%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

USDA Economic Research Service
gl U-S. DEPARTMENT OF AGRICULTURE

Economic
Research
Service

Economic
Brief

Number 38

December 2024

Potential Budgetary Impacts of
Climate Change on the Pasture,

Rangeland, and Forage Insurance Plan

Dylan Turner, Katherine Baldwin, Jayson Beckman, Noé J.
Nava, Francis Tsiboe, and Kate Vaiknoras




USDA Economic Research Service
gl US. DEPARTMENT OF AGRICULTURE

Recommended citation format for this publication:

Turner, D,, Baldwin, K., Beckman, J,, Nava, N. J, Tsiboe, F,, & Vaiknoras, K. (2024). Potential
budgetary impacts of climate change on the pasture, rangeland, and forage insurance plan
(Report No. EB-38). U.S. Department of Agriculture, Economic Research Service.

" o T ( -
e " -
_— o 4')(&‘, f & g‘ s

Cover image assets sourced from Getty Images.

Use of commercial and trade names does not imply approval or constitute endorsement by USDA. The analysis, findings, and
conclusions expressed in this report should not be attributed to IRI or NielsenlQ.

To ensure the quality of its research reports and satisfy governmentwide standards, ERS requires that all research reports with
substantively new material be reviewed by qualified technical research peers. This technical peer review process, coordinated
by ERS' Peer Review Coordinating Council, allows experts who possess the technical background, perspective, and expertise
to provide an objective and meaningful assessment of the output's substantive content and clarity of communication during
the publication’s review.

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the
USDA, its Agencies, offices, and employees, and institutions participating in or administering USDA programs are prohibited
from discriminating based on race, color, national origin, religion, sex, gender identity (including gender expression), sexual
orientation, disability, age, marital status, family/parental status, income derived from a public assistance program, political
beliefs, or reprisal or retaliation for prior civil rights activity, in any program or activity conducted or funded by USDA (not all
bases apply to all programs). Remedies and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print,
audiotape, American Sign Language, etc.) should contact the responsible Agency or USDA's TARGET Center at (202)
720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program infor-
mation may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found
online at How to File a Program Discrimination Complaint and at any USDA office or write a letter addressed to USDA and
provide in the letter all of the information requested in the form. To request a copy of the complaint form, call (866) 632-9992.
Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary
for Civil Rights, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.
intake@usda.gov.

USDA is an equal opportunity provider, employer, and lender.



USDA Economic Research Service
g VS DEPARTMENT OF AGRICULTURE

Economic
Research
Service

Economic
Brief

Number 38

December
2024

Potential Budgetary Impacts of Climate
Change on the Pasture, Rangeland, and
Forage Insurance Plan

Dylan Turner, Katherine Baldwin, Jayson Beckman, Noé J. Nava,
Francis Tsiboe, and Kate Vaiknoras

Abstract

More frequent and severe weather events are projected with climate change. The U.S. Federal
Government offers programs to help producers mitigate the financial impacts of these adverse events,
the largest of which is the USDA, Federal Crop Insurance Program (FCIP). The potential impacts

on FCIP outlays under future climate scenarios have been explored but most analyses have focused

on impacts on field crops. A changing climate could also affect forage commodities and livestock
producers. The Pasture, Rangeland, and Forage (PRF) insurance plan was designed to help producers
mitigate financial losses associated with a lack of precipitation. Payments are triggered if precipitation is
below a historical index. Payment amounts are determined by the decrease in precipitation, changes in
biomass value, and participation in the program. This report provides projected changes to precipitation
(using climate estimates), biomass (using a livestock rangeland model), and future participation in the
program. Results show that net payments (defined as indemnities, plus premium subsidies, minus total
premiums) are projected to range from an annual average of approximately $495 million per year to
$2.63 billion per year between 2024 and 2050 compared to the average net payments of $603 million
per year (in 2024 terms) observed in 2020-23.
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Potential Budgetary Impacts of
Climate Change on the Pasture,
Rangeland, and Forage Insurance Plan

Introduction

More frequent and severe climate events are projected as the climate changes, with implications for U.S. agri-
cultural production and producer incomes (Bolster et al., 2023). The Federal Government offers a variety of
programs to help producers mitigate the financial impacts of adverse events (Tsiboe & Turner, 2023; Turner
etal., 2023), the largest of which is the USDA, Federal Crop Insurance Program (FCIP) (see box, "Federal
Crop Insurance Program (FCIP), a Public/Private Partnership"). While various analyses of the potential
impacts on FCIP outlays under future climate scenarios have been reported, most have focused on the
potential impacts on field crops (e.g., Beckman et al., 2024; Tack et al., 2018). However, a changing climate
could also affect forage crops and livestock producers under scenarios with declining precipitation. Previous
work from Hrozencik et al. (2024) projected how increased drought incidence under climate change would
affect producer payments under the Livestock Forage Disaster Program, which is not under the FCIP. The
FCIP Pasture, Rangeland, and Forage (PRF) insurance plan is another risk management tool for livestock
producers that may help mitigate financial losses from a decline in forage production when rainfall falls below
historical levels. To date, however, the financial risk to the Federal Government of this program is unknown.

