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Abstract: Projections of climate patterns through the end of the 21st century indicate varying impacts
across the U.S. However, a common thread of these projections calls for increasing atmospheric tem-
peratures in every region, some more pronounced than others. The significance of these projections
for corn and soybean production cannot be overestimated. This study contributes to our understand-
ing of climate change impacts on production and farm revenues by projecting their impacts on corn
and soybean yields in Buchanan County, Iowa, a county in the center of the Corn Belt. Projections
indicate that as atmospheric temperatures rise and precipitation levels vary markedly, the result is a
significant decline in corn and soybean yields, the latter to a lesser extent, as compared to long-term
yield trends. Depending upon the climate change scenario that will materialize, corn yields are
projected to decline by up to 29%, while soybean yields are projected to decline by up to 24% from
their normal upward trends by the year 2100. Due to the long-term upward trends in yields, corn
and soybean yields will increase in absolute terms by the end of the century. Depending upon the
climate change scenario, actual corn and soybean yields will increase by 30 to 57% and 30 to 66%,
respectively, by the end of the 21st century, significantly less than they would have in the absence of
these climate projections.
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1. Introduction

Iowa is the top corn-producing state in the U.S. and consistently ranks either first
or second in soybean production. As a result, the state plays a major role in national
and global food and fiber markets. About 90 percent of the land in the state is utilized
for agriculture, dominated by corn and soybean production [1]. Given the dominance of
agriculture in general, and corn (Zea mays L.) and soybeans (Glycine max L.) in particular,
any significant changes in the production of these two crops due to changes in ambient
factors such as climate will impact the agricultural sector domestically and globally. The
impact of potential changes in weather patterns on crop and livestock production and
farm incomes has received some attention in the literature, e.g., [2–4]. The primary climate
variables of interest are precipitation and temperature, though other weather variables
such as solar radiation and wind speed also play noticeable roles.

In the Midwestern states of the U.S., the average air temperature increased by more
than 1.5 degrees F between 1910 and 2010 [5]. Various studies indicate that there has been a
large increase in the number of days of heavy rainfall while total annual precipitation levels
remain largely unchanged. Heavy rains predispose to soil erosion and loss of nutrients,
while increasing the costs of field operations due to heavy moisture conditions [6]. Increased
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precipitation could also increase the infestation of pests and disease, and water clogging
conditions, particularly in clayey soils.

Various studies indicate that future crop yields will be highly predicated upon extreme
weather events [5]. For instance, wetter springs would delay planting, leading to the
necessity to utilize shorter-season varieties. Consequently, the distribution of temperature
and precipitation and other pertinent weather variables will play a key role in the future
patterns of production and incomes.

The relationship between crop yields and climate/weather is well documented, e.g., [7].
For example, Hatfield and Prueger [7] indicated how extreme temperatures impact plant
growth by adding stress to plants, thus reducing yield potential [7–9]. Hatfield and
Prueger [7] further recognized that increased CO2 levels promote weeds and that other
climate changes such as high humidity levels promote diseases and insect growth. In
addition, studies in the academic literature have documented that agricultural production
is strongly correlated with biophysical attributes of farms in addition to weather and
management practices, e.g., [10–12]. It is thus not surprising that the projected changes in
climate patterns are being received with apprehension among the scientific community.

More apropos to climate change and corn production, Schlenker and Roberts [2]
found using regression models that corn yields are projected to decline by about 40%
under the mildest warming scenario and as much as 80% under the most rapid warming
scenario. They found soybean yields may also be impacted, but not quite as much—
about 30% under the mildest scenario and about 70% under the most rapid warming
scenario. In contrast, Parajulia et al. [13], using the Soil and Water Assessment Tool (SWAT)
ecohydrological model [14–16], did not find any significant decline in corn or soybean
yields under climate change in the Big Sunflower watershed in Mississippi. In fact, they
found that the impacts on corn yields may range from a reduction of 12% to an increase of
34%, while soybean yields may increase by up to 12.5% or decrease by up to 16.6%. The
discrepancy between some of the reported impacts is attributable in part to the methodology
used. Regression models, however complex, are not as capable of reflecting the complex
mechanistic relationships between crop growth and productivity as compared to SWAT and
the Agricultural Policy Environmental eXtender (APEX) ecohydrological models [16–18].

Dell et al. [12] studied the extent to which climate change has impacted various
economic outcomes, including economic impacts on the agricultural sector. In that study,
as in most others, the primary weather-related inputs include precipitation rates, minimum
and maximum temperatures, and humidity levels, which often serve as inputs in production
functions. Other studies have also used cross-sectional regressions, utilizing panel data and
applying a hedonic approach (as in Lambert [11], which included key weather variables).
These studies confirmed that adverse weather negatively impacted U.S. agriculture. Similar
results were observed in studies covering India, Mexico, and Indonesia. While crop
insurance payments buffer farmers from revenue losses, these offsets of price movements
nonetheless have to be shouldered by taxpayers via government payments.

Schlenker and Roberts [2], examining temperature data and plant growth, discovered
optimum temperatures in output yields ranging from 29 to 32 ◦C. They also discovered
that the relationship between temperature and agricultural output is often nonlinear. The
ideal temperatures vary from one crop to another; for example, for corn, it is 29 ◦C; for
soybeans, it is 30 ◦C; while for cotton it is 32 ◦C. Temperatures within the optimal range are
most conducive to plant growth and productivity. However, even a small increase above
the threshold levels significantly reduces output yields. Thus, the relationship between
temperature and yields follows a non-linear path.

Changes in precipitation levels also impact yields, particularly for rain-fed crops. For
example, in Mexico (whose agriculture is highly dependent on rainfall), warmer and dryer
conditions have substantial nutritional and economic implications. Even with irrigation
reservoirs, water can become scarce under dryer conditions [19]. In addition, dry and
warmer climates in agricultural regions heighten the exodus of farm workers to urban
areas [20]. In general, high levels of rainfall lead to higher yields, and vice versa [21,22].
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The foregoing discussion relates to short-term implications. Some economists have
argued that in the long run, adaptation and mitigation methods such as utilization of
drought-resistant crops and other adaptive management practices such as conservation
tillage could mitigate the impacts of short-run weather fluctuations [23]. Nevertheless, long-
run impacts of climate change are likely to adversely impact agriculture output. Previous
discussions regarding changes in climate patterns have raised interest in opposing opinions
regarding whether these changes are caused by natural geological forces or anthropogenic
factors. Notwithstanding the inconclusive nature of climate change viewpoints, substantial
efforts have been expended to forecasting weather patterns into the future. Projections of
daily weather data are available through the end of the 21st century from a wide ensemble
of global climate models. From a food security standpoint, what is most pertinent is the
implications of these projections for the distribution of food production and farm incomes.

