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Simulating US agriculture in a modern Dust
Bowl drought
Michael Glotter1†* and Joshua Elliott2,3†

Drought-induced agricultural loss is one of the most costly
impacts of extreme weather1–3, and without mitigation, climate
change is likely to increase the severity and frequency
of future droughts4,5. The Dust Bowl of the 1930s was the
driest and hottest for agriculture in modern US history.
Improvements in farming practices have increased productivity,
but yields today are still tightly linked to climate variation6 and
the impacts of a 1930s-type drought on current and future agri-
cultural systems remain unclear. Simulations of biophysical
process and empirical models suggest that Dust-Bowl-type
droughts today would have unprecedented consequences, with
yield losses ∼50% larger than the severe drought of 2012.
Damages at these extremes are highly sensitive to temperature,
worsening by ∼25% with each degree centigrade of warming.
We find that high temperatures can be more damaging than
rainfall deficit, and, without adaptation, warmer mid-century
temperatures with even average precipitation could lead to
maize losses equivalent to the Dust Bowl drought. Warmer
temperatures alongside consecutive droughts could make up
to 85% of rain-fed maize at risk to changes that may persist
for decades. Understanding the interactions of weather
extremes and a changing agricultural system is therefore critical
to effectively respond to, and minimize, the impacts of the next
extreme drought event.

The Dust Bowl of the 1930s is the most severe period of large-
scale droughts in recent US history. Three distinct droughts define
the Dust Bowl era (1930–31, 1933–34 and 1936), accounting for
three of the six driest (for maize, soy and wheat) and hottest (for
maize and soy) US growing seasons since 1901 (Fig. 1 and
Supplementary Fig. 1). Persistent drought conditions resulted in
double-digit percentage loss in Great Plains wheat yields each year
from 1933 to 1939, with losses as high as 32% in 19337.
Production declines led to lasting effects8,9 (such as population
shifts to urban counties10), and have motivated many to investigate
the impacts of the Dust Bowl11. Previous studies that focus on sites
in the Great Plains have confirmed the severity of a modern dust
bowl for wheat7,12,13, but do not address the full effects on major
commodity crops. Authors have recently called for further
investigation of extreme weather events14 and food security11.

In this work we use the Dust Bowl as a case study to estimate the
US agricultural impacts of an extreme drought under current and
future socioeconomic and environmental conditions. We use a par-
allel version of the Decision Support System for Agrotechnology
Transfer (pDSSAT) biophysical process crop model to evaluate
maize, soybean and wheat for the contiguous United States using
observed weather from the 2000s (a representative decade) and
the 1930s (a hot decade with severely reduced precipitation) (see
Fig. 1 and Methods). We build on previous studies7,12,13 by including
the upper Midwest, where most maize and soybean is grown

(Supplementary Fig. 2). We characterize the vulnerabilities of agriculture
to Dust-Bowl-like weather, a critical step to better understand
system-wide sensitivities and prepare for future extremes.

Simulations of crop yields driven by Dust Bowl weather indicate
severe loss to US agriculture from extreme droughts (Fig. 2, blue).
Estimated maize and soy yields under 2012 technology are lower
in the median yielding year of the 1930s decade than in the
lowest yielding year of the 2000s decade. Despite major advance-
ments in farming practices from the 1930s to present day (most
notably the significant increase in irrigation in the Great Plains
states), simulations of the 1936 drought still result in losses of
∼40% for maize and soy and ∼30% for wheat (Fig. 2, compare
1936 blue dot with 2000s median). We test maize simulations
against an empirical model based on growing season temperature
and precipitation (following common practice in refs 6,15,16; see
Methods and Supplementary Fig. 3), and find similar results
(Supplementary Fig. 4). Estimates from both the high-resolution
process-based and empirical simulations conclude that a 1936-
type drought would be ∼50% worse than the 2012 drought, when
losses reached ∼26–28%.

