

aversion to debt. We seek to minimize this type of reference point dependent behavior

by moving the reference point away from zero. The ability to accrue interest leads to

discounting of earlier periods.

4 Methods

While experimental methods in economics research has become increasingly common (La-

tuszynkska, 2016) and simulations of risk and investment decisions have been used for

decades in agriculture as a teaching tool (Anderson, 1974), their use as a research tool in

agriculture has been more limited (Anderson et al., 1998). This study takes an innovative

approach by pairing a coupled natural human systems model with a randomized control

experiment with human subjects.

We recruited 610 participants from the online Amazon Mechanical Turk community.

Of those initial participants, 540 completed the study (88% completion rate). The study

population was exclusively from the United States with a geographically diverse sample

yielding at least one participant from every state. The average age of the study population

was approximately 35 years old, 61% of the population identified as male, and 81% of
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the population identified as white. Most of the sample had no prior knowledge of cattle

ranching (79%) and only one person in the study population reported having worked on a

cattle ranch before taking part in the study.8

To explain the experiment and the simulation, we provide participants with an instruc-

tional screencast that shows the practice simulation as it is run with a voiceover explaining

the important information in each section. This ensures that everyone has a baseline of

knowledge of how to operate the simulation and the cow-calf production system it repre-

sents. Where the simulations differ for the treatment and control groups, the screencast

and explanations differ as well. Namely, the control group does not have any information

about the rain-index insurance.

After the screencast, participants take a brief quiz to ensure that they comprehend

the instructions and understand that the simulation and lottery game after the simula-

tion are incentive compatible with real-world payoffs. When they successfully pass the

comprehension quiz, they are directed to the DRIR-R simulation game hosted online.

In the insurance condition, participants are required to fully insure their range with

rain-index insurance modeled closely after the USDA Pasture, Range and Forage insurance

program. To maximize the response to the insurance, the coverage level is set at the most

sensitive level: the insured participants receive indemnities when rainfall drops below 90%

of the historical average for the insured intervals.9 Under these policy parameters, the

insurance premium is $5,655 per year. Participants in the insurance condition are required

to pay the premium to continue each year in the simulation; they are required to manually

type in the insurance premium each year, to ensure that they are conscious of the cost of

the insurance premium. In the control condition, insurance for the ranch is not offered and

8See the Appendix for detailed demographic information broken down by treatment group.
9The productivity factor for the insurance is set at 100%, indicating that the range in the simulation

has an average forage productivity. All 3000 acres in the simulated ranch are insured at 100% insurable
interest.
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cannot be purchased. Participants in the control condition are not told that the insurance

is available.

First, participants complete a practice simulation. Their responses are recorded, but

earnings in this round are not converted to an MTurk bonus payment. The practice

simulation runs for five years. The simulation is run using historical rainfall for the grid

that includes the Central Plains Experimental Research. The purpose of the practice round

is to allow participants to learn what to expect in the simulation and to experiment with

their decisions. Once they complete the practice rounds, they move on to the ten-year

ranch simulation. Their previous decisions and outcomes from the practice round do not

carry over to the paid simulation. The main difference between the practice round and

full simulation is that the earnings in the full simulation are incentive compatible (the

conversion rate and method is explained in further detail below). The practice round is

also shorter, running five years instead of ten and the simulation runs historical rainfall

from different time periods. The practice round pulls historical precipitation from 1951-

1955 and the full simulation uses precipitation from 1999-2008. Both periods begin with a

non-drought year and include a mix of drought and non-drought years.

Each year in the game is broken down into four sections: 1) Winter Ranch Report, 2)

Summer Adaptation Investment Decision, 3) End of Growing Season Report, and 4) Fall

Cow and Calf Sales (Figure 4).