While forecasted variabilities in climate are likely to impact food and fiber production
and have significant implications for U.S. policy and food security, the specific impacts have
not been adequately quantified. However, the conclusions from recent studies provide clear
indications about general expectations. For instance [24,25], indicate with a high degree
of confidence that climate change impacts have already slowed agricultural productivity
and will continue to impede food availability and nutritional quality, especially under
the Representative Concentration Pathway (RCP) 8.5 scenario, unless checked by robust
mitigation measures. Besides its well-documented impacts on the general availability of
food, climate change has also been projected to impact food safety [26].

The research we have conducted here is focused on providing insight into the likely
impacts on corn and soybean yields in Iowa, which is a leading U.S. producer of both
crops [27]. We use widely accredited compilations of climate projections to determine the
likely impacts on corn and soybean yields assuming that current market conditions and
crop production (genetic) potential hold. For this purpose, we use the well-tested and
calibrated APEX ecohydrological model [28,29] to estimate climate change impacts on crop
yields and production levels. Gassman et al. [28] documented extensive hydrologic and
pollutant-transport testing in their review of (1) APEX applications for livestock production
scenarios in Texas and Iowa, and (2) cropland conditions in Iowa, Missouri, and Texas,
forested conditions in Texas, and other landscapes in North Dakota, Texas, and China.
Expanded use of APEX has since been reported in the more recent literature, including
applications focused on evapotranspiration [30,31], corn yields, and water balance [32],
rainfall distribution and snowmelt [33], forage production [34], soybean–rice production
and irrigation strategies [35], climate change [36–38], and phosphorus transport in subsur-
face tile drains [39]. Recent studies also describe modified versions of APEX for bacteria
transport [40], rice paddy dynamics [41–43], and groundwater interactions via an interface
with the MODFLOW model [44].

We employ APEX in this study to determine the most plausible future trajectory of
corn and soybean yields in a northeastern county in Iowa, where the model has been
successfully calibrated to simulate crop yields and the impacts of various conservation
practices [45]. We also shed light on potential yields by incorporating the effects of the long-
term trajectory of corn and soybean yields, an aspect that is largely absent from previous
studies. The results of this study indicate the extent to which current production levels and
counter-cyclical farm income support programs will be subject to significant stresses if the
projections of warmer weather patterns materialize.

2. Materials and Methods
2.1. Modeling System

APEX [17] is a comprehensive field-scale model that was developed to assess the effects
of management strategies on a broad spectrum of agronomic and ecological indicators
such as crop growth and yields, livestock grazing, and water quality. APEX is specifically
designed for whole-farm or small-watershed analyses and is a modified version of the
Erosion Productivity Impact Calculator (EPIC; [46,47]) model that has also been used widely
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to simulate alternative management scenarios such as variations in manure and fertilizer
application rates, mode and timing, alternative tillage practices, structural controls, and
other cultural management practices. Model components include weather, hydrology, soil
temperature, grazing, erosion-sedimentation, nutrient and carbon cycling, tillage, dairy
management practices, crop management and growth, fate and transport of pesticide and
nutrients, and costs and returns of various management practices.

APEX operates on a daily time step and can be applied for a wide range of soil,
landscape, climate, crop rotation, and management practice combinations. A key advan-
tage is its ability to simulate up to ten types of vegetation growing concurrently on the
same subarea. APEX can be executed for a single field or for a wide range of multi-field
configurations including whole farms or small watersheds. APEX is detailed enough to
simulate precise management practices such as filter strip impacts on nutrient and chemical
transport from application fields. The model permits input of simulated cropping system,
manure and/or fertilizer nutrient characteristics, tillage practices, soil layer properties, and
other characteristics for each subarea. Key model outputs include crop yields, edge-of-field
nutrient and sediment losses, and other water and nutrient balance indicators.

APEX has also been calibrated against annual county-level crop yield data that is
available through the USDA National Agricultural Statistics Service (USDA-NASS) [1]. The
model is included in USDA’s web-based Nutrient Tracking Tool (NTT) [48] and has been
calibrated extensively for various applications to assess edge-of-field water quality impacts
across a wide variety of land uses in the U.S. and other nations, e.g., [28]. APEX was
calibrated against historical weather and agricultural production data in a prior application
to the upper Maquoketa River watershed (UMRW) in northeastern Iowa [45]. For this
study, APEX was validated for Buchanan County—which covers a portion of the UMRW
in Iowa—using available crop yield and edge-of-field water quality measurements. APEX
was then used to estimate crop yields under future climate patterns.

2.2. Data Sources

A number of data sources were used for this study. Many of the following datasets
are also incorporated into the web-based NTT tool. Others were specifically assembled
for this study. Various Geographic Information Systems (GIS) data layers—as specified
below—were overlaid in order to determine the distribution of corn- and soybean-growing
areas in Buchanan County, Iowa. Key data used were the cropland data layer for 2021, soils
data, weather data (historical as well as future climate projections), and crop management
data.

2.2.1. Cropland Data Layer (CDL)

A 20-year GIS history of cropland cover for Buchanan County, Iowa, was obtained
from the USDA-NRCS CDL data server [49]. For this study, the corn and soybean layers
for 2021, the most recent layer, were used. The CDL data are available at a 30 m level of
precision, and this level of precision was used to identify fields on which corn and soybeans
were planted in 2021. For the continuous corn results reported here, simulations were
restricted only to fields used for corn in 2021. For the corn following soybean and soybean
results, simulations were performed on fields used for corn or soybeans.

2.2.2. Soils Data

The USDA-NRCS Soil Survey Geographic Database (SSURGO) [50] for each survey
area have been assembled for the conterminous U.S.. For this study, the SSURGO data
layer was overlaid on the CDL data in order to determine the soil types applicable to 2021
corn and soybean fields in Buchanan County, Iowa. A total of over 88,322 unique crop–soil
polygons were identified as corn-growing land parcels within Buchanan County, Iowa for
2021. Similarly, a total of 69,651 crop–soil polygons were identified as soybean-growing
fields within the county. The 88,322 polygons were utilized for continuous corn simulations
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while the combined total of 157,973 polygons were used for soybean and corn following
soybean simulations.

2.2.3. Crop Management Data

Field operations and nutrient application rates for continuous corn and corn–soybean
rotations were obtained from producers as part of the UMRW application [45,51,52]. Base-
line crop management represented a reduced tillage system. These specific baseline field
operations were used for the simulations for model validation purposes, and are presented
below.

