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How will the crop-hail risk landscape change?
1) Quantify future-projected cropland changes
2) Spatially demonstrate historical and future cropland exposure risk 

to hail for key U.S. agricultural regions
3) Further the understanding of hail in future climates juxtaposed with 

future cropland exposure

Interaction of Hail Risk with 
Changing Cropland Exposure

Crop-Hail Risk

Changing Hail Risk with 
Changing Cropland Exposure

➢ Escalating disasters and losses are a function of climatological 
risk—the probability of a hazard occurring, the exposure to a 
hazard, and the vulnerability of the exposed (IPCC, 2014).

➢ There is uncertainty associated with the magnitude of impacts 
from cropland expansion (Lark et al. 2015), especially with 
assessing meteorological perils in agriculture (Steele & Hatfield, 
2018).

➢ The “Expanding Bull’s-Eye Effect” (Ashley et al., 2014) has been 
applied indirectly to agriculture (Bundy et al., 2022, 2024; Li et al., 
2019; Lobell et al., 2014) but has fallen short in quantifying the 
exposure factor as a means for agricultural loss.

Figure 1. a) Crop-hail climatology over the May–October, 1990–2020 period, 
showing average number of severe hail days per growing season; b) percent 
of each county that is cropland in 2005; c) deltas for county-level cropland 
percentages for IPCC SRES scenario A2 in 2055 with 2005 historical 
croplands.; d) deltas for county-level cropland percentages for IPCC SRES 
scenario A2 in 2100 with 2005 historical croplands.

Figure 2. HailMC simulation atop eastern Colorado, western Kansas, and 
western Nebraska with A2 2005, A2 2055, and A2 2100 croplands representing 
the exposure surface. The black lines are from the 500-year HailMC 
simulation with the top panels showing a single simulated hail swath used as 
an example to estimate impacts.

Severe Hail Days
➢ Over 7 severe hail days across 

counties in Kansas, eastern 
Colorado, and  western 
Nebraska

➢ At least 3 severe hail days 
across the Great Plains

Historical Cropland Coverage
➢ Northern Plains: about 37% 

(85 million acres) of cropland
➢ Southern Plains: about 21% 

(49 million acres) of cropland

Great Plains
➢ Increase by 5% or more of  

cropland coverage by 2055 for 
28% of counties

➢ Increase by 10% or more of 
cropland coverage by 2100 for 
40% of counties

Great Plains Example
➢ Impact increases by 

79% (nearly 990,000 
acres to 1.7 million 
acres) over the 95-
year period.

➢ The expanding bull’s 
eye enlarges over 
time, increasing the 
chance that hail 
impacts cropland, 
which may translate 
into crop-hail loss. 
This will vary 
regionally.

Data
➢ Projected LULC data were developed using the USGS FORE-SCE 

corresponding to the four major scenario storylines from the 
IPCC SRES.

▪ A1B, A2, B1, B2
➢ SVRGIS administered by the SPC was used for hail climatology.  A 

hail day is defined as at least one severe hail report (≥ 1.0”, 2.54 
cm diameter) per day within an 80-km grid.

➢ WRF-BCC consists of dynamically downscaled convection-
permitting regional climate model simulations for HIST; 1990–
2005, MID; 2040–2055, and END; 2085–2100 periods over the 
CONUS (Gensini et al., 2023).

Methods
➢ WRF-BCC future hail projections were used to calculate the 

average number of severe hail days over 14 complete boreal 
summer growing seasons (May–October) in the HIST, MID, and 
END periods.

➢ HailMC model (Childs et al., 2020) used to investigate the 
statistical probability of hail impacting cropland for each IPCC 
SRES scenario.

▪ 5,000-year simulation of hail swaths using SVRGIS hail 
data and 2005, 2055, and 2100 cropland data.

➢ While the Midwest has the greatest magnitude of 
cropland and probability of severe hail, it is the 
juxtaposition of severe hail and projected increases in 
severe hail that drives crop-hail loss in the Great Plains.

➢ It is not solely the cropland magnitude that is important 
in creating major crop yield loss, it is more so how 
croplands are distributed across the landscape that 
defines how risk and vulnerability are realized in a major 
crop loss scenario.

➢ Crop-hail impacts are not uniform across the 
landscape. Despite the projected decrease in severe 
hail days across much of the Great Plains, the projected 
increases in cropland coverage may still drive an 
increase of crop-hail losses.

➢ These results characterize the importance of crop 
management and sustainability.

➢ Stakeholders can use these findings to inform data-
driven decisions and help communicate agricultural 
production risk.
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Figure 3. Probability of exceedance (POE) curves comprising a 5,000-year 
HailMC simulation of the 2005 annual cropland area impacted by hail (solid 
black line), the 2100 annual cropland area impacted by hail for each IPCC 
SRES scenario (A1B, A2, B1, B2), and an average between the four scenarios 
(AVG) for each region of interest. Each panel contains a subplot of the same 
POE curves with a log (y) axis. 

Figure 4. (top row) Mean percent changes in cropland area by 2055 and 
percent changes in severe hail days relative to HIST for a) MID4.5 and b) 
MID8.5. (bottom row) Mean percent changes in cropland area by 2100 
and the percent changes in severe hail days relative to HIST for c) 
END4.5 and d) END8.5. Positive (negative) percent changes refer to hail 
day or cropland changes >20% (<-20%).

Hail Impact Monte Carlo Simulations

Change by Scenario
➢ The Northern and 

Southern Plains are the 
only regions with at 
least 3 of the 4 IPCC 
SRES scenarios 
projecting an increase 
in crop-hail impact.

Change in AVG 2100
➢ Southern Plains: 46% 

increase
➢ Northern Plains: 23% 

increase
➢ Midwest: 1% increase
➢ South: 10% increase

MID4.5, MID8.5
➢ Southern Plains: 

fewer hail days and 
more to little 
changes in 
cropland.

END4.5, END8.5
➢ Increase in 

cropland and 
decrease in hail 
days in the Plains.

East of MS River
➢ More hail days 

accompanied by 
increased or little 
changes in 
cropland area.
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