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 timely and accurate decision-making
 Effective watershed management modeling
o Data (availability/quality)
o Water process ~ watershed characteristics
o Large heterogeneous agricultural basin.

I. Research Question And Motivation: 

Can the ML emulate the SWAT+ model?

WB, WQ variables
Scalable (Field: HRU-Regional: UMRB)

Large Agri-conservation practices Basin

Why?



Do current modeling frameworks have the capacity to 
evaluate effective watershed management 

across large and heterogeneous basins?

 Efficient modeling framework

 SWAT+: 
• large heterogeneous landscapes. 
 data-driven models:
•  physical relationships.
• generalization across regions. 

A multi-stage physics-guided RFR framework to replicate SWAT+ outputs and spatial variability efficiently.

 powerful tool: 

Physics-guided Random Forest Regression 
(RFR) model emulates SWAT+ outputs. 
 Scalability. 
 Transferability.

 Evaluating conservation practices:

 Hydrologic and water quality hotspots. 
 Supporting management decisions. 



Upper Mississippi River Basin (UMRB)
500,000 km² with 131 heterogeneous sub-basins

II. Research Goals & Approach:
HRUs response-dataset



III. Study area-Dataset:
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III. Method: 

Representative Training Sample
“Sub-watersheds” 

Single + Generalizable Model for the Entire UMRB



III. Results: 



III. Analysis: 
The distribution of HRUs in the representative 24-HUC8



III. Analysis : 
The distribution of area and HRUs in land use classes.



III. METHOD: 



III. METHOD: A Multi-Stage Random Forest Approach

Predict 
water yield responses
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Predict 
Sediment yield responses

LANDUSE, 
Cover_Crop, 
NUT_MGT, 
IRRIGATED, 
TILED, 
TERRACE, 
COM_N,     

COM_P, 
MAN_N, 
MAN_P,
SLP, 
HYD_GRP, 
awc1, 

ln(wateryld)

wateryld ln(sedyld)

Predict 
Water quality responses

ln(TN), ln(TP) 

tmpav, precip..

1. RFR model-WB 2. RFR model-Sedyld 3. RFR model-TN/TP
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V. RESULTS: 



V. RESULTS: 



 Surrogate

 Scalable

 Transferable

 Large heterogeneous agricultural basin

 Real-time watershed management decisions

III. Conclusion:
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