Continuous corn field operations: Based on producer input received as part of the
UMRW study [51], the field operations performed on continuous corn fields under status
quo management are listed in Table 1. Fertilizer nutrient application rates on fields receiving
manure were notably different than on fields not receiving manure. To reflect the varied
practices on fields receiving manure versus those not receiving manure, climate scenario
simulations were performed for manure-receiving fields and subsequently replicated for
fields not receiving manure. Based on Osei et al. [51], about 15.6% of cropland area received
manure while the remainder did not. Consequently, the final results analyzed represented
a weighted average, using weights of 15.6% and 84.4%, respectively, for manure and non-
manure field simulations. Status quo tillage practices (presented in Table 1) represented a
reduced-tillage style of management.

Table 1. Field operations simulated for continuous corn for 1998–2000 production years.

Date Operation *

16 April Apply manure (44.9 MT/ha)
29 April Apply herbicide
1 May Field cultivate
3 May Plant
3 May Incorporate starter fertilizer (kg/ha) (10.1 + 11.3 + 27.9)
12 June Cultivate

18 October Harvest corn
23 October Bulk spread (kg/ha) (17.9 + 20.2 + 41.9)

2 November Chisel plow
12 November Apply ammonia (194.2 kg/ha)

* The data in this table represent operations on fields receiving manure. For fields not receiving manure, the only
differences were as follows: the manure application operation was excluded and bulk-spread operation on 23
October was changed to 28.0 + 30.0 + 55.8.

Corn–soybean field operations: Similar to the foregoing, producer input received as
part of the UMRW study [51] resulted in the field operations presented in Table 2 for corn–
soybean fields under status quo management. Fertilizer nutrient application rates on fields
receiving manure are once again different than on fields not receiving manure. Simulations
were performed for fields receiving manure, as well as fields where only inorganic fertilizer
was utilized as the nutrient source. Status quo tillage practices represented a reduced-tillage
style of management.

For the two-year corn–soybean rotation, each polygon was divided into two equal
halves, one starting in the corn year and the other starting in the soybean year, in order
to ensure that each crop was simulated in each year so as to obtain an accurate weather
representation for all crops. Polygon divisions were accomplished in the APEX subarea file
prior to each simulation by assigning a negative sign to the second subarea, thus specifying
side-by-side addition rather than routing from one half to the other.

In addition to the baseline management practices, simulations were replicated using
current crop management practices relevant for the 2020–2021 period to better reflect cur-
rent crop productivity in order to cast crop yield forecasts in a more relevant context. The
results of these yield impacts are also presented in this paper. Crop management informa-
tion were assumed to be exogenous and to follow the baseline practices specified above.
Furthermore, for validation purposes, crop productivity was assumed to remain static
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at 1998–2000 levels. In particular, the crop parameters utilized for the upper Maquoketa
River watershed study [45,52] were utilized for this study. An additional set of simulations
was performed using current crop management and yield potential—applicable to the
1999–2021 period—once model validation tests were successful. The output from these
additional simulations are also presented in the Results and Discussion section below.

Table 2. Field operations simulated for corn–soybean rotation for 1998–2000 production years *.

Date Operation

Corn following soybean
16 April Apply manure (44.9 MT/ha)
29April Apply herbicide
29 April Apply fertilizer N (128.2 kg/ha)
30 April Field cultivate
1 May Plant corn
1 May Incorporate starter fertilizer (kg/ha) (10.1 + 11.3 + 27.9)
12 June Cultivate

15 October Harvest corn
25 October Bulk spread (kg/ha) (17.9 + 20.2 + 41.9)

1 November Chisel plow
Soybean following corn

16 April Apply manure (44.9 MT/ha)
29 April Apply herbicide
10 May Field cultivate
12 May Plant soybean

2October Harvest soybean
27October Bulk spread (kg/ha) (15.4 + 17.3 + 41.9)

* The data in this table represent operations on fields receiving manure. For fields not receiving manure, the only
differences simulated were as follows: the manure application operations were excluded and the bulk-spread
application rates were changed to 28.0 + 30.1 + 55.8 for corn and soybeans.

2.2.4. Historical Weather Data

Historical data on key weather variables such as precipitation and minimum and
maximum temperature were obtained from the USDA Parameter-elevation Regressions on
Independent Slopes Model (PRISM) [53] database. For this study, the 4 km resolution of
PRISM data was used. These data represent the baseline weather against which climate
projections were compared. The simulations presented here were performed with a 25-year
time horizon for the baseline and all climate projections. The specific baseline scenario for
model validation was represented by the PRISM weather time series covering the 1981–2005
period. Another baseline—for crop yield forecasting—was represented by the 1996–2020
PRISM weather data to more closely reflect current weather.

2.3. Climate Projections

Data on climate projections were assembled from the National Center for Atmospheric
Research (NCAR)’s Earth System Grid portal [54,55]. For this study, the climate projection
data included daily time series on precipitation, minimum temperature, and maximum tem-
perature that are available for the period of 2006 through 2099. Specific climate projections
used were the downscaled Coupled Model Intercomparison Project—Phase 5 (CMIP 5)
weather projections [56,57] from NCAR and the Lawrence Livermore National Laboratory.
The NCAR data were obtained from the Bureau of Land Reclamation server at a one-eighth
degree latitude and longitude grid for the entire conterminous United States. For climate
scenario simulations, climate grid points were associated with each crop–soil polygon
simulated simply by proximity, based on the Euclidean distance between the climate grid
point and the geographic centroid of the crop–soil polygon.

The predominantly used climate projections are based on one of four Intergovernmen-
tal Panel on Climate Change (IPCC) scenarios depending on assumptions about greenhouse
gas (GHG) emissions. Each climate change scenario used in this study is based on a repre-
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sentative concentration pathway (RCP) that represents a trajectory of GHG concentrations
anticipated in response to corresponding mitigation assumptions. The four main RCPs
(RCP2.6, RCP4.5, RCP6.0, and RCP8.5) adopted by the IPCC have been widely used in
climate projections. Of the four RCP scenarios, three were used for this study, representing
a middle ground (RCP4.5), an approximate average of a best-case lower emissions sce-
nario (RCP2.6), and an opposite scenario which assumes that the current greenhouse gas
emissions trajectory would be maintained (RCP8.5).

The nomenclature of the RCPs corresponds to projected radiative forcing values—
expressed in Watts per square meter (Wm−2)—by 2100 under these scenarios as compared
to the preindustrial era. RCP2.6, the most optimistic among the four for reducing global
warming, corresponds to a radiative forcing of 2.6 Wm−2 as compared to pre-industrial-era
values, and is projected to result in a 1 ◦C increase in mean global temperatures by the
mid-century (2046 to 2065) period. Similarly, RCP4.5 and RCP8.5 correspond to radiative
forcing values of 4.5 Wm−2 and 8.5 Wm−2, respectively, as compared to the pre-industrial
era and are projected to result, respectively, in 1.4 ◦C and 2.0 ◦C increases in mean global
temperatures by the mid-century period. RCP8.5 represents the most pessimistic scenario
among the four for reducing global warming.