Federal Crop Insurance Program (FCIP), a Public/Private Partnership

Operated as a public/private partnership between the Federal Government and private insurance companies
known as Approved Insurance Providers (AIPs), FCIP is administered by the USDA, Risk Management Agency
(RMA), while policies are sold and serviced by AIPs. The Government also supports FCIP by subsidizing both
a portion of producer policy premiums (i.e., the cost of the insurance plan) and AIP administrative and oper-
ating costs. The Government may also share underwriting losses with the AIP.

Crop insurance premium subsidies represent the largest budgetary outlay among Farm Bill producer support
programs, averaging $9 billion annually over fiscal years 2020 to 2022. In fiscal year 2022, subsidies for crop
insurance policies accounted for nearly one-third of the total Government budgetary expenditures for producer
support (data on program expenditures are sourced from USDA, Office of Budget and Program Analysis
(OBPA) and USDA, Farm Production and Conservation Business Center (FPAC), accessed through the
Organization for Economic Co-operation and Development’s Producer Support Estimates database).

For most of the FCIP’s existence, options for insuring pasture, rangeland, and forage production were limited
to the plans focused on annual forage crops (often hay) that have a defined planting and harvesting window.
Pasture, Rangeland, and Forage insurance (PRF) was introduced as a pilot product for the 2007 crop year to
address some challenges associated with applying traditional crop insurance plans to perennial forage crops.
For example, the same pasture or rangeland can be continuously grazed throughout the year, making it difh-
cult to measure the productivity of the acreage for purposes of setting an insurance guarantee (as is needed
for field crops under the FCIP). Moreover, traditional policies provide financial protection for the entire crop
year, whereas ranchers may have only small windows during the year when livestock are grazing, after which
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insurance is not necessary. PRF provides protection for producers when a loss of forage is experienced due

to a single peril—a lack of precipitation (see box, “How the Pasture, Rangeland, and Forage Insurance Plan
Works”). Because PRF utilizes a rainfall index for purposes of calculating losses, a measure of actual on farm
production or loss of production is not required.

How the Pasture, Rangeland, and Forage Insurance Plan (PRF) Works

PRF utilizes a rainfall index to determine precipitation for coverage purposes. The rainfall index is normalized
such that 100 is approximately equal to the historical average of rainfall from 1948 to the past year. The total
number of years of historic rainfall used to construct the index increases by 1 each year. Since years are never
removed from the index, the relative influence of each additional year on the index declines over time. Another
feature of the PRF program is the use of a grid system rather than a county boundary. The index is based on
National Oceanic and Atmospheric Administration Climate Prediction Center (NOAA, CPC) data, with grids
of 0.25 degrees latitude by 0.25 degrees longitude (approximately 17 miles by 17 miles at the equator). Coverage
is based on the experience of the entire grid and not on specific farms/ranches or an individual weather station
in the specific area. Producers who insure production under PRF make three primary choices: (1) a coverage
level from 70 to 90 percent (representing a percentage of the county base value) for the county, crop, intended
use, and production practice (e.g., organic and irrigation); (2) at least two (and up to six) index intervals repre-
senting nonoverlapping 2-month periods. This choice allows producers to insure the periods when precipitation
is most important to their operation; and (3) one productivity factor from 60 percent through 150 percent to
match the amount of protection to the productive capacity of the producer’s acres. Producers can insure some or
all of their insurable acres. If the final grid index falls below the policy’s “trigger grid index” (i.e., the expected
grid index (100) times the coverage level), the producer may receive payment. Indemnities (i.e., the compensa-
tion paid out for qualifying losses under PRF) and premium rates are determined by using actual NOAA, CPC
data for the grid(s), coverage level, and index intervals that were insured.

The report authors used projected precipitation estimates and estimates of biomass change to calculate poten-
tial future PRF net payments (indemnities, plus premium subsidies, minus total premiums). Depending on
assumptions made on future PRF participation, net payments are projected to average between $495 million
and $2.63 billion per year between 2024 and 2050. For reference, net payments have averaged approximately
$603 million per year from 2020 to 2023, all in 2024 monetary terms.

The Pasture, Rangeland, and Forage Insurance Plan (PRF)

The PRF plan was introduced in 2007 as a pilot program in six States (Pennsylvania, South Carolina, Texas,
Colorado, North Dakota, and Idaho) and made available to all 48 contiguous U.S. States by 2016. Since
then, participation in PRF has increased (figure 1). Total insured FCIP acreage for the 2016 crop year was
just under 300 million acres, of which 44 million acres were insured under PRF (approximately 15 percent
of insured acreage, both grassland and cropland). Total insured acreage has grown each year since 2016, with
the relative share of PRF increasing as well. For the 2023 crop year, total insured FCIP acreage reached 538
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million acres, with 278 million of those acres (approximately 52 percent) insured under PRF. The 2023 crop
year was the first time acres insured under PRF represented the majority of total FCIP insured acres! 2 (see
box, “Increases in PRF Enrollment”).

Figure 1
Federal Crop Insurance Program insured acres
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PRF = Pasture, Rangeland, and Forage insurance plan.
Note: Data in the chart represent USDA, Risk Management Agency’s (RMA) Summary of Business files as of April 16, 2024,

Source: USDA, Economic Research Service using data from USDA, Risk Management Agency.

