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Groundwater is a vital resource for climate-change adaption in Vietnam. Yet, groundwater resource
is also affected by climate change and the impacts have just received more concern in recent years.
In spite of that, various studies have conducted to evaluate the impacts of climate change on
groundwater resources in Vietnam. The studies have been performed from the North (Ha Noi and
Nam Dinh) to the Central (Binh Dinh, Serapok watershed, and Thanh Hoa) and the South of Vietnam
(Ho Chi Minh city, Ba Ria – Vung Tau, and Mekong Delta). Hydroglogical and groundwater models
are powerful tools applied for those studies. Besides, the change of rainfall, sea level rise, and urbanization are main factors, which are projected in different climate change scenarios for assessing the
impacts; groundwater recharge, groundwater level, and groudwater quality are common components of groundwater resources, which are evaluated for the impacts of climate change. Based on
the evaluation of such climate factors on groundwater components, many meaningful conclusions
have been declared. This paper summarizes the results of recent studies on the impacts of climate
change on groundwater resources with respect to various scenarios in Vietnam. Up-to-date studies
mostly indicated the negative impacts that climate change will decrease the groundwater recharge
and fresh groundwater availability or increase groundwater salinization, mainly in the coastal areas.
The principal reasons are changes in rainfall, land-use change derived from climate change, and
sea-level rise. Those studies have delivered valuable information for groundwater management
and climate-change adaption strategies in Vietnam. Despite the variety of different research, there
are still knowledge gaps of climate change – groundwater interaction e.g., indirect effects of climate
change derived from increasing of groundwater abstraction and/or intensive agricultural practices
in the future. Those issues are potential topics for future research.
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INTRODUCTION
In recent years, climate change has caused serious
impacts around the World, and Vietnam is not excluded. According to the Global Climate Risk Index 2021 1 , which reflects the direct losses and fatalities of extreme weather events, Vietnam is ranked
at 13th among the countries most impacted by climate change in the period 2000 – 2019. In addition, other natural resources are also affected, especially water resources. In Vietnam, surface water is
the main resource for water supply but it is vulnerable to climate change. Many studies on potential impacts of climate change have focused on the surface
water to project the change of river flow 2–5 , seawater intrusion in coastal delta 6,7 , water quality 8,9 , flood
frequency 10 . Most of those studies indicate the negative effects responding to different climate change scenarios such as increase of streamflow in rainy season
and more drought in dry season, declination of water
quality and deeper inland saltwater intrusion. On the
other hand, groundwater is also an important water

supply source for the adaption to global environment
changes. More abstraction wells have recently been
installed 11,12 for water demand and, thus, various issues have occurred such as groundwater level declination, seawater intrusion 13 , land subsidence 14,15 ,
and arsenic contamination 16,17 . Various research
was performed to identify and verify the influence
of geological conditions and human activities on the
groundwater system in Vietnam 18 . Since groundwater is a part of the hydrological cycle, any changes in
climate would affect groundwater resources. However, research on the impacts of climate change on
groundwater was very little, even in the World 19,20 .
This limitation may relate to difficulties in characterizing the hydrogeology below the surface and the slow
response to climate variability. In spite of the difficulties, the issue has been more concerned in recent
years. This paper will give a short review of recent research on the impacts of climate change on groundwater resources. The skeleton of the paper consists
of three main parts: (i) Climate change scenarios in
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Vietnam (ii) Impacts of climate change on groundwater (ii) Remarkable considerations. This review paper delivers recent knowledge of groundwater-climate
change issues to support authorities in planning and
developing adaptation strategies for climate change.

