Basis Risk in the Pasture, Rangeland, and Forage Insurance
Program: Evidence from California
Working Paper Draft

James B. Keeler
PhD Student
Department of Agricultural and Resource Economics
University of California, Davis
Tina L. Saitone
Cooperative Extension Specialist
Department of Agricultural and Resource Economics
University of California, Davis
One Shields Ave
Davis, CA 95616
(530) 752-1870
Fax: (530) 752-5614
saitone@primal.ucdavis.edu
∗

JEL Codes: Q18, Q10, Q12, D81
Keywords: Basis risk, drought, forage, index insurance, livestock, precipitation, rainfall.

∗

Corresponding author.

Introduction
Agricultural production is broadly confronted with a wide variety of risks. Chief among
them is unpredictable and increasingly variable weather events that often exhibit a high
degree of spatial correlation (Conradt, Finger, and Bokusheva 2015). Climate change
science predicts that global warming and increased climatic variability (e.g., more severe
droughts and storms) will further exacerbate the weather-related risk faced by agricultural
producers in the future. Most projections indicate that there is likely to be an increase in
both inter-annual and intra-annual precipitation variability (Easterling et al. 2000).1 Given
that climate variability – in terms of both extreme weather events and seasonal anomalies
– appears to be the new norm, coping with climate variability, and precipitation
variability in particular, is a critical concern and salient challenge for the adaptation and
resiliency of agriculture.
Index-based insurance products are considered to be an adaptation strategy for
increasing climatic risks faced by agricultural producers (Patt et al. 2009). As such, the
availability and utilization of index-based insurance products has expanded across the
world (Miranda and Farrin 2012). These insurance vehicles are based upon the use of
easily observable, exogenous factors (e.g., rainfall) to provide insurance coverage.
Linking indemnity payments to exogenous indicators, as opposed to individual
policyholder outcomes, eliminates the need for claims verification and mitigates the
information asymmetry challenges (i.e., moral hazard and adverse selection) inherent to
conventional insurance products (Elabed et al. 2013; Norton, Turvey, and Osgood 2013).
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While warming is predicted to reduce the frequency of rainfall events, climate models predict that when
rainfall events do occur, they will be larger in size or intensity (Wentz et al. 2007).
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Index-based insurance products are known to have two general areas of weakness
– adverse selection and basis risk – that are likely to affect insurance uptake and risk
coverage (Carter 2012; Jensen, Mude, and Barrett 2018). While index-based insurance
products are often touted for mitigating informational asymmetries, spatial and/or
intertemporal adverse selection may persist if purchasers have information about
expected indemnity payments that are not reflected in pricing (e.g., Carriquiry and
Osgood 2012; Jensen, Mude, and Barrett 2018).
Given that the index is an imperfect predictor of individual losses suffered by the
insured, producers are still subject to a certain degree of residual risk, referred to as basis
risk (e.g., Carter 2012, Elabed et al. 2013; Yu et al. 2019). The underlying basis risk
associated with index-based insurance products creates a scenario where insured
producers may suffer losses without receiving an indemnity payment, i.e., a false
negative. The magnitude of the false negative probability depends upon a number of
factors including the type of index used to determine indemnity, geographic scope, and
the time period over which coverage is available (Elabed et al. 2013). The larger the basis
risk (i.e., the higher the false negative probability), the lower the value of the insurance to
the producer. In fact, a risk averse individual may chose not to insure if the index-based
product is likely to have significant basis risk, even if the premium rate is actuarially fair
(Jensen, Mude, and Barrett 2018). As such, basis risk has been identified as the most
significant impediment to the ability of index insurance to serve as an agricultural risk
management tool (Miranda and Farrin 2012).
Agricultural producers who are reliant upon rangelands and pasturelands are some
of the most vulnerable to weather-related risk and climate variability given their
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dependence on climate-sensitive resources (e.g., rainfall, snowmelt, forage production)
(Roche 2016). Rainfall is one of the key inputs to forage production and thereby is a
major predictor of the sustainability and profitability of livestock production systems in
the United States and across the globe. The anticipated warming and uncertain
precipitation, predicted by climate change models, is projected to work in concert to
reduce soil moisture availability and, thereby, compromise the quantity and quality (i.e.,
nutrient content) of forage production on rangelands in the Western United States (Polley
et al. 2013).2 Further, these plant production changes are predicted to alter plant
phenology and reduce the reliability of forage production (Brown et al. 2017).
The predicted climate-related changes, and the associated projected periods of
drought, have direct risk implications for livestock production systems. In an attempt to
mitigate weather-related losses in forage production for grazing livestock or hay
harvested, the United States Department of Agriculture’s (USDA) Risk Management
Agency (RMA) introduced the Pasture, Rangeland, and Forage (PRF) Insurance Program
in 2007.3 Initially launched as a pilot program for six states, the Program expanded
available coverage over time to ultimately include all of the states in the continental U.S.
in 2016.4
The PRF insurance program is the third largest crop insurance program, as
measured by insured acreage, in the United States. In 2018, the program insured 98.7
2

Livestock production may also be affected via other mechanisms, e.g., thermal livestock stress and
decreased snow cover. Given that the focus of this paper is rainfall index-based insurance mechanisms, we
ignore the livestock production impacts related to these secondary factors (e.g., temperature).
3
In the event that livestock forage is compromised by a natural disaster, ranchers could also apply for the
Noninsured Crop Disaster Assistance Program. This would be the other federally available risk mitigation
option available to livestock producers who experience losses due to drought.
4
RMA administers the Federal Crop Insurance Program and helps to insure agricultural producers against
crop failures. Federal crop insurance is available only through private companies that market and service
policies and processes loss claims. Approved insurance providers (i.e., private companies) insure producers
and then RMA reinsures against the losses suffered.

