5 JOURNAL OF M) Check for updates

- HYDRO-METEOROLOGY

ResearclArticle

Mapping hydrological drought under the CMIP6 climate change
scenariosin sub-basin scale A case study in the upperpart of
Dong Nai river basin

PhamHung®*, Le Van Trung®4 Vo Le Phu?#

! Department of NaturdResources and Environment Lam Dong Province, Dalat, Vietnam,
54 Pasteur, Ward 4, Dalat City, Lam Dong Province, Vietham; hungmtk25@gmail.com

2 Faculty of Environment and Natural Resources, Ho Chi Minh City University of
Technology (HCMUT), 268. Ly Thuong Kiet Street, District 10, Ho Chi Minh City,
Vietnam;lvtrung@hcmut.edu.vnvolephu@hcmut.edu.vn

3 Vietnam National University Ho Chi Minh City, Linh Trung Ward, Thu Duc District, Ho
Chi Minh City, Viethamjvtrung@hcmut.edu.vnvolephu@hcmut.edu.vn

*Corresponding authohungmtk25@gmail.conTel.: +84i 886138809
Receivedil5 August 2024Accepted: datd)3 October 2024825 December 2024

Abstract: Hydrological droughtfiavebecone more severéue to the compounded effects

of climate change and anthropogenic activiti€his study aims to assess halimate
changecould impact hydrologicaldroughtsat the subbasin scale fothe Upper Part of
Dong Nai (UPDN) river basinThe study usedhe Soil and Water Assessment Tool
(SWAT) to simulate hydrological conditions based dimate change scenarios of
SSP24.5 and SSRB.5 from the CMIP6 projections for the future period of 2030s
(2021:2040)and 2050420412060) Thestreamflow doughtindex (SDI) was applied to
evaluatethe drought severity and frequenchhe findings indicate a clear increasing trend

in minimum (Tmin) and maximunemperatures (Tmax) relative to yearinfall. Under

the SSP21.5 scenarioyearlyrainfall shows a slight increagdowever,under theSSP58.5
scenarigannual rainfallhas aslight increase in the WeSouthwestaind adecrease in the
EastSoutheast regionRainfall trends show a decrease in the dry season and an increase in
the rainy seasohe frequency and severity bf/drologicaldroughts can vary between
subbasins.Da Tam, Don Duong, Da Quyn, Da Dang, Dak Ndbgng Nai 2,and Dak

R 6 Kardthesubbasinghat havenore extreme drought conditions compared to the rest of
the basinsThese results emphasize the need for targeted drought management strategies in
the UPDNriver basin to build resilience against future climate impacts.

Keywords: Climate changeMapping hydrological drought; SWAT model; CMIPBhe
upper part of Dong Nai river basiBrought management.

1. Introduction

Hydrological droughts, characterized by reduced water availability in rivers, lakes, and
reservoirs, pose significant challenges/tier resource management. These droughts are not
merely the result of sheterm weather anomalies but are often linked to broader climatic
patterns and lorterm changes imainfall andtemperaturgl, 2]. Climate change scenarios
suggest that many regions, including Southdasa, are likely to experience more severe
drought conditions due to shifts in precipitation patterns and rising tempergfijirés
addition drought patterns are also driven by seasonal fluctuations in precipitation,
temperature, and other hydntweteorological condition§4]. Along with climate change,
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humandriven activities such as the construction and operation of reservoirs have
significantly altered flow patterrj§]. These modifications in flow impact drought conditions
by changing the timing and distribution of water availability, thereby exacerbating drought
severity and frequendy, 7].

