CORN MODEL
RELIABLY
PREDICTS

THE EFFECTS
OF LONG-TERM
WEATHER
VARIABILITY
ON YIELDS

Crop resilience and soil health are
priorities for farmers and research-
ers alike. Both want to better un-
derstand how crops respond to
weather conditions over long time
periods. Crop simulation models
are powerful tools that can help.
These models mimic the complex
interactions between weather, soil,
and crop growth. The results pro-
vide potential outcomes of farm
management and support farmer
decisions.

Models are ‘calibrated’ to ensure
the simulated results are consistent
with observed data. After, they are
‘validated’ to ensure accurate rep-
resentation of additional real-world
conditions. Once validated, re-
searchers can use models to iden-
tify how certain weather patterns
may impact crop yields, including
future weather conditions.

However, models differ in their
complexity. For example, some
models may focus on simple de-
scriptions of growth and develop-
ment for many crops. Other mod-
els have enough detail to describe
differences between varieties of
the same crop. Also, model simu-
lations can suffer when data used
to calibrate and validate them are
missing. Information such as farm-
er management practice, local
weather data, and soil type are not
always available. This is potentially
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Measured and simulated corn yields from 1996 to 2019. Bars indicate

standard error of crop yields at four replicates per year. (based on Fig. 2,
White et al., 2025)

an issue when extending the simu-
lations to field conditions outside
the range of the data used to cali-
brate them.

Models that incorporate detailed
knowledge about a single crop’s
physiology can solve these prob-
lems. For example, MAIZe SIMulator
(MAIZSIM) is a model built explicitly
for corn. It combines a detailed sim-
ulation of how soil, weather, and
plant genetics’ work together to af-
fect how corn grows and how much
it produces. Another strength of
MAIZSIM is that it simulates weath-
er effects by the hour. Because of
these details, we have confidence
that MAIZSIM is very well suited
to understand how management
and weather affect yield resilience.
Thus, model results can inform
farmers’ corn management deci-
sions.

Recently, a team of USDA research-
ers applied MAIZSIM to a 24-year
dataset (1996-2019) at the Belts-
ville Farming Systems Project (FSP)
in Maryland. Research at the FSP is
focused on long-term farming
practices for rainfed corn and
other crops (Teasdale & Cavigel-
li, 2017; Cavigelli, 2018; White et
al., 2019; White et al., 2021). The
team’s research® had two primary
objectives. First, they evaluated
MAIZSIM’s ability to simulate the
long-term corn yields measured at

the FSP. Second, they used the
model to identify how specific
weather variables combine to influ-
ence corn yields across years.

MODEL EFFECTIVELY
SIMULATES YIELD TRENDS
OVER LONG PERIODS

The researchers found that simulat-
ed vyields closely tracked observed
yields over the 24-year period. On
average, measured vyields were
6408 kg/ha each year, while simu-
lated yields averaged 6474 kg/ha
each year. Thus, the model overpre-
dicted annual yields by 51 kg/ha, a
very small average error oversuch a
long period.

The model captured general dif-
ferences in yields across years
caused by differences in annual
weather patterns. However, it
struggled to simulate years with
very low or very high yields. In
years with exceptionally poor corn
growth, like 2007, the model
predicted that the yields should be
higher. In years with exceptionally
good corn growth, like 2014, the
model predicted that the yields
should be lower. Other studies also
report that simulation models are
biased towards these “conserva-
tive” estimates.
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stages in 2007 and 2014 during the growing season. (adapted from
Fig. 6 and Fig. S2, White et al., 2025)

an effect. These effects are clear in
Figure 2. In 2007 (a year with low
yields), low precipitation and high
heat stress both occurred during

corn reproductive growth phases. TABLE 1 ngquﬁoc?:rl]itty Percent
In contrast, in 2014 (a higher-yield-
ing year), precipitation was greater Rainfall during early critical period 0.11 13.0

and heat stress was lower during
these phases.” Together, the effects
of rain and heat during this criti- Heat stress during late critical period 0.12 13.9
cal period explained the majority
(62%) of the variation in corn yields

across years. Rainfall during early, and heat stress during late, 0.09
critical period :

Rainfall during late critical period 0.22 26.7

Rainfall during full critical period 0.02 2.0
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This result suggests that manage-
ment practices that can buffer
crops when they are most vulnera- Rainfall and heat stress during full critical period 0.10 12.2
ble are critical to reduce yield loss.
Potential strategies include altering
planting dates to avoid heat stress,

Rainfall and heat stress during late critical period 0.18 21.2

Total 0.84 100

Commonality coefficients (statistical measures of the effect of each list-

selecting drought-tolerant corn va- ed factor on yields over the study years) and the percentage of the total
rieties, or improving soil water re- yield variation over years (1996 to 2019) explained by critical period pre-
tention. In the future, the research cipitation and heat stress units. The cumulative total of 0.84 indicates
team plans to use MAIZSIM to deter- that 84% of the variation in yields across study years can be explained

by the combination of these variables.

mine how well such management
strategies mitigate the impacts of
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