The impacts of extreme drought are highly sensitive to timing
and location. The 1934 drought is commonly considered the most
severe of the Dust Bowl era17, but yield simulations suggest 1936
to be most damaging. Well-timed upper-Midwest precipitation in
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Figure 1 | Histogram of historical JJA (June, July, August) average PGF41

(Princeton University Global Meteorological Forcing Dataset, Phase 2)
precipitation weighted by present-day US maize production. (See
Supplementary Fig. 1 for all crops.) Years at the tails of the distribution are
identified in the text (ordered by rainfall amounts within bin, with the lowest
amount at the bottom). Precipitation from the 1930s is shown in red and the
2000s (a more typical decade) in blue. For reference, the historical mean is
marked by a dotted black line.
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Figure 1 | Histogram of historical JJA (June, July, August) average PGF41

(Princeton University Global Meteorological Forcing Dataset, Phase 2)
precipitation weighted by present-day US maize production. (See
Supplementary Fig. 1 for all crops.) Years at the tails of the distribution are
identified in the text (ordered by rainfall amounts within bin, with the lowest
amount at the bottom). Precipitation from the 1930s is shown in red and the
2000s (a more typical decade) in blue. For reference, the historical mean is
marked by a dotted black line.
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Supplementary Figure 1: Histogram of historical PGF (left) and GSWP (right) precipitation
weighted by present-day U.S. a) maize, b) soy, and c) wheat production. Data are averaged over
months JJA (June, July, August) for maize and soy, and AMJ (April, May, June) for wheat. PGF
data span years 1901-2012, and GSWP years 1901-2010. The six driest and single wettest years are
identified in text (ordered by rainfall amounts within bin, with the lowest amount at the bottom). The
1930s (red) includes three out of the six driest seasons for all crops.
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Supplementary Figure 2: Fraction of 1930-1940 (left) and 2000-2010 (right) U.S. a) maize, b)
soy, and c) wheat production by state. For each crop, the fraction of production from the top five
producing states in the 2000s is marked in text. The 2000s maize and soy top five producing states
are concentrated in the upper Midwest in Illinois, Indiana, Iowa, Minnesota, and Nebraska. The
2000s wheat top five producing states are scattered in the West in Kansas, Montana, North Dakota,
Oklahoma, and Washington.
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Supplementary Figure 3: 1970-2012 observed (black) and empirically estimated national maize
yields. GSWP (red solid) and PGF (blue dashed) empirical models are calibrated over years 1970-1999
(left), and projected out-of-sample to 2010 for GSWP and 2012 for PGF (right). Estimated 1980-
2012 process-based model yields from the pDSSAT historical calibration are shown for comparison (red
dotted). We detrend observed and pDSSAT yields to compare to empirical models that do not include
technological advancements. (Yield anomalies are sensitive to detrending method, especially at the
endpoints, so comparison of observations and simulations with trends is preferred [Fig. 8, top panel].
See Methods for discussion.) The empirical models successfully capture patterns in yield loss from
large-scale drought, but underestimate the extent of such loss. This empirical design cannot capture
yield loss from frost and flood in 1974 and 1993, respectively.
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Supplementary Figure 4: Box plots
of U.S. maize yields for process (light) and
empirical (dark) models driven by both
PGF (red) and GSWP (blue) climate
sources. Boxes represent national yields
within the interquartile range (i.e., the
25th and 75th percentiles), and circles rep-
resent yields outside of this range. Pro-
cess model simulations assume 2012 CO2

and technology. NASS observed yields for
the 2000s are detrended using a 1980-2015
trendline, and shown in gray. Dotted
lines represent 2012 yields. Yields esti-
mated from process and empirical models
are similar, but empirical simulations be-
come unphysical for the most severe sce-
narios, far outside calibrated conditions.
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Supplementary Figure 5: Maps of monthly average PGF precipitation for years 1934-1936. The
drought in 1934 was primarily concentrated in the western U.S., covering most wheat-growing regions.
Key maize- and soy-growing regions in the corn belt, however, were uniquely saved by heavy precipi-
tation in the most critical month in July. The drought of 1936 was more widespread across the U.S.
For comparison, we show precipitation in 1935. Growing season precipitation—especially in the corn
belt—was more typical in 1935 than 1934 and 1936.