1" Although several other insurance options have remained available for forages, about 95 percent of all insured acreage for forage crops from 2016
to 2021 was enrolled in the PRF plan.

2 The authors estimated that 21 percent of all land that could be used for pasture, rangeland, and forage in the contiguous United States is
enrolled in PRF.
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Increases in Pasture, Rangeland, and Forage Insurance Plan (PRF) Enroliment

Since 2016, participation in PRF has increased steadily, but it is difficult to directly identify determinants of
enrollment. When first introduced, an initial surge in demand occurred associated with program availability.
However, observed correlations between enrollment and other factors, like precipitation, may be spurious and
simply attributable to producers’ awareness of the program. Since 2016, there have been increases in State-
level year-to-year enrollment in 76 percent of the occurrences (that is, there are 287 possible occurrences—the
number of years for how many States had PRF, summed across all States, and State enrollment increased in 218
of those occurrences), yet precipitation decreased in only 127 of the instances. PRF payments are made based
on decreases in precipitation along with the other parts of the calculations. However, the correlation between
the change in year-to-year enrollment and the change in precipitation (2 years ago versus last year—referred
to as lag year-to-year precipitation) is only 0.12. Because of the pilot/new nature of the program, the report
authors advise caution when interpreting the correlation coefficients. Examining if the largest increases in year-
to-year enrollment can be linked to decreases in precipitation is also difficult. Figure 2 shows the change in
year-to-year program participation along with the corresponding change in lag year-to-year precipitation. The
largest enrollment increase by a State in a given year was in Nevada in 2022 (an increase of 14.06 percent from
2021). This increase came after precipitation decreased by 32.86 percent from 2020 to 2021. However, the next
largest increase in enrollment participation was in Utah in 2021 (14.02 percent), which came after an 8 percent
increase in precipitation from 2019 to 2020.

Figure 2
Pasture, Range, and Forage insurance plan (PRF) participation and changes in precipitation

Change in lag year-to-year precipitation (percent)

60
50

40

Change in year-to-year participation (percent)

Source: USDA, Economic Research Service using precipitation data from the National Aeronautics and Space Administration (NASA)
Earth Exchange Global Daily Downscaled Projections (NEX-GDDP). Participation data come from USDA, Economic Research Service
using data from USDA, Risk Management Agency.
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Although PRF represents the majority of insured FCIP acres, the economic significance of PRF is generally
small compared to other FCIP insurance plans. At the national level, PRF represented 2.7 percent of insured
liability (i.e., the total amount of insurance measured by value) for the 2023 crop year (figure 3). The differ-
ence between PRF representing the majority of FCIP insured acreage and a small share of liability is because
forage crops are typically of a much lower value than major field crops or specialty crops. The share of total
indemnities attributable to PRF was generally commensurate with PRF’s share of total liabilities until 2015.
From 2016 to 2023, relative indemnities began to rise (coinciding with decreased precipitation in the western
States), reaching a peak of 10 percent of paid indemnities for crop year 2023. This period also coincided with
the program’s expansion to the contiguous 48 States.

Figure 3
PRF liabilities and indemnities as a share of total FCIP liabilities and indemnities

Percent
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PRF = Pasture, Rangeland, and Forage insurance plan. FCIP = Federal Crop Insurance Program.
Note: Data in the chart represent USDA, Risk Management Agency’s (RMA) Summary of Business files as of April 16, 2024,

Source: USDA, Economic Research Service using data from USDA, Risk Management Agency.

Although the economic significance of PRF is relatively small at the national level, for some portions of the
United States, the insurance plan covers the majority of FCIP acreage. Figure 4 shows the average share of
insured acres associated with the PRF insurance plan relative to all insured acreage in each county in 2016—
23. For many counties in the western and southern United States, PRF represents more than 75 percent of
the insured acreage (see box, “Literature on Pasture, Rangeland, and Forage Insurance”).
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Literature on Pasture, Rangeland, and Forage Insurance Plan (PRF)

Given PRF’s expansion to the 48 contiguous States and the recent growth in participation, limited literature
has explored PRF’s design and enrollment. Davidson and Goodrich (2023) noted that low enrollment could be
due to the complex design of the program. As of 2021, PRF enrollment was estimated at 33 percent of eligible
acreage participated. Goodrich et al. (2020) showed that producers tended to insure in 2-month intervals that
were outside the typical growing season and did not have a significant impact on forage growth.! Belasco and
Hungerford (2018) similarly noted that producer interval selections were spread throughout the year, including
during the winter months, although snowpack has not been shown to greatly impact forage.

! The authors note that because the subsidy rates for PRF coverage are set as a fixed proportion of the total premium and total premiums are
higher for index intervals in the nongrowing season, then allocating insured liability into index intervals outside the growing season maximizes a
producer’s expected return on purchasing PRF coverage.

Figure 4
Average PRF insured acreage as a share of total insured acreage, 2016-23

“ww

PRF share of insured acres

D No PRF participation e
| ]0-10 percent

D 10-25 percent

. 25-50 percent

. 50-75 percent

. More than 75 percent

. No county level data avaliable

PRF=Federal Pasture, Rangeland and Forage insurance plan.