Daily weather data on precipitation and minimum and maximum temperature were
extracted from the climate databases for three 25-year periods for each climate scenario:
1 January 2021–12 December 2045, 1 January 2046–12 December 2070, and 1 January 2071–12
December 2095. For context, hindcasted CMIP5 climate data covering two historical
periods were also included: 1 January 1956–12 December 1980 and 1 January 1981–12
December 2005.

Climate Scenarios Simulated: Continuous corn and corn–soybean rotations were
simulated on all applicable soils as specified above, based on the 2021 CDL data. Each major
soil type applicable to each crop was simulated for the twelve climate scenarios. The results
were compared to the baseline climate scenario that entailed 1981–2005 PRISM climate
patterns. Crop yield impacts are presented in this paper for each scenario, aggregated
across all simulated polygons within Buchanan County, Iowa. All specific climate scenarios
simulated in this study are indicated in Table 3. The twelve climate scenarios simulated are:
the 1981–2005 PRISM baseline (for validation purposes), two hindcasted CMIP5 scenarios,
and nine CMIP5 climate projections—three time periods each for RCP2.6, RCP4.5, and
RCP8.5. In addition, for current context, the simulations were replicated using current crop
management and genetic potential, all eleven CMIP5 climate scenarios, and a new PRISM
baseline—the 1996–2020 PRISM data. In Table 3, the eleven CMIP5 scenarios simulated are
indicated by an “X” while the alternative baselines are specifically named. A “-” indicates
that the specific scenario or time period was not simulated for this study.

Table 3. Specific climate scenarios included in this study.

Scenarios 1956–1980 1981–2005 1996–2020 2021–2045 2046–2070 2071–2095

Historical
(CMIP5) X X - - -

Historical
(PRISM) - 1981–2000:

Baseline
1996–2020
Baseline - - -

RCP2.6
(CMIP5) - - - X X X

RCP4.5
(CMIP5) - - - X X X

RCP8.5
(CMIP5) - - - X X X
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2.4. Projected Changes in Climate Patterns for Buchanan County, Iowa

The foregoing twelve climate scenarios represent three historical and nine projected
climate outcomes. The two historical CMIP5 and nine projected CMIP5 scenarios are the
results of global climate models, and are consequently not actual climate realizations. In
contrast, the PRISM scenario—which we use as the baseline for this study—is closest to
the actual climate realization for the 1981–2005 period. The alternative PRISM baseline
of 1996–2020 data is also representative of actual climate data for that period. The only
difference between the PRISM and actual climate outcome is that PRISM is a gridded
version of the true realization for that time period. Each climate scenario presents a unique
pattern of weather trajectory for Buchanan County, Iowa. Before simulation results are
presented, it is insightful to highlight key patterns reflected in the climate data.

Analysis of precipitation and minimum and maximum temperature patterns of the
climate scenarios is important because these patterns are the underpinnings of actual
or simulated yield impacts of climate change. As is common in the academic literature
see [36–38,42], for instance, to name a few, an overview of the climate data provides a
basis for understanding the yield impacts presented here, even if no discernible statistical
correlations are obtained between annual yields and monthly or annual climate statistics.
In fact, crop yields and many other agronomic and environmental indicators are often
driven by daily or sub-daily climate events that are not adequately reflected by monthly
or annual weather statistics even though these statistics provide useful insight into the
broad impacts.

Average annual precipitation totals: Average annual precipitation—averages taken
over each 25-year time horizon and then averaged across all simulated grid points—are
shown in Table 4. The difference between any two of the precipitation values shown in the
table is statistically significant at the 5% level of significance. Annual precipitation levels are
clearly projected to increase with all CMIP 5 climate projections as compared to hindcasted
values and even, for the most part, the PRISM baseline. However, actual gridded (PRISM)
precipitation for the baseline (1981–2005) historical time period is higher than hindcasted
CMIP 5 values for the same time period, a difference which is statistically significant. For
all projections, RCP8.5 promises the greatest increase in annual precipitation totals for
Buchanan County, Iowa, with the highest in the 2021–2045 period.

Average monthly minimum temperature patterns: Average monthly minimum tem-
peratures were computed as the minimum temperatures for each month, averaged over
the 25-year time period of the climate scenario, and then averaged across all simulated
grid points. These are shown in Figure 1. These charts highlight an increasingly warmer
trend as we move from early- through mid- to latter-century time periods. RCP8.5 is pro-
jected to yield the highest minimum temperatures, as expected, with noticeable increases
particularly for the 2071–2095 period as compared to the other two CMIP5 projections.

Average monthly maximum temperature patterns: Average monthly maximum tem-
peratures were computed in a similar manner (Figure 2). They represent the maximum
monthly temperatures averaged over the 25-year time horizon for reach climate scenario,
and then an area-weighted average taken across all simulated grid points. RCP8.5 projec-
tions once again yield the highest monthly values. Monthly maximum temperatures are
highest with the RCP8.5 projection, particularly for June through September, and January
and February, which are markedly higher than the other two RCP projections.

Table 4. Average annual precipitation by climate scenario (mm/year).

Scenario 1956–1980 1981–2005 2021–2045 2046–2070 2071–2095

Historical (CMIP5) 880.46 872.49
Historical (PRISM) 885.40

RCP2.6 (CMIP5) 875.07 905.81 903.07
RCP4.5 (CMIP5) 859.83 912.73 906.04
RCP8.5 (CMIP5) 972.71 948.84 966.13
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Average monthly precipitation patterns: Annual precipitation levels indicate higher
overall levels for RCP8.5 as compared to current patterns and other climate projections.
However, of more relevance to corn yields are precipitation levels in the growing sea-
son. Average monthly precipitation patterns are shown in Figure 3, and were computed
as monthly total precipitation levels, averaged over the 25-year time period for each cli-
mate scenario, and then an area-weighted average taken across all applicable grid points
associated with the crop–soil polygons. The charts indicate that the bulk of the annual
precipitation increase associated with RCP8.5 for the 2021–2045 period is projected to occur
in the August through November months.
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Figure 2. Trends in monthly average maximum temperature (◦C) patterns for each climate scenario.
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Figure 3. Trends in monthly average precipitation patterns (mm) for each climate scenario.