3

million acres with a total liability of $2.45 billion (Risk Management Agency 2018). Yet,
acreage insured under the PRF program only represents 25 percent of the permanent
pasture and rangeland in the United States.5 While the PRF insurance program comprises
11 percent of the total acres in RMA’s portfolio of business, it accounts for only 1.6
percent of RMA’s total liability ($106 billion) in 2017 (Belasco and Hungerford 2018).
Despite the impressive uptake since the PRF insurance program was introduced –
insured acres increased by nearly 250 percent from 2007 to 2018 – there have been
relatively few studies that have considered the program (e.g., Nadolnyak and Vedenov
2013; Ifft et al. 2014; Diersen, Gurung, and Fausti 2015; Westerhold et al. 2018; Yu et al.
2019; Goodrich, Yu, and Vandeveer 2020). To date, only one study (Yu et al. 2019) has
attempted to quantify the basis risk associated with this index-based insurance product;
others have considered how the program affects land values (Ifft et al. 2014), how long
term weather forecasts create an opportunity for inter-temporal adverse selection
(Nadolnyak and Vedenov 2013), which index intervals (i.e., months of the year) are
chosen by participants (Goodrich, Yu, and Vandeveer 2020), and which index intervals
are optimal for risk mitigation (Diersen, Gurung, and Fausti 2015; Westerhold et al.
2018).
This paper contributes to this body of literature by quantifying the basis risk
associated with PRF insurance participation on rangelands across the state of California.
Determining the magnitude of the basis risk faced by producers is imperative, given that
index insurance does not necessarily reduce risk. In fact, in instances where individual
producers face high probabilities of idiosyncratic risk or in instances where the index is
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This calculation is based on the Census of Agriculture’s estimate of permanent pasture and rangeland in
2017 that totaled 400.8 million acres.
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inaccurate, index insurance products may actually increase risk (Jensen, Barrett, and
Mude 2016).
Yu et al. (2019) use historic yield and precipitation data from three universitymanaged ranches in Kansas and Nebraska to determine that overall basis risk (i.e., the
probability of false negatives) is 26 percent. Maples, Brorsen, and Biermacher (2016),
while considering the Annual Forage Program that uses the same rainfall index as the
PRF insurance program, find that “the rainfall index is not a good predictor of forage
yields in our data [in Oklahoma]. As a result, …producers should not expect it to perform
well at reducing yield loss risk” (pp. 47-48).6 To date, all of the research attempting to
quantify basis risk associated with the PRF insurance program, or the rainfall index upon
which it is based, has been conducted in the Kansas and Nebraska (Yu et al. 2019) and
Oklahoma (Maples, Brorsen, and Biermacher 2016). These perennial pasture ecosystems
in the Midwest and Southern portions of the United States are substantially different from
the semi-arid rangelands and annual-grass-type forage production systems that
characterize California’s ecosystem (Stromberg, Corbin, and D’Antonio 2007). Further,
in California precipitation is predominantly confined to a single season when other
abiotic factors (i.e., ambient temperature, soil temperature, and light) are unfavorable for
active plant growth (Evans and Young 1989). Given that rainfall is only one of the factors
that influences forage production, other ecosystem characteristics specific to California
are likely to be substantial drivers of basis risk previously unstudied given the geographic
focus of the existing literature.

6

The Annual Forage Program, piloted by RMA in 2013 in six states, offers coverage for annually planted
feed and fodder crops (e.g., rye grass, sudan, wheat, oats).
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Further, due to the paucity of site-specific forage production data, previous
studies have used data from, and thereby are representative of, very small geographic
areas surrounding university-operated field stations and participating ranches (e.g., Yu et
al. 2019; Maples, Brorsen, and Biermacher 2016). In contrast, this study uses the
Normalized Difference Vegetative Index (NDVI), a remotely sensed measure of
vegetation to absorb photo-synthetically active radiation, to quantify forage production
throughout the year and across approximately 39 million acres rangelands in California
from 2011 to 2018.
Ultimately, there must be a high correlation between the index and the actual
losses suffered in order to minimize basis risk. Our results show that the rainfall index,
used to trigger indemnity payments, is poorly correlated both spatially and temporally
with forage production on rangelands in California. We find that the overall basis risk
associated with the PRF Insurance Program in California ranges from 31 to 59 percent. In
order to ascertain the quality of PRF Insurance we utilize historic rainfall and NDVIbased forage production to quantify the losses associated with inadequate forage
production and compare those to the indemnity payments that would have been triggered
by the rainfall index. The rainfall contract currently in place appears to be inadequate at
identifying deficiencies in forage production – in only 61.4 percent of the cases where
forage losses occurred would producers have received any indemnity payment. In another
38.5 percent of the cases, producers would have received no compensation for forage
production losses. All of this empirical evidence works in concert to suggest that the PRF
Insurance Program has very little ability to reduce the forage production risk faced by
ranchers and hay growers in California.

6

Drought Exposure and Livestock Production in California
Drought has been a persistent and substantial challenge for agricultural producers in
California since the 1920s, continuing in recent times with the State experiencing four 5year drought periods since the 1970s (California Dept. of Water Resources 2019).
Increased drought frequency and severity markedly compounds water issues in
Mediterranean climates (e.g., California) with semi-arid rangeland ecosystems where
normally hot, dry summers already create an annually recurrent period of extended
drought. Drought is a unique type of natural disaster that, with indistinct beginning and
ending points, places ranching operations under severe and recurring ecologic and
economic stress (Roche 2016).
Drought reduces the number of livestock rangelands can support, individual
animal productivity, and supply of drinking and irrigation water for forage and hay
production (Kachergis et al. 2014). Yet, weather-related production risk is only one of the
risks faced by producers.7 When drought impacts large geographic areas in the U.S. there
are likely to be market-based affects as well. Often drought creates a scenario where
ranchers are forced to reduce the size of their herds due to insufficient forage. Frequently
this is a wide spread phenomenon, creating a situation where the available supply of
cattle or sheep being marketed increases, causing prices to fall. Observing low prices in
the market can cause ranchers to hold their livestock for extended periods, despite severe
economic stress on their operation and accelerating the ecological degradation initially

7

The RMA designed PRF Insurance to help protect a producer’s operation from the risks of forage loss due
to a lack of precipitation. Yet, RMA warns producers that it is not designed to insure against “ongoing or
severe drought” given that coverage is only for a specific interval of time (Risk Management Agency
2017).
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created by drought (Stafford Smith et al. 2007). At the same time, hay and other
supplemental feed prices increase due to increased demand and limited availability of
water, further escalating the costs associated with maintaining the portion of the herd that
was not culled.
Livestock grazing is California’s most extensive land use – 63 million of the
State’s total 101 million acres are categorized as rangeland (California Dept. of Forestry
and Fire 1988).8 Ninety percent of the State’s grazed forage is supplied by annual
grasslands and rangelands (California Dept. of Forestry and Fire 1988). Livestock are
grazed on marginal lands that are unsuitable for crop-based agricultural production. The
ability of livestock to convert forage grown on these extensive landscapes to animalbased protein for human consumption often makes grazing the only economically viable
and ecologically sustainable agricultural activity for these land areas (Alexandratos and
Bruinsma 2012; Ray et al. 2013).
The beef industry in California is primarily comprised of cow-calf and stocker
operations, which rely almost exclusively on rangeland and pasture-based forage as their
primary feed source.9 As such, one of the most important considerations affecting a beef
operation’s profitability is non-pasture feed costs, with producers who are able to
minimize the need and amount of supplementary feed (e.g., hay, fodder) remaining the
most solvent (Saitone 2018). Herd reductions associated with the most recent five-year

8

A unique feature of California and the western United States is the presence of publicly owned land that is
managed by state and federal agencies. More than 45 percent of California’s acreage is federally owned and
managed, which makes many livestock producers in California reliant on the availability of federal grazing
permits.
9
The beef supply chain is often characterized by four distinct segments: i) cow-calf, ii) stocker, iii) feeding,
and iv) slaughter and processing. Cow-calf operations manages a commercial herd of beef cows that are
bred each year to generate calves. Calves are raised at their mother’s side on rangelands until they are
weaned at roughly 6 - 8 months of age. Stocker operations feed cattle on pasture for roughly 6 months
before selling them to feeding operations.
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drought (2012-2016) reduced California’s beef cow herd to 590,000 by 2015. Subsequent
herd rebuilding has increased California’s beef cow herd to 670,000 beef cows in 2018.
Sheep and goat operations also depend on California’s rangeland and pasture-based
forage production.10 California has the second largest sheep inventory of all the states in
the U.S. In 2018, California was home to nearly 11 percent of the total national inventory
(i.e., 570,000 head of sheep and lambs).