Note: “No county level data are available” indicates that there was either no crop insurance participation or data were not disaggre-
gated at the county level. “No PRF participation” indicates that some acreage in the county was enrolled in a Federal Crop Insurance
Program (FCIP) policy, but no acreage was enrolled in PRF. PRF is not offered in Alaska, Puerto Rico, Guam, or the U.S. Virgin Islands.
PRF was expanded to Hawaii in 2024.

Source: USDA, Economic Research Service using data from USDA, Risk Management Agency's Summary of Business files as of April
16, 2024.
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Estimating Future Payments

Estimation of future PRF payments requires three pieces of data:

(1) Precipitation: Grid-level estimates of future precipitation are required to calculate the grid-level precipita-
tion indices and track when precipitation is projected to decline below the threshold necessary to trigger a
PRF payment. (2) Biomass: Grid-level estimates of future biomass availability are needed to calculate the
value of the available forage in each grid. Available biomass directly influences the insured liability of a PRF
policy and affects the magnitude of future payments when a payment is triggered by low precipitation.

(3) Participation: County-level estimates of future participation are required to track the level and spatial
distribution of insured forage under PRF so that the relevant precipitation and biomass values can be applied.

Future Precipitation

To estimate future precipitation and its impact on PRF payments, the authors used the National Aeronautics
and Space Administration’s (NASA) global climate projections, specifically, SSP5-RCP-8.5 (see box,
“Understanding NASA’s Global Climate Projections”). This climate scenario represents the highest emis-
sion scenario of all Representative Concentration Pathways (RCPs) and has been the focus of recent USDA,
ERS reports (Beckman et al., 2024; Vaiknoras et al., 2024). The authors collected and processed climate
change data from the NEX-GDDP database based on the SSP585. The database is formed of different simu-
lation experiments performed by various scientific groups around the world using global circulation models
(GCMs). The authors used the following: (1) Canadian Earth System Model version 5, (2) Taiwan Earth
System Model version 1, (3) Model for Interdisciplinary Research on Climate version 6, and (4) Australian
Community Climate and Earth System Simulator Coupled Model version 2. Thrasher et al. (2022) described
the simulation methodologies and database.?

Understanding NASA’s Global Climate Projections

Climate projection models are built and classified using a two-step approach that considers factors such as
economic and population growth and mitigation strategies. In the first step, Shared Socioeconomic Pathways
(SSPs) account for energy, land use, and some economic determinants that subsequently affect the amount of
greenhouse gas emitted. SSPs are categorized by different degrees of challenges to mitigation and adaptation.
SSP5, used in this research, is often referred to as fossil-fueled development, with high challenges to mitigation
and low challenges to adaptation. Next, Representative Concentration Pathways (RCPs) measure the change in
the energy concentrated in the atmosphere caused by natural or anthropogenic forces (those caused by human
activities). The RCP used here assumes greenhouse gas emissions will keep rising toward the end of the century
(Riahi et al., 2007).

Figure 5 describes the geographical and temporal patterns of precipitation, respectively, in the contiguous
United States based on the modeling scenario described above. The geographical pattern described in figure 5
indicates that certain areas in the contiguous United States will experience increases in precipitation as high
as 22.51 percent and declines of up to -13.15 percent by 2050. While such changes are scattered throughout

3 Climate change is also projected to change the intensity and variability of precipitation, implying an increase in the probability of extreme events

such as droughts and floods. Further examination of these dynamics is beyond the scope of this report.
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the country, differences in a few locations are worth highlighting. Particularly, some western regions of the
United States will experience higher levels of precipitation by the middle of the century, which appear as
blue clusters on the map. Some of these States (e.g., Nevada, Utah, Colorado, and Wyoming) also have the
largest shares of pasture, rangeland, and forage lands in the United States. The Corn Belt, where most of the
corn and soybean production occurs, is expected to experience higher precipitation toward the middle of the
century. This region, however, has the lowest share of pasture, rangeland, and forage land in the country (as
shown in figure 4). Future precipitation projections also indicated several isolated areas of decreasing precipi-
tation, primarily located along the West and East coasts.

Figure 5
Difference in projected annual precipitation in the contiguous United States, 2020-50
Latitude
Difference
(percent):
45°N-
20
40°N-
10
35°N-
0
30°N-
-10
25°N-
1 ZC;“W 1 10I°W 10CI)°W 90I°W 80I°W
Longitude

Note: Projected precipitation is measured in cumulative cubic centimeters each year. The values for 2020 and 2050 are obtained by
averaging the previous 5 years for robustness. Alaska and Hawaii were not included in the study as the Pasture, Rangeland, and For-
age insurance plan (PRF) was not available in those States in the past. Coverage was expanded to Hawaii in 2024,

Source: USDA, Economic Research Service using data from the National Aeronautics and Space Administration (NASA) Earth Ex-
change Global Daily Downscaled Projections (NEX-GDDP).

