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Abstract: Hydrological droughts have become more severe due to the compounded effects 

of climate change and anthropogenic activities. This study aims to assess how climate 

change could impact hydrological droughts at the sub-basin scale for the Upper Part of 

Dong Nai (UPDN) river basin. The study used the Soil and Water Assessment Tool 

(SWAT) to simulate hydrological conditions based on climate change scenarios of 

SSP2-4.5 and SSP5-8.5 from the CMIP6 projections for the future period of 2030s 

(2021-2040) and 2050s (2041-2060). The streamflow drought index (SDI) was applied to 

evaluate the drought severity and frequency. The findings indicate a clear increasing trend 

in minimum (Tmin) and maximum temperatures (Tmax) relative to yearly rainfall. Under 

the SSP2-4.5 scenario, yearly rainfall shows a slight increase. However, under the SSP5-8.5 

scenario, annual rainfall has a slight increase in the West-Southwest and a decrease in the 

East-Southeast regions. Rainfall trends show a decrease in the dry season and an increase in 

the rainy season. The frequency and severity of hydrological droughts can vary between 

sub-basins. Da Tam, Don Duong, Da Quyn, Da Dang, Dak Nong, Dong Nai 2, and Dak 

RóKeh are the sub-basins that have more extreme drought conditions compared to the rest of 

the basins. These results emphasize the need for targeted drought management strategies in 

the UPDN river basin to build resilience against future climate impacts. 

Keywords: Climate change; Mapping hydrological drought; SWAT model; CMIP6; The 
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1. Introduction 

Hydrological droughts, characterized by reduced water availability in rivers, lakes, and 

reservoirs, pose significant challenges to water resource management. These droughts are not 

merely the result of short-term weather anomalies but are often linked to broader climatic 

patterns and long-term changes in rainfall and temperature [1, 2]. Climate change scenarios 

suggest that many regions, including Southeast Asia, are likely to experience more severe 

drought conditions due to shifts in precipitation patterns and rising temperatures [3]. In 

addition, drought patterns are also driven by seasonal fluctuations in precipitation, 

temperature, and other hydro-meteorological conditions [4]. Along with climate change, 
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human-driven activities such as the construction and operation of reservoirs have 

significantly altered flow patterns [5]. These modifications in flow impact drought conditions 

by changing the timing and distribution of water availability, thereby exacerbating drought 

severity and frequency [6, 7]. 

According to the IPCC, climate change has caused varying increases and decreases in 

rainfall at high and low latitudes of the Earth [8], and these shifts in precipitation have altered 

drought conditions. Global 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 more [9]. Therefore, it is necessary to 

suitable downscaling techniques to be able to forecast climate change at the local 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 (AR6) [10]. Therein, the Coupled Model 

Intercomparison Project Phase 6 (CMIP6) climate model benchmarking project was used to 

support the IPCCôs AR6 [11]. Compared to the fifth assessment report (AR5) known as 

Representative Concentration Pathways (RCPs), the AR6 was built based on the Shared 

Socio-economic Pathways (SSP) approach with 5 main scenarios including SSP1, SSP2, 

SSP3, SSP4, and SSP5 with respectively name: (i) ñGreen growthò, (ii) 

ñMiddle-of-the-roadò, (iii) ñRegional rivalryò, (iv) ñInequalityò or ñA road dividedò, and (v) 

ñFossil fuel-based developmentò [12]. These scenarios 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 sub-basins. 

The upper part of Dong Nai (UPDN) river basin plays a crucial role in the ecological and 

socio-economic sustainability for the whole Dong Nai river basin. It supports diverse 

ecosystems, including protected forests and biodiversity hotspots like Cat Tien National 

Park. The riverôs natural flow sustains wetlands, fisheries, and agriculture, and maintains the 

regionôs ecological balance. Additionally, the UPDN river basin is essential for water supply, 

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 regionôs energy needs. However, rapid urbanization, deforestation, and agricultural 

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 

socio-economic sustainability. Previous studies have primarily focused on basin-wide 

assessments [13ï16], often overlooking the drought impacts for sub-basin. Mapping 

hydrological drought at the sub-basin scale is crucial for identifying areas most at risk and 

implementing effective mitigation strategies. Therefore, understanding the impacts of 

climate change on droughts, especially hydrological droughts following the spatial and 

temporal aspects at the sub-basin scale, in the UPDN river basin is essential for effective 

adaptation and mitigation strategies. 