According to the IPCCglimate change has caused varying increases and decreases in
rainfall at high and low latitudes of the Eafé), and these shifts in precipitation have altered
drought conditionsGlobal climate change scenarios for the future are often based on
estimates from General Circulation Models (GCMs). GCMs have relatively coarse
resolutions, most of which are around 100km or ni6te Therefore, it is necessary to
suitable downscaling techniques to be able to forecast climate chicthgdocal or regional
scale Up to now, IPCC has six times of accessing and updating climate change scenarios and
the most recent was the sixth assessment report (BRB)Therein, he Coupled Model
Intercomparison Project Phase 6 (CMIP6) climate model benchmarking project was used to
support the IPC& ARG6 [11]. Compaed to the fifth assessment report (AR5) known as
Representative Concentration Pathways (RCPs), the AR6 was built based on the Shared
Socioeconomic Pathways (SSP) approach with 5 main scenarios including SSP1, SSP2,
SSP3, SSP4, and SSP5 with respectively nangei ) nGreen gr owt h
AMi dalthewr oado, (iii) ARegi onal rivalryo, (ivVv)
AFoss-bls é&delde v[E] thesmsecanarivs are crucial for understanding how
different climate futures might influence regional hydrological patterns. In the context of the
UPDN river basin, applying CMIP6 scenarios allows for a more precise prediction of
hydrological drought risks, offering insights into the spatial and temporal variability of
drought across sdibasins.

The upper part of Dong Nai (UPDN) river basin plays a crucial role in the ecological and
sociceconomic sustainability for thevhole Dong Nai river basin. It supports diverse
ecosystems, including protected forests and biodiversity hotspots like Cat Tien National
Park. The river ds nat ur ahdagridulture, asdunsintaathen s we t |
regionbs ecological balance. Additionally, t
energy production, and agriculture. It provides water to millions of people, especially in
downstream areas such as Ho Chi Minh City. The basin also hosts major hydropower plants,
such as the Dong Nai hydropower system (2, 3, 4, 5), which supplies a significant portion of
the regionds energy needs. Ho we vagriculturalr api d
activities have placed increasing pressure on water resources and ecosystems. These
challenges, combined with climate change, have made the basin more vulnerable to extreme
events such as droughts and floods, threatening both its ecological integrity and
sociceconomic sustainabilityPrevious studies have primarily focused on basgoe
assessment$l13i 16], often overlooking the drought impacter subbasin. Mapping
hydrological drought at the stiiasin scale is crucial for identifying areas most at risk and
implementing effective mitigation strategieSherefore, understanding the impacts of
climate change on droughts, especially hydrological droughts following the spatial and
temporal aspects at the sbésin scale, in the UPDN river basin is essential for effective
adaptation and mitigation strategies.

This study aims to map hydrological drought across thebagims of the UPDN river
basin under the CMIP6 climate scenarios S8B2and SSRB. The comprehensive analysis
has been employed by integrating GIS, remote sensing (RS), and the Soil and Water
Assessment Tool (SWAT) model, whibhs beemvidely used for climate change impacts on
hydrology and drought§4, 13, 14, 17, 18]. In addition, the frequency and intensity of
drought events hadsoanalyzed following temporal and spatial distributiothasub-basin
scale.The findingscould offer valuable insights for regional water resource management
particularly in planning for drought resilience and adaptatiwter the conditions of ongoing
climate change
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2. Materials and Methods

2.1 Study area

59

The Dong Nai river basin, the longest inland river in southeastern Vietnam, extends over
586 km and encompasses a catchment area of apprayi@@e30 km?2, spanning across ten
provinces and Ho Chi Minh City. This region is a significant economic hub, accounting for
approximately 48% of Vietnam's gross domestic product in 2042 The basin has over
200 irrigatiors and hydropower reservoirs, regulating nearly 6 billion cubic meters of water.
It also has a hydropower capacity of around 3,000.Mté forest cover rate of the whole
basin is about 28%, but it is mainly located upstream in the provinces of the Central
Highlands Hence, his study focuses on tt#PDN basin which spans an area of 11,036 km?
with 70% situated in Lam Dong provincempared to 30% of the rests@&k Nong, Binh
Phuoc,Dong Nai,and Binh Thuan provincgs0]. The characteristics of the UPDiNer

basinand its 18 sulbasins are detailed ifable 1 andrigurel.