Future Biomass

Estimates of future quantities of available herbaceous biomass are obtained using a simulation program called
G-Range, a global, gridded ecosystem model of rangelands. Projected climate data from seven GCMs? on
monthly precipitation and temperatures (maximum and minimum) are input into G-Range to simulate
changes to biomass on rangelands around the globe due to climate change (although the authors used only

4 Following Boone et al. (2018), the included models are BCC-CMS 1.1 (Wu, 2012); CSIRO-Mk3.6.0 (Collier et al., 2011); GFDL-CM3
(Donner et al., 2011); GISS-E2-R (Schmidt et al., 2006); HadGEM2.ES (Collins et al., 2011); IPSL-CM5A-LR (Dufresne et al., 2013); and
MIR-CGCM3 (Yukimoto et al., 2012). Note that the GCMs are not the same across the G-Range work and the precipitation projections, but all

GCMs simulate changes in climate, hence their outputs should be similar.

8
Potential Budgetary Impacts of Climate Change on the Pasture, Rangeland, and Forage Insurance Plan, EB-38
USDA, Economic Research Service



the U.S. results in this report). The model includes parameters such as soil properties from the Harmonized
World Soil Database (United Nations Food and Agriculture Organization (FAO), International Institute

for Applied Systems Analysis (IIASA), ISRIC-World Soil Information, Institute of Soil Science, Chinese
Academy of Sciences (ISSCAS), and Joint Research Centre of the European Commission (JRC), 2012), and
the proportional cover of herbaceous, shrub, and trees (DeFries et al., 2000; Loveland et al., 2000). For each
grid cell, plant growth and death, soil carbon levels, nutrient cycling, and more were simulated by month
based on changing precipitation and temperatures and the characteristics of the grid cell.’

Because G-Range simulates only rangeland areas as defined by land cover type, some portions of the United
States were not included.® Figure 6 shows the location of rangelands in the United States and the quantity of
herbaceous biomass by grid square, as estimated by the model in 2024. Most rangelands are in the western
half of the United States, along with small areas of the southeastern United States.

Figure 6
Herbaceous biomass in the contiguous United States, 2024

Biomass, grams
per square meter

|| Nonrangeland
area

0-100
100-500
500-1,000
1,000-2,000
2,000-3,000
3,000-4,000
>4,000

o

Note: Alaska and Hawaii were not included in the study as the Pasture, Rangeland, and Forage insurance plan (PRF) was not avail-
able in the past. Coverage was expanded to Hawaii in 2024.

Source: USDA, Economic Research Service using the G-Range simulation model with results averaged across seven general circula-
tion models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1
(Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al.,, 2006), and MIR-CGCM3 (Yukimoto et al., 2012).

> Boone et al. (2018) provided more detailed information about G-Range, including its development and validation. G-Range has been used in
literature, including Godde et al. (2020) and Vaiknoras et al. (2024).

¢ The authors determined potential areas for PRF adoption based on two sources of data. The first source is Rangelands grided data from USDA,
Forest Service, where they overlaid the PRF grid surface with it to determine the share of each PRF grid that can be potentially enrolled in PRF. They
supplemented this with cropland data layer (CDL) grid data from 2008 to 2023, where they developed an indicator grid where this grid takes on the value
of unity if the grid had alfalfa or pasture at least once over this period. Again, they overlaid the PRF grid surface with this indicator surface to identify extra
areas missed by rangelands. For the counties that have PRF land but are not in G-Range, they assumed that the growth in forage is zero. However, note
that the granular data from the G-Range model are particularly useful for the micro-level shocks, which were used for the macro-level projections at either
the State or the national level. Practically, this finding means that they put more weights on the areas with G-Range model outcomes. The authors’ estimate
of land available for PRF is 1.3 billion acres, which is approximately 55 percent of all U.S. land, as noted by RMA (2024).
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Between 2024 and 2050, it is estimated that the contiguous United States will have a 1-percent gain in
herbaceous biomass. However, results vary by county and State (figure 7). Some counties are predicted to
lose more than 50 percent of their herbaceous biomass by 2050; these counties are in Texas, New Mexico,
and Colorado. New Mexico is projected to experience the largest percentage loss (35 percent) of any State,
and all but one of its 30 rangeland counties are projected to lose herbaceous biomass. The second greatest
projected herbaceous biomass loss at the State level is North Dakota, with a projected 13-percent decline. By
contrast, some counties are forecast to gain more than 50 percent herbaceous biomass; these counties are in
Washington, Idaho, Nevada, California, Utah, and Colorado. At the State level, Washington is forecast to
have the greatest percentage increase (32 percent), followed by Nevada (22 percent).

Figure 7
Percent change in herbaceous biomass, 2024 to 2050
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Note: Alaska and Hawaii were not included in the study as the Pasture, Rangeland, and Forage insurance plan (PRF) was not avail-
able in those States in the past. Coverage was expanded to Hawaii in 2024.

Source: USDA, Economic Research Service using the G-Range simulation model with results averaged across seven general circula-
tion models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1
(Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al.,, 2006), and MIR-CGCM3 (Yukimoto et al., 2012).

In Washington and Nevada, the States with the greatest percentage growth in herbaceous biomass, most
growth is projected to occur after 2035 (figure 8). North Dakota, the State projected to lose the second most
biomass (13 percent decrease), will begin losing biomass around 2035. For New Mexico, the State with the
greatest projected losses (35 percent), losses begin a few years earlier, around 2032.
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Figure 8
Percentage change in herbaceous biomass, 2024 to 2050, for U.S. States with the largest projected
change
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Note: Includes the States with the greatest percentage growth (Washington and Nevada) and loss (New Mexico and North Dakota)
from 2024 to 2050.