STUDY AREA
Vietnam locates in Southeast Asia and shares terrestrial border with China in the North (1,281 km), Laos
(2,130 km) and Cambodia (1,228 km) in the West
(Figure 1). The land area of Vietnam is about 320, 000
km2 with a coastline of 3,289 km. Most of Vietnam
is covered by hilly and mountainous areas (Figure 1)
with the elevation between 100 and 3400 m. There are
16 major River basins in Vietnam and the two the two
largest basins are Red River in the North and Mekong
in the South.
Vietnam’s climate is mainly characterized by tropical monsoon zone and varies from the North to the
South. In the North mountainous region, the lowest
temperature is observed from 10o C to 16o C and from
25 o C to 30 o C in the South region. In summer, the
average temperature ranges from 25 o C to 30 o C. the
annual rainfall shows a wide range in Vietnam, which
is from 600 mm to 5000 mm, mostly from 1,400 mm
to 2,400 mm. The total of rainfall accumulates about
80-90% in rainy season.
In Vietnam there are six major hydrogeological regions which are Eastern North, Western North, plain
of the North, Northern Central, Southern Central,
and Plain of the South 21 . The aquifers in the regions are mainly formed form uncosolidated materials, fracture-pore basalt, carbonate, sandstone, and
fracture of instrusive rock. The hydrogeological regions contain a large amount of groundwater for water supply. In the plain of the North, the groundwter
reserves is up to 22.5 million m3 /day and 18.5 million m3 /day in the Highland of Central Vietnam. In
the Plain of South, the static reserve of groundwater in
the plain of the South is estimated about 22.7 million
m3 /day and the natural dynamic reserve is 4 million
m3 /day. The natural dynamic reserve, here, is considered as the amount of groundwter that can be sustainably abstracted for a long period. The dynamic reverse
sources come from recharge (infiltration from rainfall
and river) and natural flow through transboudaries.
In plain of the Southern Vietnam, infiltration from
rainfall contribute up to 95% of natural dynamic reserve 21 . It means that the change of rainfall can immediately impact on groundwater resources. In other
words, the impact of climate change on groundwater
resources is obvious in Vietnam.
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METHODOLOGY
In this review paper, Google Scholar is used to search
papers related to our target. The searching keywords
are “groundwater” + “Climate change” + “Vietnam”.
Only papers published from 2015 are considered in
this paper. The totality of reviewed papers is 14.

CLIMATE CHANGE SCENARIOS IN
VIETNAM
Climate change refers to the shift of average of the
climate in a period due to natural processes (earthquake, volcano eruptions, solar irradiance and orbital
changes) and human activities (increase greenhouse
gases (GHGs) emission). Climate change is indicated
by the alternation of various factors such as temperature, precipitation, and sea level). Since the mean
global temperature was recorded in 1850, it increased
1.2 ± 0.1 o C in 2020 22 . In the period 1901-2010,
global mean sea level rose by 0.19 m. Meanwhile,
GHGs largely increased since the start of the industrial era in 1750. Specifically, CO2 , CH4 , and N2 O
increased, respectively, 40%, 150%, and 20% relative
to 2011 23 .
In Vietnam, an observation of temperature from 1971
to 2010 showed an increasing rate of 0.26 ± 0.10 o C
per decade 24 . The data from Ministry of Natural
Resources and Environment 24 indicate that annual
rainfall decreased in the north and increased in the
south (1958 – 2014), while sea level rises around 3.34
mm/year. The satellite data in the period of 1993-2014
showed that mean sea level in at Vietnam’s coastal increased 3.5 mm/year in the period 1993-2014. Those
observations are utilized for analyzing the trend of climate variables in the past and supporting the conduction of climate change scenarios in Vietnam. The
methodology for construction climate change in Vietnam is simplified in Figure 2. The climate change scenarios for Vietnam are corresponding to The Representative Concentration Pathways (RPCs). RCPs describe four different 21st century pathways of GHG
emissions and atmospheric concentrations, air pollutant emissions and land use 23 . The values after RCP
(e.g., 4.5 or 8, Table 1) refer to radiative forcing in
Watt/m2 by the end of 2100 compared to the preindustrial era. Each RCP leads to a warming temperature at the end of 21st century (Table 1). As a result,
a summary of climate change projections for Vietnam
is shown in Table 2. Those results are references for
researchers to study the impacts of climate change on
groundwater in Vietnam.
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Figure 1: Location of Vietnam.

Table 1: RCP for climate change scenarios.
RCP

Radiative forcing (W/m2 )

Mean warming temperature in 2100

Emission trend

Equivalent to Special
Report on Emissions
Scenarios 25

1.9

1.9

1.5

Very strongly declining emissions

No equivalent

2.6

2.6

2

Strongly declining emissions

No equivalent

4.5

4.5

2.4

Slowly declining emissions

B1

6.0

6.0

2.8

Stabilising declining emissions

B2

8.5

8.5

4.3

Rising emissions

A2/A1FI
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Figure 2: Simplified scheme for Climate change scenarios in Vietnam

Table 2: Changes of climate variables for different Climate change scenarios for Vietnam (Modified from 26 ).
Climate variable*

RCP4.5

RCP8.5

2016-2035

2046-2065

2080-2099

2016-2035

2046-2065

2080-2099

Mean annual temperature (o C)

0.7

1.5

2

0.9

2

3.6

Mean annual rainfall
(%)

11.3

15

18.5

9.9

16

21

Mean sea-level rise for
East Sea (cm)

13

29

49

13

34

64

Mean sea-level rise for
coastal areas and island
(cm)

13

28

46

13

33

64

* The future change of climate variables is compared to the mean value of the baseline period (1986-2005).