2.5. APEX Corn Yield Validation for 1998–2000 Period

APEX was calibrated and validated for crop yield and edge-of-field environmental
indicators (surface runoff and sediment and nutrient losses) during the UMRW study [52].
Based on interviews with producers, average continuous corn yield for the several preceding
years (1997–1999) was 8.34 MT/ha on a 100% dry matter basis (equivalent to 155 bu/acre),
while the average 100% dry matter yield for corn following soybeans was 8.6 MT/ha
(equivalent to 160 bu/acre total weight) [57]. The reported 100% dry matter yield for
soybeans was 3.22 MT/ha (equivalent to 55 bu/acre) (Osei et al., 2000). These measured
values are compared to simulated values from the validated APEX model in Table 5 using
the PRISM gridded weather data, averaged for the same 1997–1999 time period. Additional
data points are not available for computing a Nash Sutcliffe efficiency value [58] for the
current set of corn yield simulations. However, the numbers in Table 5 indicate clearly
that the model performs very well for corn and soybean yield estimation. Furthermore,
since we are utilizing the same model setup and APEX was adequately calibrated for the
UMRW study, we consider it sufficiently validated for the current study. Similar validations
were accomplished for edge-of-field surface runoff and sediment losses (Table 5). All
measured and simulated values compared in Table 5 are from the same time periods and
comparable geographies.

APEX calibration and validation entailed minor adjustments in key APEX model
parameters. For the benefit of the reader, Table 6 displays the values of key parameters of
the calibrated and validated model that were used for all simulations in this study.

Table 5. APEX model validation results for 1998–2000 application in northeast Iowa.

Measured Data Simulated

Agronomic or Environmental Indicator Value Source and Notes Value

Crop yields (MT/ha: 1997–1999 production years
Continuous corn yield (MT/ha) 8.34 Average from UMRW study [51].

Obtained from survey of producers.

8.30
Corn following soybean yield (MT/ha) 8.60 8.31

Soybean yield (MT/ha) 3.22 3.54
Surface runoff (mm)

From USEPA [59]: data by HUC * 88.3 Buchanan County: 2002 79.3
From Osei et al. [51] 65.1 Flow for UMRW 79.3

Sediment loss from fields (MT/ha)
From USEPA [59]: data by HUC * 1.66 Buchanan County: 2002 2.71

From Osei et al. [51] 2.24 Sediment loss from UMRW 2.71

* Measured data are averages for all hydrologic unit codes (HUCs) in Buchanan County, Iowa and reflect
2002 conditions.
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Table 6. Key APEX model parameters resulting from calibration/validation process.

Parameter Description Range Value

PARM1 Crop canopy-PET 1–2 2
PARM3 Water stress–harvest index 0–1 0.5
PARM4 Water storage N leaching 0–1 1
PARM7 N fixation 0–1 0.9
PARM8 Soluble phosphorus runoff coefficient 10–20 20

PARM17 Soil evaporation–plant cover factor 0–0.5 0.35
PARM18 Sediment routing exponent 1–1.5 1.5
PARM19 Sediment routing coefficient 0.01–0.05 0.03
PARM45 Sediment routing travel time coefficient 0.5–10 3

2.6. Simulation Procedure

To determine the impacts of climate projections on corn and soybean yields, fields
identified as corn- or soybean-growing fields were simulated using all twelve climate
scenarios—including the baseline and the eleven alternative climate scenarios. Across all
polygons simulated, the only difference between the scenarios was the climate regime.
Thus, the model simulations for the baseline climate scenario were identical to that of the
other climate scenarios except for the climate input data—daily records of precipitation,
minimum temperature, and maximum temperature.

Due to the substantial number of fields (polygons)—88,322 crop-soil polygons were identi-
fied as corn-growing fields in Buchanan County, Iowa and 69,651 were identified as soybean-
growing fields—a complete randomization procedure was utilized in determining the minimum
number of polygons that needed to be simulated to obtain the same results as if all polygons
were simulated. Once the polygons were randomized, the simulations were performed for
increasing percentages of all polygons for the PRISM baseline scenario and the results stored in
a database. Summary input and output data from the simulations (Table 7) reveal a striking
similarity regardless of the percentage simulated, particularly once at least 20% of polygons
had been simulated. In other words, the results obtained by simulating 20% of the randomly
ordered polygons were not statistically different from the results obtained from simulating 50%,
100%, or any percentage greater than 20% of the total population of polygons. In particular, the
summary data indicate that the input and output parameter averages were practically indistin-
guishable once at least 20% of polygons had been simulated in random order. The implication
of this is that for future studies involving the same polygons, we only need to simulate 20% in
order to adequately represent the economic and biophysical attributes of continuous corn and
corn–soybean rotations in Buchanan County, Iowa.

Table 7. Selected input and output indicators by percentage of polygons simulated.

Percentage of Polygons Simulated

1% 2% 5% 10% 20% 50% 100%

Input
Average min April temperature (◦C) 2.07 2.07 2.07 2.06 2.06 2.06 2.06

Average max August temperature(◦C) 27.06 27.06 27.05 27.05 27.05 27.05 27.05
Annual precipitation (mm) 885.34 885.44 885.37 885.44 885.40 885.38 885.40

Average July precipitation (mm) 119.31 119.30 119.36 119.39 119.38 119.37 119.36
Average slope (%) 2.64 2.66 2.59 2.58 2.57 2.58 2.59

Moist bulk density (first layer) 1.50 1.50 1.51 1.51 1.51 1.51 1.51
Sand content (first layer) (%) 40.89 41.00 41.23 40.99 40.81 41.17 41.01
Silt content (first layer) (%) 38.06 38.01 37.82 38.03 38.18 37.90 38.02

Output (for PRISM Baseline Runs): 1981–2005 baseline
Continuous corn yields (MT/ha) 9.74 9.74 9.74 9.77 9.79 9.77 9.78

Corn after soybean yields (MT/ha) 9.80 9.80 9.81 9.83 9.84 9.83 9.84
Soybean yields (MT/ha) 3.71 3.71 3.71 3.72 3.72 3.72 3.72

Surface runoff (mm) 136.16 136.33 136.55 136.40 136.25 136.24 136.24
Sediment loss (MT/ha) 3.23 3.24 3.15 3.13 3.10 3.09 3.11
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3. Results and Discussion

The results presented here are area-weighted averages of crop yields on all simu-
lated polygons. Recall that the results are based on simulation of 20% of the population
of crop–soil polygons—enough to accurately represent the entire population due to ran-
dom selection of the polygons, as discussed in the foregoing section. The first set of
results presented (Table 8) represents the impacts of each climate scenario on corn and
soybean yields, using management practices and crop genetic potential applicable to the
1998–2000 period, the period applicable to model validations. We subsequently present
results from simulations based upon current (2018–2020) management practices and crop
yield (genetic) potential.