Forage Production Considerations
In the Great Plains of the United States, where all of the prior studies investigating basis
risk in the PRF Insurance program have been conducted, the forage growing season
begins in the spring months following winter dormancy. In these perennial systems, the
majority of the rainfall required for forage production falls during the growing season.
This simultaneity of rainfall and forage production means that producers will face less
inter-temporal risk when selecting PRF insurance intervals (i.e., months for insurance
coverage).
In contrast, the forage-growing season in California’s Mediterranean climate
begins with the first fall rains and ends when soil moisture is depleted in the spring
months (Chaplin-Kramer and George 2013).11 Throughout California’s annual rangelands
temperature is the main constraint to forage productivity during the growing season and
creates a unique situation where rainfall and evapotranspiration determine growing
season length and temperature and growing season length ultimately determine annual

10

State-based inventory statistics are not available for goats from USDA National Agricultural Statistics
Service.
11
A germinating rain that exceeds 25 mm within a week’s time will mark the start of the growing season
(George et al. 1988).
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forage production (Chaplin-Kramer and George 2013; Becchetti et al. 2016).12 Another
distinct feature of California’s semi-arid climate is the inter-temporal disconnect between
precipitation and other abiotic factors (i.e., temperature and light) that facilitate active
plant growth. Rainfall in late-fall and winter followed, often months later, by the
vegetative-growth phase in early spring exacerbates the basis risk faced by producers in
the State. These unique climatic and ecological factors work in concert to create a
situation where the basis risk associated with the PRF Insurance is likely to be high with
substantial spatio-temporal variability and vastly different from the basis risk faced by
producers in the Midwestern U.S.

Pasture, Rangeland, and Forage Insurance Program
The Pasture, Rangeland, and Forage Insurance Program offers contracts to indemnify
policyholders based on gridded areas, established by the National Oceanic and
Atmospheric Administration’s (NOAA) Climate Prediction Center (CPC). Each grid is
0.25° latitude by 0.25° longitude and the grid system covers the land area of the United
States.13 NOAA CPC collects rainfall data from their network of weather stations on a
continuous basis. In order to determine the rainfall for each grid, NOAA combines
precipitation readings from the four most proximate weather stations to each grid, with
the weighting factors based on the weather station’s distance from the grid. In order for
insurance, in a particular grid, to be available to a given rancher or producer, he/she must
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Total seasonal rainfall has been shown to be a poor predictor of forage productivity while the timing of
rainfall and growing season temperature have a much greater influence on productivity (Pitt and Heady
1978).
13
At the equator, this translates to gridded areas that are approximately 17 miles by 17 miles.
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own or lease property for livestock grazing and/or hay production either partially or
wholly contained in that gridded area.
Consider a producer with a single crop, non-irrigated rangeland and/or pasturebased forage, with yield (y). Yield is a function of weather that can be summarized by
rainfall (r) and temperature (W). Other factors that affect yield, uncorrelated with rainfall
or temperature, are considered idiosyncratic production shocks (𝜀). The yield function is:
𝑦 = 𝑓 𝑟 𝑊 + 𝜀. 14
Under the PRF Insurance program rainfall (r) is used as a proxy for yield, and thus, the
potential risk faced by producers is mitigated the higher the degree of correlation between
rainfall (r) and yield (y).
The average rainfall in grid (g) for interval (i) and year (t) is calculated by NOAA
according to the formula:
𝑅!,!,! =

!!!
!!!"#$ 𝑟!,!,!

𝑡 − 1 − 1948.

The rainfall index for each gridded area is expressed as a percentage of
“normal.”15 The benchmark (i.e., normal) level for each gridded area is based on the
average rainfall from 1948 to present. The rainfall index value (𝑅𝐼!,!,! ) is the ratio of total
precipitation in the index interval and grid in the current year (𝑟!,!,! ) to the average
precipitation in that index interval and grid from 1948 to year t-2:

14

Many crop production functions also include a “controllable” input (e.g., nitrogen-based fertilizer,
improved seed). Yet the rangeland and pasture-based forage systems insured under the PRF insurance
program in California are predominately unimproved (i.e., native) and not fertilized or cultivated like
conventional cropping systems.
15
It should be noted that USDA RMA piloted an NDVI-based index insurance product in 2007 for Oregon,
Idaho, Wyoming, Nevada, Utah, New Mexico, and Arizona. Belasco and Hungerford (2018) briefly
address RMA’s choice to discontinue the NDVI based forage insurance contract in 2016, noting that
ranchers had complained that NDVI did not track with observed forage conditions at the end of the growing
season.
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𝑅𝐼!,!,! =

(1)

𝑟!,!,!

𝑅!,!,!!!

.

PRF Insurance for year t must be purchased on or before November 15 in the
previous year (t-1).16 PRF insurance is available year round and the program requires
producers to choose two 2-month intervals that do not overlap to insure.17, 18 This allows
producers across the expanse of the continental United States to select the time of year
where rainfall is most critical for forage production in their area and for their particular
operation. At the same time, offering multiple index intervals that span the calendar year
creates a situation where there are different levels of basis risk across both space and time
(Westerhold et al. 2018).
In addition to selecting the timing of coverage (i.e., index interval), those
purchasing PRF Insurance must also choose a coverage rate (C) where
𝐶 = 70, 75, 80, 85, 90 . An indemnity payment is triggered in grid (g), interval (i), and
year (t) if the rainfall index (𝑅𝐼!,!,! ) falls below the coverage rate (C) selected by the
insured. The magnitude of the payment depends upon the difference between benchmark
rainfall and the coverage level selected by the producer such that more severe shortfalls
in precipitation generate larger indemnity payments.19 The total indemnity payment a
producer would receive is:

16

Over the life of the program, the deadline has changed slightly but has always been in November of the
year prior to the year of indemnification.
17
For example, a producer may choose January - February and March - April but cannot choose January February and February - March.
18
Given the semi-arid nature of California’s climate, RMA does not offer coverage in the State for index
intervals covering the summer months (i.e., June, July, Aug). Some areas that receive considerably less
rainfall have fewer insurance intervals available.
19
Indemnity payments are also based upon county base values that are estimated by RMA to be
representative of the forage production capacity of the land in each county. If a producer believes their land
to be more or less productive than the county base value, they can elect to use a “productivity factor”
ranging from 60 to 150 percent, with 100 percent representing consistency with the current county base
value.
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0
(2)

𝐼!,!,! =

!!!"!,!,!
!