This study aims to map hydrological drought across the sub-basins of the UPDN river 

basin under the CMIP6 climate scenarios SSP2-4.5 and SSP5-8. The comprehensive analysis 

has been employed by integrating GIS, remote sensing (RS), and the Soil and Water 

Assessment Tool (SWAT) model, which has been widely used for climate change impacts on 

hydrology and droughts [4, 13, 14, 17, 18]. In addition, the frequency and intensity of 

drought events has also analyzed following temporal and spatial distribution in the sub-basin 

scale. The findings could offer valuable insights for regional water resource management, 

particularly in planning for drought resilience and adaptation under the conditions of ongoing 

climate change. 
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2. Materials and Methods  

2.1. Study area 

The Dong Nai river basin, the longest inland river in southeastern Vietnam, extends over 

586 km and encompasses a catchment area of approximately 36,530 km², 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 2022 [19]. The basin has over 

200 irrigations and hydropower reservoirs, regulating nearly 6 billion cubic meters of water. 

It also has a hydropower capacity of around 3,000 MW. The forest cover rate of the whole 

basin is about 28%, but it is mainly located upstream in the provinces of the Central 

Highlands. Hence, this study focuses on the UPDN basin, which spans an area of 11,036 km², 

with 70% situated in Lam Dong province compared to 30% of the rests of Dak Nong, Binh 

Phuoc, Dong Nai, and Binh Thuan provinces [20]. The characteristics of the UPDN river 

basin and its 18 sub-basins are detailed in Table 1 and Figure 1.  

Table 1. Properties of the UPDN river basinôs sub-basins. 

No. ID  Sub-basin 
Main 

reservoir 

Sub-basin mean 

elevation (m) 

Land use (the largest 

area % first)  
IYRES 

CHP 

(MW)  

RES_EVOL  

(104 m4-) 

Area 

(km²) 

1 DN1 Da Nhim Da Nhim 1500 Forest, perennial agri. 1965 240 16500 729 

2 DN2 Da Tam Tuyen Lam 1321 Forest, annual agri. 1987 - 2785 227 

3 DN3 Don Duong - 1141 Forest, annual agri. - - - 372 

4 DN4 Da Quyn Dai Ninh 978 Forest, annual agri. 2008 300 31977 562 

5 DN5 Suoi Vang Dankia 1550 Forest, perennial agri. 1998 4.6 90 314 

6 DN6 Da Dang Da Dang 987 
Forest, industrial 

crops 
2016 34 760 1283 

7 DN7 Dong Nai 2 Dong Nai 2 907 Perennial crops, forest 2013 70 28100 332 

8 DN8 Dong Nai 3 Dong Nai 3 847 Forest, perennial agri. 2011 180 169010 495 

9 DN9 Dong Nai 4 Dong Nai 4 714 Forest, perennial agri. 2012 340 33210 159 

10 DN10 Dak Nong Dak Rôtih 757 Perennial crops, forest 2011 144 13710 1120 

11 DN11 Dong Nai 5 Dong Nai 5 637 Forest, perennial agri. 2014 150 10633 592 

12 DN12 Dak RóKeh Dak Sin 567 Perennial crops, forest 2015 28 1609 321 

13 DN13 Dong Nai 6 - 372 Forest, perennial agri. - - - 483 

14 DN14 Cat Tien - 285 Forest, perennial agri. - - - 773 

15 DN15 Da Teh Da Teh 414 Forest, perennial agri. 1990 - 2400 630 

16 DN16 Da Huoai Dam Bôri 592 Forest, perennial agri. 2013 75 5630 909 

17 DN17 Ta Lai -  Perennial crops, rice - - - 431 

18 LN1 La Nga Dai Nga 140 Perennial crops, forest 2015 10 46 1304 

All of the UPDN       11036 

*CHP is the capacity of hydropower plants (MW); YRES is the year the reservoir became operational; 

RES_EVOL is the quantity of water needed to raise the reservoir to the emergency spillway (104 m4); agri. is 

agriculture). 

The UPDN river basin is subdivided into 18 sub-basins across two tributaries including 

the main tributary of the UPDN river basin and the sub-tributary La Nga river basin [21]. The 

main tributary has 17 sub-basins (from DN1 to DN17) terminating at the Tri An reservoir. 

The sub-tributary has just one sub-basin (LN1) ending at the Dami hydropower reservoir. 

The basin's terrain ranges from the Lang Biang plateau (1,300-2,000 above sea level) in the 

North, through the Di Linh plateau (700-1,000 m) in the center, to a transitional zone with 

elevations of 200-500 m in the South-Southwest. The 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 year. The average annual rainfall was nearly 

2500 mm. The average annual temperature was approximately 22°C. Total rainfall accounts 

for approximately 87% in the rainy season compared to 13% in the dry season. The total flow 

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 season [22]. 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. 

 

Figure 1. Location of the study area and its sub-basins based on DEM. 

2.2. Methodology   

The methodological framework for this study is illustrated in Figure 2. 

 

Figure 2. Flowchart of the methodology used for mapping hydrological drought. 
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