Source: Source: USDA, Economic Research Service using the G-Range simulation model with results averaged across seven general
circulation models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013), CSIRO-Mk3.6.0 (Collier et al., 2011),
BCCCMS 11 (Wu, 2012), GFDL-CM3 (Donner et al,, 2011), GISS-E2-R (Schmidt et al., 2006), and MIR-CGCM3 (Yukimoto et al,, 2012).

Future Participation

USDA, ERS generates estimates of future PRF participation using four distinct scenarios.”

* A baseline scenario, in which insured acreage is held fixed at 2024 levels throughout the analysis.

* A nonnegative trend-based growth scenario, in which future county-level PRF acreage is estimated by
regressing past county-level PRF acreage on a trend variable, using data from 2020 to 2023.

* A variable precipitation-driven growth scenario, in which county-level PRF participation is modeled
as a function of historical monthly precipitation levels. Specifically, for each observation (defined by
the unique combination of county, PRF coverage level, and index interval), month-specific measures
of precipitation were constructed based on the 4-year moving average of grid-level precipitation for all
grids in the county.® PRF acreage was then regressed on these measures of precipitation, along with
an annual trend variable, indicators for Farm Bill periods (to control for distinct policy environments),
and interactors between the annual trend and Farm Bill indicators. These regression results were then
combined with projected changes in precipitation to get predicted rates of PRF enrollment for each
year in the projection period.

* A full participation scenario, where all acreage that could potentially be used for rangeland, pasture,
and forage is enrolled in the program.

7 Similar to Hrozencik et al. (2024), this analysis assumed that livestock producers do not adapt to evolving climatic conditions. However, live-
stock producers may adapt to changing climate conditions by altering their herd sizes, production practices, and/or the location where they choose to
operate.

8 Grid-level measures of precipitation were aggregated to the county level by weighting each grid’s precipitation by the share of potential PRF
acreage that is in the grid.
1
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Figure 9 depicts actual (through 2024) and projected (2024-50) insured acreage under each of the four
scenarios. Enrolled acreage under the baseline scenario and full participation scenario remain constant for the
entire projection period at 279.5 million acres and 1.582 billion acres, respectively. Enrolled acreage under the
trend-driven growth rate and precipitation-driven growth rate both rise steadily over the projection period,
reaching 292.5 million acres and 298.5 million acres, respectively, by 2050.

Figure 9
Pasture, Rangeland, Forage insurance plan projected insured acreage, 2007-50
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Source: USDA, Economic Research Service analysis of data from USDA, Risk Management Agency, National Aeronautics and Space
Administration (NASA) Earth Exchange Global Daily Downscaled Projections (NEX-GDDP), and the G-Range simulation model with
results averaged across seven general circulation models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013),
CSIRO-Mk3.6.0 (Collier et al., 2011), BCCCMS 1.1 (Wu, 2012), GFDL-CM3 (Donner et al., 2011), GISS-E2-R (Schmidt et al., 2006), and
MIR-CGCM3 (Yukimoto et al., 2012).

Estimations of future participation were combined with precipitation and biomass estimates to calculate
insured liabilities. Projections for liability were based on anticipated changes in county-base value (i.e.,
expected per acre value for PRF) and insured acreage. The county-base value was projected at the county level
based on externally determined changes in biomass. Finally, the base rate (used for premium calculation) and
payment factors (used for indemnity calculations) for PRF were projected by applying RMA actuarial meth-
odology (Coble et al., 2020; Tsiboe et al., 2023) at the grid level, based on estimated changes in precipitation
(see box, “PRF Premium and Indemnity Calculation”). These numbers were then aggregated to the county
level, based on observed PRF participation patterns from 2018 to 2023 and over counties with rangeland or
pasture and forage coverage. The premium subsidy percentages were fixed at the levels established by Federal
legislation in 2024. The projection of total future net payments was then calculated as the sum of total

indemnity and premium subsidy minus total premium.”

9 The overall cost to the Government is conditional on variations in: (A) total premiums, (B) premium subsidies provided to producers, (C)
indemnities, (D) program delivery cost and subsidies, and (E) reinsurance (underwriting losses minus underwriting gains). Given the above items, the

total cost is calculated as (A-B)-C-D+E. In this exercise, the authors only captured (A-B)-C.
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Pasture, Rangeland, and Forage Insurance Plan (PRF) Premium and Indemnity
Calculation

Premium Calculation:
Step 1: Calculating the Dollar Amount of Insurance Per Acre

The dollar amount of insurance per acre is the product of the county-base value, which is calculated by USDA,
Risk Management Agency (RMA), based on the available quantity of forage per acre (i.c., biomass, which
authors used from the G-Range model (Boone et al., 2018; Vaiknoras et al., 2024), and current market prices),
the chosen coverage level, and chosen productivity factor.

Dollar Amount of Insurance Per Acre = County-Base Value * Coverage-Level Percent * Productivity Factor
Step 2: Calculating Insured Liability

The total guaranteed liability amount is the product of the dollar amount of insurance per acre, the total
amount of acreage being insured, and the percent of value that determines how the insurance coverage is allo-
cated across the multiple index intervals selected by the producer (i.e., two index intervals with percent of value
equal to 50 percent would apply equal weighting to each index interval).