Tablel.Pr operties of thebaliDN river basinds
. Main  Sub-basin mearLand use (the larges CHP RES evo. Area
No 1D Sub-basin reservoir  elevation (m) area % first) IYRES (MW)  (10*m*  (km?)
1 DN1 DaNhim Da Nhim 1500 Forest, perennial ag 1965 240 16500 729
2 DN2 DaTam Tuyen Lam 1321 Forest, annual agri 1987 - 2785 227
3 DN3 Don Duonc - 1141 Forest, annual agri - - - 372
4 DN4 DaQuyn Dai Ninh 978 Forest, annual agri 2008 300 31977 562
5 DN5 Suoi Vang Dankia 1550 Forest, perennial ag 1998 4.6 90 314
6 DN6 DaDang Da Dang 087 Forescf’rc')';‘:“s’”'a' 2016 34 760 1283
7 DN7 Dong Nai 2 Dong Nai 2 907 Perennial cropdpres! 2013 70 28100 332
8 DN8 Dong Nai 2 Dong Nai 3 847 Forest, perennial ag 2011 180 169010 495
9 DN9 Dong Nai 4 Dong Nai 4 714 Forest, perennial ag 2012 340 33210 159
10DN1C DakNong Da k R 757 Perennial crops, fore 2011 144 13710 1120
11DN11Dong Nai £ Dong Nai 5 637 Forest, perennial ag 2014 150 10633 592
12DN1zDa k R Dak Sin 567 Perennial crops, fore 2015 28 1609 321
13DN1:Dong Nai € - 372 Forest, perennialag - - - 483
14DN14 Cat Tien - 285 Forestperennial agri - - - 773
15DN1t Da Teh Da Teh 414 Forest, perennial ag 1990 - 2400 630
16DN1€¢ DaHuoai Da m E 592 Forest, perennial ag 2013 75 5630 909
17DN17 Talai - Perennial crops, ric - - - 431
18 LN1 LaNga DaiNga 140 Perennial crops, fore 2015 10 46 1304
All of the UPDN 1103¢

*CHP is the capacity of hydropower plants (MW); YREStlse year the reservoir became operational,
RES evoL is the quantity of water needed to raise the reservoir tehergency spillway10* m*); agri. is

agriculturg.

The UPDN river basin is subdivided into 18 dwdsins across two tributaries including
the main tributary ofne UPDN river basin and the sdbbutary La Nga river basif21]. The
main tributary has 17 stiasins from DN1 to DN17) terminating at the Tri An reservoir.
The subtributary hagust one sukbasin (LN1) ending at the Dami hydropower reservoir.
The basin's terrain ranges from the Lang Biang plateau (2,800 above sea level) in the
North, through the Di Linh plateau (7AQ000 m) in the center, to a transitional zone with
elevations of 20600 min theSouthSouthwestThe region experiences a tropical monsoon
climate varying with terrain elevation with a rainy season from May to November and a dry
season from December to April of the following yddreaverageannual rainfall was nearly
2500 mm. The average annual teargiure was approximately 22°Cotal rainfall accounts
for approximately 87% in the rainy season compared to 13% in the dry selsdntallflow
in the basin is about 18.5 billion cubic meters, and the rainy season accounts for
approximately 85% compared to only 15% in the dry se@sdn These distinct seasonal
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rainfall patterns play a critical role in the occurrence of hydrological droughts. During the dry
season, reduced precipitation and high evaporation rates can significantly lower river flows
and water levels in reservoirs, intensifying drought conditions. Conversely, during the rainy
season, heavy rainfall can lead to uneven water distribution, leaving some areas more prone

to flooding.
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Figure 1. Location of the study area and sisbbasins based dbEM.