In the Winter Ranch Report, participants take account of their herd, range health, and

financial status. The game provides them with graphs of their net worth over the span of

the simulation broken down into cash assets and herd assets and their range health over

the span of the simulation as a percentage where 100% represents full health. They are

also given information about their current herd size, the baseline operating costs for the

coming year (which is dependent on herd size), and their personal annual expenses (which
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Figure 4: Graphical summary of one year in the DRIR game. Info indicates new informa-
tion given in each section. Action indicates actions taken by the player.
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is constant throughout the game and across all participants). For those in the insurance

treatment, they are asked to “pay” their insurance premium by entering the amount due

for the year. In the PRF rain-index insurance program, premiums must be paid before the

primary growing season begins; the timing of the insurance bill reflects that.

In the Summer Adaptation Investment Decision, participants learn about how much

rainfall they have had from November to June. This information is conveyed in graphical

form along with information about historical averages for each month. They are also given

a weighted average that is expressed as a percentage of normal rainfall for the growing

season. Then they are given advice on how much hay they may want to buy for the rest of

the year. The advice is broken down into optimal hay purchases for three different scenarios

for rainfall in July through October: ”normal” (average historical rainfall), ”above average”

(one standard deviation above the mean), and ”below average” (one standard deviation

below the mean). The amount of hay that is recommended in these scenarios depends on

rangeland condition, rainfall from November to June, and herd size. Purchasing hay is

the only adaptation in this model and participants cannot sell unused hay or carry over

hay from year to year. Theoretically, the hay purchase represents any irreversible hedging

investments that help buffer against low-rainfall and low per-cow-calf pair forage.

In the End of Growing Season Report, participants learn how much rain they had for

July through October. For the insurance treatment, they also learn whether they received

an insurance indemnity. If so, they are asked to type in the correct amount of the check to

deposit it. Typing in the amount of both the premium and the indemnity helps increase

the salience of the insurance policy for those in the insurance treatment.

In the Fall Cow and Calf Sales, participants learn about the average weight of the

calves in their herd. If they are under the target weight of 600 pounds, they are told how

much revenue they are missing out on due to the lack of weight gain. Calves are priced by
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weight at $1.40 per pound. Cows are sold at a flat rate of $850 per cow. In this section,

participants decide how many cows and calves they will sell. They are given a graphical

and numerical estimate of how their selling decisions in this section will affect their herd

size for the next two years. Participants must sell at least half of their calves, because

we assume that male calves have no economic value if kept in the herd.10 Calves kept in

the herd reach maturity and begin producing calves two years after they are born. As

a simplifying assumption, we do not allow participants to sell yearlings (calves that are

one year old). They also do not add to the forage demand or operating costs. Generally,

cow-calf producers sell any cows that do not produce calves in any given year. This keeps

the productivity rate of the herd high. Given that our optimal calving rate is 88%, if at

least 12% of cows are not sold, then the birth rate of their herd the following year will

be diminished.11 Participants are also reminded that the carrying capacity of their ranch

is 600 cows and having a larger herd may damage their range health and decrease grass

production. Finally, participants are given the revenues they will earn for the cow and calf

sales numbers they have selected. Participants can change the number of cows and calves

they may sell and watch the future herd size and revenues respond in real time. Once they

are satisfied with their sales choices, they lock in the sales and move to the next year in

the simulation.

During the practice round, this four-section cycle repeats for five years. During the

simulation that counts, this cycle repeats for ten years. At the end of those ten years,

participants’ earnings are translated into their real-world MTurk bonus payment. Partici-

pants’ payment is determined by their ending net worth after ten years minus their initial

net worth at the beginning of the ten-year simulation. This number is divided by $50,000.

10The exception to this general rule is if male calves are kept on the range for another season to be sold
at a higher weight. However, this is an uncommon cow-calf production strategy, so we do not allow it in
this game.

11See Section 3 for further details.
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If their net worth does not increase over ten years from the initial amount, then they do

not get an MTurk bonus for the simulation.

