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Abstract: Currently,water resources planning is paying attention in Vietnam with several
master plans established in some dabgsins across the country. However, in the context
of water resources planning, the water allocatask stillhas inconsistency icalculation
methodology. Therefore, this study aims to prowdet of indicatorto estimatavater and

land resourcetserveas the foundatiofor water resourcesllocationtask We have been
used the following method§) data collection, analysis and processiiiyjfield surveying;

(i) expert consultationand (iv) mathematical modehg. We selected th&outhern Hau
River basin (SHRB)s our pilot study. The results indicate ttie total amount of surface
water from the Hau River sufying to the entireSHRBregion in the dry seasanonths
(January to Apr)l is about 487 millionm¥month The total amounof groundwater
(salvaterandfreshwatey is 35.5 millicn m*/day, with 16.7 million m*day coming from
freshwater The SHRB has agreat variation in season3.8 billion m® (19%) for the dry
seasorand16.19 billionm?® (81%)for the flood seasohe outcomes of this study provide
basisinformation for implementingwa t e r resources planning6s
resour ces Bsuibasile SHRBOS

Keywords: Indicator, Sustainability Water Resourced;and Resources Souttern Hau
Riverbasin

1. Introduction

There have been a number of studiesldwide on sustainability indicators in the field
of water resources. In particular, at tesel of the river basin, [1] integrated issues of
hydrology, environment, life and policies on water resources into a single sustainability index
- Watershed Sustainability Index (WSI). The authors of this study applied the PreStauee
- Responses model to the indicatorsHiidrology, EEEnvironment, ELife andP-Policy) and
placedthemin a matrix frame, from which a typical WSI index for the whole bagss
calculated []. This WSI index has a value from O tor&presenting the lowest and highest
watershed sustainability. Theudly also applied the calculation method to the SF Verdadeiro
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River Basin in Brazil. The results show that this basin has a WSI index of 0.65 which is
equivalent to the average sustainability levigl [

[2] applied the WSI methodl] for calculating the swstainability index of the
Reventazomiver Basin in the province of Cartago and Limon, Cddita. In this study, the
river basin was divided into three regions: tagtd, midland and lowand according to the
elevations of the regions to calculate more accurately the indicators of the basin. The average
WSI for the entire basin is 0.71, which equates to a fairly sustainable level. However, the
research team focused on analyzing the indicatdts tive lowest scores, thereby making
recommendations to the Commission for Conservation and ManagementVgatbeeshed
of theReventazén River (COCUMRHE)r betterimprovementas well as to make tHature
WSI calculations forthe watershed more accurat€he calculation methodl] was also
applied to the ElguRiver basin in Chile and the Motru river basin in Romania, aw ghe
results of 0.61 and 0.36 respectively (WSI valiegghe Motru river basinvere calculated
for an approximate period of $ears), respectively with moderate and poor sustainability
values[2i 3].

In Vietnam, a number oksearcland projects have also developed indicators related to
the assessment and use of water resources. Some notable research projecasiolbbvde

The Vietnam Water Sect&®eviewProjectwas funded by the Asian Development Bank
on behalf of international development partners with the objective of strengthening water
resource management, poverty reduction and national develop#jeifing project has
synthesized the river basin monitoring data, the data on water exploitation and use, the
relationship betweethe society, the population community and the river bésinuild a set
of indicators incluthg 58 indicators as an approadciol to watersector management. Among
these 58 indicators, there are 13 indicators on surface water resources, 3 indicators on
groundwater, 15 indicators on socadpects 12 indicators on econom@spectsand 15
indicators on environmealt aspectsThese indicatorarere used to assess the current status
of 16 main river basins in our country, theredffirming that many large river basitesve
beenin an alarming state of exploitation andeii use of water resourceswvhich provide
advancednformationto the authorizd managerdgor betterplanning ofallocation, sharing
and economical use of water resources. However, these indicators are only individual
indicators and have not been placed in an overall framework for sustainable develdpment [

While employing this set of indicators p], the Department of Water Resources
Management has developec get of indicators to 81 indicators to serve fi®anning of
Management ofthe Red RivérThai Binh River Basia from 2013 to 2015. This set of
indicators representshe factors onsurface water, groundwater, social, economic,
environmental and water resource management. However, this set of indicators only provides
individual parameters in water resource planning and managdmeitdoes not provide a
generaindexof water resource use in the basih |

In the study §], through the consultation methadth expersin the Central Highlands
provinces and experts specialized in sustainable development in various diedds,of
sustainable development indicatongre synthesized and developed whioklude 77
regional level indicators, 70 provincigllevel indicators, and 49 distridevel indicators. In
this set of indicators, water resoungasa topic in the field ofthe environmentalong with
other topicsnamey land, atmosphere, natural disasters and biodiversity. Although the study
has not provided specific assessment levels for each indicator, the set of indicators has
demastratedthe correlation betweethe indicators andhe topics, therebystimulating a
dmorecomprehensiveneasuréof an overall development toward sustainable manner.

