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Background & Motivation :  Betsiboka basin
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Lavaka (By Wikimedia) Red river (By NASA)Savanna (By Shutterstock)

ωLarge basin in NW Madagascar (55,412 km²) 

ωTropical climate (1,600 mm/yr; 25 °C) 

ωSavanna, dry forest, agriculture, mangroves 

ωPrecambrian bedrock, erosion-prone laterites soils

ωDeforestation + heavy rains drive lavaka ƎǳƭƭƛŜǎ Ҧ 

land degradation & high sediment load (Vieilledent et 

al., 2020, BioRxiv; Rakotoarimanana et al., 2024, Water Res.)
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Background & Motivation: Ankarafantsika National Park

Burned dry forest (By Percival) Biodiversity (By Fukuyama) White sandy soil (By Nishigaki) 

ω Protected park (since 1927) 

ω Seasonally dry tropical (1,195ς1,615 mm/yr; ~26 °C)

ω Biodiversity hotspot; many endemic/endangered species 

ω Dry deciduous forest (~1,350 km²); white sandy soils 

ω Frequent fire, deforestation, agriculture expansion, and 

biodiversity loss (Percival et al., 2024; PLOS ONE)



Objectives
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Assess the past and present effects of wildfires, deforestations, 
and climate variability on water resources in Betsiboka basin 

and Ankarafantsika National Park

Research Questions

ÅHow do deforestation and wildfire disturbance affect 
water balance components over time? 

ÅCan the hydrological impacts be quantified reliably by 
the SWAT+ model and remote-sensing discharge data? 

ÅWhat are the ecological impacts of wildfire? Which 
subbasin is the most vulnerable? 

ÅHow can landscape-based analysis inform sustainable 
basin management?



Study Area

5

Lack of ground-based hydrological data =>Space-based discharge data

ωBetsiboka: RSEG-GRDC, monthly 2012ς2020 (Elmi et al., 2024; Scientific Data)

ωANP: GRADES-hydroDL, daily 2014ς2025 (Yang et al., 2025; Water Resources Research) 



Methods

ÅSWAT+ rev. 61 configured in QSWAT+ / Editor 3.1
Å  Multisite calibration using SWAT+ Toolbox 3.2

ANP Betsiboka

Area 854 km² 55,412 km²

Subbasins 16 9

Channels 126 105

LSUs 126 105

HRUs 633 2588

Model run 2013ς2025
(13 years)  

2009ς2024
(16 years) 

ALOS World 3D (30m) Dynamic World (10m) 

ESRI(10m) 

HWSD v2 (1km) 
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Decision table land use scenarios
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Decision table land use scenarios (cont.)



Results: Climate Trends  
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Å Marovoay station: 
warm and 
moderately wet 
tropical regime;

Å Antananarivo 
station: cooler 
subtropical climate;

Å Ampijoroa station:  
extreme rainfall 
variability 
associated with 
episodic monsoon 
activity.



Results : Model calibration and validation- Betsiboka basin
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Results : Model calibration and validation - Ankarafantsika
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Results : Model calibration and validation (cont.)
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Results : Deforestation analysis
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Results :Hydrological response to LULC scenarios - Betsiboka
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Results :Hydrological response to LULC scenarios - ANP 
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Results : Mean annual water balance
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Results: Ecological Impact of Wildfire - ANP


