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WHERE IS CLEMSON?

Clemson University is situated on 1,400 acres in Upstate South Carolina, with one

edge of campus resting on the waters of Lake Hartwell and the other deep in the
Experimental Forest. Midway between Allanta, Georgia, and Charlotte, North
Carolina, Clemson offers students the convenience of a small town with easy
access to the attractions found in major cities.




Current Lab

Four MS Students Q Dwivedi Forest Sustainability Lab
Bandhan, Probir, Khagendra, & Lydia

Eleven Ph.D. students o Advancing sustainable
Ben, Onyinye, Sabya, Lalita, Shakir, Rajesh, forest systems and

I t ) K t L) V [ ’ R . h d’ & Na een ihs iti
gnatius, Kaustav, vVaine, Reinhar v resilient communities.

I'ha A1se of foras

One incoming (fall 2026) M.S. student
Anna Maria

Three postdocs
Ashok, Rakhi Goswami, TBA

Total 20 people (fall 2026)
https://www.dfslIx.org/



https://www.dfslx.org/

The Study Area

Part of the original 13 colonies
Founded in 1732
Statehood: January 2, 1788

The largest state east of the Mississippi River
(37 million acres)
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Water Quality in Georgia

a. Compliance status for water designated use in Georgia b. Pollution sources for water bodies in Georgia
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Economic and Environmental Tradeoffs

Incentives

Economic Land Use
Welfare Change

Water
Quality




Goal of the Study

Modeling the economic and environmental tradeoffs
related to potential water quality improvement in light of
land use changes over space and time in Georgia.
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Land Use: About 51% row crops (primarily peanut, corn, and | curvated Crop*
cotton), 16% evergreen forest, 2% deciduous forest, and 1% hay. | B Hay/Pasture

Other notable categories include woody wetland (22%), which g:’::’:::
largely occur on the borders of the stream network and urban | g woody wetiand
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Framework: Designing Watershed for

Integrated Development (DWID)

SWAT output

nutrient load

surface runoff

Contribution
modeling

crop vield

—— P

Economic
modeling

)

Dynamic
Linear
Optimization
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SWAT Modeling (Key Assumptions)

Hydrological Response Units (HRUs): 1272 5? AT T
Cotton-Corn-Peanut Rotation , -
N7 P i
o JES @
Model Initialization (1993 —1996) \@",’J 7
: ROREN
Model Calibration (1997 —2001) S ora Y - |
e
Model Validation (2002 —2003) YG
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Economic Modeling
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Dynamic Linear Optimization Model

Objective Function (Maximize) v
Net Present Value Over Time

Subject to
Land Availability Constraints
Land Balance Constraints
Water Quality Constraints

13



m Percent decline n Percent decline | NO,-N & P | Percent decline*

48.00 - 14.75 48.00, 14.75
52.00 m 15.25 49.16, 15.08
56.00 m 15.75 50.33,15.42
60.00 m 16.25 51.50, 15.75
64.00 m 16.75 52.66, 16.08
68.00 m 17.25 53.82,16.42
N7 72.00 17.75 NP7 54.99, 16.75

Twenty-two scenarios are devised in total including a common Base scenario (defined by limits for NO,-N and P
constraints that remain constant over time). Percentage declines for each of the three categories (NO,-N, P, and
NO,-N & P) were devised based on equal intervals, starting with the percentage triggering an initial change in
profits and ending with a percentage representing the maximum threshold permitted by the model.

14






SWAT Modeling

(a) mm95PPU —Observed Simulated Precipitation
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SWAT Modeling
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Contribution Modeling

2005

Okg/ha 0.0128kg/ma Okg/ha 0.0876kg/ha a a Okg/ha 0.0188kg/ha

2001

NO,-N Load
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Contribution Modeling

1999

]
0.0039«g/ha

1997

Okg/ha 0.0193«kg/ha Okg/ha

0.0110kg/Mma Okg/ha

2002 2003

0.0120kg/ha Okg/ha 0.0631xg/ha Okg/ha

0.0109kg/ha

Okg/ha 0.0069kg/ha Okg/ha

2000

]
Okg/ha 0.0087«kg/ha

Okg/ha 0.0126kg/ha

P Load
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Surface Runoff

1997 2000

51.18mm 381.42mm 36.16mm 329.31mm 7.77mm 138.82mm 20.21mm 223.41mm

2001 2003 2005

] | ]
22.97mm 190.16mm 8.12mm 210.50mm 6.98mm 198.27mm 47.68mm 310.51mm 26.69mm 273.45mm 20




