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EXECUTIVE SUMMARY

Despite significant advances in both seasonal climate prediction
and satellite remote sensing, the produced data have not been fully
used in crop yield forecasting at the regional scale, compared to
survey-based approaches. In this project, the research team built
a seasonal forecasting system for U.S. corn (maize) and soybean
yield by bridging the most advanced seasonal climate prediction
products from the National Centers for Environmental Predic-
tion (NCEP) and satellite remote sensing within a statistical crop
modeling framework. The researchers then evaluated the benefits
of using seasonal climate prediction and satellite remote sensing
data in forecasting U.S. corn and soybean yield at both nation-
al and county levels. They found they could not achieve a better
forecasting performance than the official survey-based forecast
from the United States Department of Agriculture (USDA) until
they used both climate and remote sensing observations in their
model. Compared with using historical climate information for
the unknown future in each growing season, using climate pre-
dictions from NCEP gave better forecasting performance once
the team corrected the bias in the seasonal climate prediction
products. Using the climate—remote sensing combined model
and bias-corrected climate prediction from NCEP, the research-
ers achieved a better forecasting performance than the USDA
forecast. The team’s system will be useful for stakeholders in the
agriculture industry and commodity markets.

RESEARCH CHALLENGE

More frequent extreme events and ongoing climate change
puts food production at a higher risk [1-4]. Seasonal forecast
of agricultural production thus becomes increasingly more im-
portant for early warning of food security issues, supply chain
planning for the agriculture industry, and market prediction [5—
7]. Although many countries and regions around the world have
their own operational crop yield forecasting systems with varied
modeling and data configurations, using combined seasonal cli-
mate prediction and remote-sensing data for crop yield predic-
tion at large scales is still rare.

METHODS & CODES

The research team built a seasonal forecasting system for U.S.
corn and soybean yield by bridging the North American multi-
model ensemble (NMME) seasonal climate prediction products
[8] and satellite remote sensing within a statistical crop model-
ing framework. The seasonal climate prediction products were
first bias-corrected and spatially downscaled to 4 km using the
percentile mapping algorithm and then aggregated to the coun-
ty level. Multiple remote-sensing products were used in this sys-
tem, including the MODIS NDVI, EVI, NIRy, LST, and OCO-2/
TROPOMI SIF products. Both traditional statistical regression
and machine learning algorithms were used to build the yield pre-
diction models. The model performances were evaluated using
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Figure 1: (a) Temporal correlation between actual yield and yield predicted by the “Best Climate + EVI” model and (b) its median prediction root mean square error
(RMSE) from 2003 to 2016 at each county. Counties with yield observations of fewer than five years over the evaluation period are not shown.
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the out-of-sample validation method. The crop yield forecasting
performances were benchmarked with that from USDA World
Agricultural Supply and Demand Estimates (WASDE) reports.

RESULTS & IMPACT

The research group demonstrated that incorporating satellite
information significantly improved the yield forecasting perfor-
mance, compared with other climate-only models using month-
ly air temperature, precipitation, and vapor pressure deficit. The
bias-corrected climate prediction from NMME showed better
yield forecasting performance than the historical climate ensem-
ble. Among the remote-sensing features, using NIRv and EVI can
generally have better yield prediction performances. The multi-
model ensemble approach can lead to the best yield prediction
performance. Finally, the team’s yield forecast outperformed the
WASDE reports released by the USDA.

WHY BLUE WATERS

Blue Waters was essential for this research because of the need
to run ensemble models (more than 200 ensembles for predic-
tion at each time) at a regular updating frequency. The compu-
tational and storage requirements can only be fulfilled by using
Blue Waters.
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