IMPACTS OF CLIMATE CHANGE ON
GROUNDWATER SYSTEM
As a part of the hydrological cycle, groundwater can
be directly and indirectly affected by climate change.
Groundwater recharge and groundwater-surface water interaction are directly affected by the change of
rainfall. While changes in land use and water demand,
which are induced by climate change, indirectly influence groundwater quantity and quality. The studies
on those impacts are summarized in Table 3.
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Table 3: Summary of recent studies for the impacts of climate change on groundwater resources in Vietnam.

Study

Year/Journal Ref. Location Hydrological/Groundwater
Climate
change
type
model
scenario
27
Ha and 2015
Ho
MODFLOW Rainfall will decrease
a
Sucharit (Conference)
7% in the 2030s; and
Chi
increase 23% in the
Minh
City
2090s Temperature at
the end of this century
will increase to 3.5o C;
Evapotranspiration is
expected to increase
by 16% in the 2090s.
28
Shrestha 2018
Ho
SWATb
RCP4.5 and RCP8.5
et al.
(PeerChi
reviewed)
Minh
City
29
Lam et 2021
Thi
PANTA
RCP8.5
al.
(SCI)
Vai
RHEI–
area
FEFLOWc

Tam et
al.

2016
(SCI)

30

Schmidt
et al.

2015
(Book
chapter)

31

Vu at
el.
Huyen
et al.

2018
(SCI)
2017
(SCI)

32

Adhikari 2020
et al.
(SCI)

34

Pham
et al.

2019
(SCI)

35

Mekong SEAWAT
Delta

Schmidt
et al.

2015
(Book
chapter)
2015
(Book
chapter)

36

Thanh
Hoa

SEAWAT

Change of Paleoclimate over past 60
ka
A1FI, B2

37

SEAWAT

A1FI, B2

2015
(SCI-E)

12

Ba
Ria Vung
Tau
Nam
Dinh

Schmidt
et al.

Pham
and
Lee

33

Central
Vietnam
South
of
Vietnam
Binh
Dinh
Serapok
watershed
Ho
Chi
Minh
City

WetSpassd , A1
MODFLOWSEAWATe
NA f
NA

VS2DHg

NA

SWAT

A1B and A2

SWAT

Projecting rainfall and
temperature based on
Regional Circulation
Model

SEAWAT

Impacts on groundwater
Groundwater recharge decreases 29% in 2030s), increases 51% in 2070s) and
23% in 2090s.

Groundwater recharge decreases 13.8 - 14.4%.

Groundwater recharge decreases 2.6% and 10.9%, respectively in rainy and dry
season. Groundwater level
declines up to 20.2 m.
Both groundwater recharge
(about 10%) and groundwater level decrease.
Declination of groundwater level in dry season due
to the decrease of river flow.
Increase of groundwater
discharge to rivers.
Groundwater
discharge
contributes to river flow
over 30%.
Groundwater recharge increases in low urbanization
scenarios but decreases in
medium and high urbanization scenarios.
of
fresh
Declination
groundwater
Groundwater level decreases, and salinization
increases
Salinization
increases;
recharge from precipitation increases
Minor effect of sea-level
rise on salinization