Total Guarantee Amount = Dollar Amount of Insurance Per Acre * Total Insured Acreage * Percent of Value

The insured liability was then calculated by multiplying the total guarantee amount by the insured share

percent that reflects the producer’s ownership share of the ranching operation.!

Liability Amount = Total Guarantee Amount * Insured Share Percent
Step 3: Total Premium, Subsidy, and Producer Premium Calculation

The total premium was then calculated by multiplying the liability amount by a base premium rate set by
USDA, RMA (using RMA methods, this rate was dynamically calculated in the simulations as precipitation
was projected out). The subsidy amount was a product of the total premium and the subsidy percent.? The
producer’s out of pocket expenditure for the insurance coverage (i.e., the producer premium amount) was equal
to the total premium amount net of the subsidy amount.

Total Premium Amount = Liability Amount * Base Premium Rate
Subsidy Amount = Total Premium Amount * Subsidy Percent

Producer-Premium Amount = Total Premium Amount - Subsidy Amount

! In cases where the insured does not have a 100-percent ownership stake (for example, co-ownership or crop share agreement), the insured

liability is scaled based on the insured’s share of production. The insured share is fixed based on the ownership structure of the operation.

2 The standard subsidy percentage ranges from 51 percent to 59 percent, depending on the chosen coverage level. Producers who qualify as begin-

ning or veteran farmers or ranchers have their subsidy percent increased by 10 percentage points.

Continued on next page 14
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Continued from page 13

Indemnity Calculation:

When the rainfall index for a particular grid falls below the normalized trigger level (i.e., any value below 100)
during a producer’s selected index interval, a producer receives an indemnity equivalent to the liability amount
multiplied by the difference between 100 and the index value (i.e., the payment factor).

Indemnity Amount = Liability Amount * Payment Factor

Assumptions: Note that the authors made several assumptions in this report, such as (A) fixed time periods of
enrollment in PRF, (B) the coverage level, and (C) the productivity factor (all of which are based on the average
observed levels from 2018 to 2023). Climate change may indirectly affect each of these aspects. For example, as
the climate warms, some States (Montana) will have longer grazing seasons, so producers may start insuring 4
months of the year rather than 2; or the increases in precipitation will likely make some land more productive,
so producers may change their productivity factor.

Simulation Results

The report authors used the results from the precipitation and biomass models, along with estimates of
future participation, to project 5-year moving averages of total net payments attributable to the PRF plan
out to 2050. Payments are equivalent to the sum of indemnity payments and disbursed subsidies net of total
premiums, as depicted in figure 10 (all results are in 2024 dollars).

* Under the baseline scenario (participation fixed at 2024 levels), total net payments were projected to
average $530 million per year between 2024 and 2050.

* Under a nonnegative trend-based growth scenario, total net payments were projected to average $538
million per year between 2024 and 2050.

* Under the scenario allowing for a variable, precipitation-driven growth rate in PRF participation, total
net payments were projected to average $495 million per year.

* Finally, under the full participation scenario, total net payments were projected to average $2.63 billion
per year between 2024 and 2050.
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Figure 10
Pasture, Rangeland, Forage insurance plan 5-year moving average projected total net payments,
2011-50
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Note: All monetary values are in real 2024 dollars.

Source: USDA, Economic Research Service analysis of data from USDA, Risk Management Agency, National Aeronautics and Space
Administration (NASA) Earth Exchange Global Daily Downscaled Projections (NEX-GDDP), and the G-Range simulation model with
results averaged across seven general circulation models: HadGEM2.ES (Collins et al., 2011), IPSL-CM5A-LR (Dufresne et al., 2013),
CSIRO-Mk3.6.0 (Collier et al.,, 2011), BCCCMS 1.1 (Wu, 2012), GFDL-CM3 (Donner et al.,, 2011), GISS-E2-R (Schmidt et al.,, 2006), and
MIR-CGCM3 (Yukimoto et al., 2012).

The results also highlight that variation in payments can be significant even when holding participation fixed
(either at 2024 levels or fixed at “full participation”). The change in payments at various points in time is
driven by climatic variables, such as changes in precipitation and biomass. A decline in precipitation (relative
to the rainfall index) is what triggers PRF program payments, but the magnitude of the payments is based on
precipitation and biomass. It is difficult to directly attribute a change in a given year to one of those variables
because the analysis is done on a grid level, but the authors note that biomass exhibits relatively little variation
year to year (see figure 8, for example, which shows longer term trends in changes), whereas precipitation is
highly stochastic (random) (see figure 5).

