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My Work

PhD student at Michigan State University (Dr. Yadu Pokhrel - advisor)

NSF project To Irrigate or Not' - using CLMb to model the feasibility of agricultural and irrigation
adaptation strategies in the Mississippi River Basin

~okm BGC mode CLMb simulations with transient land use and regionally tuned parameters

Integrating hydrology, crop, and irrigation modeling to
« Advance the performance of CLMb5 to model trends and variabilities of the past 40 years (1980-2020)

« And assess the need of irrigation expansion to sustain crop production under future climate (-2100)

G MICHIGAN STATE UNIVERSITY



Model domain & setup
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Hydrology — default parameter results
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Hydrology — parameter adjustment

« Based on parameter sensitivity studies (Yan et al. 2023, Elkouk et al. 2025), three most
sensitive parameters for streamflow were adjusted based on prior ranges.

« FMAX - maximum saturated area fraction
« d_max - dry surface layer thickness

« watsat_sf - scalar factor for volumetric water content

a) FMAX adjustment b) d_max adjustment c) watsat_sf adjustment
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Hydrology — parameter adjustment all
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Crop Modeling in the Mississippi
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Crop Modeling in the Mississippi

« Crop parameters for corn and soybean were calibrated Cheng et al. (2020)

 plant hydraulics, photosynthetic capacity, and planting temperature related parameters

« (Calibrated for county-level annual yield in the US Midwest
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Crop Productivity in the Midwest -1

« (Calibrated rainfed corn and rainfed soybean yields match better with reported yields from
USDA, compared against default CLM5 crop model.

Rainfed Corn Rainfed Soybean
Metric Unit

USDA Default Calibrated USDA Default Calibrated
Multi-year average bu/acre '7'71.35 6465 7977.38 244 07 163.477 234.95

Trend bu/acre/yr 12.47 0.91 7.9 2.71 1.83 2.19
RMSE bu/acre - 263.04 282.02 - 125.19 112.39
PBIAS %o - -14.31 3.9 - -32.62 -191
- - 0.52 0.58 - 0.41 0.37

Shrestha et al.
(WRR, in review)
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Crop Productivity in the Midwest -2
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Crop Productivity outside the Midwest
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Irrigation in the Mississippl
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Paddy consumes substantially more water.

Irrigated paddy less frequently (triggered when soil
moisture is below a threshold).

Table 1
Information on Irrigation Methods (All Parameters Are Described in
Sections 2.2 and 2.3)
Place where =~ New water

water is ponding
Method Activation Water amount applied module
Default W, < Wy Wi = W, Undercanopy  No
Sprinkler W, < Wi Wiaga = Weurrens - Over canopy No
Flood Weurrent < Wiresti Weata = Weurrens - Under canopy No
Paddy 1 W_, ..<W,.., Wi.—W... Undercanopy Yes
Paddy_2 D, <Dy, D= Dy Under canopy Yes
Raddy 3 W.ew < Wi Wisw = Weirrew  Under canopy Yes

Paddy_3 is the final
scheme used for
irrigated rice.

Substantial reduction for irrigated paddy

MAP total irrigation withdrawals @0.5

Yao et al. (2022)

MAP total irrigation withdrawals @0.5
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Irrigation in the Mississippi-2

Surface irrigation in HPA —— CLM  —X- Observation USGS
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Irrigation in the Mississippi-3

Created a new irrigation partitioning module (modified IrrigationMod.F90)

Uses USGS irrigation dataset (2000-2009) to set the ratio of groundwater irrigation to total irrigation

withdrawals in each grid cell
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Irrigation in the Mississippi-4

2. lIrrigation threshold set to 0.5 (irrig_threshold_fraction in the namelist file)
HPA MAP

] X
/ 'I X\ 0.50 1

1. Surface water to 0.25 1
groundwater
withdrawal ratio has ~ 0-00-
improved, except
surface water
withdrawal in HPA.

Monthly irrigation (km3/month)

2. Total irrigation
withdrawals matches
USGS observations.

Shrestha et al.
(WRR, in review)
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Irrigation in the Mississippi-9

3.

Crop planting date in CLMb is the
primary driver of irrigation timing.

« Irrigation peak matches with peak total

leaf area in the model.

« Shifting crop planting windows shifts

Irrigation timing.

