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Abstract

Background and Objectives: Climate change has significantly affected water resources
worldwide, including Thailand. This is especially true for watershed areas, which are vital
for agriculture and local water use. One such area is the Mae Ngat watershed in Chiang
Mai Province, a tributary of the upper Ping River, where the Mae Ngat Somboon Chon Dam
serves as the primary water reservoir. Studies over the past decade have shown that this
region has experienced increasing variability in rainfall, in terms of frequency, intensity and
timing. This has led in turn to flash floods during the rainy season and droughts during the
dry season. Such climatic uncertainty has impacted streamflow, ecosystems, agriculture and
the overall efficiency of water resource management in the basin. To address this uncertainty,
the present study aimed to assess the impact of climate change on streamflow and inflow
into the Mae Ngat reservoir using the Soil and Water Assessment Tool (SWAT) model. The
analysis incorporated climate data from the Coupled Model Intercomparison Project Phase
6 (CMIP6), which were spatially downscaled to a daily scale using the NASA Earth Exchange
Global Daily Downscaled Projections (NEX-GDDP-CMIP6). This dataset is highly suitable for
watershed-scale hydrological impact assessments and supports long-term water management
planning under changing climatic conditions.

Methodology: The SWAT model was developed using input data, including topography, land
use, soil characteristics and local meteorological records within the Mae Ngat watershed. The
basin was subdivided into multiple sub-basins to enhance the spatial accuracy of hydrological
process simulation. Model calibration and validation were performed using observed
streamflow data from station P.56a during the period 2003-2014. Model performance was
evaluated using statistical indicators, yielding R? of 0.80, NSE of 0.80, and PBIAS of -1.319%,
indicating satisfactory agreement between the simulated and observed data and the model
suitability for future projections. Future climate projections were obtained from 10 Global
Climate Models (GCMs) under CMIP6. Four greenhouse gas emission scenarios were applied:
SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. Daily downscaled data from NEX-GDDP-CMIP6
were used. Simulations covered two future periods: 2031-2050 and 2051-2070, with the
historical baseline of 2003-2014. Streamflow outputs were analyzed on annual, monthly
and spatial scales to assess changes and trends in water availability under different climate

change scenarios.
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Main Results: The projection results indicate that annual streamflow in the Mae Ngat
watershed is expected to increase under all future climate scenarios. Notably, under SSP1-2.6
and SSP2-4.5, streamflow is projected to rise by approximately 54.07%-88.14% and 53.64%-—
76.32%, respectively. For SSP3-7.0, the projected increases are 35.79% and 70.91%, while
SSP5-8.5 shows increases of 60.30% and 78.34% during the two future periods. Spatial
analysis reveals that the central and lower parts of the watershed are mostly affected, with
significant increases in streamflow that heighten the risk of flooding during the rainy season.
Meanwhile, drought conditions remain a concern during the dry season due to the uneven
distribution of rainfall throughout the year. Monthly-scale analysis shows that both SSP1-2.6
and SSP2-4.5 result in more evenly distributed increases in streamflow throughout the
year, potentially reducing hydrological extremes. In contrast, SSP3-7.0 maintains dry-season
streamflow levels close to the historical baseline, implying continued drought vulnerability.
Additionally, SSP5-8.5 exhibits significant increases in streamflow during August and September,
raising the likelihood of flash flood events. These contrasting seasonal patterns underscore
the necessity of developing flexible and adaptive water resource management strategies to
cope with both flood and drought risks under changing climate conditions.

Conclusions: Based on the SWAT model simulation using downscaled CMIP6 climate projections,
streamflow in the Mae Ngat watershed is projected to increase during the period 2031-2070
under all greenhouse gas emission scenarios. Notably, SSP1-2.6 and SSP2-4.5 show a more
consistent and evenly distributed increase in the streamflow throughout the year, while
SSP3-7.0 and SSP5-8.5 exhibit higher variability, with increased flows during the rainy season
and decreased flows during the dry season. These findings highlight a dual-risk scenario, i.e.,
flooding and drought, that may compromise the stability of the watershed's hydrological
system. The calibrated SWAT model proves to be a reliable and effective tool for long-term
water resource planning and management under future climate change conditions.
Practical Application: The results of the present study can be used as a policy-support
tool for integrated and adaptive water resource management in the Mae Ngat watershed.
Recommended strategies include enhancing reservoir capacity through structural improvements
or supplementary storage facilities to handle peak rainfall; proper designs of effective drainage
systems to mitigate flash flood risks in downstream areas are also recommended. Seasonal
water allocation planning and promotion of water-efficient agriculture during the dry sea-

son are also essential. The integration of weather monitoring systems, predictive models
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and information technology can support strategic decision-making in such terms as crop
scheduling, smart irrigation systems and early warning mechanisms. The presented framework
and findings can also be applied to other watersheds in Thailand with similar hydrological and

climatic characteristics, contributing to national resilience against future climate variability.
Keywords: SWAT Model, Climate Change, General Circulation Model, Downscaling
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Figure 1 The Mae Ngat watershed boundary within Chiang Mai Province
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Y9l UUUIIAD4
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Table 1 Input data used in the SWAT model