After completing the game, participants choose between a series of lotteries designed

to generate a measure of risk aversion (Holt and Laury, 2002). The lottery choices are

incentive compatible—ten randomly chosen participants have one randomly selected lottery

choice implemented and receive a second MTurk bonus according to their lottery payoffs.

Finally, participants answer a number of demographic questions. There are also a few

questions specific to ranching and drought. We ask about their general level of knowledge

and first-hand experience with ranching and drought. We also inquire about political

voting preferences, identification as an environmentalist, and whether they are vegan or

vegetarian. Additionally, we include two questions that measure whether they are paying

attention to the text of the questions. If they incorrectly answer both questions, they are

removed from the sample.

5 Results

5.1 Herd Size

One of the primary hypotheses of this study was that the presence of the insurance policy

would lead to increased herd sizes. The online experiment results do not support this

hypothesis. Using a generalized linear mixed model with a Poisson distribution with indi-

vidual random effects, I find no impact of insurance on herd size (βins = −0.013, p = 0.523).

These findings are robust to a number of different model specifications (Table 1 and Ap-

pendix).

The level of risk aversion of the participant, measured after the experiment in an

incentive compatible lottery choice (Holt and Laury, 2002), correlates with the participant’s
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Table 1: Impact of Insurance on Herd Size

Dependent variable:

Herd Size

(1) (2) (3)

Insurance −0.013 −0.013 −0.013
(0.029) (0.019) (0.020)

Herdt−1 0.001∗∗∗ 0.001∗∗∗

(0.00001) (0.00001)

Herdt−2 0.0002∗∗∗ 0.0004∗∗∗

(0.00001) (0.00001)

Constant 6.279∗∗∗ 5.523∗∗∗ 5.591∗∗∗

(0.020) (0.014) (0.014)

Year Fixed Effects No No Yes
Observations 5,440 5,440 5,440
Log Likelihood −127,758.300 −102,135.000 −89,032.600
Akaike Inf. Crit. 255,522.600 204,279.900 178,093.200
Bayesian Inf. Crit. 255,542.400 204,312.900 178,185.600

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
GLMM model with a Poisson distribution and
individual random effects.
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herd size. A one standard deviation increase in risk aversion leads to a 2.0% increase in the

annual size of the herd (p = 0.016). With a median herd size of 600 cows, this corresponds

to an increase of about 12 cows. I also tested and found no interaction effect between

insurance and risk aversion (p = 0.9887).

Table 2: Impact of Risk Aversion on Herd Size

Dependent variable:

Herd Size

(1) (2) (3)

Insurance 0.003 0.0001 0.0002
(0.025) (0.017) (0.017)

Risk Aversion 0.030∗∗ 0.020∗∗ 0.020∗∗

(0.013) (0.008) (0.008)

Herdt−1 0.001∗∗∗ 0.001∗∗∗

(0.00001) (0.00001)

Herdt−2 0.0001∗∗∗ 0.0003∗∗∗

(0.00001) (0.00001)

Constant 6.293∗∗∗ 5.611∗∗∗ 5.657∗∗∗

(0.018) (0.012) (0.013)

Year Fixed Effects No No Yes
Observations 4,950 4,950 4,950
Log Likelihood −110,916.000 −90,702.290 −79,047.960
Akaike Inf. Crit. 221,840.000 181,416.600 158,125.900
Bayesian Inf. Crit. 221,866.000 181,455.600 158,223.500

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
GLMM model with a Poisson distribution and
individual random effects.

To explore whether the relationship between risk aversion and herd size could be due
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to differences in overall strategy, such as choosing to completely liquidate the herd or grow

the herd far beyond the recommended carrying capacity, I carry out a series of logistic

regressions.