a
Modular Three-Dimensional Finite-Difference Groundwater Flow Model; b Soil and Water Assessment Tool; c Finite Element subsurface
FLOW system; d Water and Energy Transfer between Soil, Plants and Atmosphere under quasi-Steady State; e a three-dimensional variabledensity groundwater flow and transport model; f not available; g a variably saturated two-dimensional groundwater flow model.
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Recharge
Groundwater recharge can come from various sources
such as precipitation, seeping from rivers/lakes, return flow from agricultural practices, and municipal water supply 38,39 . Of those sources, precipitation mostly contributes a large amount of replenished
water to the aquifer system. In Vietnam, groundwater recharge varies from areas. In Day River
basin, the groundwater recharge ranges from 37 to
601 mm/year, averagely 248 mm/year 40 . In Phan
Rang area, a field experiment by Vinh et al. 41 indicated a recharge rate of 311 mm/year in the period 2012-2013. In Dak Lak Plateau, the average
groundwater recharge is 431 mm/year 42 . In Hanoi,
groundwater recharge was estimated at about 20%
of rainfall (340 mm/year; 43 ). However, in Mekong
Delta, although the rainfall is relatively high (about
1,900 mm/year, 44 ), groundwater recharge from precipitation is limited (mostly <20 mm/year, 27 ). Most
of those studies showed the direct effect of rainfall on groundwater recharge, and thus, each climate
change scenario will differently impact on groundwater recharge. Ha and Sucharit 28 projected rainfall and groundwater in Ho Chi Minh city using a
scenario for the increasing temperature of 3.5 o C in
2100. The results showed a similar trend of rainfall
and groundwater recharge at the end of the 21st century, which respectively increases 23% and 23%. Another research by Shrestha et al. 29 used rainfall trend
based on RCP 4.5 and RCP8.5, yet the groundwater
recharge is projected to decrease by 13.8% and 14.4%,
respectively, different from Ha and Sucharit 28 . The
differences may relate to the models applied for the
estimation of recharge. Ha and Sucharit 28 projected
the recharge based on the discrepancy of monthly
rainfall and evapotranspiration and soil type zones in
Ho Chi Minh city and vicinity areas. Then, the projected recharge is assigned in a calibrated groundwater flow model (MODFLOW) for simulating the future recharge in Ho Chi Minh City. While, Shrestha et
al. 29 predicted future recharge using SWAT (Soil and
Water Assessment Tool) model, a hydrological model,
which requires more climatic data such as solar radiation, wind speed, air temperature, and relative humidity. Not far from Ho Chi Minh city, climate change is
projected for assessing the effects on groundwater system in Thi Vai area with respect to RCP8.5 30 . The results indicated the decrease of groundwater recharge
(up to 10.9% in dry season), and strong declination
of groundwater level in deep aquifer (up to 20.2 m).
In Central Vietnam, the groundwater recharge is also
predicted to be decreased in the Central Vietnam. For
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scenario A1B in the 2050s, groundwater recharge decreases 11% for Holocene aquifer 10% for Pleistocene
aquifer 31 .
Overall, groundwater recharge is mostly projected to
decrease while the future rainfall is predicted to increase at the end of 2100 in climate change scenarios
in Vietnam 26 . The similarity is also observed in tropical climate countries such as Thailand 32 and Ivory
Coast 33 . This trend may relate to the less precipitation in the dry season projected in the selection of Regional Climate Models (RCMs). The hydrogeological
condition of study areas is another reason as it affects
the infiltration rate of precipitation into aquifers.
In addition, the projected groundwater recharge did
not distinguish the contribution of other recharge
sources from rainfall e.g., recharge/discharge from/to
surface water. In another word, the groundwatersurface water interaction responding to climate
change also affects groundwater recharge. For this
case, Schmidt et al. 34 addressed a relation between
flow of rivers and groundwater level with a decrease
of 15-20% and 11 m, respectively, for the south of
Vietnam. Locally, groundwater is also recharged from
rivers in rainy season or storm events and discharge to
dry season in Binh Dinh 45 . While groundwater discharge to surface water, which is estimated for scenarios A1B and A2, contributes up to 30% of the total
flow into Serapok watershed 46 . This means that the
discharge to surface water can alter the total groundwater recharge projected in climate change scenarios.
Furthermore, land-use change induced by climate change also indirectly modifies groundwater
recharge. In the low urbanization scenarios considering climate change in Ho Chi Minh City, groundwater
recharge increases up to 15% in the period 20762100 47 , this is in an agreement with the result of Ha
and Sucharit 28 . Yet, the groundwater recharge shows
a reduction of 30% and 52% for medium and high
urbanization scenarios, respectively 47 . This means
that the increase of impermeable surface derived
from urbanization will limit the infiltration of rainfall
to aquifer system.