In practice, associating precipitation with participation (as was done with the “precipitation-driven growth
rate” assumption) is useful for illustrating growth rates that are dynamic across U.S. regions with different
precipitation levels under that participation assumption. Figure 11 depicts program outcomes separately esti-
mated for four U.S. regions. Panel A shows that the majority of the recently observed growth in insured acres
under PRF has been in the western United States.
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Figure 11
Pasture, Rangeland, Forage insurance plan by region using precipitation-driven growth rate, 2011-50
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Source: USDA, Economic Research Service based on analysis of data from USDA, Risk Management Agency, National Aeronautics
and Space Administration (NASA) Earth Exchange Global Daily Downscaled Projections (NEX-GDDP), and the G-Range simulation
model with results averaged across seven general circulation models: HadGEM2.ES (Collins et al.,, 2011), IPSL-CM5A-LR (Dufresne

et al., 2013), CSIRO-Mk3.6.0 (Collier et al,, 2011), BCCCMS 1.1 (Wu, 2012), GFDL-CM3 (Donner et al.,, 2011), GISS-E2-R (Schmidt et al.,

2006), and MIR-CGCM3 (Yukimoto et al., 2012).
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Based on 5-year moving averages, growth in insured acreage in the West was estimated to increase by 38.3
percent, from 163 million acres in 2024 (average insured acreage from 2020 to 2024) to 225 million acres
by 2050 (average insured acreage from 2046 to 2050) using results from the precipitation-driven growth
rate scenario. Percentage changes in enrolled acres were similarly estimated for the Midwest (56.1 percent),
South (20.3 percent), and Northeast (52.3 percent). Other estimated outcomes (panels B—F of figure 11)
show a consistent relative ordering across regions with the West (having the highest values), followed by the
South, Midwest, and Northeast. One exception is that estimated total net payments (panel F) for the South
and West were comparable across the projection period despite the West having approximately five times

the enrolled acreage. This finding is mostly explained by the higher productivity of acreage in the South,
which results in relatively higher insured liabilities (panel B). For example, despite the West having approxi-
mately five times the enrolled acreage, insured liabilities are only about 1.75 times the liabilities of the South.
Average annual net total payments for the four regions depicted in figure 11 were $243 million (West), $220
million (South), $3.5 million (Northeast), and $96 million (Midwest).

It is important to note when interpreting the results depicted in figure 11 that an implicit assumption is that
the correlations observed between precipitation and PRF enrollment trends to date will hold in the future.
This result may not be the case due to the number of factors that influence participation besides rainfall, in
addition to currently observed enrollment trends being heavily influenced by initial availability.!?

10" Since PRF is a relatively new insurance product, much of the observed increases in demand to date are a result of the insurance product that is
available for the first time in a producer’s county. Thus, correlations between precipitation and changes in participation over this period may not neces-

sarily indicate a causal relationship.
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Conclusion

Research shows that climate change is likely to affect agriculture. Beckman et al. (2023, 2024) found

that corn and soybean production could be affected by higher temperatures in the United States. In addi-
tion, Hrozencik et al. (2024) provided evidence that more greenhouse gas emissions could produce more
drought—Ileading to more Government payments in the Livestock Forage Disaster Program. Climate change
may also affect another program available to livestock producers—the Pasture, Rangeland, and Forage (PRF)
insurance program. PRF was introduced as a pilot program in the 2007 crop year to provide producers
protection when a loss of forage is experienced due to a lack of precipitation. Since its 2016 expansion, PRF
participation has steadily increased from 44 million acres in 2016 to 278 million in 2023. The authors use
projected precipitation estimates, along with estimates of biomass change, to calculate potential future PRF
net payments.

They find that grid-level estimates suggest increases in precipitation and biomass between 2024 and 2050,
which result in total net PRF payments comparable to payment levels in recent years. Holding participation
fixed at 2024 levels (i.e., the baseline scenario), estimating a trend-based growth rate, and estimating a precip-
itation-based growth rate all produce annual net payments that range from $429 million to $602 million.

These estimates are in a comparable range to the average annual net payments of $603 million per year observed
from 2020 to 2023. However, upper bound estimates (assuming that enrollment rises to 100 percent of eligible
acres) project that net payments would reach an average of $2.63 billion per year (with annual extremes of
between $1.09 billion and $3.25 billion) over the projection period if all PRF eligible acreage was enrolled.

The authors also find that variation in payments over time can be significant even when holding the partici-
pation rate fixed (either at 2024 levels or fixed at “full participation”). This finding indicates that a significant
portion of the variance in program outcomes is driven by climatic variables, such as changes in precipitation
and biomass. Although volatility in net payments is higher in absolute dollar terms under the full participa-
tion scenario, this result is partially an artifact of scale. The coefhicient of variation, which provides a measure
of volatility that is normalized by the mean, in net payments across the projection period, were between 0.05
and 0.18 for all four scenarios.

It is important to note that when disentangling how precipitation and biomass relate to net payments, one must
consider the design of PRF. By program design, precipitation has an immediate (same year) effect on gross
payments (indemnities) and a 2-year lagged effect on gross cost (premiums) to producers. Thus, depending on
their magnitudes and distribution of acres across different levels of indemnification, this result may lead to a
modest change in net payments (indemnities + subsidy — premiums). While precipitation also has a direct effect
on biomass, this effect is generally negligible because of the way forage yields and prices interact within the
program (declining yields could lead to higher prices, for example). The county-base value, which is essentially a
per acre value (price * yield) of PRE, acts as a scaling factor to convert the costs and benefits of the program into
monetary terms. The monetary terms then do not affect the premium per dollar of liability (premium/liability)
or the lost cost ratio (indemnity/liability) of the program since the terms affect premiums, liabilities, subsidy, and
indemnity proportionally. The fact is that precipitation and biomass have unique, and sometimes independent,
effects on net program payments that are not straightforward to disentangle.
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