No. Data Type Time Period Source
1 | Digital Elevation Model (DEM), 2024 NASA EarthData
30 m x 30 m resolution (https://search.earthdata. nasa.gov/search)
2 | soil data 2018 Land Development Department,
Thailand
3 | Land use/land cover data 2010 Land Development Department,
Thailand
Daily precipitation and Thai Meteorological Department,
4 | minimum - maximum 2003 -2014 Royal Irrigation Department,
temperature Department of Water Resources
5 Daily strearflow data 2003 -2014 Royal Irrigation Department and
Department of Water Resources
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Figure 3 Locations of streamflow gauging stations and meteorological stations
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nsneAuguluuusIaas SWAT feunsuszanana

nsAnwilldlusunsu ArcSWAT 2012 (s 2012.10.4.21) Tunsadrauuusiaes Tasidu
nmislideya DEM Wofmuaundiuasutsiufieanifugininges (sub-basins) Bsluusaz
Ejuﬁwéaaasgﬂuﬁa@iaLﬁuwmamauauaamaqmniwm (Hydrologic Response Units: HRUs) a1
dnwarnsliiau vlavesiu wagssdueuainduresiniu dmdumsianguaruaiatulunis
Anwni wiseanidu 5 nau lowA 0-5%, 5-12%, 12-20%, 20-35% Lagi1nni1 35% Lnes138491n
wuvnsesnsuiaLfiny lddnseduenuaindulifiven 6 sedu (201 matmuariseuan
FulFsumsusulimnzaniumssiaesguni ielvaenadestudnumzmemenimuesiuiiinw
waztoyaiiileg lnstumuaaduiiiimusansouudnuuzgivssmaluutasUssinm dud fiud
anAuasuaaintios Mufigneduseuan fufignaduaeudu Aufidu uasiiufianduddon
yeiuitanndugs audidu dwsunszuaumssuiniluiuudiaes SWAT axduduainssdumiae
povAUBIgNNINgET ntuTarumadwsluseiuguiinges (Sub-basin) roundouthgszuy
Srthmdnluddudalu lunsfnuni fvueaaiuiiguindesdusindmiunisaadudnihiu
60 MINALANAT karAMUANMITUNTWUMLIENUANBINIENNINYT (HRUS) Tngfinnsanan
dnduresmnsliusslonifitu viaveshu uazanuaaturesinfiu feesdifufinseunguunnniy
Sovaw 10 vesusarduiheen Mailiosiaduau HRUs TalsfiinniAuanusniy Suenadaasie
UszavisnmaesnisUsznanauuudians Insnasidsnanegneldtaiigiensldnuuuudians
SWAT uugth sagsewidanas 5-20 [21] vianndudumautadudithuasiiufiduihdesuds
¢imansaseunnugniesdsiuillnensudsuiudoyagiansaune (GIS) vesdudthitldan
dinanuiauweluladeinataznfasaumna (esinsumnay) (GISTOA) [22] wuindudiman
vosguiuinlifinnuemaindousteitedifny wazveuwaguiwdnvdmnmsudsiiudigui
dovfinnuadnendsiutoyaildandrineuminensihuiend (23] fauandlilu Figure 4
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Table 2 Parameters for model calibration

Value
Parameter Meaning Unit :
Min Max
SCS runoff curve number for surface runoff
r  CN2.mgt ) - -0.3 0.3
— potential.
Baseflow recession constant; controls
v__ ALPHA BF.gw 1/day 0 1
— - groundwater flow response to recharge.
Time lag between aquifer recharge and
v GW DELAY.gw days 0 500
- - groundwater flow response.
Threshold depth of water in the shallow
v__ GWQMN.gw mm H0 0 5000

aquifer for groundwater flow.

Soil evaporation compensation factor;
v__ESCO.hru - 0 1

controls evaporation depth profile.

Fraction of water percolating from root
v RCHRG DP.gw L ) - 0 1
- - zone contributing to deep aquifer recharge.