For groundwater resources] proposed a set of indicators including 6 main indicators:
() the renewable groundwater resources per capitajti{i@)total groundwater resources
exploited /suppled; (iii) the total exploied groundwater resources/total exploitable
groundwater resourcesy)ithe total amount of groundwater for drinking/total dahle
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water in the area; (vijhe groundwater depletion dicator and (vi) the groundwater
vulnerability indicator. The groundwater resource iodtors werevaluated at 3 levels: high,
medium and low; then illustrated on the map with a vaarging from 15, corresponding
from less stableto very stablestatus However, these indicatorsere still calculated
separately, not integrated poovidea generaindex for the study area.

[8] analyzed the factors affecting the sustainability of river basins in Vietnam and
included four groups of rivers based on curemerging issues in water resource planning,
management and protection such as the Law on Water Resources 2012. The studg propose
a set of parameters affecting the sustainability of the river basin for each specific river group.
The study also propose® parameters affecting the sustainability of the river basbasis
for determining the level of sustainabilitgnd how to calculate parametealues,thereby
determiningthe level of sustainability of indicatorgd, the fields) of water resources
environment, life, human activities and policiggncalculating the river basin sustainability
index for Vietham. In addition to the above studies, a number of studies have proposed
statistical indicators on surface water resources, groundwater resourater use9], or
water resource vulnerability index().

With a special geographical location, the hydrological regime isdhtherrarea of the
HauRiver is directly affected by the upstream flow, the tidal regime of the East Sea, part of
the tide in the Gulf of Thailand and the rainfall regime inghgrefield. At the time of the
flood, due to the upstream recegdandthe tidal regime strengthsjthereforetheincrease in
water levelandthe dischargdeading toa highpossibility of large floodss still to occurin
thisflood period Thehighi tide days are thémei period of temporary accumulation of water
in the infield canalas well asanincreasen the average watéevel and vice versa. The
complex hydrologicédlhydraulic regime in the Sowtin Hau Riverbasin (SHRB)andthe
interweavingcombination of varying degrees between flo@ihi tide and freshsaltwater
aremajor limitatiorsin calculating the distribution of water resources inrigion

Preliminary assessmergvealedthat althoughcurrent indicators o$ustainable use of
water and landesource# the world and Vietnarare quiteavailable theyhaveneitherbeen
fully complete yet nor presentedthe specificity in the planning of water resources
distribution. Thereforea studyon a set of indicators of sustainable use of water and land
resources in order to apply in the allocation of water resowaoekl meet the urgdrcurrent
needs. Within the scope of the research, this paper focuses on clarifying the general picture
of the characteristics of the research area in order to propose a set of indicators for sustainable
use of water and land resourcasd demonstrate a |ait calculaton usng a number of
indicators to evaluat@aterresources in th8HRB. Specifically, in thigesearchthe authors
useMike NAM hydrological modelMike 11 hydraulic modelFeflow groundwater model
to calculate and assess water resouttoeth 6urface wateandgroundwater) in th&HRB.

2. Materials and Methods

2.1.Descriptionof the study area

The SHRB is part ofthe Mekong River basiwith a natural area d3,534.45 krhanda
population of 8,737,454 peoplacluding the area af provinces and cities (An Giang, Bac Lieu,
Ca Mau, Can Tho, Hau Giang, Soc Trang and Kien Gig@iglire 1) The main terrain of the
study area is the delta plain and tdged delta plainn the Southwest regiowith the
topograical feature®f mainly low, flooded plains such as the Long Xuyen quadraeglen
The network of rivers and canals is quite developed due to the topography and influence of the
Mekong River. The two mainstreams of the Tien and Rawers strongly donmate the
development of the Mekong Delta. After My ThuRiver, Tien River has successive major
distributaries, namely Co Chien River, Ham Luong River, Ba Lai River, Cua Dai River and Cua
Tieu River.The Hau River flows in a straight line and only split$oi two beforedischarging
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into the sea about 30 km through Dinh An and Tran De estuaries. Both Tien and Hau rivers have
formed many islets, curved river secti@msl flowdiversions..Thus,the process of bank erosion

and river bed sedimentation is very complicated, causing instability i¥éineed The climate

in the SHRB has the common characteristics of the Mekong Beltimate, with a sub
equatorial monsoon climate regime with higmperature all year rourathdheavy rainfall

with seasonal variation. A year has two seasons: The rainy seasomdtatsand ends in
November; The dry season starts in December and ends in April of the following year. In
addition, it is also influenakby the tropical monsoon climate regime and is typical of the
coastal plain{1].

Figure 1. Map of theSouthern regionof Hau River

2.2. Scientific basis for the proposed set of indicators

The basis of the proposed sustainable use indicators is

(1) Based on the factors affecting the sustainability of water and land resources in the
river basin

(2) Based ora Germanstudyto develop an assessment framework, selgatdicators
and parameters to calculate the sustainability index of water and land use in accordance with
natural and social conditions in the research.area



