
1. Introduction

2. Method and Data

• As one of the major cultivation areas around the world, U.S. Corn Belt plays a 
vital role in the global food supply and agricultural ecosystem service. 

• We use Ecosys model to simulate surface fluxes and corn/soybean yield in the 
U.S. Corn belt at site-scale as well as regional-scale.

• Science questions:
1) What’s the performance of Ecosys model in simulating the surface energy-

water-carbon fluxes at agricultural landscape?
2) What’s the performance of Ecosys model in simulating large scale crop yield for 

both corn and soybean?
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3. Performance of Simulated Energy-Water-Carbon 

Fluxes at Flux Tower Sites 

Fig. 2. Comparing Ecosys model simulated GPP, NEE, LAI and LE with
site observations at Mead Ne2 site in Nebraska. Light yellow shaded are
corn years, and light blue shaded are soybean years.

5. Response of Simulated Yield to Climate Variables

(1) Ecosysmodel

Ecosys is a mechanistically-based ecosystem model, could simulate the water,
energy, carbon, and nutrient cycling simultaneously within various specified
ecosystems (Fig. 1). It also could simulate the influence of different crop management

practices (i.e. tillage, fertilizer, and irrigation) under different environmental conditions (i.e.

different soil and climate scenarios).

(2) Datasets

For site-scale simulation:
We used the flux-tower gauged climate variables at Mead Ne1, Ne2, and Ne3 as
forcing data, and the records of irrigation, fertilizer, crop plant and harvest
information as the land management practices. The observed GPP, NEE, Latent
heat (LE), and LAI at there three sites were used as benchmark to assess the
performance of Ecosys model at site-level.

For regional-scale simulation (at Illinois, Indiana, and Iowa) , we used:
• Climate Data: North American Land Data Assimilation System (NLDAS-2)

forcing data
• Soil Data: Unified North American Soil Map (UNASM)
• Fertilizer: State-wise fertilizer information from USDA
• Plant and Harvest time: Plant at May 11 with 8.2 plants/m2 for corn and

May 20 with 37.1 plants/m2 for soybean. Both corn and soybean were harvested
at Oct. 30.

• Benchmarks: Resampled 0.5◦ corn and soybean yield from NASS county level
rainfed crop yield. 2 Bu/Acre/year and 0.5 Bu/Acer/year trend for corn and
soybean, respectively were added to the simulated yield based on the year 2006.

Fig. 1. Basic processes in Ecosys model (revised from Grant, 2004).

Fig. 6. Scatter plots between the Ecosys simulated yield and climate variables at 3I 
states for both corn and soybean. Green lines were based on the simulated crop yield, 
dash lines were based on the NASS observed yield fitted by LOWESS .

6. Conclusion
• In this research, we test the performance of Ecosys model for the surface energy-water-

carbon simulation at site-scale as well as the crop yield simulation at regional scale (3I
states):
(1) For the site-scale, validation results show that the Ecosys model could capture the

seasonal and inter-annual variance of GPP, NEE, LE and LAI for both corn and soybean.
(2) For regional-scale crop yield simulation, the Ecosys model could capture the spatial and

temporal variance of crop yield for both corn and soybean with some gaps.
(3) The simulated and observed crop yield show similar response to the monthly climate

variables.

7. References and Acknowledgements

Grant, R. F. (2004). Modeling topographic effects on net ecosystem productivity of boreal black spruce forests. 
Tree Physiology, 24(1), 1–18. https://doi.org/10.1093/treephys/24.1.1

We acknowledge the support from  NREC  and Blue Waters. 

4. Regional-Scale Corn and Soybean Yield Simulation
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Fig. 3. Scatter plots of Ecosys simulated and NASS observed crop yield 
for corn and soybean.  

Fig. 4. Ecosys simulated and NASS observed crop yield at 3I states from 
2001 to 2012 for corn and soybean.
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Fig. 5. Spatial pattern of Ecosys simulated and NASS observed crop yield 
averaged from 2001 to 2012 for corn and soybean.
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