Overall, only 38 of the 544 online participants chose to liquidate their herd (6.7%). To

find out if there is a relationship between the likelihood of shutting down an active ranch-

ing operation in the simulation and the insurance treatment or risk aversion, I regress a

binary variable that indicates whether the participant liquidated their herd at any point

in the simulation on an insurance treatment indicator, standardized risk aversion, and an

interaction term in a logistic regression model (Table 3). For all levels of risk aversion,

insurance significantly reduces the likelihood of liquidating one’s herd (p = 0.0368). The

interaction between the insurance treatment and the risk aversion coefficient is also sig-

nificant indicating that those who are more risk averse and insured are even less likely to

liquidate their herd than those who are less risk averse (p = 0.0309).

Only 9 out of 544 participants increased their herd size above 1200, twice the rec-

ommended carrying capacity. To analyze this behavior, I regress a binary variable that

indicates that the participant grew the herd to more than double the carrying capacity

of the ranch on an insurance treatment indicator, standardized risk aversion, and an in-

teraction term in a logistic regression model (Table 3). The insurance treatment and risk

aversion do not have an independent effect on the likelihood of going for a large herd strat-

egy. However, the interaction between insurance and risk aversion is statistically significant

(p = 0.002). This indicates that those who are insured and more risk averse are less likely

to pursue an extremely large herd strategy.

To test whether these strategies alone could be responsible for the relationship between

risk aversion and herd size, I also run regressions similar to Table 1 and 2 but with these

extreme cases excluded. First I use the cutoff of 1200 cows in a herd and exclude all obser-
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Table 3: Impact of Insurance and Risk Aversion on Liquidation and Extreme Herd Size

Dependent variable:
Liquidated Herd Large Herd

(1) (2) (3) (4)

Insurance −0.211∗ −0.256∗∗ 0.087 −0.012
(0.125) (0.127) (0.226) (0.234)

Risk Aversion −0.211∗∗∗ −0.128∗ −0.171∗ 0.131
(0.055) (0.072) (0.102) (0.165)

Ins X Risk −0.217∗ −0.591∗∗∗

(0.112) (0.214)

Constant −2.739∗∗∗ −2.721∗∗∗ −4.167∗∗∗ −4.147∗∗∗

(0.083) (0.083) (0.161) (0.160)

Observations 4,950 4,950 4,950 4,950
Log Likelihood −1,067.465 −1,065.606 −407.996 −403.985
Akaike Inf. Crit. 2,140.931 2,139.211 821.991 815.970

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Logistic regression model
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vations from any participant that exceeded this limit at any point during the simulation.

Excluding the right tail of the distribution cuts the effect of risk aversion on herd size in

half, but the relationship is marginally significant (βrisk = 0.010, p = 0.071). When all par-

ticipants who liquidate their herd at some point in the simulation are excluded, the effect of

risk aversion also decreases, but by a smaller amount (βrisk = 0.014, p = 0.007). When both

those with extremely large herds and those who liquidated their herds are excluded, the

impact of risk on herd size is small, but statistically significant (βrisk = 0.008, p = 0.012).

This general pattern is robust to smaller cutoff points for a large herd of up 800 cows after

which decreasing the cutoff further weakens the effect.

These sensitivity analyses indicate that part of the impact of risk aversion on herd size

is due to extreme behavior, but that the relationship is robust even when only moderate

values are included in the analysis. Thus we can conclude that those who are more risk

averse are less likely to liquidate their herd or grow their herd to extreme sizes, but that

even when those who exhibit these extreme behaviors are excluded, increased risk aversion

correlates the tendency to maintain slightly larger herds.

5.2 Hay Purchase

The second primary hypothesis in this study was that the presence of insurance would

affect the investment in supplemental feed. The rationale for this hypothesis lies in the

fact that the rain-index insurance changes the returns to investment in both risky and

hedging inputs (Karlan et al., 2014). In formulating the model and the hypothesis, I

assumed that purchasing hay would be viewed as a hedge against low rainfall. With low

rainfall, forage production from the range would be insufficient to meet the nutritional

needs of the herd which would lead to lower productivity. However, with high rainfall, the

hay would not be needed and the investment would not yield positive marginal revenues.
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Therefore, I expected that the presence of insurance would reduce investment in hay.