𝑖𝑓 𝑅𝐼!,!,! ≥ 𝐶
𝜙! ⋅ 𝐴 ⋅ 𝐵! ⋅ 𝑃

𝑖𝑓 𝑅𝐼!,!,! < 𝐶

where A is the number of acres that a producer elects to insure, 𝐵! is the county
base value for grid g, and 𝑃 ∈ 0.6, 1.5 is a productivity factor chosen by the insured.
RMA specifies a given base value (𝐵! ) for each county based on the estimated income
generated by an acre of land in that county under normal rainfall conditions.20 For
example, for California in 2018 county base values for grazing livestock range (i.e., nonirrigated) from $13.40/acre to $29.60/acre on grids that are primarily rangelands (Figure
3). A producer can customize this base value to their operation by scaling the base value
up or down with their choice of productivity factor (P). Given that a producer is required
to select 2 two-month interval periods, 𝜙! 𝜖 0.1,0.6 is a scaling factor that allows the
insured to weight one interval (i) more heavily than the other (~i). RMA requires that the
weights across the two intervals selected sum to 1.0 (i.e., 𝜙! + 𝜙~! = 1.0).
It should also be noted that, like other forms of crop insurance, PRF Insurance is
subsidized and the level of subsidy varies with the coverage rate selected by the insured
with lower coverage rates associated with higher subsidy levels.21 In general, higher
coverage rates lead to higher premium costs, lower subsidy rates, and higher indemnity
payments if precipitation shortfalls do occur.

20

The RMA uses county-level information on stocking rates, available forage, and value of forage to
establish the base value for the county. See Belasco and Hungerford (2018) for additional information.
21
Insurance premiums for 70, 75, 80, 85, and 90 percent coverage rates are subsidized at 59, 59, 55, 55, and
51 percent, respectively (table 2).
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PRF Insurance Participation in California
PRF Insurance became available in California in 2011. Table 1 shows total acres insured
in the United States and in California from 2011 to 2018. Initially insured acres in
California were relatively small (190,000 acres in 2011), 0.05 percent of total insured
acres in the U.S. By 2018, participation increased by more than 1000 percent, to 3.12
million acres, 3.2 percent of the national total. In the same year, RMA’s liability in the
State totaled $70 million.

Table 1. Insured Acres in California and the United States, 2011- 2018
Year
2011
2012
2013
2014
2015
2016
2017
2018

United States

California

Acres Insured (Millions)
34.51
0.18
48.28
0.67
54.28
1.41
52.80
2.89
54.69
3.04
51.81
2.59
74.98
2.93
98.35
3.12

Source: RMA Summary of Business, 2011-2018.

Table 2 shows the total acres insured in California in 2018 by the coverage rate.
Given that RMA designed the contracts to be actuarially fair and insurance is subsidized,
it is rational to anticipate that producers would choose higher coverage rates (Coble and
Barnett 2013). This is consistent with what we observe in California where nearly 86
percent of acres are insured at the highest coverage rates (i.e., 85 and 90). Loss ratios and
farmer loss ratios vary by coverage level (table 2) and spatially (figure 1, panel B). The
loss ratio, defined as indemnities divided by total premiums paid, are 1.16 and 1.03 for
the two highest coverage rates. With the exception of the coverage rate of 70, all of the
14

loss ratios observed are relatively close to the RMA’s targeted loss ratio of 1.0 (Belasco
and Hungerford 2018). The farmer loss ratio, defined as indemnities divided by farmerpaid premiums (i.e., total premium net of subsidies), is larger than 2.0 except for the 80
percent coverage rate. This implies that for a coverage rate of 80 percent, every $1.00 of
producer paid insurance premium in 2018 generated an average indemnity payment of
$1.72 in 2018. It should be noted that counties shaded in grey (Figure 1) may contain
acreage that is insured but was not reported in the RMA summary of business due to
anonymity concerns.
As shown in Figure 1, both insured acreage (panel A) and insurance loss ratios
(panel B) vary substantially across the State. For example, Kern County has the largest
area of insured acreage (430,065 acres in 2018) and one of the lowest loss ratios (0.67 in
2018). The ecological and climatic conditions in the State create a situation where loss
ratios typically decline moving from North to South.

15

Figure 1. Insured Acres and Loss Ratios by County, 2018
Panel A. Insured Acres

Panel B. Loss Ratio
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Table 2. Insured Acres and Loss Ratios in California, 2018
Coverage
Rate
(%)

Acres
Insured
(Millions)

Average
Acres Per
Policy

Premium
Subsidy
(%)

70
75
80
85
90
Total

0.05
0.28
0.11
2.55
0.14
3.12

3,501
9,071
5,104
6,387
2,212
5,917

59
59
55
55
51

Loss
Ratio

Farmer
Loss
Ratio

1.36
0.97
0.77
1.16
1.03
1.14

3.31
2.36
1.72
2.59
2.11
2.53

Source: RMA Summary of Business 2018.

Selection of index interval for coverage is one of the most important choices
made by producers. Some of the existing literature that has investigated the PRF
Insurance program has focused on index interval section specifically (e.g., Westerhold et
al. 2018; Goodrich et al. 2020). Generally this body of work finds that producers
choosing to insure periods when precipitation is expected to be high reduces risk while
producers selecting index intervals when precipitation is expected to be low, exacerbates
risk (Westerhold et al. 2018).22
Figure 2 shows the total acreage insured in California by index interval from 2011
to 2019. Since PRF Insurance became available in California in 2011, the JanuaryFebruary and March-April index intervals have accounted for the highest number of
insured acres. This winter/spring period is considered to be a period during which high
levels of precipitation are expected. If the risk implications from the existing literature
generalize to California, it appears that producers are mitigating risk by selecting highprecipitation intervals.

22

Westerhold et al. (2018) measure risk by estimating the variance in net income.
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Figure 2. Insured Acres in California by Index Interval, 2011 – 2019

Given that California’s semi-arid climate creates a situation where precipitation is
almost non-existent in the summer months, RMA does not allow producers in California
to insure against shortfalls in rain during this period. Thus, producers are not able to
choose to insure the following intervals: June-July, July-August, and August-September.23

Normalized Difference Vegetation Index and Forage Production in California
The Normalized Difference Vegetation Index (NDVI) is an indicator of photosynthetic
activity in observed vegetation as reflected in spectral data remotely sensed from satellite
platforms at high degrees of spatio-temporal resolution. NDVI is calculated as the ratio of
visible spectral wave bands to near-infrared wavebands, creating a unitless index that
ranges from -1.0 to 1.0. NDVI measurements are derived from either NOAA’s Advanced
23

It should be noted that excluded intervals may vary from grid to grid.
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Very-High Resolution Radiometer (AVHRR) or Moderate Resolution Imaging
Spectroradiometer (MODIS) satellite instruments. Though AVHRR images are available
as early as 1989, providing a longer time series, our study uses high-resolution MODIS
images that are preferred for field-level NDVI measurements (Doraiswamy et al. 2004).
Sources account for short-term lapses in vegetation imaging due to cloud or snow cover
by reporting the maximum NDVI measurement within a weekly or bi-weekly period.
Chlorophyll in plants absorbs blue and red wavelengths of solar radiation, while
near-infrared radiation is reflected. The greater the density of green leaves in an area, the
more visible light absorbed and the more infrared light reflected, producing a high NDVI
index. Areas with sparse vegetation, such as grasslands, tundra or desert, or areas with
unhealthy vegetation (e.g., during drought), result in lower NDVI values. Thus, NDVI
provides data and information about the vegetative health of an area, at a given point in
time, and in turn, is closely correlated with forage production (Turvey and McLaurin
2012). While there are still some critics of using NDVI to predict crop-related
indemnities, there is a stronger consensus that NDVI is highly adapted to and appropriate
for biomass assessment (i.e., forage production on rangelands and pastures) (Atwood et
al. 2005; Turvey and McLaurin 2012; Leblois and Quirion 2013; Bacchini and Miguez
2015).24
When considering forage production on rangelands and pastures, conditions
preceding peak forage yield play a significant role in grazing decisions and realized
losses (Belasco and Hungerford 2018). Thus, studying yields only at peak harvest, is
likely inadequate for understanding the relationship between NDVI and perils in forage
24

