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Background & Motivation : Betsiboka basin

ouharge basin in NW Madagascar (55,412 km?)
wlropical climate (1,600 mm/yr; 2&)
obavanna, dry forest, agriculture, mangroves
ouiPrecambrian bedrock, erosigurone laterites soils
uDeforestation + heavy rains drilevakad dzt f A

land degradation & high sediment loadeilledent et
al.,2020, BioRxiVRakotoarimananat al., 2024 \Water Res.)
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Background & Motivation:/AnkarafantsikaNational Park

Protected park (since 1927)
Seasonally dry tropical (1,185,615 mm/yr; ~26C)

Dry deciduous forest (~1,350 km?2); white sandy soils

W
W
w Biodiversity hotspot; many endemic/endangered specie
W
W

Frequent fire, deforestation, agriculture expansion, an

biodiversity losgPercival et al., 2028L0S ONE

Ankarafantsika National Park |
Band 1 (Gray)




Assess the past and preseaaitects of wildfires, deforestations
and climate variability on water resourcas Betsiboka basin
and AnkarafantsikadNational Park

Research Questions

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

A Can the hydrological impacts be quantified reliably &
the SWAT+ model and remegensing discharge dataf?

<

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

| >4

A How can landscapbased analysis inform sustainable
basin management?




Study Area

Betsiboka basin Ankarafantsika National Park
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SWAT A SWAT+ rev. 61 configured in QSWAT+ / Editor 3.1

SOIL & WATER A Multisite calibration using SWAT+ Toolbox 3.2
ASSESSMENTETOOL
(A) Ankarafantsika National Park
ALOSWorld 3D (30m) Dynamic World (10m) HWSD v2 (1km)
(a) Elevation (m) 100 (b) Land use WATR (c) Soil type - _ .
g e, ANP Betsiboka
Fllo o SS90 :fov 2| Area 854 km2 55,412 km?
W Subbasins 16 9
Channels 126 105
(B) Betsiboka basin
(a) Elevation (m) ESR(10m) (b) Land use (c) Soil type LSUs 126 105
N 5 HRUs 633 2588
RNGE 1960
o= Model run 20132025 20092024
: uren S £ ~0e (13 years) (16 years)
008 AGRL & 1 1920 3
200 = WETL & §
FRST 1900
0 e WATR
T L




Decision table land use scenarios

| SCENARIO CONTROL | | WILDFIRE DISTURBANCE EVENTS | - RECOVERY PROCESSES |

' '

( scen_dtl.upd ] lum.dtl

Scenario Activation Fire Eyent Trigger
1 (Action: burn)

\4

Betsiboka Basin Ankarafantsika National Park landuse.lum
e Post-Fire Recovery Pathways
(Fast 60% & Slow 30%)
. Grass HRU -> Forest HRU

scen_lu.dtl
Land-use Transitions
(Action: lu_change)

Fire Events: Jan &June 2016 Fire Events: Sept 2014 & Oct 2021
(Brouetal.,2018) (Percival et al.,2024)

\ /

fire.ops
Fire Severity Application
(High 70% & Moderate 40%)

|

HRUs Response
Hydrologic Response Units
Simulation




Decision table land use scenarios (cont.)

Decision Tables / Edit scen_lu.dtl B

reforest_fast_2022

change land use from range to fast forest on January 1, 2022

DESCRIPTION ADVANCED EDITING

1 1
name conds alts acts L _ _‘c_ha_ng_e _la_nd_ u_se_ f_r:f_r-a_nie_tg fait_f_or-_es_: _on_]_arfa_r’y_ ]; _2223 . ;I
reforest_fast_2022 4 1 1
var obj  obj_num lim_var lim_op lim_const altl
year_cal null e null - 2022 =
jday null (-] null - 1 =
land_use hru ) gras_lum - ) -
prob null ] null - e.s <
act_typ obj obj_num name option const const2 fp outcome
1lu_change hru ] gras_to_frst null ] ] frst_fast_lum vy



Results: Climate Trends

(A)Marovoay station

Annual Precipitation and Temperature Monthly Precipitation Heatmap (mm)
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(B)Antananarivo station ]
A Antananarivo

Monthly Precipitation Heatmap (mm)
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Results: Model calibration and validationBetsiboka basin

Betsiboka Ambodiroka (RSEG-GRDC-1389520) Ikopa Antsatrana (RSEG-GRDC-1389500)
Calibration (2012-2016) vs Validation (2017-2020)