2.2. Methodology
The methodologicdtamework forthis study is illustrated in Figure 2.
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2.2.1. Data collection and inppteparation

a) Hydro-meteorology data collection

Daily rainfall and temperature datanfak Tmin) in the past for the 3Qear period
(1990:2020) serving as input for the SWAT model as well as for comparison and evaluation
purposes have beeollected at 5 stations, including Da Lat (1509 m), Lien Khuong (1100
m), Bao Loc (800 m), Dak Nong (600 m), and Cat Tien (300 m) with corresponding altitudes
in the areas of about 1,500 m, 1,100 m, 800 m, 600 m and 250 m, as shown in Table 2. These
data have been gathered from local management agencies (Department of Natural Resources
and Environment of Lam Dong Province, Highland Regional Hydeteorological Center).

The distribution of these 5 monitoring stations is evenly dispersed across the basin with
different elevations, so they can cover the climatic conditions of the study region.
Information on the monitoring stations is shown in Table 1 and Figure 1.

Table 2. Descriptions ofneteorological monitoring stations in the basin

No Name ofthe.monltorlng Station altitude Height of zone Longitude Latitude
station (m) (m)

1 Da Lat station 1509 1500 108.45 11.95

2  Lien Khuong Station 939 1100 108.37 11.73

3 Bao Loc Station 840 800 107.82 11.54

4  Dak Nong Station 631 600 107.68 12.00

5 CatTien 250 300 107.36 11.59

b) Climate change scenarios in the future

Selecting appropriat&eneral Circulation ModelsGCMs) is crucial for enhancing
downscaled result accuracy and optimizing computational resotigesGCMsavailable
in the CMIP6_VN dataset namely EC-Earth3Veg, EC-Earth3, CanESM5,
HadGEM3GC3ZLLL, and CNRMCM6-1-HR, were chosen based on thsiritability and
effectiveness for the regiof?3, 24]. These modelsvere downscaled using the Bias
Corrected Spatial Disaggregation (BCSD) method, resulting in a spatial resolutioxldgf
km (~ 0.1°x%0.19 and daily temporal resolutidi25, 26]. These climate data are available at:
http://remosat.usth.edu.vn/~thanhnd/Download/dat. GEMMES .WP1

As mentioned above, the Shared Socioeconomic Pathways (SSP) approach in CMIP6 is
moreupto-d at e than the previous CMIP56s Represen
offering better accuracy in rainfall and temperature projectjéns1, 18, 25, 27]. The
SSP24.5 and SSRB.5 scenarios from CMIP6 represeiihoderaté and fiextreme
emissions, respectively, and are recommended by the IPCC to quantify varying levels of
greenhouse gas emissions and associated socioeconomic [fagtoihereforethe study
utilizes climate change scenarios of S8P2 and SSRB.5to project futurehydrological
droughtconditions for this studyClimate projections are analyzéedthe future period of
20212060 for minimum temperature, maximum temperature and precipitation. Hydrologic
droughts aremore deeply assessegderiods of the 2030s(2021-2040) andthe 2050s
(2041:-2060) To facilitate localized analysis at specific monitoring stations tanichput
prepare for SWAT model| datasets infi n et C D Rver®l éboverted topoint data
( A E x c eblyusing AscG1¥s fiMultidimension Toolbox.

c) Operation of reservoirs

Reservoirsplay an importantole in the region's water management, as depicted in
Figure 1 and detailed in Table 1. To evaluate the impact of reservoir operations on drought
conditions, key reservoir characteristics such as hydropower capacity, operational start year,
storage volume etc. were collected from the local Departments of Industry and Trade (DIT)
and Agriculture and Rural Development (DARP). Current and future operations are
established according tie interreservoir operation procedures foetbong Nai river
basin, as stipulated in Decision No. 1895/DDG [28]. Furthermore, the maintenance of
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minimum environmental flows downstream of reservoirs folowCircular
64/2017/TFBTNMT [29].