Supplementary Table 1: Shifts in maximum temperatures from years 1920-1939 to 1980-2009 (∆T1),
2010-2039 (∆T2), and 2040-2069 (∆T3). We shift 1930s climate using GCM-estimated changes in 30-
year average monthly climate. (See Methods.) Here, temperature shifts are averaged by season (JJA
for maize and soy, and AMJ for wheat) and weighted by crop production for illustrative purposes only.

seasonal tmax shift (◦C)
∆T1 ∆T2 ∆T3

maize 0.8 2.3 3.8
soy 0.8 2.2 3.8
wheat 0.4 1.7 3.2
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Supplementary Figure 6: Locations where successive droughts may have lasting impacts on rainfed
maize production. Estimates in left panel use 1930s weather and 2012 CO2/technology, and estimates
in right panel use 1930s+∆T3 weather (1930s weather with temperature shifted to 2040-2069 averages)
and 2035 CO2/technology. Colored areas mark grid cells where 1933-1937 mean rainfed yield losses are
more than 40% (blue) or 60% (orange) of 2000s median rainfed yields. Annual yields <1 tonne/ha are
assumed to be left unharvested (i.e., yield=0). 1930s simulations estimate <10% of production vulner-
able to consecutive droughts, but high warming simulations estimate >20% vulnerable to consecutive
droughts.
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Supplementary Figure 7: Irrigation demand change from 2000s median to 1933-1937 mean for maize
(left) and soy (right) yield simulations. Simulations use 2012 technology and PGF climate inputs, and
estimate irrigation changes for only those areas irrigated in 2012. We do not estimate changes in water
demand if currently rainfed fields are suddenly irrigated. 1933-1937 droughts increase U.S. irrigation
demand ∼11% for maize and ∼17% for soy.
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Supplementary Figure 8: 1866-2015 surveyed national NASS maize yields (middle panel). Yields
from 1930-1940 and 2000-2010 are expanded for clarity (bottom panels). Changes in management
and technology have improved yields by ∼5x from preindustrial to modern times, and process-based
simulations successfully capture recent yield trends (top panel). Simulations of pDSSAT are calibrated
using the Daymet climate dataset (native resolution of 1 km), reproducing observed national yields with
a correlation coefficient of ∼0.97 (dashed orange). We model technological yield trends for validation
purposes only, but use fixed technology around years 2012 and 2035 for the remainder of the manuscript.
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Supplementary Figure 9: Methodology for estimating technological advancements in future 2035
maize simulations. top) Slopes of linear trends in 1980-2010 maize planting date, p1 (growing degree
days from emergence to flowering), and p5 (growing degree days from silking to physiological maturity).
bottom) We estimate 2035 values (red dots) by extrapolating trends in planting date, p1, and p5 (dashed
blue) and adding the deviations from trend in year 2012 (dashed red). Bottom panels demonstrate
extrapolation for a sample location in Iowa, marked by stars in top panels.
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Supplementary Figure 10: Methodology for estimating technological advancements in future 2035
soy simulations. top) Slopes of linear trends in 1980-2010 soybean planting date and cultivar identifi-
cation number. bottom) We estimate 2035 values (red dots) by extrapolating trends in planting date
and cultivar identification (dashed blue) and adding the deviations from trend in year 2012 (dashed
red). Bottom panels demonstrate extrapolation for a sample location in Iowa, marked by stars in top
panels.
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Supplementary Figure 11: Methodology for estimating technological advancements in future 2035
wheat simulations. top) Slopes of linear trends in 1980-2010 wheat planting date and scale factors for
growth parameters p1 (flowering to terminal spikelet), p2 (terminal spikelet to end of leaf growth), p3
(end of leaf growth to end of spike growth), and p5 (grain filling duration). bottom) We estimate 2035
values (red dots) by extrapolating trends in planting date and growth parameter scale factors (dashed
blue) and adding the deviations from trend in year 2012 (dashed red). Bottom panels demonstrate
extrapolation for winter wheat at a sample location in northern Kansas, marked by stars in top panels.
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