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Background Regarding Study

» Study conceived by Ms. Neoh

» In-depth investigation of SWAT applications focused on combined
climate change (CC) and land use-land cover change (LULCC) impacts

» First study to focus on topic for tropical regions

» Srini and | have provided technical and editorial support

» The reviewed studies identified via SWAT Literature Database
» SWAT most used (also SWAT+, SWAT-MODFLOW & SWAT-FEM)
» Study will be submitted for publication in the near future



Objectives

1) Provide concise summary of selected SWAT studies
performed for watersheds in tropical regions

2) Report findings of CC and/or LULCC impacts on
selected water resources in tropical regions by
geographical areas and various sub-topics

3) Recommend future directions and needs for
watersheds in tropical regions



SWAT Literature Database Update

> Texas A&M took over database management in Oct. 2025
» Raghavan Srinivasan, Jaclyn Tech, Arun Bawa

» Updating of database needs to be initiated
» Hundreds of studies between 2023 to 2026 need to added

» | have uploaded citation data for a few dozen articles

> Jaclyn & Srini: Want to use WoS indexed studies for now
» Perhaps Al could be utilized in future efforts?



Initial Steps for Identifying Studies for Tropical Regions

Search through SWAT Literature Database
Keywords: climate change and land use change

Secondary category choice: climate change and land use change

|

Categorise the articles according to climate zones of the world
Reference: Koppen climate classification

{ Primary category choice: climate change and land use change, or }

Climate regions source: Beck et al. 2018. Present and future Koppen-Geiger climate classification maps at 1-km resolution. Scientific Data.

5:180214. D0i:10.1038/sdata.2018.214.



Final Steps for Identifying Studies for Tropical Regions

|

Analyse previous research of tropical climate region
Scope: objective of the research, research outcome

Y

Organise the research outcomes according to geographical regions




Results of Study Search/Selection

> 117 total studies selected across four regions
» Africa, Southeast Asia, Indian Subcontinent & South America

> Three types of tropical climate located between the Tropic of
Cancer & the Tropic of Capricorn

» Tropical Rainforest (Af), Tropical Monsoon (Am) and Tropical Savanna (dry
winter: Aw / dry summer: As)

> Five primary impacts: Agriculture, Environmental Conservation,
Extreme Events, Hydrological Processes & Water Governance

Climate regions source: Beck et al. 2018. Present and future Koppen-Geiger climate classification maps at 1-km resolution. Scientific Data.

5:180214. D0i:10.1038/sdata.2018.214.



Summary of Studies by Tropical Region

Total Rainforest | Monsoon | Savanna

Region !

- Studies | (Af) (Am) | (Aw/As)
Africa 46 v v v
India.n ”5 v Y y

Subcontinent
South America 9 v v v
Southeast Asia 37 v v v

Climate regions source: Beck et al. 2018. Present and future Koppen-Geiger climate classification maps at 1-km resolution. Scientific Data.

5:180214. D0i:10.1038/sdata.2018.214.



117 Total SWAT Studies Identified for Tropical Regions
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Climate regions source: Beck et al. 2018. Present and future Koppen-Geiger climate classification maps at 1-km resolution. Scientific Data.

5:180214. D0i:10.1038/sdata.2018.214.



Total SWAT Studies by Country”
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“Three Southeast Asian studies were grouped together and are not shown here
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Selected Africa Impacts

» 41 (of 46) studies showed combined impacts > than CC or LULCC alone
» 21 studies indicated that CC impacts > LULCC impacts

» 25 Ethiopian studies; 11 in Blue Nile Basin

> Projected precipitation increases up to 25%; dry seasons could manifest high decreases
in precipitation

» Groundwater recharge: 120% increase in gentle sloped areas; 24% decrease in steep
sloped areas

» BMPs can provide important interventions

» Adoption of bunds, crop rotations & agroforestry reduce surface runoff and sediment
yield in drought-prone watersheds in northwestern Ethiopia

> Filter strips, terracing & contouring, & grassed waterways increased groundwater
recharge & water yield for a watershed in Tanzania



Most Influential LULCC for Africa

Frequency
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Selected Indian Subcontinent Impacts

» 12 studies indicated that CC impacts > LULCC impacts
» 12 studies provided no comparison

» 18 studies found that soil, land use and climate interactions could alter the
local hydrological cycle and have a major impact on the streamflow

» River discharge increased due to urbanization, reduced vegetation coverage
and increased impervious surfaces for tropical monsoon climate conditions in
the Indian Subcontinent

» Conversion of forest land into agricultural production and built-up areas are
key drivers of LULCC (also true for Africa & Southeast Asia)



Most Influential LULCC for the Indian Subcontinent

Urbanization Agriculture Land  Deforestation Infrastructure Not Explicitly
Expansion Development Mentioned
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Infrastructure Development: landscape modifications that support transportation, water resource management, energy production, etc.
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Selected Southeast Asia Impacts

» 29 (of 35) studies showed combined impacts > than either CC or LULCC alone
» 5 studies: CC impacts > LULCC impacts

» Mekong River Basin — sensitive system: overall precipitation decreases of 6.9 to
19.8%; mean temperature increase of 0.62°C

> Rice triple cropping in Vietnam Delta may prove difficult

» Sekong, Sesan, and Srepok (3S) subsystem: projected increased precipitation, discharge
& pollutant transport

> Siem Reap system/Cambodia: Streamflow reductions = 63% to 75%
» Groundwater recharge/season: 39-53% increase/wet; 13—-29% decrease/dry
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Selected South America Impacts

> 8 (of 9) studies showed combined impacts > than either CC or LULCC alone
» 5 studies: CC impacts > LULCC impacts

» Tocantins-Araguaia River System (Amazon tributary)
» Could see reductions in hydropower generation and revenue of 50% to 135%
» Worst-case climate change impact: 74% reduction in streamflow

» Effective water governance policies need to be implemented

» Implementation of the Green Road scenario that emphasizes forest expansion
in Tropical South America

» Brazilian Federal Law No. 9.433, which prioritizes water use for human
consumption and animal feeding over hydropower generation



Most Influential LULCC for South America
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Selected SWAT/SWAT+ - related Conclusions

» Expanded parameter development and model testing needed for
tropical conditions

» Data quality is an issue in various tropical subregions
» Poses challenges for model calibration and validation

» Improved of temporal and spatial representation of landscapes/BMPs
> Dynamic temporal simulation already possible with SWAT/SWAT+

» SWAT+ offers very improved spatial representation

» Improved representation of anthropogenic activities needed
» SWAT+ is offering expanded capabilities (with more coming)



Selected Other Conclusions

» Urbanization, agricultural expansion & deforestation were the
primary drivers of LULCC in tropical regions

» lllegal timber logging, expansion of rice paddy fields, cash crop
planting (oil palm plantations), poor enforcement of regulations, etc.

» Improved future climate projections needed
» Considerable number of sub-issues

> Representation of combined CC & LULCC critical
» Expanded SWAT/SWAT+ applications needed in the future
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