2.23. Setup SWAT model

a) SWAT modeldescription

The Soil and Water Assessment Tool (SWAT) is a hydrological model founded on
physical principles, designed by Jeff Arnold for the USBRS [3(]. It partitions a
watershed into sutwvatersheds and Hydrological Response Units (HRUS), linking them
through stream networks. SWAT operates in two phases: the land plase calculates
water, sediment, nutrient, and pesticide loads from each HRU, and the routing phase, which
tracks these quantities through the channel network to the watershed outlet. The model uses
the water balance equation:

SV\FSW -Ia (Riay Qun‘ % W§eep Qg\X/ ( 1)

where SWis the final soil water conten®Wb is the initial soil water content on dayt
is the time (days)Rday is the amount of precipitation on dayQsurfis the amount of surface
runoff on day i (mm HO); Ea is the amount of evapotranspiration on dawseepis the
amount of water entering the vadose zone from the soil profile on @Qgyis the amount of
return flow on day I (all water units are in mm®).

9 Dataset

Essential datasefer the SWAT modeinclude Digital Elevation Model (DEM), soil
and Land Use/Land @ver (LULC) maps,and weather datd30]. This study utilized a
12.5meter resolution DEM that was dwnloaded from the NASA website:
https://urs.earthdata.nasa.gov/users/news website provides access to a broad range of
Earth observation data, including DEM, satellite imagery, and climateTdad.ULC map
was inheritedrom 2020classifiedLandsat OLITIRS imagesvith seven categories WATR,
URML, AGRR, FRSE, FRST, PINE, and AGR{20, 31]. Historical daily rainfall and
temperature data frorh990to 2020 from five weather stations (Bao Ldga Lat, Lien
Khuong,Cat TienandDak Nong)were used tinput for the SWAT model. Monitorinfjow
at Thanh Binh, Dai NgandTai Lai gaugesn the same period of 1994020 were used to
calibrate and valigte the SWAT model While missing solar radiation, wind speed, and
humidity data were autgenerated by SWAT3Z]. Future climate projections were derived
from CMIP6 scenarioslable3 summarizes the datasets fobeapplied SWAT model

Table 3. Input data used to simulate and evaluate the SWAT model

Data Resolution Source
Digital Elevation Model 125m Downloaded from the NASA websi
(DEM) map ' https://urs.earthdata.nasa.gov/users/new
Soil map 30m Obtqined from the local Department of Natural Resource
Environment (DONRE)
LULC 30m Landsat OLITIRS images in 2020, downloaded from

website: http://earthexplorer.usug.gov

Obtained from 5 weather stationsign Khuong,Da Lat, Ba
Loc, Cat Tien and Dak Nong)

Streamflow Three stations Derived from 3 gauges (Thanh Binh, Dai Nga, and Ta Lai)

Weather Five stations

9 Model evaluation

The SWAT model could be evaluated by using several key indices such as the
coefficient of determination (R?), NaSutcliffe efficiency (ENS), the Root Mean Square
Error (RMSE) and Percent Bias (PBIAS). In this study, R2 and ENS were specifically chosen
for evaluation due to their strong relevance in assessing model performance in hydrology.
The R2 provides a clear measure of the proportion of variance explained by the model, while
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ENS effectively captures the model's predictive accuracy in relation to observed data.

Together, these indices offer a comprehensi v
validating its reliability in simulating hydrological process®s.ranges from O to 1, with 1
indicating aperfect simulation. ENSrangesfre®@ t o 1, with values abo

satisfactory; values from 0®65, 0.650.75, and 0.78..0 are acceptable, good, and very
good, respectivel}33]. Streamflow data from 199020 from Dai NgaJ hanh Binhand Ta

Lai gauges were usddr the model calibration and validatioiCalibration used data from
19902000, and validation used data from 2€010. The SUFR algorithm a suitable
methodmplemented in SWATCUP 2012 and ArcGIS 10[24], was used for these steps of
model calibration and validatiomMNotably, he missing meteorologicalata such asolar
radiation, wind speed, and humidity can impact model performance by introducing bias or
reducing the accuracy of simulations. However, the-getteration method employed by
SWAT is appropriate as it uses established algorithms and relationships to estimate these
missing variables based on available data, thereby maintaining the integrity of the model
outputs.