However, the results from the online experiment indicate a different story. After con-

trolling for herd size and cash assets on hand at the time of the hay purchase, insurance

increases the investment in supplemental hay (p = 0.0275). The relationship between in-

surance treatment and amount of hay purchased is positive under all model specifications

explored. This leads to a clear rejection of H2.

The impact of risk aversion interacts with the insurance treatment to produce opposite

effects for those with and without insurance. Those in the insurance treatment with higher

levels of risk aversion tend to buy more hay than those with lower levels of risk aversion

in the insurance treatment (p = 0.0504, Table 4). The opposite is true for those in the no

insurance treatment; higher levels of risk aversion are associated with purchasing less hay

than those with lower levels of risk aversion (p = 0.0252, Table 4).

A similar pattern holds for men in the insurance and no insurance treatments; men in

the insurance treatment buy more hay than women in the insurance treatment, although

the result is marginally significant (p = 0.0902), and men in the no insurance treatment

buy less hay than women in the no insurance treatment (p = 0.0086). As in many other

studies, men tend to be less risk averse than women (p < 0.001 in a single variable re-

gression of a male indicator variable on the experimental measure of risk aversion). After

controlling for gender and its interaction with the insurance treatment, the relationship

between risk aversion and insurance treatment is still significant. Thus, gender does not

explain the relationship, it only enforces the finding that the insurance treatment affects

the supplemental feed investment decision differentially depending on risk aversion levels.

The results also show that larger cash assets are associated with less spending on

supplemental feed (p < 0.001). It is likely that the causal direction is from tendency to

purchase hay to lower cash assets. Those who purchase too much hay will have lower cash
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assets because their marginal expenditures on hay are greater than the marginal revenue

of the hay purchase.

The relationship between risk aversion and hay investment provides evidence that the

MTurk study population did not view hay as a hedging input against low rainfall in the way

that I expected. Those who are risk averse purchase more hay when they have insurance,

but less hay when they do not have insurance. This indicates the possibility that hay is

viewed, by this study population, as a risky input not as a hedging input.

5.3 Net Worth

The insurance treatment led to a higher net worth after the ten-year simulation compared

to the no insurance treatment. The insurance treatment was associated with an increase

in net worth of $74,937 (p < 0.001). Once the net wealth transfer of the insurance policy

was subtracted from the net worth, the insurance treatment showed an ending net worth

$12,105 higher than the no insurance treatment, but the difference between the groups was

insignificant (p = 0.404).

Risk aversion played a major role in the success of participants in the ranching simula-

tion. An increase in risk aversion by one standard deviation was associated with a ten-year

gain in net worth of $24,433 (p < 0.001). This result is robust to other demographic char-

acteristics of each participant. There was a positive, but insignificant interaction effect

between risk aversion and insurance treatment (p = 0.5331), which indicates that the in-

surance treatment did not differentially impact the net earnings of risk averse participants

compared to those who were less risk averse.
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Table 4: Impact of Insurance and Risk Aversion on Hay Purchase

Dependent variable:

Hay Purchase

(1) (2) (3) (4) (5)

Insurance 1.227 2.580∗∗ 2.575∗∗ 2.560∗∗ 2.605∗∗

(1.176) (1.168) (1.206) (1.203) (1.288)

Herd Size 0.075∗∗∗ 0.057∗∗∗ 0.060∗∗∗ 0.060∗∗∗ 0.063∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.003)

Cash Assets −0.049∗∗∗ −0.053∗∗∗ −0.054∗∗∗ −0.053∗∗∗

(0.003) (0.004) (0.004) (0.004)

Risk Aversion −0.767 −1.769∗∗ −1.766∗∗

(0.601) (0.788) (0.837)

Ins X Risk 2.380∗∗ 2.150∗

(1.213) (1.299)