Groundwater "revap" coefficient; controls
v__ GW_REVAP.gw | water movement from shallow aquifer to - 0.02 0.2

unsaturated root zone.

Available water capacity of soil layer;
mmH20

r SOL AWC.sol | difference between field capacity and -0.25 0.25
N . ! /mmsoil
wilting point.

Saturated hydraulic conductivity; indicates
r SOL K.sol , mm/hr -0.25 0.25
- = ease of water movement through soil.

Manning’s roughness coefficient; controls -

flow velocity and resistance in main
v_ CH NZ2.rte channel 0 0.3

n13ns9daUAUBaUlNIVRIRLUS (Sensitivity Analysis) Tuwuudaas
TunsaneiBesesinnugeulmussiudsllaenslduuusians SWAT-CUP Version 5.1.6.2
(SWAT Calibration and Uncertainty Procedures) TngvnsenensausinasouSinaivi a
anutvi P.56a ddlideyathviaeitoulutag wa. 2506 aufls .. 2552 (84 ifev) wardayansliiiay
103 N.A. 2553 \Hudoyanadey I§smuniLUsiAeTesfumsUssdiutivin3iavaa 10 dauds [24,
25] fauanslu Table 2 ¥imsTaszinnusoulmussmsfwessndumssiuau 500 ade Tnofmuad
Nash-Sutcliffe Efficiency (NSE) 1flue Objective Function wisldlunsussifiuanuseulmaassaus
KUANARR t-Stat uay P-Value Sudunadnsannsvaaevuausfigiuinduusifiasanianuduiug
fiuein Objective Function w3l lngadun1saisaunisanuduiuslusuuuuvesaunisanneedeton
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n1suFuuiuagzaauiisuluudnaas (Model Calibration and Validation)
mavsuufuuuinaedundeidredamansfinuainuuudians SWAT-CUP 2012 Version 5.1.6.2
Tnel435 Sequential Uncertainty Fitting version 2 (SUFI2) [26] Tunsuseifiu wielinanissiaes
Usinanivhiianuaenadestudeyaiingatngia laevinsfnwuasdenyamsiiae svenyay
dmsunssiaesUinadvhaeiiou a anifithvi P.56a (Regfiduadeunnn sunewdn famin
Fedlul) Fadseguinameunatsvesguin taglddeyatas w.a 2506-2552 (saswerian 84 o)
dmsun1suuuiuuudnees waglddeyata w.e. 2553-2557 (TaUszesiian 60 Wwau) dmsuaey
euuuusiaes sl esanannil P56a fimsdafudeyauiinadnieseideuarasudiy
FalanumingavdmiulilunisuSuuiiarasuifisuanuusiug1veanuuinges
dmsuinasilunisussfiurugniesiasnudenndaseHamsdaesUnaL LUy
$ans SWAT iewdsuiisuiudeyaiingiatnasenaniiiin Wawlimaunmitiufisensueg
unsvanglumsusziiiuauuiud ey Ussansnmusauuudians Tiun Adudsyavdnisdaduls
(Coefficient of Determination: R2), A1UI¥ANSAINVBILUUIIABIMUNUNYBS Nash-Sutcliffe
(Nash-Sutcliffe Efficiency: NSE) wazanUasifusininuewdes (Percent Bias: PBIAS) fagun1sd
(2) (3) wae (@) auau wazlafmuanasiuseansnmvsaluuinaes [27-29] Awuandly Table 3

£1(0i = 0)(Si—9)

R2 = )
\/ 2i=1(0i ~ O)ZJZ?=1(Si —5)2
= 1 - Z=@imS)
B =1 YiL,(04-0)2 3)
PBIAS = Ziz(0i=S0x100 .

ZiL1(0)

\ie 1 Aa diuiivesdaya, n Ao Iuutayanave, Oi AB A19INN15MSIIA, S AD ALRAY
vesdayansiainviavue, S, fio Anainuuudiaes waz S fie Anadevesteyainnuuudiaswise
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Table 3 Model performance criteria [27-29]

Performance Rating R? NSE PBIAS

Very good 0.75 - 1.00 0.75 - 1.00 < +10%
Good 0.65-0.75 0.65-0.75 +10 - £15%
Satisfactory 0.50 - 0.65 0.50 - 0.65 +15 - +25%