Atwood et al. (2005) note that NDVI may be a better indicator for forage production, when compared to
commodity crop production, because of the stability of pastures and rangelands over space and time (i.e.,
no crop rotation).
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production. To overcome these noted limitations, we construct an NDVI-based index for
each of the index intervals available under the PRF Insurance program such that we do
not focus on the “building” of biomass to peak yield but rather compare biomass in the
current year to the historic “normal” level during that same period of time.
Overall, NDVI data are reliable and easily accessible in real time with a
sufficiently long history to allow establishment of a historic “normal” or baseline (Jensen,
Mude, and Barrett, 2018). NDVI data, particularly those derived from the MODIS
satellite, are ideally suited for rangeland and pasture-based applications. As such NDVI is
used to characterize actual forage production (i.e., the true state of world) that is then
compared to the rainfall index, in a particular grid and index interval, in order to estimate
basis risk in across the 39 million acres of rangeland and pasture in California.

Data
For the purposes of the analysis, we combine and utilize two different types of data: i)
rainfall index data from the National Oceanic and Atmospheric Administration’s
(NOAA) Climate Prediction Center (CPC), and ii) Normalized Difference Vegetation
Index (NDVI) data from the United States Geological Society’s (USGS) Earth Resources
Observation and Science (EROS) Center.
The RMA maintains a Pasture, Rangeland, and Forage Insurance Support Tool for
producers considering purchasing index insurance.25 Through this site, producers can
determine the grid(s) in which their pastures and grazing lands are located and view
historic rainfall index values in each grid for each index interval. From this site we
scraped the grid identification codes and position of each grid for each county in
25

This site is available at: https://prodwebnlb.rma.usda.gov/apps/prf.
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California. Then, for each grid, we scraped historical precipitation for each index interval
(i.e., bi-monthly period) from 1948 - 2018. The rainfall index value scraped from the
RMA site is the ratio of total precipitation in the index interval and grid in the current
year, t, to the average precipitation in that index interval and grid from 1948 to year t-2,
and referred to as “percent of normal.”26 All historical percent of normal values obtained
from the PRF support tool are recalculated each year using mean precipitation updated
with measurements for the current year. For example, if 2018 is the current year, the
percent of normal for the 2005 crop year uses mean precipitation from 1948 to 2016. This
adjustment is necessary to study realized insurance outcomes, so we construct our own
percent of normal index values that do not update mean precipitation when each new year
of data are added. In the same example from above, our calculation for 2005 would use a
mean from 1948 to 2003. The resulting data set contains observations of rainfall percent
of normal by index interval for each grid in California from 1950 to 2018. California
contains 750 rainfall grids and, in each year, includes 11 bi-monthly intervals. Over 69
years of data we have a total of 569,250 observations of rainfall index values. Given that
PRF Insurance only became available in California in 2011, we restrict our consideration
of these data to the period 2011 to 2018.
In order to compile historic vegetation index values, we downloaded NDVI data
from the USGS Earth Explorer Web Application for NASA’s Aqua satellite for all
vegetation grids in California from 2003 to 2018.27 Vegetation grids are generated by
spatially aggregating each 1 km by 1 km raster pixel to an 8 km by 8 km grid. Then
26

For example, if a producer was going to ensure a grid for the January - February index interval in 2016,
the “percent of normal” would be the actual precipitation in January - February 2016 divided by the
average precipitation in January - February in that grid from 1948 to 2014.
27
Prior to 2003 data would be available from six different NASA polar orbiting satellites with different
spatial resolutions and raster pixel scales.
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NDVI values are constructed for each of the rainfall grids by taking an un-weighted mean
of NDVI across all raster pixels where the center falls into a given rainfall grid. This step
establishes a unified grid system for rainfall and NDVI indices that allows for
comparison of outcomes for a given interval of space (grid) and time (index interval).
The NDVI index is determined in the same fashion as the rainfall index (eq. 1):
𝑁!,!,! =

(3)

𝑛!,!,!

𝑁!,!,!!!

where 𝑛!,!,! is NDVI measurement for index i, grid g, and year t, and
𝑁!,!,! =

!!!
!!!""# 𝑛!,!,!

𝑡 − 1 − 2003. The resultant data set contains observations of

NDVI percent of normal index for each RMA-established rainfall grid in California from
2005 to 2018.
In order to restrict our analysis to rangelands and pasture-based forage production
areas (i.e., eliminate urban areas, cropped land, and forested areas), we utilized the
California Department of Forestry and Fire Protection’s Fire and Resource Assessment
Map. This map consists of location specific land cover data that characterize the entire
state according to vegetation types (e.g., forest, woodland, cropland).28 Overlying the
PRF insurance grids with these vegetation types allows us to determine the predominant
vegetation type in each grid and focus on gridded areas relevant for the analysis. This is
accomplished, in each grid, by calculating the share of the gridded area covered be each
vegetation type. Then each gridded area is classified as the vegetation type that has the
maximum share of area. Those grids that are predominantly rangelands and pasture-based

28

The map and the GIS data are available on the California Department of Forestry and Fire Protections
website: https://frap.fire.ca.gov/media/10311/fveg_19_ada.pdf.
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forage that would potentially be available to insure (i.e., grassland, woodland, and shrub
vegetation types) are retained in the analysis and shown in figure 3.
Figure 3. Grids in California that are Predominantly Rangeland

Source: USDA, RMA PRF Insurance Support Tool and CAL FIRE FRAP.

Methodology and Results
Previous work has attempted to isolate the basis risk of weather-based index insurance in
terms of its spatial (e.g., Norton et al. 2013) and temporal (e.g., Kapphan, Calanca, and
Holzkaemper 2012) components. Researchers focusing on the spatial component of basis
risk often consider how weather station proximity and density affect the correlation
between the index and on-the-ground outcomes. For example, Norton et al. (2012) show
that the correlation between precipitation indices and on-the-ground production losses
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declines as distance from a weather station increases. The term temporal basis risk is used
to describe scenarios where the time period for index determination (i.e., the index
interval) does not correspond to the underlying plant phonological conditions (Dalhaus
and Finger 2016).
While data limitations do not allow us to isolate the spatial and temporal
components of basis risk individually, available data do allow us to: i) quantify the
correlation between the rainfall index used by RMA and remotely sensed forage
production (i.e., the NDVI-based index) to ascertain the value of the available insurance
to producers, and ii) estimate false negative probabilities across space and index intervals
to quantify the level of basis risk faced by ranchers in California.