2.2.2. Drought indices

The temporal variation ihydrologicaldrought can differ across various time scales,
including shortterm (1 or 3 months), mediuterm (6 months), and loAgrm (12, 24, and
48 months) accumulation periods. The medianm time scale of 6 months (SPI6, SDI6)
appropriate for portraying hydmmeteorological regimes and is suitable for monitoring
hydro-meteorological drougHB5]. Thus, his study ussthe streamflow drought indeix a
6-month scaléSDI6) for assessing hydrological drought in the UPDN river basin dite to
effectivenessaspopularly appliedby previous researdi4, 17, 35]. Monthly streamflow
data in the future periods of the 2030s (2@P#0) and 2050s (2042060) were calculated
using the DrinCsoftware, a tool widely adopted in drought resedfih 37], and freely
accessdatthewebsite:(https://droughtsoftware.com Drought classifications are based on
SDI values as followsrought classifications are based on SDIvaluesasfolsvizi O 2. 0
Extremelywetl . 5 O Sw\Riywetl 20 00 SNbHeratelywet:5. 0 O SDI < 1
Normal;-1 . 5 O-1.8 Dlbderate drought2 . 0 O-1.S Bdveredrough8 D | -2.®
Extreme droughit14, 38].

3. Resultsand discussions

3.1.Performance evaluation of the SWAT model

The SWAT model was calibrated and validalbgdusing simulated and observed flows
from 19962000 and 2002010 respectivelyThe hydrological stations were selected based
on their geographic distribution, data availability, and representativeness of the UPDN river
basin. Thanh Binh and Dai Nga stations, located upstream, and Ta Lai, downstream, were
chosen to capture the natural flow patterns across different sections of the basin.
Additionally, the data from these stations during the selected pesiod890-2000 for
calibration and 2002010 forvalidation were considered reliable and minimally impacted
by anthropogenic activitieghydropower operation). This ensured stable hydrological
conditions, allowing for accurate and robust model calibration and valid@herstudyused
the Sequential Uncertainty Fitting, version 3UYFF2) method for model calibration and
verification, as it typically yields good resu[t%4]. The SUFI2 method efficiently narrows
parameter ranges with few iterations, making it ideal for complex models like SWAT
18], where capturing variability and reducing uncertainty are crucial for accurate streamflow
predictions The SWAT model's performance wassessety using R and ENS statistical
values, both of which exceeded 0.70 (Tad)leThesevalues demonstrate the model's good
suitability based on criteria in previous studies, 39]. Therefore, it can be concluded that
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the SWAT model is appropriate for predicting streamflow in the UPDN river basin
Accordingly, it can be reliably used to project the impacts of hydrological drought conditions
in thesubbasin scale for the study area in the future.

Table 4. The values of Rand NSl in the calibration and validation pesad the SWAT model

Gauging station Calibration Validation

R2 NSI R2 NSI
Thanh Binh 0.810 0.757 0.811 0.80¢
Dai Nga 0.812 0.780 0.781 0.80¢
Ta Lai 0.731 0.712 0.771 0.75¢

3.2.Projected changes iminimum, maximurtemperatureand precipitation

Figure3 illustrates the yearly average trends of minimum temperatwg,(Maximum
temperature (fax), and precipitation from 2021 to 2060. These trends are based on ensemble
means from five selected Global Climate Models (GCMs) under the-8SRihd SSRB.5
scenarios for five areas: Da Lat (DL), Lien Khuong (LK), Bao Loc (BL), Dak Nong (DN),
and Cat Tien (CT). The results show thatxland Tmin have similar increasing trends across
the entire UPDN river basin, with nearly parallel trend lines. Both SEFP2nd SSRB.5
scenarios indicate a more pronounced increase in yearly m@aant Tnax compared to
yearly precipitation. Theemperature increasestbie SSP58.5 scenario project highéom
0.5°C to 1.0°Gcomparedo the SSP2.5 scenari@across the UPDN river basin.