Table 8. Simulated impacts of climate scenarios on average annual corn and soybean yields based on
1998–2000 management practices and crop genetic potential.

Scenario 1956–1980 1981–2005 2021–2045 2046–2070 2071–2095

Average annual continuous corn yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 7.89 (−2.3) 7.94 (−1.7)
Historical (PRISM) 8.07 (0.0)

RCP2.6 (CMIP5) 6.69 (−17.1) 7.51 (−7.0) 7.20 (−10.8)
RCP4.5 (CMIP5) 6.99 (−13.4) 6.55 (−18.9) 6.81 (−15.7)
RCP8.5 (CMIP5) 7.27 (−9.9) 6.72 (−16.8) 6.06 (−25.0)

Average annual corn following soybean yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 7.87 (−3.0) 7.96 (−1.9)
Historical (PRISM) 8.12 (0.0)

RCP2.6 (CMIP5) 6.72 (−17.3) 7.54 (−7.1) 7.19 (−11.5)
RCP4.5 (CMIP5) 7.01 (−13.7) 6.60 (−18.8) 6.84 (−15.8)
RCP8.5 (CMIP5) 7.28 (−10.3) 6.76 (−16.7) 6.11 (−24.8)

Average annual soybean yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 3.03 (−1.3) 3.19 (3.8)
Historical (PRISM) 3.07 (0.0)

RCP2.6 (CMIP5) 2.88 (−6.4) 3.43 (11.8) 3.18 (3.6)
RCP4.5 (CMIP5) 3.11 (1.4) 2.83 (−7.9) 3.12 (1.5)
RCP8.5 (CMIP5) 3.22 (4.9) 3.02 (−1.6) 2.52 (−17.8)

* Numbers in parentheses are percentage changes from 1981–2000 PRISM baseline values.

3.1. Yield Impacts under 1998–2000 Management and Crop Genetic (Yield) Potential

The results in Table 8 and subsequent tables are arranged in separate sections for
continuous corn, corn following soybean, and soybean in that order. In each set of results,
climate scenarios are presented in rows and applicable time periods in columns. The results
show crop yields in MT/ha as well as percentage changes from the PRISM baseline in
parentheses. Yields for the 1981–2005 period representing the PRISM baseline are also
shown. Each time period has a 25-year duration. Future climate projections are broken
into three periods that cover most of the remainder of the 21st century. Hindcasted CMIP5
and actual (PRISM) scenarios cover a combined period dating back to 1956. No results
are presented for 2006–2020 in Table 8 as there were no climate projections utilized for
this period. A separate set of PRISM results covering the 1996–2020 period is presented in
subsequent tables.

The yields shown in Table 8 and other tables are on a 100% dry weight basis. To convert
to total (or wet) weight basis one would divide by 0.855 to reflect a 14.5% moisture content
of corn dried for market and similarly by 0.87 to reflect a 13% moisture content of soybeans.
The 1981–2005 PRISM baseline yields are indicated in the table as 8.07 MT/ha (equivalent
to 150 bu/acre), 8.12 MT/ha (equivalent to 151 bu/acre), and 3.07 MT/ha (equivalent to 52
bu/acre) for continuous corn, corn following soybeans, and soybeans, respectively.

Across climate scenarios, a very consistent set of results are indicated in Table 8 for
corn. For both continuous corn and corn following soybeans, future climate projections
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are expected to reduce corn yields substantially. The range is from 7 to 25% reduction
depending on the climate scenario and time period. RCP8.5—the climate scenario with the
greatest prospect for increased global mean temperatures—is associated with the highest
reduction in corn yields—projected to occur in the 2071–2095 period.

Impacts of the climate scenarios on soybean yields are also noticeable, though not
as substantial. The same time period associated with the greatest reduction in corn
yields—2071–2095 under RCP8.5—is projected to result in the most substantial reduc-
tion in soybean yields, roughly 18%. However, soybean yields are indicated as actually
improving under RCP2.6 (especially the midcentury period, 2046–2070). In fact, each RCP
is associated with at least one period of improved soybean yields as compared to current
climate conditions. Our results are consistent with the findings of [60], who find a 20 to 40%
reduction in corn yields under projected climate change. Furthermore, the relative impacts
on corn and soybean yields that we report here are consistent with the results reported
by Schlenker and Roberts [2]. While the magnitudes are vastly different, they also found
soybean yield reductions to be much smaller in magnitude than the projected impacts on
corn yields.

It is important to note what the results in Table 8 imply. They do not indicate that
corn and soybean yields will decline necessarily. They only indicate that they will be lower
than what they would have been under the status quo climate regime. In particular, as we
discuss later on, long-term trends in corn and soybean yields under current climate regimes
have shown a substantial upward pattern. The results presented in Table 8 only indicate for
instance that by the 2071–2095 period, if the RCP8.5 scenario materializes, corn yields could
be 25% lower than what they would have been in that time period along the long-term
yield trajectory in that county. Similar interpretations apply to the other yield impacts
shown in the Table. The results in the table are essentially yield impacts conditioned upon
the assumed management and crop genetic potential.

3.2. Yield Impacts under Current Management and Crop Yield Potential

Crop yield simulations under the twelve climate scenarios were replicated to reflect
current management and crop yield potential in order to cast the results in a more recent
context. The results (Table 9) reveal largely similar impacts, indicating that the percentage
changes from baseline climate conditions are fairly robust. Table 9 includes an additional
column representing the 1996–2020 time period. The PRISM data for this new time period is
the new baseline to which all other climate scenario results will be compared. Consequently,
all the percentage changes indicated in the table were computed relative to the PRISM
1996–2020 baseline.

Once again, it is important to note that the results reflect crop management and genetic
potential applicable to the 2018–2020 period. Thus, the results were validated in comparison
to that period, and not the entire 25-year (1996–2020) period of simulation. Simulation
results reported in Table 9 for the 1996–2020 PRISM baseline compare very favorably to
average crop yields for Buchanan County [1] for the 1998–2020 period. The continuous corn
yield for the 1996–2020 PRISM period averaged 10.65 MT/ha (comparable to a 11.01 MT/ha
reported yield average for the 1998–2020 period), equivalent to 198 bu/acre at 14.5%
moisture content. Corresponding average yields for corn following soybeans (10.72 MT/ha)
and soybeans (3.41 MT/ha; comparable to an average reported yield of 3.03 MT/ha for the
1998–2020 period) are also shown in the table.