Unsatisfactory < 0.50 < 0.50 > +25%

n1337UsNdayaniianniAvasuuIIaaIiannialan
msfnuilideyannuuudiassgiionnielan (GCMs) meldlasints NASA Earth Exchange
Global Daily Downscaled Projections (NEX-GDDP) Fawaulaedeanlasinis Coupled Model
Intercomparison Project Phase 6 (CMIP6) %@%a‘qﬂﬁﬂiSﬂ@Uéj’JEJ(?]J’JLLUiQQﬁSN%%SWMaWﬂMaWS%ﬁﬂ
ImEJN"]‘LJﬂﬁ‘tJ%’ULLﬁﬂaﬁuLauLﬁ'&JQLLazﬂizm*&J@ﬂﬁuﬁ (Bias Correction and Spatial Disaggregation:
BCSD) Tusedu ey Judumsimuifiuiuanisnedoudldly NEX-GDDP ureunth Tuyn
anunsalnsUaeELAdISoUNTEANTEAU Tier 1 %30 Shared Socioeconomic Pathways (SSPs) Lag
firnuaziBoauuiueu 1/4 earn Yagtuiliuus 8 wilaananiunisainisdiasswes CMIP6 ady
Joyarnuuudnassgiionniedlan (GCMs) 91uau 35 wuudiaes Ineuuadu 5 aaunisainisudes
wiaSaunsyan loun Tuefin (w.a. 2494-2557) 1 anunisal fe historical wagludiuvaseuan
(W.f. 2558-2643) 4 @nunsal Ag SSP1-2.6, SSP2-4.5, SSP3-7.0 Uay SSP5-8.5 vihluynvaya
NEX-GDDP-CMIP6 \duuvasieyaiifimnzdmiunsianadilanasdanistunanszvuvesnis
Wasuuasanmgfienna Tnglinsmamsaine fufidauasBendeiiuiias (1]
anunsalnsUasElLAdSoUNTEaN (Shared Socioeconomic Pathways: SSPs) [30] Wunseu
wnAediianlasyusuinddesnunsiasuidasanmgiionna ieldlunsiesginanseny
wazn1sUusneliusunvesmsiaLnasssRauasdinuivanvany Saufusedunsdafuid
(Radiative Forcing) lugasuaneemissudi 21 Tnelulasesnts CMIP6 fin1sld SSP wdn 4 wuu léun
SSP1-2.6, SSP2-4.5, SSP3-7.0 way SSP5-8.5 Faagviounudunan s iuaneafuses
SSP1-2.6 uansislanisjaiunsiannfidsdu Insaspdudeueimumdsnuayen welulad
AT wagnIaneuImAendeE1993eds dwalinnsUdesufaiieunsyananatuazannsnaiuny
amelanfouliliAu 2°C Tneseiumstiadusadosiivszann 2.6 W/m? melu w.a. 2643
ssp2-4.5 iuuunliumsiaunilisuussinuazaenadostuuuilihiluefn fnsdiduulouneds
wndonluszdutiunans vilvissdunstafusadegiusyana 4.5 W/m? aelu wa. 2643
SSP3-7.0 azvieunmyeslaniiinisutstuseninagiiniags anusiuilesninasemeanas
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s aATsRaRntuLuUlihis wasfnsdinisfvndemameadalundn dmalisedy
nsdeAuadgenia 7.0 W/m2 anglu w.a. 2643

SSP5-8.5 uamunsaiflantannegunaiinglinsliidemameatastnadud fnns
Aulamaasegiags uinansmusiudanaden vilvsssunstifusidgeaaiusyanm 8.5
w/m? el wa. 2643 ferdunsdgunsefigaliiiugiunsiinseinansenuisuusninnns
LUﬁIEJuLLUaQﬁﬂWWQﬁmmﬂ

TunsAnwadedifdldvhnmasurudeyagiionniaain NASA Center for Climate Simulation
(NCCS) Tunseunan 40 Tuawan (wa. 2574-2613) Tagldomun 10 wuudassgienalan
(Table 4) Tuwmaziuuinaasasiianunisainisuassniaisounsean 4 @a1unisal lawn SSP1-2.6,
SSP2-4.5, SSP3-7.0 ua SSP5-8.5 lasidudoyauiuaniuiu wardoyagamniigaan-man Sslums
firsandenuuudaosnionidlaniis 10 uuushaes Tasfinrsanan asmainvatenaginie
uazuvasiLweUUSaes Anvasalumsinwiondeyasefuveswnuusddny Taun Uiina
thelu way guungiigean-sinan saontunsivuuaesvariiinsldruegaunsvanslunuided
Aertestuglnmaodeny fusonidedd [31] uenanilgamidlmuesuduresiaun aanunisol
nsUdesufaidounszaniia 4 sedudanan

foyaildzurnuuuassglenmalanitamn feshnsusuudaruewssmosaya Bias
Correction) ifiell¢nafinannindoutiesfigavhitas fululy Ieagvinsusuudsuani ey
4 4 anfl wavaniingaumgiina 2 a1l dmunisuTuuiaglds Linear Scaling Model [32] Te
sﬁaaﬁaﬁmmﬁmuﬂé’uLﬁmmaumﬁﬁ (5) uazgaumgiinNaNnIsT (6)