Correlative Analysis
The efficacy of index-based insurance, and ultimately risk reduction for the individual
producer, is dependent upon the correlation between the index and on-the-ground losses
experienced by the insured (Miranda 1991; Miranda and Gonzalez-Vega 2011; Clarke
2016). As a first step in determining the basis risk faced by the insured, we generate
Pearson Correlation Coefficient estimates to determine the degree of correlation between
rainfall and forage production, as a percentage of historic normal value (i.e., eqs. 1 and
3), for each index interval from 2005 – 2018 across rangelands in California.29
Figure 4 summarizes these results for rangelands broadly defined, as well as the
grassland, woodland, and shrubland ecosystems that in total comprise rangelands in the
State. Overall the correlations between rainfall and forage production are quite low. For

29

Given that we are considering the correlation between two time-series variables, we confirmed that each
was stationary using the augmented Dickey-Fuller statistic.
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example, the average correlation of rainfall and forage across rangelands was 0.014. The
count of index intervals across years is concentrated at or very close to zero for all
ecosystem types (Figure 4).
The results summarized in Figure 4 consider all of the available index intervals.
Yet, producers in California since the program became available have primarily insured
specific intervals, namely January-February and March-April (Figure 2). Figure 5
considers the correlation of rainfall and forage production for these index intervals in
isolation, across all of the available grids in the State. In the January-February interval
(Panel A), the correlation between rainfall and forage production is often negative in the
northern two-thirds of the State while in the southern shrubland ecosystem the
correlations were positive, generally between 0.2 and 0.5. In the March-April interval
(Panel B), the negative correlation persists in the northern parts of the State and the
correlation in the southern parts diminishes as well. Grid-level correlations across all
available index intervals across the State are available in Appendix A.
Since the advent of weather stations that facilitate the collection of climate-related
data, agronomists, range scientists, and livestock producers have been attempting to
forecast forage production. Generally, this body of research, beginning in the 1970s in
California, attempted to correlate climatic variables to forage production. For example,
Murphy (1970) found that forage production in northwestern California (Mendocino
County) was correlated with accumulated precipitation through late November but noted
that early fall precipitation (i.e., Sept and Oct) was often insufficient to initiate
germination and subsequent rainfall events were infrequent and not large enough to
sustain forage growth. Similarly, Duncan and Woodmansee (1975) considered correlation
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of forage yield and precipitation in central California (Madera County) across all of the
months of the growing season; finding that April precipitation had the highest correlation
with total forage yield (ρ = 0.41).
Figure 4. Rainfall and Forage Production Correlations, 2005-2018

Note: Jun-Jul, Jul-Aug, and Aug-Sep intervals are excluded from the analysis given that they are not
available for coverage.
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Figure 5. Correlation of Rainfall and Forage Production for Specific Index Intervals, 2005-2018
Panel A. January-February Interval

Panel B. March-April Interval
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Generally the forage year in California is said to begin in October, with growth
continuing through May. Forage growth generally starts slowly and then increases
exponentially from January thru May before leveling off (see Chaplin-Kramer and
George (2013) for seasonal growth curves of forage production). Based on these
observations and early agronomic findings (e.g., Murphy 1970; Duncan and
Woodmansee 1975), we consider the correlation of rainfall in early months of the forage
year with subsequent periods of forage production. Given producers likely understand
these fundamental forage growth dynamics, it may be that they are insuring an index
interval earlier in the forage year in hopes that it will be correlated with forage production
in subsequent months. If producers are in fact using this strategy, they are attempting to
overcome the inherent temporal basis risk built into the program design of PRF
Insurance.
Table 3 reports the contemporaneous and lagged correlation results for the forage
year in California (i.e., Oct t-1 – Jun t) for rangelands at less than 1524 m in elevation.
An analogous table for all rangelands in the State, regardless of elevation, is provided in
Appendix C. As previously reported, the contemporaneous correlation of rainfall and
forage production is typically quite low – the highest degree of contemporaneous
correlation is observed at the very beginning of the growing season (October-November
interval). However, the lagged correlations seem to provide more promising results. The
largest degree of correlation is observed between rainfall in the February-March interval
and forage production in the April-May time period (ρ = 0.48). The same rainfall interval
is also correlated with forage production in the May-June interval (ρ = 0.44). Rainfall in
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the January-February interval also appears to be relatively well correlated to forage
production in the April-May interval (ρ = 0.43) and the May-June interval (ρ = 0.44).

NDVI Index

Table 3. Correlation of Rainfall and Forage Production for Elevations less than 1524 m
0.1761
0.2620
0.4381
0.4403
0.2843
-0.0035
0.0055
May-Jun (t)
0.1386
0.2683
0.4333
0.4817
0.2551
-0.0821
Apr-May (t)
0.0976
0.3117
0.3252
0.2722
-0.0720
Mar-Apr (t)
0.2107
0.3090
0.1459
0.0667
Feb-Mar (t)
0.2064
0.1968 -0.0129
Jan-Feb (t)
-0.1184
Nov-Dec (t-1) 0.3138
0.2397
Oct-Nov (t-1)
Oct-Nov
(t-1)

Nov-Dec
(t-1)

Jan-Feb
(t)

Feb-Mar
(t)

Mar-Apr
(t)

Apr-May
(t)

May-Jun
(t)

Rainfall Index

Ultimately, much like Duncan and Woodmansee (1975), we conclude that forage
production is only poorly correlated with any particular index interval of precipitation
and that precipitation must be adequately distributed throughout the growing season to
generate sufficient forage yields. To overcome the inherent limitations associated with
short fixed calendric intervals, many index-based insurance products in developing
countries are based on season- or year- long outcomes (e.g., Chanrarat et al. 2013;
Jensen, Mude, and Barrett 2018). Other index-based options have abandoned rainfall
altogether and improved correlation to yield with more sophisticated indices like
evapotranspiration and soil moisture (e.g., Enenkel et al. 2019).
However, within the confines of the existing PRF Insurance Program
contemporaneous correlations of forage and precipitation in California are very poor.
While these lagged correlation results suggest that producers may be able to overcome
some temporal basis risk by shifting the period they choose to insure to earlier intervals
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than the forage production times which they deem to be critical, a substantial degree of
basis risk remains.

Estimation of Basis Risk
Following Elabed et al. (2013) and Yu et al. (2019), we compute false negative
probability (FNP) (i.e., an insured producer suffers a losses without receiving an
indemnity payment) as a measure of basis risk:
𝐹𝑁𝑃!,!,! = 𝑃𝑟𝑜𝑏 𝑁!,!,! < 𝐶 𝑅𝐼!,!,! ≥ 𝐶)
where C is the coverage rate selected by the insured, and 𝑅𝐼!,!,! and 𝑁!,!,! are the rainfall
index and NDVI index, respectively, for interval i in grid g and year t.
Like Elabed et al. (2013), our FNP specification is dependent upon the “strike
point” (i.e., coverage rate) at which the index insurance begins to pay off. We use false
negative probabilities to identify the level of basis risk given that overpayments (i.e.,
false positive outcomes) are likely to be viewed as a positive outcome by the insured
(Jensen, Mude, and Barrett 2018). Further, under the current PRF Insurance Program, the
subsidization of premiums guarantees that, if an indemnity payment is triggered, it will
be larger than the premium paid by the insured.
Table 4 reports the average false negative probabilities for rangelands in
California for the five available coverage rates and across all index intervals available for
insurance in the State.
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Table 4. Average False Negative Probabilities by Interval and Coverage Rate, 20052018
Coverage Rate
Interval
70
75
80
85
90
---- (%) ---Jan - Feb
53.0
53.3
51.8
50.6
47.3
Feb - Mar
56.0
47.4
46.1
44.1
43.5
Mar - Apr
71.1
65.9
61.3
58.6
55.3
Apr - May
63.2
54.5
50.8
46.8
40.4
May - Jun
54.7
58.4
57.8
51.4
48.8
Sep - Oct
63.0
51.0
48.0
41.6
36.4
Oct - Nov
32.5
24.0
28.5
31.0
35.1
Nov- Dec
68.9
67.9
63.5
59.2
51.7
Source: Author calculations. Note: Index intervals Jun-Jul, Jul-Aug, and Aug-Sep are not available to insure
in California.

