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l. Research Question And Motivation:

Can the ML emulate the SWAT+ model? Why? > timely and accurate decision-making

_ » Effective watershed management modeling
v/ WB, WQ variables o Data (availability/quality)
+ Scalable (Field: HRU-Regional: UMRB)

o Water process ~ watershed characteristics
« Large Agri-conservation practices Basin Q o Large heterogeneous agricultural basin.




Efficient modeling framework

SWAT+:

* large heterogeneous landscapes.

v data-driven models:

*  physical relationships.
generalization across regions.

’% Problems?

> powerful tool:

. . ) » Evaluating conservation practices:
Physics-guided Random Forest Regression

(RFR) model emulates SWAT+ outputs.
v Scalability.
v' Transferability.

A lssue

Do current modeling frameworks have the capacity to
evaluate effective watershed management
across large and heterogeneous basins?

v" Hydrologic and water quality hotspots.
v' Supporting management decisions.

ssiyousg ©

So What?

Solutions?

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




ll. Research Goals & Approach:

SWAT Model

Predictors:

© spatial/Management
[ X soil

{ Climate

Training and testing of machine learning model
e Architecture setup

Outputs of machine learning model [<

* Training and parameter tuning
» Validation and testing

HRUs response-dataset

Process-based model

Responses:
—> { Hydrology (Water yield)

Nutrients (Sediment yield, Total Nitrogen/Total phosphorus)
N

il Comparison

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




Open-Source Dataset

w

lll. Study area-Dataset:

National Agroecosystem Model subset: Upper Mississippi River Basin HUC8 Scale
SWAT+ model
White, Michael (Contact person)’ @®: Cerkasova, Natalja (Researcher)? Amold, Jefirey G. (Researcher)' &,

Gao, Jungang (Researcher)2&, ; Allen, Peter M. (Researcher)*& ; Gambone, Marilyn (Researcher)' &

Rath, Sagarika (Researcher)28 | snow atfiations |

This dataset is a subset of the National Agroecosystem Model (NAM) (see doi: 10.1111/1752-1685.13056 for details) for the Upper Mississipi River Basin (UMRB) using the Soil
and Water Assessment Tool (SWAT+). There are 132 folders in the dataset, each represents a standalone SWAT+ model

= The folders contain all the neccessary input data and files 1o run the SWAT+ model.

- Each folder includes a SWAT+ executable, named J00000CXX_swat. exe used to run the model and to get the desired output. The XXXXXXXXX is the corresponding
HUCS number.

- Each folder Gontains a X)0C0OOCX_Combo.png image, which shows the performance of the comresponding HUCS model, where XXXXXXXX is the HUCE number. The
model output is compared to the USGS water yield estimates from Reitz et al. 2017 (doi: 10.1111/1752-1688.12546), and the SPARROW model.

This subset of the NAM was soft-calibrated for water yield and com/soybean yields. Some hard-calibrated was performed on a local stream reach level Using Dynamically
Dimensioned Search Algorithm (citation will be updated once available).

Fies  https://doi.org/10.5281/zenodo.12750127

Files (57 cB) >
Name size [ oownioza an |

NAM UMRB SWAT+7z

i This site uses cookies Find out more on how we use cookies
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Single + Generalizable Model for the Entire UMRB

Representative Training Sample
“Sub-watersheds”




Wateryld Wateryld




l1l. Analysis:

The distribution of HRUs in the representative 24-HUCS8

Total HRUS per HUC in UMRE [Highlighted 24 HUCs in Orange)
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175
50,
soybeans

developedilow intensity

deciduaus_Torest

21.4%

watlands

Top 10 LANDUSE Classas by AREA in UMRB
e

alfalta

corn_slla

davaloped/medium_intarsity
T

ejoued

- sueaqgAos/wod dosd”|gp

ESN

Jamojjuns

- abejis wnybaos

wnybios/suiesb jjews dosd |gp

- sulesb jjews
jeaym bulids
wiod/suiesfb”|jews doidT|gp
sueaqAos/suielb jjews dosd |qp

- Aapeq

- painuew Aey

- wnybios

- MOJ|E)

- pieydio

- sajqelaban

- Aey awnbay

- aku

- s]22qJebns

- dou>”mold awnbaj-uou Jaye

- 15940) paxiu

1sa10) uaaibiana

uaueq

dousd"mos awnba)

s1eo

abues Aysnug

painuew ainjsed

1eYM I33Um

Ausuajui-yby/padojanap

ejjejje

Aysuayui wnipaw/padojanap

abejis won

Aey awnbaj-uou

spuejiam

Alsuaiul-mol/padojaasp

ainysed

sueaqhos

152104 snonpiaap

wod

26.0%

nen-legume_hay
Other
T

com

Distribution of Representative HRUs by Land Use

140000 A
120000 A
100000 A
80000 -
60000 -
40000 -
20000 A

WUN0D SNHH aAnBIUaSaIday

l1l. Analysis

The distribution of area and HRUs in land use classes.

Land Use Class



l1l. METHOD:

Top 10 LANDUSE Classes by HRU Count in UMRB
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HRU-Annual
STATIC

Data preprocessing
[ ]

ining

(80% Training/20% Validation)

Tra

Representative HRUs in UMRB for RFR
DYNAMIC

LANDUSE, COM_P,
Cover_Crop, MAN_N,
NUT_MGT, MAN_P,
IRRIGATED, SLP,

TILED, HYD_GRP,

TERRACE,  awcl,
COM_N,

tmpav, precip..

wateryld

1. RFR model-WB

l1l. METHOD: A Multi-Stage Random Forest Approach

Preparing the dataset

2. RFR model-Sedyld

Testing

Predict

Sediment yield responses Water quality responses

In(wateryld)

In(sedyld)

In(TN), In(TP)

3. RFR model-TN/TP

[Evaluation |



V. RESULTS:
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l11. Conclusion:

v’ Surrogate

v" Scalable

v" Transferable

v' Large heterogeneous agricultural basin

v Real-time watershed management decisions







	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