PObserved

Pj =P X s—— (%)

Simulated

1ag? P’ Ao USuauhelusgiunasusunnmnuaannaaey, P, Ao Usuauelusiedunay
USULAAMUARILARDY, Popserveq A® USHNUHUSI8@DULREAYSIY 15 U 9100150529 7R059uay
Popservea A9 Utnaslusiaiiiowadesie 15 U anuuudasaglionmealaniinga 1

Ti, =T; — Tsimulated + TObserved (6)

e T" Ao TauasnmniisteYundslsuninnuaaianiey, 1 Yeusanmaisieiunsudsu
i U oA U i ]

9 Y

v A = A v A A P a = o a
WAAMUARAARDY, Timuiared A0 TRUARAMYIRATIBFRUAGLTIY 15 U 21NN159T19 3RS uA
Tsimutatea 0 ToyanaMlRdeseiuadesy 15 U vnuuuiesigionmealaniinga 1
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Table 4 List of 10 Global Climate Models (GCMs) from the NEX-GDDP-CMIP6 dataset

Horizontal Resolution
Model Name Intuition/Country (lon x lat)
Grid Degree
ACCESS-CM2 CSIRO-ARCCSS/Australia 144 x 192 1.875° x 125°
CanESM5 CCCma/Canada 64 x 128 2.812°x2.77°
CNRM-ESM2-1 CNRM-CERFACS/France 128 x 256 1.406° x 1.406°
FGOALS-¢3 CAS/China 180 x 80 2°x 2.025°
GFDL-ESM4 NOAA-GFDL/USA 288 x 180 1.25°x 1°
IPSL-CM6A-LR IPSL/France 144 x 143 2.5°x 1.259°
MIROC6 MIROC/Japan 256 x 128 1.403° x 1403°
MPI-ESM1-2-HR MPI-M, DWD, DKRZ /Germany 384 x 192 0.938° x 0.939°
MRI-ESM2-O MRI/Japan 320 x 160 1.125° x 1.125°
NorESM.2-MM NCC / Norway 288 x 192 1.25°x 0.94°

Results and Discussion
Han1sUTuwiAdNeULBEIvastaya (Bias Correction)

¥nansusunfinnuoudesuesdioya (Bias Correction) vasdayauiananinn o aoniliu 4
aonil Tneflswaannillusssiolud 1dun 060301, 327006, 07670 way 07780 Fewansualily Table
5 uardeyannumniavanuazsian a aminsatagamnd Tnedsiaaniinsaingungiseluil
LouA 327501 wag 329201 lnsuwaninalily Table 6
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Table 5 Climate Model vs Observed Monthly Rainfalls (2003-2014)

Pre-Bias Correction Post-Bias Correction

Monthly Rainfall Data at 060301 Monthly Rainfall Data at 060301

Rainfall (mm)
Rainfall (mm)

Oct-05 Mar-( Jul-08 Dec-09 Aug-12
Time Time

Monthly Rainfall Data at 327006 Monthly Rainfall Data at 327006

Rainfall (mm)
Rainfall (mm)

Jul-08 Dex 1 an-03 Jun-04 Oct-05 Mar-0 Jul-08 Dec-09
Time Time

Monthly Rainfall Data at 07670 Monthly Rainfall Data at 07670

Rainfall (mm)
b E-
Rainfall (mm)

Time Time
Monthly Rainfall Data at 07780 Monthly Rainfall Data at 07780

Rainfall (mm)
Rainfall (mm)
¢ X X
g 2 2

Ju De 1 Jul-08  De 2

Time Time
- = = = o Observe ——— ACCESS-CM? e CENESIS —— CHRM-ESMZ-]  emm— FGOALS23 e GFDL-ESM
— PS5 -CHEA LR e—MIROC6 — PESM1-2-HR cm— MRHESMZ-) csm—NOTESM2-MM
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Table 6 Climate Model vs Observed Monthly Temperatures (2003-2014)