However, farmers' decisions are
difficult to accurately simulate.
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Assessing future water availability in rainfed crops

Future forcing
b GCMs, 3 SSPs
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Future climate in the Midwest
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Changes in crop yield and WUE

Rainfed corn
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Areas of frequent water deficits

Rainfed corn

Rainfed soybean

Shrestha et al.
(in prep)

f& MICHIGAN STATE UNIVERSITY 27




Acknowledgements

Special thanks to:
 Mengqgi Jia

* Ashraf Rateb

e Bridget Scanlon

* Kaiyu Guan

 Sam Rabin

e Danica Lombardozzi
* And many others

The National
Science Foundation

This work was supported by the National
Science Foundation (#2324837).

(i\l MICHIGAN STATE

UNIVERSITY

THE UNIVERSITY OF

TEXAS

—— AT AUSTIN ——

UNIVERSITY OF

ILLINOIS

URBANA-CHAMPAIGN

f& MICHIGAN STATE UNIVERSITY 23



References

Shrestha, A., Pokhrel, Y., Jia, M., Rateb, A., Scanlon, B. R., Guan, K., Rabin, S., Lombardozzi, D. L., 2025. Advancing Integrated Hydrology-
Crop-Irrigation Modeling over the Mississippi River Basin using the Community Land Model. Water Resources Research. (Under
Review)

Yan, H., Sun, N, Eldardiry, H., Thurber, T. B, Reed, P. M., Malek, K., Gupta, R., Kennedy, D., Swenson, S. C., Hou, Z., Cheng, Y., & Rice, J. S.
(2023). Large Ensemble Diagnostic Evaluation of Hydrologic Parameter Uncertainty in the Community Land Model Version 5 (CLMb).
_burnal of Advances in Modeling Earth Systems, 15(5), e2022MS003312. https://doi.org/10.1029/2022MS003312

Elkouk, A., Pokhrel, Y., Livneh, B., Payton, E., Luo, L., Cheng, Y., Dagon, K., Swenson, S., Wood, A. W., Lawrence, D. M., & Thiery, W.
(2024). Toward Understanding Parametric Controls on Runoff Sensitivity to Climate in the Community Land Model: A Case Study Over
the Colorado River Headwaters. Water Resources Research, 60(12), e2024WR037718. https://doi.org/10.1029/2024WR037718

Cheng, Y., Huang, M., Chen, M., Guan, K., Bernacchi, C., Peng, B., & Tan, Z. (2020). Parameterizing Perennial Bioenergy Crops in Version
5 of the Community Land Model Based on Site-Level Observations in the Central Midwestern United States. Journal of Advances in
Modeling Earth Systems, 12(1), e2019MS001719. https://doi.org/10.1029/2019MS001719

Yao, Y., Vanderkelen, |, Lombardozzi, D., Swenson, S., Lawrence, D., Jagermeyr, J., Grant, L., & Thiery, W. (2022). Implementation and
Evaluation of Irrigation Techniques in the Community Land Model. Journal of Advances in Modeling Earth Systems, 14(12),
e2022MS003074. https://doi.org/10.1029/2022MS00307 4

ﬁ MICHIGAN STATE UNIVERSITY

24


https://doi.org/10.1029/2022MS003312
https://doi.org/10.1029/2024WR037718
https://doi.org/10.1029/2019MS001719
https://doi.org/10.1029/2022MS003074

THANK YOU!

AMAN SHRESTHA
SHREST66@MSU.EDU

25



	Advancing Integrated Hydrological-Crop-Irrigation Systems Modeling using CLM5
	My Work
	Model domain & setup
	Hydrology – default parameter results
	Hydrology – parameter adjustment 
	Hydrology – parameter adjustment all
	Crop Modeling in the Mississippi
	Crop Modeling in the Mississippi
	Crop Productivity in the Midwest -1
	Crop Productivity in the Midwest -2
	Crop Productivity outside the Midwest
	Irrigation in the Mississippi
	Irrigation in the Mississippi-2
	Irrigation in the Mississippi-3
	Irrigation in the Mississippi-4
	Irrigation in the Mississippi-5
	Assessing future water availability in rainfed crops
	Future climate in the Midwest
	Changes in crop yield and WUE
	Areas of frequent water deficits
	Acknowledgements
	References
	THANK YOU!