As expected, corn and soybean yields for the 1996–2020 period are all greater in
magnitude than indicated in the previous table for the 1981–2005 period. Furthermore,
while the percentage changes for the climate scenarios are consistent with those shown in
Table 8 for the previous set of simulations, they are of greater magnitude, and only one
scenario is associated with a small (1.8%) increase in yields. All other scenarios show much
greater reductions in yields than when 1998–2000 management and crop genetic potential
were utilized. The results indicate that, compared to current yields, corn yields could be
27 to 29% lower than the long-term yield trajectory towards the end of the 21st century
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if RCP8.5 materializes. The other climate scenarios and time periods are not as bleak,
but indicate sizable reductions in corn yields as compared to long-term trends. Similarly,
soybean yields are projected to be impacted worst with the RCP8.5 scenario and towards
the end of the century. It is important to note that RCP8.5 has been identified as the climate
scenario most likely to materialize based upon a comparison of actual CO2 emissions to
projected emissions from all climate scenarios between 2006 and 2020 [61]

Table 9. Simulated impacts of climate scenarios on average annual corn and soybean yields based on
2019–2021 management practices and crop genetic potential: MT/ha (% changes from PRISM).

Scenario 1956–1980 1981–2005 1996–2020 2021–2045 2046–2070 2071–2095

Average annual continuous corn yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 10.13 (−4.9) 10.33 (−3.0)
Historical (PRISM) 10.39 (−2.5) 10.65 (0.0)

RCP2.6 (CMIP5) 8.30 (−22.1) 9.80 (−8.0) 9.13 (−14.3)
RCP4.5 (CMIP5) 9.09 (−14.6) 8.23 (−22.7) 8.97 (−15.8)
RCP8.5 (CMIP5) 9.18 (−13.9) 8.76 (−17.8) 7.78 (−26.9)

Average annual corn following soybean yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 10.11 (−5.7) 10.39 (−3.1)
Historical (PRISM) 10.47 (−2.3) 10.72 (0.0)

RCP2.6 (CMIP5) 8.19 (−23.6) 9.77 (−8.9) 9.05 (−15.6)
RCP4.5 (CMIP5) 8.98 (−16.2) 8.19 (−23.6) 8.93 (−16.6)
RCP8.5 (CMIP5) 9.15 (−14.6) 8.65 (−19.3) 7.60 (−29.1)

Average annual soybean yields in MT/ha (% change from PRISM baseline *)
Historical (CMIP5) 3.28 (−3.9) 3.42 (0.3)
Historical (PRISM) 3.39 (−0.8) 3.41 (0.0)

RCP2.6 (CMIP5) 2.96 (−13.4) 3.48 (1.8) 3.24 (−5.0)
RCP4.5 (CMIP5) 3.21 (−5.9) 2.90 (−15.0) 3.18 (−6.9)
RCP8.5 (CMIP5) 3.28 (−4.0) 3.04 (−10.8) 2.58 (−24.4)

* Numbers in parentheses are percentage changes from 1996–2020 PRISM baseline values.

To further elucidate the impacts of climate scenarios on corn and soybean yields, we
present annual trends in corn and soybean yields that are indicated by these scenarios
in Figures 4–6. The dynamic patterns in these charts only reflect responses to climatic
factors since other biophysical parameters are held constant across all scenarios. It is clear
from these charts that future climate projections will induce a yield-reducing impact as
compared to the PRISM baseline or historical CMIP5 levels. However, for a given climate
scenario, there are no discernible trends in corn or soybean yields. The climate impacts
thus represent downward shifts in corn and soybean yields from baseline levels.
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Figure 4. Graph of annual simulated continuous corn yields by climate scenario.
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Figure 5. Graph of annual simulated corn following soybean yields by climate scenario.
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Figure 6. Graph of annual simulated soybean yields by climate scenario.

3.3. Yield Projections after Accounting for Long-Term Yield Trends

The yield impacts presented thus far for the climate scenarios have been predicated
upon fixed management and crop genetic potential, first for the 1998–2000 period for
validation purposes, and subsequently for the 2018–2020 period for current context. This
was necessary in order to determine the impacts of climate on yields, decoupled from
management and crop genetics. Having established these climate impacts, we are now
in a position to obtain some actual yield projections—absolute, in contrast to relative,
impacts—based on the long-term trends in corn and soybean yields. Most studies do not
appear to attempt such absolute impacts, but we feel it necessary in order to set the results
in the appropriate context.

Long-term trends in corn (Figure 7) and soybean (Figure 8) yields indicate significant
and sustained upward trends in crop yields over the past 90 years. Since for a given climate
scenario, there were no discernible trends in crop yields as reflected in Figures 4–6, it stands
to reason that the long-term trends displayed in Figures 7 and 8 are predominantly due
to changes in crop genetics and management. To determine anticipated yields under each
climate scenario, we extrapolate the yield trends through the end of the century and apply
the robust climate impacts reported in Table 9. The results of this exercise are displayed in
Table 10. Our reference point of comparison is still the 1996–2020 PRISM scenario, which,
again, refers to current conditions and we utilize this scenario as the new baseline. Note
that this exercise assumes that the long-term yield trajectory will hold through the end of
the 21st century.
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Figure 7. Long-term trend in historical corn yields for Buchanan County, Iowa.

To obtain the numbers in Table 10, we start with the actual average yields along the
long-term yield trajectory. The actual average corn yields for the entire PRISM baseline
period (1996–2020) is 9.08 MT/ha, contrasted to the 2018–2020 average of 11.01 MT/ha.
Projecting the yield trends using the linear regression equation for the corn trend line—
CornYield = 0.707+ 0.1009t (Figure 7)—we obtain average yield projections of 11.6 MT/ha,
14.1 MT/ha, and 16.6 MT/ha (Table 10) for the 2021–2045, 2046–2070, and 2071–2095 time
periods, respectively. For soybeans, the corresponding yield projections based on the
current yield trajectory are 3.4 MT/ha, 4.0 MT/ha, and 4.7 MT/ha, respectively (Table 10).
The soybean projections are based on the linear trend line—SoybeanYield = 0.4732 + 0.027t
(Figure 8), where t is time in years from the base year of 1926 for corn and 1927 for soybeans.
These are the anticipated yield realizations based on the current climate regime. However,
as we saw in Tables 7 and 8, projected climate change scenarios would impact these yields
significantly. Applying the percentage yield impacts presented in Table 9 to the long-term
yield trajectory, we arrive at the corn and soybean yield forecasts shown in Table 10.
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Figure 8. Long-term trend in historical soybean yields for Buchanan County, Iowa.
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Table 10. Simulated corn and soybean yields by climate scenario based on 2019–2021 management
and crop genetics and long-term yield trends *.