Constant −45.466∗∗∗ −31.134∗∗∗ −32.297∗∗∗ −32.292∗∗∗ −30.919∗∗∗

(2.024) (2.221) (2.338) (2.337) (3.859)

Year Fixed Effects Yes Yes Yes Yes Yes
Demographics No No No No Yes

Observations 5,990 5,990 5,430 5,430 5,013
Log Likelihood −28,126.450 −28,027.180 −25,366.780 −25,363.750 −23,468.560

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
Mixed effects model with individual random effects.
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Table 5: Impact of Insurance and Risk Aversion on Gains in Net Worth

Dependent variable:

Change in Net Worth After Ten Year Simulation

(1) (2) (3) (4)

Insurance 74,937.120∗∗∗ 70,654.820∗∗∗ 69,188.730∗∗∗ 70,655.780∗∗∗

(14,505.670) (13,891.780) (14,938.240) (13,900.560)

Risk Aversion 24,432.760∗∗∗ 22,320.040∗∗∗ 20,763.540∗∗

(6,924.730) (7,365.392) (9,089.862)

Ins X Risk 8,758.856
(14,044.120)

Constant 38,357.470∗∗∗ 55,502.980∗∗∗ −36,314.430 55,317.670∗∗∗

(10,004.240) (9,647.322) (169,612.400) (9,657.990)

Demographics No No Yes No
Observations 534 487 449 487
Adjusted R2 0.046 0.072 0.054 0.071

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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6 Conclusions

This paper presents the DRIR-R model, the first decision model to include the new USDA

PRF rain-index insurance. DRIR-R is a coupled natural-human systems dynamic optimiza-

tion model of cow-calf production on a northeastern Colorado range. Using the DRIR-R

model, we built a user interface that allows us to run randomized control experiments that

put real people instead of optimization criteria in the central role as decision-makers. I

tested this model with a non-rancher population recruited online through Amazon MTurk.

The experiment tested two primary hypotheses:

H1: The availability of rain-index insurance leads to increases in the average size of cattle

herds because the expected return on investment in cattle production will increase

when drought risk is mitigated.

H2: The availability of rain-index insurance will decrease investment in (i.e., crowd-out)

other drought adaptation strategies because insurance serves as a substitute.

Both hypotheses were definitively rejected. Insurance had no impact on average herd

size, although it did reduce the tendency to liquidate the herd. This indicates that, in this

scenario, the rain-index insurance may affect the extensive margin rather than the intensive

margin of cow-calf production. In other words, insurance may encourage entry into the

cow-calf production market or discourage exit. If this trend holds in a real-world market

scenario, then the rain-index insurance could lead to an expansion of ranching. This could

have implications for regions with marginal lands that may be sensitive to the stress of

grazing, especially under drought or a warmer climate.

Insurance had a positive impact on investment in supplemental feed. This positive

relationship was amplified for participants with higher levels of risk aversion. This calls

into question the assumption that hay purchase is treated as a hedging input by the study
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population. Combined with the finding that insurance only had an impact on herd size

through extreme behavior such as liquidating the herd or greatly increasing the size of the

herd, it is likely that participants in the simulation viewed the hay purchase as the primary

input for cow-calf production rather than herd size. The more complex relationship between

cow and calf sales and herd size plus the warning that exceeding to carrying capacity would

lead to declines in rangeland productivity may have led many participants to think of herd

size as more or less fixed.