Impact of Sea level rise on groundwater
salinization
Since Vietnam has a coastline with a length of
about 35 , the effects of sea-level rise derived from climate change is a major issue for water resources management. An assessment of sea-level rise due to climate change in Mekong Delta (Vietnam) showed that
saltwater will intrude up to 50 – 60 km inland according to the sea level rise of 30 cm in RCP6.0 7 . As a result, approximately 30,000 ha of agricultural area will
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be affected by salinity. Other studies also predict that
saltwater will intrude far inland due to sea-level rise
concerning different climate change scenarios. For
instance, saltwater with a salinity of 4% intrudes up
to 20 km on Thu Bon-Vu Gia River in RCP8.5 36 and
up to 41 km in Red River Delta (RCP8.5, 37 ).
Considering the relation of the change of sea level over
the past sixty thousand years with the present distribution of fresh-saline groundwater in Mekong Delta,
Pham et al. 48 indicated that sea-level changes are one
of the important factors that affected the availability of
fresh groundwater. The study also strongly suggested
the declination of fresh groundwater under natural
conditions (e.g., sea-level rise) since the lowstand of
mean sea level in Mekong Delta. It means that the impact of sea-level rise on groundwater resource is obvious and predicted to be more serious corresponding to recent climate change scenarios. Since sea level
rise causes the salinization of surface water as well as
groundwater through infiltration, groundwater quality can be unusable for human use. Sea level rise also
increases the landward hydraulic gradient of seawater and, thus, accelerates seawater intrusion in coastal
aquifer. Therefore, the influence of sea-level rise on
groundwater resources is necessarily taken into account.
Recent studies on this issue mostly proposed that
salinization will increase in Thanh Hoa 49 and Ba RiaVung Tau 50 in different climate change scenarios.
While Pham and Lee 12 mentioned that the impact
of sea-level rise on groundwater salinization is quite
small in Nam Dinh Province, groundwater abstraction is the main factor. In addition, dry season is
forecasted to be longer and, thus, groundwater is the
only source for water supply when most of the surface water bodies are salinized in coastal areas during
this period. This means that more groundwater will
be abstracted during dry season and the declination
of groundwater level is exacerbated. As a result, salinization in groundwater system will be more serious in
the future.
The impact of sea level rise on groundwater salinization is also a worldwide issue. Research by Jasechko et
al. 51 showed that more than 15% of contiguous coastline in United States are potential seawater intrusion
in coastal aquifers and sea level rise is one of threats to
the issue. Furthermore, several models investigating
the impacts of sea level rise on seawater intrusion in
coastal regions had indicated the threat of salinization
to fresh groundwater 52,53 . Therefore, research on this
issue needs to be more considered for climate change
adaptation measures in Vietnam.

REMARKABLE CONSIDERATIONS
Overall, there have been several studies on the impacts of climate change on groundwater resources
in Vietnam since 2015. Most of the studies focus
on the impacts on groundwater recharge, the others
pay attention to effects of sea-level rise and land-use
change. Various hydrological and groundwater flow
models have been applied for the projections such as
SWAT, MODFLOW, SEAWAT, and FEFLOW (Table. 1). Although those studies were performed in
different areas and models, most of them share the
similar ideas that groundwater recharge and freshgroundwater availability will decrease due to climate
change in coastal areas. These issues need to be taken
into account in groundwater management in Vietnam.
In coastal areas, groundwater is vital resources for water supply but it is vulnerable to the seawater intrusion derived from sea level rise due to climate change.
Hence, research on this issue and adaptation measures needs to be more concerned in the future.
In addition, there are still concerns for future studies
on the impacts of climate changes:
- The groundwater recharge projected in previous
studies mostly is the totality of recharge sources.
Therefore, discriminating sources of recharge will
clarify the contribution of rainfall, groundwatersurface water interaction and the others to groundwater system and, thus, give more insight into the impact of climate change. In areas, where agricultural
activities are intensive, the return flow from irrigation
water should be estimated in the projection model.
This is because the response of groundwater to this
recharge source is faster than changes in the recharge
from rainfall and the quality of groundwater will also
be affected.
- In the studies considering the effects of sea-level rise,
the density difference between seawater and fresh
groundwater did not specify, thus, the projected results may be overestimated because seawater with
higher density would hardly move in the aquifer system than freshwater.
- There is a notable point that the impact of climate
change on groundwater quality has not been investigated previously. Because recharge water mixing with
original groundwater in the aquifer, it will change the
groundwater quality due to the dilution or the disturbance derived from high dissolved oxygen water 54 ,
increase dissolved organic carbon (DOC) in groundwater 55 , and so on. Hence, the impact on groundwater quality is an important problem for future research.
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- In every climate change scenario simulated for the
impacts on groundwater, the adaption method is
neglected. If the adaption methods are integrated
into model simulations, it will give more information on their effectiveness for climate change adaption strategies in Vietnam. There are considerably potential adaption methods such as Managed Aquifer
Recharge 56 and maximizing efficient use of rainwater together with minimizing groundwater abstraction 57 .