Pre-Bias Correction Post-Bias Correction
Max Average Temperature Data at 327501 Max Average Temperature Data at 327501
S O
P o
> 5
© ©
g g v
5 5 'R
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%u;we N o o o V THHE o
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5 5
© ) ©
o} @
Q. Q.
- -
P P
Time Time
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S f S
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5 1 1 ] 5
© ©
(] (]
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£ £
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Time Time
Min Average Temperature Data at 329201 Min Average Temperature Data at 329201
0 0
o ©
5 5
© ©
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Q Q
IS IS
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Time ime
e e e = — E A —— — R} ! 1 c—— — 4
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Y : 4
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a a

HANSaREN IMNUNgNWIlAswUUTIARY SWAT AnsinunseaunIugelafiuain

14 1 b4
) = o

ToyaszAuAIINgUTUaY (DEM) 30 4. x 30 L. wudguiusiinainuuudiass SWAT fiunsuin
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1281 p3ilawms [3] wasntsguthgoseandu 11 quih fuwanslu Figure 5 uaganmsimun
yhemeUaLesgNNiVe (HRUS) vasiiufiquiin smudnwaisssinnuasnisivsslonifiau doya
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Figure 5 Watershed Simulation Results using the SWAT Model

Namracha et al. (2025). “Assessment of Climate Change...,” Science and Engineering Connect 48 (3), pp.194-232



215

Table 7 Sub-basin delineation and Hydrologic Response Units (HRUs) of the Mae Ngat
watershed in the SWAT model

Subbasin Area (km?) HRUs
1 18.22 4
2 43.83 5
3 62.37 3
4 89.32 14
5 99.04 2
6 79.89 6
7 101.02 12
8 169.78 3
9 163.29 3
10 190.82 3
11 150.37 3

Sum 1227.94 58

nan1sUsuniLazaauisuuuuataas SWAT (Model Calibration and Validation)

97 Figure 6 memamif\i’ﬂaaw‘%mmﬁwmLU‘%EJ‘ULﬁauﬁu%gaﬁm’gﬁﬁm‘%ﬂ o danitinthvia
P 56a dmsudeyauinamuiildlunisuandu Fisure 6 1udeyannaniienesineriiinséine
W31 (sWaannil 327006) ﬁaﬁﬁdﬁaamﬂé’mﬁu%yjaﬁiﬁﬂumw%’uLLﬁLLazmuaamLUUf\?’maa g
163’6?’1Lﬁumiﬂ%’uLLﬁ’LLU‘Ufﬁ"}ﬁ@ﬂﬂﬂiﬁ?j’%yjaﬂ‘%mmﬁwhLa?iﬂiwLﬁaw??uwi W.A. 2506-2552 573 84
oy emanisusuninud @ R dAAvU 0.81 A1 NSE dawwinAu 0.81 wag PBIAS SAvinAY
0.85% @115UNSERULEULUUIIaBIlUAI9 W.A. 2553-2557 S34 60 LHaU WU A R, danwunnu
0.79 A1 NSE SR iU 0.79 wag PBIAS Sfwiniu -4.94% uagsiuviavuadaud w.e. 2546-2557 wu
NAR fiAvinfu 0.80 A NSE SAiniiu 0.80 wag PBIAS SAiniu -1.31% (Table 8) F397nua
miﬂ%"uLLﬁLLazaa‘ULﬁsULLUUﬁWaaﬂLLaﬂﬂﬁLﬁu’j’]quﬁwamﬁizﬁummmLﬁ?i@ﬁ@@g%igﬁﬁﬂ@ﬁﬂﬁ
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Table 8 SWAT Model Calibration and Validation at Gauging Station P.56a

Station (P.56a)
Parameter Calibrated Validated Overall
(2003-2009) (2010-2014) (2003-2014)
R2 0.81 0.79 0.80
NSE 0.81 0.79 0.80
PBIAS 0.85 -4.94 -1.31
0
70
60 250 _
. €
v 50 . 500 €
£ Calibration 2003-2009 Validation 2010-2014 e
i 40 750 j%
g 30 o
& 1000 g
20 a
10 1250
0 = = 1500
(s8] < LN \O N~ [0e] (@) (@) ~ N o <t
(@) (@) (@) (@) (@) (@) o ~— ~— ~— — —
c & & & & ¢ ¢ ¢ ¢ ¢ ¢ ¢
fF &8 &8 &§ &£§ £ &£ & £ © K&
I PCP at Phrao District Office ===---- Observed — Simulated