Overall basis risk on California’s rangelands varies substantially based on index
interval and coverage rate – 25 percent (October-November interval, 75% coverage rate)
to 71 percent (March-April interval, 70% coverage rate). Focusing on the 85% coverage
rate selected by the vast majority of producers in California, basis risk ranges from 31
percent (October-November) to 59 percent (March-April). That is to say that a producer
insuring the March-April index interval should expect that an indemnity payment will not
be triggered when forage production is less than the 85% coverage rate more than half of
the time (i.e., 59 percent). These extremely large false negative probabilities are close to
being on par with those observed in developing countries – 50 to 70 FNP for cotton
yields in Mali (Elabed et al. 2013).
Yu et al. (2019) estimate that the basis risk associated with the PRF Insurance
Program in Kansas and Nebraska is 26 percent. Given the differences in climatic and
abiotic factors inherent to these two locales, it is not surprising that the basis risk in
California exceeds that of the Midwest. Larger false negative probabilities reduce the
value of the insurance to producers on the ground. These regional differences in basis risk
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also have the potential to create preferential access to the premium subsidies built into the
PRF Insurance Program. In the limit, the confluence of better risk protection and
preferential access to subsidized premiums will place ranchers in California at a
competitive disadvantage.

PRF Insurance Contract Quality
Ultimately insurance is intended to reduce risk and improve economic outcomes for the
insured by transferring income from good to bad states of the world. Yet, in the presence
of basis risk, it is probable that a negative shock will occur without an indemnity being
paid. Payment of premiums for coverage that fail to protect against bad outcomes
exacerbate losses realized in the bad states of the world (Clark 2016). Carter et al. (2017)
suggest that minimum quality standards are needed for index-based insurance products to
be productivity enhancing. Index-insurance contract quality declines with i) the
frequency of failure of the contract to indemnify losses, and ii) the degree to which the
contract does not fully cover the realized losses (Carter and Chiu 2018). Given the
preceding section on FNP quantifies the frequency of failure of the contract to indemnify
losses, this section focuses on the second component of contract quality.
In order to determine how indemnity payments based on forage losses differ from
payments made based on the rainfall index, we consider realized outcomes on rangelands
in the State over the period that insurance has been available – 2011 - 2018. Both
premiums and indemnity payments (eq. 2) depend upon several factors including acres
insured (A), the county base value for the grid (𝐵! ), and the productivity factor
(𝑃 ∈ 0.6, 1.5 ) chosen by the insured. For the purposes of this analysis, we normalize
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both acres and the productivity factor to 1.0. RMA specifies a given base value (𝐵! ) for
each county based on the estimated income generated by an acre of land in that county
under normal rainfall conditions. Given that RMA has monetized forage production in
this fashion, we determine the dollar value of forage loss per acre as:
0
(4)

𝐿𝑜𝑠𝑠!,!,! =

𝑖𝑓 𝑁!,!,! ≽ 1.0

1 − 𝑁!,!,! ⋅ 𝐵!

𝑖𝑓 𝑁!,!,! < 1.0

Contract design specifics, which limit coverage rates such that
𝐶 = 70, 75, 80, 85, 90 , creates a situation where, if rainfall and forage are perfectly
correlated, the indemnity will underpay relative to the actual loss (𝐿𝑜𝑠𝑠!,!,! ).
A total of 339 grids consist primarily of rangelands (Figure 3). Each one has a
total of 64 observations (8 years x 8 index intervals). Across the 339 grids, RMA has
defined county base values as: $13.40/acre (130 grids), $15.90/acre (23 grids),
$18.00/acre (37 grids), $18.10/acre (73 grids), $26.40/acre (44 grids), $29.10/acre (20
grids), and $29.60/acre (12 grids). Given that nearly 40 percent of the grids have a county
base value of $13.40/acre, we focus on these grids to quantify contract quality. Results
from other grids where county base values differ are robust.30
The subsequent figures (Figure 6 & 7) and table (Table 5) summarize PRF
contract performance and quality following Einar Flatnes and Carter (2017). Figures 6
and 7 summarize the indemnity payments determined by the rainfall index for a given
grid and index interval at a coverage rate of 85%. In Figures 6 and 7 we focus on the 130
grids with a $13.40/acre base value. In each of the sub-graphs that delineate the index
interval, the red line determines the losses (eq. 4) suffered by producers. The blue dots

30

Results for other county base value and grid combinations are available from the authors upon request.
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represent rainfall index based indemnities per acre for the same grids and index interval.
The vertical line at 1.0 (green) is added to graphically delineate false positive outcomes
(right of the green line) from actual losses suffered (left of the green line).
Figure 6. Rainfall-Index Based Payments, Jan – May Index Intervals, 2011 – 2018
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Focusing on the portion of the figure where forage production is below historical
norm (i.e., < 1.0), the grid-year combinations below the red line are instances where the
insured are not adequately compensated for their losses in forage production.
Alternatively, those that are above the red line and to the left of the green line are gridyear combinations where the insured receives indemnity payments above the value of
their forage production losses (i.e., an overpayment).
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Figure 7. Rainfall-Index Based Payments, May – December Index Intervals, 2011 – 2018
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Table 5 summarizes the information displayed in Figures 6 and 7. Each row (i.e.,
index interval) is characterized by 1,040 year-grid combinations (130 grids x 8 years) of
rainfall and forage production levels. Column 2 (Ng,i,t < 0) provides the number of yeargrid observations where forage was below the historic normal level, thereby
characterizing a forage production loss. For example, in the January-February interval,
858 of the year-grid combinations (82.5%) had less forage production than the historic
normal level of production. Column 3 (Ng,i,t ≥ 0) provides the number of year-grid
combinations where forage was at or above the historic normal. In these instances,
producers did not experience any forage production related losses. Column 4 details the
number of year-grid combinations that generated false positive outcomes. These are
situations where losses did not occur (Ng,i,t ≥ 0) and producers would have received a
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indemnity payment based on rainfall being less than 85% of normal (RIg,i,t < C). It should
be noted that false positive outcomes occur in a large number of cases when forage
production is at or above normal – nearly 70% of the year-grid combinations across all
intervals.
Table 5. Measures of PRF Insurance Contract Quality, 2011-2018
False
False
UnderPositive
Negative
Payment
Ng,i,t <
1.0

Ng,i,t ≥
1.0

# of
grids

# of
grids

Jan-Feb
858
Feb-Mar
840
Mar-Apr
864
Apr-May
822
May-June 808
Sep-Oct
811
Oct-Nov
824
Nov-Dec
773
Total
6,600
[avg.]