Calibration (2012-2016) vs Validation (2017-2020)
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Betsiboka Basin (Monthly)

STATIONS Calibration 2012-2016 (5 years) | Validation 2017-2020 (4 years)
NSE | KGE | R2 | PBIAS |[RMSE | NSE | KGE | R [PBIAS| RMSE
Betsiboka Ambodiroka (RSEG-GRDC-1389520) | 0.40 | 0.67 | 0.49 | -12.35 [147.40| 0.50 | 0.74 | 0.58 -10.04/137.94
Ikopa Antsatrana (RSEG-GRDC-1389500) 0.62 | 0.69 | 0.62 | -0.50 [207.01| 0.55 | 0.66 | 0.55 |26.60(240.05
Ikopa Bac Fiadanana (RSEG-GRDC-1389530) | -0.58 | 0.18 | 0.05 | -24.93 |164.65 0.20 | 0.52 | 0.30 | 8.28 | 84.60
Ikopa Bevomanga (RSEG-GRDC-1389550) -0.18| 0.35 [ 0.13 | -2.64 | 73.33|-0.27 | 0.05 | 0.08 [41.99| 84.96
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Results: Model calibration and validatiorr Ankarafantsika

Channell (Comid 180023737)

Channel 2 (Comid 18002667)

Calibration (2014-2019) vs Validation (2020-2025) Calibration (2014-2019) vs Validation (2020-2025)
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Ankarafantsika National Park (Daily)

STATIONS Calibration 2014-2019 (6 years)

Validation 2020-2025 (6 years)

NSE | KGE | R? |PBIAS|RMSE

NSE |KGE| R? | PBIAS | RMSE

Channel 1 (Comid18002373) | 0.12 |-0.06|0.21|55.33| 5.71

0.49 [0.48] 0.50 [ -12.39 | 4.36

Channel 2 (Comid18002667) | 0.15 | 0.07 [0.18[42.33|4.18

0.59 [0.58] 0.60 | -28.99 | 3.02

Channel 3 (Comid18002431) | 0.09 | 0.09 |0.12|33.45] 3.56

0.41 [0.15] 0.55 | -80.46 | 2.85

Channel 14 (Comid18002626) | 0.22 | 0.41 |0.25| 0.05 | 2.47

0.55 [0.30] 0.65 | -67.47 | 2.07
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Results: Model calibration and validation (cont.)
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Results : Deforestation analysis

(A) Ankarafantsika National Park (Dynamic World data )

LULC Comparison: Area [ha] ~ ~

Deforestation Map (2017-2024)

Deforestation Map (2017-2021)
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Results :Hydrological response to LULC scenaribstsiboka

Monthly Water Balance Components in Betsiboka basin: 2017 vs 2023
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Results :Hydrological response to LULC scenar/ANP

Value (mm)

Value (mm)

Monthly Water Balance Components in ANP: 2017 vs 2024

Precipitation
F 100
fi —— 2017
\ -
sy - 2024 [P
\
\ 50
\
400 A \
300
200 4
100
0 B
T T T — T — T — —100
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Canopy ET
F20
wl [ 2017
N
L fm_ 2024 |,
80 4
=20
Va =
60 4 é
40 &
=
[
40 1 5
F—60
20 L 50
0 . L -100

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Value (mm)

«— Wet & Hot Season (Nov-Apr) —

Evapotranspiration
—o— 2017
- 2024

I 150000

I 125000

I 100000

I 75000

Change (%)

I 50000

I 25000

Fo

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Plant ET

30 1

25 1

=]
=]
s

w
L

100

80

60

40

Change (%)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Value (mm)

Value (mm)

Water Yield
P ey
100 " ] —o— 2017
HE 200
! \ -o-- 2024
80 4
- 150
=
60 é
W
100 &
100 g
40 5
- 50
201
-0
0 4
]:;n F:I’.h M;ar Alpr M;y J1;n ]1‘1[ A*:lg Sép O'cl N:)v Dlec
Month
Soil ET
70 4 - 20000
60
w0, - 15000
S
40 A [
L 10000 2
-
30 4 =
@]
20
- 5000
10 4
0 -0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

«— Dry & Cool Season (May-Oct) —

15



Results : Mean annual water balance
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A.Percentage Change in Water Balance Components in Betsiboka Basin
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Results: Ecological Impact of WildfireANP
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