Figure 6 Comparison of simulated streamflow with observed data at streamflow gauging
station P.56a to evaluate the model's performance

wan1sAnISInuivinvesguiuialuaia

pansAnwI Ui vesgiiuiialueAndaud w.a. 2546 9ufla 2557 (12 8) Mnmsdsudiu
UBinmtvindouuudians SWAT wuihUiinasivhanetiadeiduiegil 374 Sugnuiariauns
sel) AsingeoainatviaeTei 230 Sugnuiadiunsiel Tu e, 2555 fidngagaogil 721 §1u
anunaiiunsetad Tu wa. 2508 Fauanslilu Table 9 TnensiiasevimuuusUsiuvesUinaninimy
PAANUUUTUTIU (Variance) Wiy 18,639 (dugnuiAniiung)? LLazdauLﬁmwummgm (Standard
Deviation) Wity 137 &ugnuiardiamssied Fsustnusinavidluduiusiindianuiuniugdlunsiasd

Tunsiesegiuuliuusinasimiflusfinandoyadounds 12 T (wa. 2546-2557) wu

USunanhviiwnilduanadlaemdedseunn 17.23 dugnuianunseiet dawandlilu Figure 7
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Figure 7 Annual Streamflow Trends in the Mae Ngat Watershed (2003-2014)
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Table 9 Historical Annual Water Yield in Mae Ngat Sub-basins (2003-2014)

Annual Water Yield (million cubic meters per year)
Subbasin 1 2 3 4 5 6 7 8 9 10 11 Total
Area (km?) 78.22 | 43.83 | 62.37 | 89.32 | 99.04 | 79.89 | 101.02 | 169.78 | 163.29 | 190.82 | 150.37 | 1227.94
2003 21 12 7 24 31 23 28 49 48 56 a4 343
2004 26 15 7 37 a4 33 a1 70 62 72 57 464
2005 71 40 32 53 49 38 54 79 99 117 91 721
2006 54 30 17 32 26 19 29 39 33 39 30 348
2007 a4 25 12 28 31 15 24 30 55 64 50 378
2008 a4 24 11 22 44 11 19 22 57 67 53 373
2009 a7 26 13 21 39 13 20 26 15 18 14 252
2010 63 35 22 10 18 5 9 11 59 69 54 356
2011 54 30 13 a6 67 28 a6 59 48 56 a4 493
2012 25 14 5 12 19 10 13 22 35 41 33 230
2013 a4 25 14 18 23 11 18 22 40 48 39 303
2014 38 21 10 6 10 a 6 8 42 a8 40 233
Average 44 25 14 26 33 17 26 36 49 58 46 374
Maximum 71 40 32 53 67 38 54 79 99 117 91 721
Minimum 21 12 5 6 10 4 6 8 15 18 14 230

wamiﬂszt,ﬁuﬁwiwmejuﬁﬂLLajfi’ﬂiuamﬂm

msnwilfuuusans SWAT Sfutoyagiienniaain CMIP6 $1uau 10 uuudiana wiemanisal
Usananiwinluguihusi$eluouan Tnsuvadu 2 daana Tdun v 2574-2593 uas n.el. 2594-2613
Meld 4 aonunisainisuaseuiiaseunsean (SSP1-2.6, SSP2-4.5, SSP3-7.0, waiw SSP5-8.5) nansAny)
Wil dsuadusazdin dewSeuileuiuasiu (e, 2566-2557) il
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Table 10 Future Projections of Precipitation and Water Yield under 4 SSPs Compared to the
Historical Baseline (2003-2014)

a § CMIPG Precipitation Water Yield E Precipitation Water Yield
v & (mm) | %Change | (mm) | %Change & (mm) | %Change | (mm) | %Change
Baseline | 2003-2014 1193 325 2003-2014 1193 325