182
200
176
218
232
229
216
267
1,720

Ng,i,t ≥ 1.0 &
RIg,i,t<C
# of grids
[avg.
indemnity ($)]

139 [6.89]
126 [5.85]
131 [10.00]
152 [8.35]
119 [9.26]
142 [7.11]
124 [10.91]
201 [7.18]
1,134
[8.09]

Ng,i,t < 1.0 &
RIg,i,t≥C

# of grids

226
157
430
386
425
403
257
261
2,545

OverPayment

Ig,i,t < Lossg,i,t

Ig,i,t ≥ Lossg,i,t

# of grids
[avg. indemnity
- avg. loss ($)]

# of grids
[avg. indemnity
- avg. loss ($)]

69 [-1.00]
82 [-1.26]
71 [-2.13]
42 [-1.36]
18 [-1.21]
48 [-1.11]
71 [-1.23]
43 [-1.05]
444
[-1.33]

563 [6.23]
601 [5.74]
363 [6.45]
394 [6.97]
365 [8.99]
360 [5.90]
496 [6.83]
469 [6.68]
3,611
[6.64]

Note: A=1.0, Bg=13.40, C=0.85, P=1.0, and 𝜙! =1.0.

Year-grid combinations (Table 5) where false negative outcomes occurred are
totaled, by index interval, in column 5. These are situations where forage production was
below historic normal levels but rainfall, in the same period, was at or above the historic
average. Thus, no indemnity payments were issued. These instances are shown in Figures
6 and 7 by the observations (blue dots) that reside along the horizontal axis to the left of
the green line at 1.0. Often their frequent occurrence makes these individual observations
appear to look like a line. These losses incurred by these producers are characterized by
the red line that details the dollar value of forage losses for different percentage
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reductions in production. In addition, producers suffering from a false negative outcome
would also have paid a premium for the insurance, creating additional losses.
The two remaining columns (6 and 7) in Table 5 quantify the indemnity payments
that would have been received by producers. For the year-grid combinations in these
columns both forage production was less than the historical norm and rainfall was less
than the coverage level of 85%. Underpayments (column 6) are shown in Figures 6 and 7
by observations that lie to the left of the green line at 1.0 and below the red line
(schedule) that quantifies the losses from below normal forage production. Across all
index intervals, there were 444 year-grid combinations where producers would have
received inadequate compensation for their forage losses. These indemnity payments
were, on average, $1.33/acre less than on-the-ground losses from less than normal
production.
The overpayment column summarizes the observations in Figures 6 and 7 that lie
to the left of the green line at 1.0 and above the schedule of losses (red line). These are
instances where producers suffered forage-related losses and received indemnity
payments that more than compensated them for those losses. Across all index intervals
there were 3,611 year-grid combinations where indemnity payments exceeded foragerelated losses. On average, producers would have received indemnity payments that were
$6.64/acre than the losses they suffered.
This overpayment phenomenon appears to be more prevalent in the PRF
Insurance program than observed in the existing literature. This likely results from the
both the lack of correlation in rainfall and forage production as well as the difference in
the underlying distributions of rainfall and forage production over the period of
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consideration. Figure 8 shows the distributions of both the rainfall index and the NDVIbased forage index.
Figure 8. Distribution of Rainfall and Forage Production Indices, 2011-2018

While the forage production index distribution has a much tighter distribution and
is more symmetric around its mean (0.925), the rainfall index is not centered at its mean
(1.123) and has a pronounced positive skewness. This positive skewness in the rainfall
index distribution, created by infrequent but large rainfall events, was also noted by
Williams and Travis (2019). Yet, the driving factor behind the overpayment frequency
observed in the PRF Insurance program in California is the mass of the rainfall index
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distribution lying to the left of not only “normal” (i.e., 1.0) but also to the left of the
coverage levels available to producers.
Nearly 63% of the year-grid combinations considered would have provided
producers with indemnity payments regardless of whether or not forage-related losses
were sustained. In instances when actual losses occur, 61% of the year-grid combinations
rainfall conditions would have generated indemnity payments. Of those that sustained
forage losses and would have received indemnity payments, 12 percent of the year-grid
combinations would not have received adequately compensation. Another 38.5 percent
suffered forage production related losses and received no compensation.

Discussion and Conclusions
If climate change predictions are correct and producers are faced with increasingly
frequent and highly variable climate outcomes, the economic viability of ranching and
hay operations will be subject to greater risks than in decades past. And, while index
insurance has been touted as a drought adaptation strategy, the foregoing analysis of the
PRF Insurance Program currently in place demonstrates that it does little to reduce the
forage production risk faced by producers in California who are dependent upon these
climate-sensitive resources for their livelihoods.
First, we find that the rainfall index, used by the RMA to determine indemnity
payments, is poorly correlated with forage production in the State. This is likely an
artifact of California’s Mediterranean climate wherein the abiotic factors that are critical
to forage production do not occur simultaneously with rainfall. Producers may be able to
reduce some of this temporal basis risk by selecting index intervals to insure prior to the
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periods when they expect forage production. Although the correlation between forage
production and lagged rainfall improves to some degree, forage production outcomes are
highly dependent on adequate soil moisture throughout the growing season.
Beyond correlation analysis, we considered the quality of the PRF Insurance
contract by quantifying the probability of false negative outcomes and determining the
degree to which the contract underpays when compared to losses encountered on the
ground. The probability of false negative outcomes varies based on geographic location,
coverage rate, and index interval selected. Overall basis risk was determined to be 31 –
59 percent for the coverage level predominantly selected by producers in California. This
is substantially higher than that observed in Kansas and Nebraska (Yu et al. 2019) and
more on par with what is observed in developing countries.
The rainfall contract currently in place appears to be inadequate at identifying
deficiencies in forage production using rainfall as a proxy – in only 61.4 percent of the
grid-year combinations where forage losses occurred would producers have received any
indemnity payment. In another 38.5 percent of the year-grid combinations, producers
would have received no compensation for forage production losses that occurred.
However, it should be noted that when indemnities are paid, producers often receive
more than the monetary value of the deficiency in forage production.
Although basis risk is an unavoidable element of index insurance, improved
contract designs need to be considered in order to increase demand and mitigate weatherrelated production risk. If RMA maintains the rainfall-index based PRF Insurance
product in its current state, basis risk in California is likely to increase over time. As
climate change impacts are realized, California rangeland forage production dynamics
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will change as well; with alterations to plant phenology and accelerations in plant
senescence the most likely outcomes (Chaplin-Kramer and George 2013). These
anticipated effects, coupled with increased inter- and intra- annual precipitation
variability, tend to exacerbate the weather-related risks faced by climate-dependent
ranchers. Thus, mitigating basis risk in the PRF Insurance program should be a
paramount concern for those concerned with the sustainability of rangelands and
improved resiliency to the conversion of these landscapes to alternative uses.
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