Scenario 1956–1980 1981–2005 1996–2020 2021–2045 2046–2070 2071–2095

Corn yield projections based on long-term trend (MT/ha) (% change from 1996–2020 baseline)
Yield projections + 5.05 (−44.4) 7.57 (−16.7) 9.08 (0.0) 11.60 (27.8) 14.13 (55.6) 16.65 (83.3)

Average annual continuous corn yields: MT/ha (% change from PRISM baseline) by climate scenario
Historical (CMIP5) 4.80 (−47.2) 7.34 (−19.2)
Historical (PRISM) 7.38 (−18.7) 9.08 (0.0)

RCP2.6 (CMIP5) 9.04 (−0.5) 12.99 (43.0) 14.27 (57.2)
RCP4.5 (CMIP5) 9.91 (9.1) 10.92 (20.2) 14.02 (54.4)
RCP8.5 (CMIP5) 10.00 (10.1) 11.62 (27.9) 12.17 (34.0)

Average annual corn after soybean yields: MT/ha (% change from PRISM baseline) by climate scenario
Historical (CMIP5) 4.76 (−47.6) 7.34 (−19.2)
Historical (PRISM) 7.40 (−18.6) 9.08 (0.0)

RCP2.6 (CMIP5) 8.87 (−2.3) 12.87 (41.8) 14.06 (54.8)
RCP4.5 (CMIP5) 9.73 (7.1) 10.79 (18.9) 13.88 (52.8)
RCP8.5 (CMIP5) 9.90 (9.1) 11.40 (25.5) 11.80 (30.0)

Soybean yield projections based on long-term trend (MT/ha) (% change from 1996–2020 baseline)
Yield projections + 1.61 (−40.2) 2.28 (−15.1) 2.69 (0.0) 3.36 (25.1) 4.04 (50.2) 4.71 (75.4)

Average annual soybean yields: MT/ha (% change from PRISM baseline) by climate scenario
Historical (CMIP5) 1.54 (−42.5) 2.29 (−14.8)
Historical (PRISM) 2.26 (−15.8) 2.69 (0.0)

RCP2.6 (CMIP5) 2.91 (8.3) 4.11 (53.0) 4.47 (66.5)
RCP4.5 (CMIP5) 3.16 (17.7) 3.43 (27.7) 4.39 (63.3)
RCP8.5 (CMIP5) 3.23 (20.2) 3.60 (34.0) 3.56 (32.5)

* Yields in MT/ha. Numbers in parentheses are percentage changes from 1996–2020 PRISM baseline yield values.
+ Yield projections based on long-term yield trends and current climate patterns.

The yield projections shown in Table 10 indicate that with the exception of RCP2.6
in the immediate future (2021–2046 period), corn and soybean yields are expected to
increase significantly from current (1996–2020) levels. In general, corn yields are expected
to increase by roughly 7 to 10% during the 2021–2045 period under RCP4.5 and RCP8.5.
In the subsequent period (2046–2070), they are supposed to trend up to 20 to 40% above
current levels, and by the end of the century, they would increase further to 30 to 60%
above current levels depending upon the climate scenario that materializes. By the end
of the century, RCP8.5 is projected to be the climate scenario least conducive to growth in
corn yields. In the absence of projected climate change, the corn yields would likely have
followed the long-term trajectory to achieve levels that are substantially higher: about 28%
higher in the 2021–2045 period, 55% higher in the subsequent period, and over 80% higher
by the end of the century.

Soybean yields are projected to increase regardless of climate scenario once we factor
in the long-term yield trajectory (Table 10). As with the foregoing discussion about corn,
soybean yields will trend upward, with the highest yields toward the end of the century
(2071–2095 period). Under RCP2.6, soybean yields are projected to be roughly 66% higher
than current levels by the end of the century. In contrast, they are projected to be only 32%
higher than current levels in the same time period under RCP8.5. In comparison, if current
climate patterns remain in place—that is, projected warming trends are averted—and the
long-term soybean yield trajectory is maintained, the yields would be over 75% higher than
current levels by the end of the century.

The results presented in Table 10 indicate that while the climate change scenarios
are projected to depress corn and soybean yields as compared to the long-term trends,
the impacts are not large enough to result in an outright yield decline in most instances.
Under most climate change scenarios and for most time periods, we can expect corn and
soybean yields in Buchanan County, Iowa to trend upwards from current levels. However,
the impacts of the climate change scenarios indicate that the upward trends would be
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measured. Instead of an 83% increase in corn yields, we may see a 30 to 50% increase and
instead of a 75% increase in soybean yields, we may see a 30 to 60% increase.

4. Conclusions

Projected changes in climate largely indicate a warming trend with impacts on crop
production that have not been adequately addressed. This paper contributes to our un-
derstanding of the impacts of anticipated changes in climate trends by estimating the
impacts on corn and soybean yields in a county in the middle of the Corn Belt, where
previous efforts have established data and validated models. Utilizing the most widely
used climate scenarios, we estimated the impacts of projected climate patterns on the yields
of continuous corn, corn following soybeans, and soybeans through the remainder of the
21st century.

The results of this study indicate that by the end of the century, corn yields could be
up to 29% lower than long-term yield trends would indicate depending on the specific
climate scenario that materializes. Of the three main climate scenarios—RCP2.6, RCP4.5,
and RCP8.5—RCP8.5 is associated with the greatest impact on corn yields, with a 29%
reduction in corn following soybean yields towards the end of the century. Similar results
are obtained for soybeans, where yields could be up to 24% lower under RCP8.5 towards
the end of the century, as compared to current climate patterns.

While the results call for yield reductions due to the projected climate change scenarios
relative to long-term yield trends, these do not indicate that yields would absolutely decline.
While corn and soybean yields would in fact be lower under these climate scenarios than
the status quo climate regime, the yields would nonetheless increase in an absolute sense,
due to the fact that the projected climate-change-induced yield reductions are not sufficient
in magnitude to completely offset the elevation in yields along the long-term yield trajectory
that is driven largely by changes in crop management and crop genetic potential.

It is important to note that the projected increases in corn and soybean yields are
predicated on the robustness of the long-term yield trajectory. However, the actual yield
trajectory is highly sensitive to future agronomic uncertainties driven by producer uti-
lization of agrochemicals, nutrients, and prevailing environmental concerns, and how
these are affected by consumer perceptions. Given contemporary patterns and trends in
consumer and environmental advocacy and the influence they wield upon commodity
supply chains, it is extremely difficult to predict producer input use decades in advance,
much less their consequent impacts on crop yields. Nonetheless, it is likely that corn and
soybean yields will continue to rise, though hampered somewhat by the impacts of climate
change projections.
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