Under the SSR2.5 climate change scenartbetemperaturencreassin Da Lat, Lien
Khuong, Bao Loc, Dak Nong, and Cat Tien amproximately 0.80°C, 0.81°C, 0.82°C,
0.83°C, and 0.84°C for nkx, and 0.75°C, 0.75°C, 0.76°C, 0.76°C, and 0.77°C far, T
respectively. Figured (al, a2)illustrates the spatial distribution of ebe temperature
increass. Under the SSRB.5 climate change scenario, bothinTand Tmax show similar
increasing trends from 2021 to 2060 across all afd#s.increasgin Tmin at Da Lat, Lien
Khuong, Bao Loc, Dak Nong, and Cat Tien agproximately 1.21°C, 1.22°Q,.24°C,
1.27°C, and 1.29°QVleanwhile, the values formkxare 1.2°C, 1.23°C, 1.26°C, 1.28°C, and
1.32°C, respectively The spatial distribution of temperature increase is less in the
EastNortheast regions compared to the Sebtiuthwest regionsas Figuret (b1, b2)

Regarding rainfall factors, the SSB% scenario graph and trend function in Figure 3
show no clear increasing or decreasing trend for yearly rainfall from 2021 to 2060. The
results show a distinct upward trend in both minimumisfTand maximum (fhay)
temperatures compared to vague and unclear fluctuation trends in annual rainfall. These
findings are also consistent with previous rep@¥isl7, 18, 40, 41]. The average rainfall
across the UPDN river basin during this period is 2138 mm. Under the@®SB&enario, the
average annual rainfall is 2096 mm, lower than the S8®2cenario. Specifically, under the
SSP24.5 scenario, the rainfall in Da Lat, Lien Khuong, Bao Loc, Dak Nong, and Cat Tien is
approximately 1692 mm, 1688 mm, 2490 mm, 2462 mm, and 2359 mm respectively. Under
the SSP8.5 scenario, these values are 1633 mm, 1631 mm, 2447 mm, 2438 mm, and 2331
mm respectively. Similar to temperature fastahe spatial distribution of yearly rainfall
increase in Eadtlortheast regions is less pronounced than in S8otithwest regions under
the SSP21.5 scenario. Moreover, under the S&% scenario, Da Lat, Lien Khuong, and
Bao Loc show yearly rainfall decrease trends ranging #6m3% to-1.23% per year.
Meanwhile, Dak Nong and Cat Tiergions show yearly rainfall increase trends ranging
from 1.53% to 7.03% per year, as shown in Figure 4 (b3). The relative stability of annual
rainfall under the SSP2.5 and SSPB.5 scenarios suggests that water availability may not
fluctuate drastically throughout the years, allowing for more consistent irrigation practices
and crop management strategies. However, the distribution of rainfall involves uncertainty
[25, 47], so stakeholders must remain vigilant in monitoring rainfall patterns to adapt to
potential shifts in climate conditions.
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Figure 3. Projected changes in yearly minimum temperature, maximum temperande
precipitation in the period of 2022060 in Da Lat (DL), Lien Khuong (LK), Bao Loc (BL), Dak
Nong (DN), Cat Tien (CT)(a) SSP245 scenario; (b$SP58.5 scenario.

Becauseainfall volumes and changes significantly impact drought condifitjnghis
study analyzed rainfaln more detailto assess its effect on drought in the basin. Average
monthly precipitation for 2022060 was examined in two periods: 262140 (near future)
and 20412060 (midcentury), under SSP25 and SSPB.5 scenarios. This analysis
provides crucial information for developing shtetm and longerm adaptation strategies.
Figure 5 shows changes in average monthly rainfall for the 2030s and 2050s under the
SSP24.5 scenario, compared to the 199IP0 historical periodMonthly rainfall tends to
increase from midainy season tthe early dry seasonAugustto Decenber) Conversely,
monthly rainfall tends to decrease fraime mid-dry season tdhe early rainy season
(February to May) for both SSRR5 and SSRB.5 scenariosThese results are also similar