Economic Modeling

Profit (USD/ha)
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Economic and Environmental Tradeoffs

(a)

Profit (1997 USD equivalent)
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Economic and Environmental Tradeoffs
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Projected Land Use Change
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Projected Land Use Change

1997 1998 1999 2000 2001 2002 2003 2004 2005
| 875.02 M
3,592.59
88.64 276 02 6,267.37 6.180.44
22,039.34 :
22,039.34
5392.13 || - 2,587.85
914.87 L
13,785.26 21,164.33 364.48
19,237.12
637.53 18,872.63
245.91
14,857.00 18,235.10
7,419.13
3,378.22
- 2 378 25 3,378.22
3,378.22 3,378.22 T
NO;-N (N7)
BBermuda [Jcorn WPeanut Hcotton M softwood [l Hardwood 25




Projected Land Use Change

1997

1998

588.64

13,785.35

246.69

10,798.07

1999

21,737.42

3,548.62

131.64

2000 2001
_ 875.02 |
21,737.49
93.028

21,737.49

2,460.37
2,460.37

996.22
131.64 1,127.86

2002

875.02

16,631.36

6,784.50

1,127.86

2003 2004 2005
17,351.11 17.351.11 12,334.96
5,016.16
155.27
8,067.64
7,912.37 8,067.64
P (P7)

IE“E-‘I‘I'I"lL“ﬂEI DCC"‘I'I .Peanut Heotton [ softwood B Hardwood
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Publication

Water Resowrees and Economies 41 (2023) 100209

Contents lists available at ScienceDirect

Water Resources and Economics

journal homepage: www.elsevier.com/locate/wre

Designing Watersheds for Integrated Development (DWID): | updiet” |
Combining hydrological and economic modeling for optimizing
land use change to meet water quality regulations

Ranjit Bawa ™", Puneet Dwivedi”, Nahal Hoghooghi ", Latif Kalin ©, Yu-Kai Huang *

Non-Stochastic DWID Model

27



Stochastic DWID Model

How confident do we want to be in meeting the phosphorus
water quality standard, keeping in mind the variability of
phosphorus loadings from each sub-basin for each land use
type in the presence of yield variability?

Chance Constraint Approach

28



Stochastic DWID Model

Scenario descriptions for phosphorus concentration limits.

Scenario Description

SO No regulation.

S1 Start to reduce the TP concentration limit in the 5th year and linearly
decrease to the USEPA standard.

S2 Start to reduce the TP concentration limit in the 31d year and lineaily
decrease to the USEPA standard.

S3 Start to reduce the TP concentration limit in the 1st year and linearly
decrease to the USEPA standard.

S4 Linearly decrease the TP concentration limit to the USEPA standard
within 7 years.

S5 Linearly decrease the TP concentration limit to the USEPA standard
within 5 years.

S6 Linearly decrease the TP concentration limit to the USEPA standard

within 3 years.

50% Confidence Level (Deterministic)

o
o\

o
.

o
N

Phosphorus limit (mg/L)
o

o

S

1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

90% Confidence Level (Stochastic)
95% Confidence Level (Stochastic)
99% Confidence Level (Stochastic)

29




Stochastic DWID Model
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Publication

Agricultural Water Management 271 (2022) 107799

Contents lists available at ScienceDirect

Agricultural Water Management

journal homepage: www.elsevier.com/locate/agwat

Designing Watersheds for Integrated Development (DWID): A stochastic s

dynamic optimization approach for understanding expected land use
changes to meet potential water quality regulations

Yu-Kai Huang ™, Ranjit Bawa®, Jeffrey Mullen °, Nahal Hoghooghi ©, Latif Kalin “,

Puneet Dwivedi
Stochastic DWID Model
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DWID Modeling Approach

Advantages
Tradeoff analysis for optimal policy designs
Spatial targeting (better utilization of money and time)
Signifies the role of forestry in meeting water quality expectations
Highly customizable & applicable to watersheds at the global level

Disadvantages
Time Intensive

33



= Better watershed pollcy
N needs both physical routing
and economic response, and,
most importantly, uncertainty
belongs in the decision-

making framework.

o

Social dimensions are
critical.

e

. . ‘C.f’:



Thanks!

Puneet Dwivedi, Ph.D.

Professor | Glenn '65 and Heather Hilliard Endowed Chair in Environmental Sustainability
Clemson University | Department of Forestry and Environmental Conservation

364 Newhotsky Hall, Clemson, SC 29634 || Email: dwivedi@clemson.edu
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