CONCLUSION
In the recent climate change condition, the role
of groundwater becomes more important, especially
when extreme weather like drought occurs. However,
groundwater is also vulnerable to climate change.
This paper gave a short review on the impacts of climate change on groundwater resources in Vietnam.
The studies in Vietnam indicated that climate change
directly affects groundwater through recharge from
precipitation, and indirectly through changes in land
use. The impacts are varied in extent in different areas but show negative effects on groundwater recharge
and fresh groundwater availability. The potential topics for future research are also addressed in the paper.
The knowledge provided from this paper can be considered for adaptation strategies for climate change
and groundwater sustainable development.
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Nước dưới đất là nguồn tài nguyên quan trọng trong việc thích ứng với biến đổi khí hâu ở Việt Nam.
Tuy nhiên, tài nguyên nước dưới đất cũng bị ảnh hưởng bởi biến đổi khí hậu và các ảnh hưởng này
chỉ mới nhận được nhiều sự quan tâm hơn trong những năm gần đây. Mặc dù vậy, nhiều nghiên
cứu đã được thực hiện để đánh giá tác động của biến đổi khí hậu đến tài nguyên nước dưới đất.
Các nghiên cứu này được thực hiện ở miền Bắc (Hà Nội và Nam Định), miền Trung (Bình Định, lưu
vực sông Serapok, và Thanh Hóa) và miền Nam Việt Nam (Thành phố Hồ Chí Minh, Bà Rịa – Vũng
Tàu, và đồng bằng sông Cửu Long). Các mô hình thủy văn và nước dưới đất là công cụ đắc lực
được sử dụng trong các nghiên cứu này. Ngoài ra, sự thay đổi lượng mưa, mực nước biển dâng và
đô thị hóa là những yếu tố được dự báo trong các kịch bản biến đổi khí hậu để đánh giá tác động;
lượng bổ cập nước dưới đất, mực nước và chất lượng nước dưới đất là các thành phần của nước
dưới đất được đánh giá tác động của biến đổi khí hậu. Dựa trên sự đánh giá của các yếu tố khí hậu
lên thành phần của nước dưới đất, rất nhiều kết luận ý nghĩa đã được đưa ra. Bài báo này tóm tắt
kết quả của các nghiên cứu gần đây về tác động của biến đổi khí hậu đến tài nguyên nước dưới
đất ứng với các kịch bản biến đổi khí hậu ở Việt Nam. Phần lớn các nghiên cứu cho tới hiện nay
đều cho thấy các tác động tiêu cực là biến đổi khí hậu sẽ làm giảm lượng bổ cập nước dưới đất và
giảm lượng nước nhạt hoặc làm tăng sự mặn hóa nước dưới đất, chủ yếu ở các khu vực ven biển.
Nguyên nhân chính của tác động này là do sự thay đổi lượng mưa, sự thay đổi sử dụng đất do ảnh
hưởng của biến đổi khí hậu và mực nước biển dâng. Những nghiên cứu trên đã truyền tải những
thông tin giá trị cho việc quản lý tài nguyên nước dưới đất và chiến lược ứng phó biến đổi khí hậu
ở Việt Nam. Bên cạnh sự đa dạng của các nghiên cứu, vẫn còn những vấn đề liên quan đến tác
động qua lại giữa biến đổi khí hậu và nước dưới đất như ảnh hưởng gián tiếp của biến đổi khí hậu
từ việc tăng lượng khai thác nước dưới đất và/hoặc canh tác nông nghiệp quá mức trong tương
lai. Những vấn đề này sẽ là chủ đề tiềm năng cho nghiên cứu trong tương lai.
Từ khoá: Biến đổi khí hậu, nước dưới đất, lượng bổ cập nước dưới đất, mực nước biển dâng
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