ACCESS-CM2 1224 2.60 498 53.28 1289 8.04 619 90.47

CanESM5 1333 11.73 602 85.49 1380 15.73 712 119.32

CNRM-ESM2-1 1174 -1.54 489 50.55 1272 6.64 642 97.58

FGOALS-g3 1288 8.01 567 74.66 1348 13.00 700 115.51

GFDL-ESM4 1108 -7.10 404 24.43 1243 4.19 597 83.71

(g IPSL-CM6A-LR 1245 4.40 539 65.94 1269 6.37 609 87.54

- MIROC6 1219 2.23 502 54.46 1221 2.39 568 74.74

MPI-ESM1-2-HR 1315 10.23 601 85.17 1301 9.09 655 101.53

MRI-ESM2-O 1127 -5.49 395 21.48 1175 -1.53 516 58.95

NorESM.2-MM 1140 -4.46 407 25.19 1146 -3.95 494 52.05

Average 1217 2.06 500 54.07 1264 6.00 611 88.14

ACCESS-CM2 1234 343 499 53.76 1181 -0.97 515 58.62

CanESM5 1281 7.40 572 75.99 1377 15.45 702 116.19

CNRM-ESM2-1 1198 0.47 505 55.59 1153 -3.34 541 66.58

FGOALS-g3 1268 6.31 558 7192 1212 1.61 589 81.31

GFDL-ESM4 1113 -6.70 422 29.94 1174 -1.59 538 65.63

;—? IPSL-CM6A-LR 1360 14.04 656 102.11 1219 2.19 578 77.98

N MIROC6 1207 1.21 485 49.32 1232 3.25 598 84.09

MPI-ESM1-2-HR 1243 4.21 533 64.19 1371 14.95 713 119.65

MRI-ESM2-O 1044 -12.49 332 2.21 1080 -9.47 454 39.84

NorESM.2-MM 1170 -1.87 a7 31.36 1149 -3.65 498 53.30

% Average 1212 1.60 499 53.64 % 1215 1.84 573 76.32

g‘\ ACCESS-CM2 1117 -6.33 418 28.64 gl 1126 -5.61 492 51.44

‘\‘ CanESM5 1261 568 547 68.44 o 1318 10.48 642 97.68

CNRM-ESM2-1 1111 -6.83 412 26.73 1172 -1.71 573 76.55

FGOALS-g3 1224 2.63 518 59.59 1217 2.00 591 81.83

GFDL-ESM4 1046 -12.31 356 9.69 1289 8.08 656 102.06

3 IPSL-CM6A-LR 1150 -3.58 462 a2.17 1226 2.75 572 76.21

@ MIROC6 1150 -3.55 453 39.41 1122 -5.97 494 51.94

MPI-ESM1-2-HR 1097 -8.04 419 2891 1290 8.16 660 103.13

MRI-ESM2-O 1102 -7.60 382 17.67 999 -16.25 385 18.61

NorESM.2-MM 1176 -1.44 444 36.69 1142 -4.23 486 49.59

Average 1143 -4.14 441 35.79 1190 -0.23 555 7091

ACCESS-CM2 1276 6.99 539 66.10 1182 -0.87 529 62.72

CanESM5 1351 13.29 616 89.75 1359 13.96 689 112.05

CNRM-ESM2-1 1260 5.62 578 77.98 1221 2.35 572 76.25

FGOALS-g3 1297 8.70 592 82.41 1243 4.22 603 85.61

GFDL-ESM4 1142 -4.29 445 36.94 1083 -9.17 448 38.07

Z.S’ IPSL-CM6A-LR 1257 5.38 567 74.70 1344 12.66 669 106.07

ok MIROC6 1164 -2.44 461 a41.79 1233 3.41 570 75.53

MPI-ESM1-2-HR 1328 11.37 604 85.83 1419 18.95 745 129.44

MRI-ESM2-O 1037 -13.02 347 6.78 1063 -10.90 433 33.21

NorESM.2-MM 1192 -0.08 a57 40.77 1214 1.76 534 64.44

Average 1230 3.15 521 60.30 1236 3.64 579 78.34
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oy 2.06%, 1.60% Wway 3.15% SUaINU WAEINSU SSP3-7.0 dUSunnuanad 4.14% wayludae
. 2504-2613 dmfvowandulng Snsuuliuiifistuseides nudr SSP1-2.6 dnsuiuiy
avanil 88.14% viuzdl SSP3-7.0 Inaifidushanil 70.919% warludiuuns SSP2-4.5 uag SSP5-8.5
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Figure 8 Comparison of Monthly Water Yield and Future Precipitation Based on 10 Global
Climate Models under 4 SSP Scenarios
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Figure 9 Projected Precipitation in the Sub-basins of the Mae Ngat Watershed Based on
Simple Mean of 10 GCMs under Different SSP Scenarios
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Figure 10 Projected Water Yield in the Sub-basins of the Mae Ngat Watershed Based on
Simple Mean of 10 GCMs under Different SSP Scenarios
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Figure 11 Projected Annual Average Temperature in the Mae Ngat Watershed Based on
Simple Mean of 10 GCMs under Different SSP Scenarios

32.00
30.00
28.00
26.00

24.00

22.00

20.00

Temperature (Degree Celsius)

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

- = = Baseline 2003-2014 SSP1-2.6 2031-2050 SSP1-2.6 2051-2070

SSP2-4.5 2031-2050 SSP2-4.5 2051-2070 SSP3-7.0 2031-2050

SSP3-7.0 2051-2070 SSP5-8.5 2031-2050 SSP5-8.5 2051-2070

Figure 12 Projected Monthly Average Temperature in the Mae Ngat Watershed Based on
Simple Mean of 10 GCMs under Different SSP Scenarios
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