These results may be population dependent: those with experience and knowledge of

ranching may behave quite differently. Further studies that will employ real-world ranchers

as participants are crucial to understanding the impacts of rain-index insurance on cow-

calf production and subsequent impacts on land use and drought resilience. I am currently

working with the USDA North Central Climate Hub and the Central Plains Experimental

Range to plan experiments with ranchers using the DRIR-R simulation. These studies

will likely yield new insights that will clarify and deepen these unexpected, but highly

interesting preliminary results.
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Appendix

Insurance No Ins All
Number of Participants 254 286 540

Age
Average Age 35.2 34.2 34.7
Gender
Female 112 94 206
Male 172 158 330
Other 1 1 2
NA 4 2 6
Race
White or Caucasian 204 234 438
Black or African American 20 21 41
Asian 16 12 28
American Indian or Alaskan Native 2 1 3
Other 11 15 26
NA 4 4 8
Income
Less than $15,000 15 26 41
$15,000 to $29,999 59 53 112
$30,000 to $44,999 46 58 104
$45,000 to $59,999 44 44 88
$60,000 to $74,999 44 40 84
$75,000 to $89,999 16 19 35
$90,000 to $104,999 12 14 26
$105,000 to $149,999 18 28 46
NA 3 5 8

Figure 5: Demographic characteristics of the MTurk study population.
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Insurance No Ins All
Education
Less than high school 1 0 1
High school diploma or equivalent 93 90 183
Trade school degree or certificate 12 9 21
Associate degree 38 52 90
Bachelors degree 98 109 207
Graduate degree (Masters, PhD, MD, JD) 11 23 34
NA 4 4 8
Vote
I nearly always vote for Democrats 82 84 166
I vote for Democrats more often than 51 71 122
I vote for Republicans 29 16 45
Half the time I vote for Democrats and half the time I vote for Republicans 33 37 70
I vote for Republicans more often than I vote for Democrats 19 22 41
I nearly always vote for Republicans 18 17 35
I am not eligible to vote 4 1 5
I am eligible, but I never vote 16 36 52
NA 5 3 8
Prior Ranching Knowledge
Nothing 202 227 429
I've read or talked about cattle ranching at least once before 43 49 92
I am familiar with cattle ranching 8 8 16
I work on or run a cattle ranch (or did so in the past) 1 0 1
NA 4 2 6
Environmental Leanings
Identifies as an Environmentalist 87 106 193
Identifies as a vegetarian or vegan 17 15 32
Drought Knowledge and Impact
Average Personal Impact of Drought from 1 to 7 scale (1 = No Impact) 2.429134 2.323944 7
I've read or talked about drought at least once before 108 132 240
Nothing 78 82 160
I am familiar with drought 63 66 129
I am very knowledgeable about drought 5 5 10
N/A 3 2 5

Figure 6: Demographic characteristics of the MTurk study population, continued.
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Table 6: Sensitivity of Model to Outliers

Dependent variable:

Herd Size
All Exclude Large Exclude Zeros Exlcude Zeros and Large

(1) (2) (3) (4)

Insurance 0.0002 −0.005 0.004 0.001
(0.017) (0.011) (0.010) (0.006)

Risk Aversion 0.020∗∗ 0.010∗ 0.014∗∗∗ 0.008∗∗

(0.008) (0.006) (0.005) (0.003)

Herdt−1 0.001∗∗∗ 0.002∗∗∗ 0.001∗∗∗ 0.002∗∗∗

(0.00001) (0.00002) (0.00001) (0.00002)

Herdt−2 0.0003∗∗∗ 0.001∗∗∗ 0.0001∗∗∗ 0.001∗∗∗

(0.00001) (0.00002) (0.00001) (0.00002)

Constant 5.657∗∗∗ 4.752∗∗∗ 5.812∗∗∗ 5.047∗∗∗

(0.013) (0.012) (0.009) (0.011)

Year Fixed Effects Yes Yes Yes Yes
Observations 4,950 4,870 4,670 4,590
Log Likelihood −79,047.960 −64,848.100 −60,798.920 −51,075.850
Akaike Inf. Crit. 158,125.900 129,726.200 121,627.800 102,181.700
Bayesian Inf. Crit. 158,223.500 129,823.600 121,724.600 102,278.200

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
GLMM model with a Poisson distribution and individual random effects.
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