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ABSTRACT
Rivers are as a rule under expanding adverse pressures in view of fast changes of riparian
gimmicks.

These

progressions,

likely

including

increase

of

urbanization,

industrialization, overpopulation have made obvious dangers affecting on the wellbeing
of the nature and maintainable advancement. This overall pattern has moved the routine
methodology of researchers with respect to water allocation planning from
straightforwardness into more many-sided quality, considering the multi-viewpoints, for
example, environmental flow, financial profit streamlining or possible interest conflicts.
This Vu Gia - Thu Bon (VGTB) contextual analysis can be portrayed as a reaction to the
prerequisite of a cutting edge water allocation mechanism by applying the integrated
standards of water resources management and linear programming.
The fundamental objective of this study is to build an allocation planning for the VGTB
River basin. To come up with solutions, Soil Water Assessment Tool (SWAT) Model is
applied to assess the water availability in the basin and Excel Solver tool is utilized to
solve Linear Programming (LP) equations. A specific value of volume of water in the
basin is the most imperative component prompting the applicability of the allocation
results, an objective appraisal of water accessibility is extremely discriminating to
guarantee the met of demand and supply and additionally actualize the allocation results,
SWAT model is in charge of fathoming this undertaking. Use of LP is introduced by
building an objective function and relevant constraints; along these lines, Microsoft
Excel is utilized to solve the equations.
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CHAPTER 1 – INTRODUCTION
1.1. Problem Statement
Issues existed in the VGTB basin can be depicted in both specific and general
manner. In general, perspectives building integrated watershed management in VGTB is
confronting comparative issues with different rivers in Vietnam: (1) the overlapping of
state administration causes snags in adding to the water resources planning strategy.
There are more than two ministries are included in dealing with river's and related assets,
this trademark is considered as one of the primary reasons delivering low applicability
of studies on water allocation planning. This characteristic makes the issues identified
with overexploitation, water quality or flow regime change becomes hazardous to
illuminate completely. Case in point, while Ministry of Natural Resources and
Environment (MoNRE) is responsible for overseeing water resources management,
hydraulic structures along the stream are been in charge of many other Ministries, for
example, Ministry of Agriculture and Rural Development (MARD) or Ministry of
Construction (MoC), this component makes the confusing in issuing regulations in
extracting water or discharge pollutants into the river between MoNRE and the others.
(2) Involvement of stakeholders in planning water resources allocation is not actively
taken into account and does not provide efficiency, especially citizens’ communities
living in the study area. In reality, committees organized in some basins nationwide do
not work effectively; linkage between administrative counties does not produce
management proficiency. The construction of industrial parks, dams in upstream and
increasing urbanization leads to increase of hazardous waste and pollution and
degradation of coastal areas, giving rise to conflicts in allocating downstream water
(Natural Resources and Environment Journal, 2014). Particularly, the most complicated
problem happening in the VGTB River basin is reservoirs’ regulation. To date, the basin
has 4 large hydropower projects and 820 irrigation works including 72 reservoirs, 546
spillways, and 202 pumping stations. Planned hydropower in mainstream of Vu Gia 8

Thu Bon up to 2020 proposes to build 10 hydropower plants with a total capacity of
1,200 MW. During the last decade, there are many studies on inundation and drought in
this area, saying that impacts of reservoirs are seriously severe (Nga, 2014). Natural
flooding becomes more extreme and difficult to predict due to man-made influences in
the upstream. Irrational management of storing and releasing water kept inside the
reservoir causes adverse impacts to the downstream such as salinity intrusion in 2012, at
Han estuary, inundation in 2009, at many places in Quang Nam (Nga, 2014).
Furthermore, use of reservoirs does not obey the ratified design; flood control volume is
reduced to satisfy the electricity generation demand (Natural Resources and
Environment Journal, 2014). This factor is considered as the main reason causing manmade and flash flood in the downstream. In fact, the process of operating reservoir
system in VGTB was issued by the Prime Minister since 2010; however, even the proper
operation of this process still does not guarantee the safety of citizens living in
downstream. The evidence is that after a series of incidents hydro flood, flooded
suddenly, causing loss of property and lives of the people downstream, for example in
2009 and the latest storm in October, 2013. Additionally, this issue also decreases the
accuracy in assessing water availability. Data regarding water temporally kept in the
reservoir do not have high confidence; this characteristic cannot be predicted by model.
This study supposes that flood discharge process is earnestly obeyed.
The VGTB river basin plays a particularly critical role in the socioeconomic
development strategy in the Central Coast. VGTB River system provides an important
source of water for the development needs of living, the economy of the province of
Quang Nam and Da Nang. In addition to hydropower potential, the VGTB also supplies
water for over 45,000 hectares of agricultural and domestic production for nearly 2
million people in the basin. Vu Gia River, especially as it passes through the city of Da
Nang plays a very important role for the socio-economic development of the city; annual
9

average of nearly 75 million m supply of raw water to water plants serving the people
living in cities and industrial areas, more than 100 million m3 of water for agriculture.
In addition to providing water for economic activities and livelihoods, the river also
serves as a climate control, creating beautiful landscapes, especially the passage to the
Han estuary. The provision of water resources ensures the sustainable development of
various sectors in the region. As a key central economic region, this area has seen a rapid
industrialization and development of many sectors. This feature has consequently
created serious stress for water resources of the basin, especially during the dry season
when stream water availability is significantly decreased. Currently, there are conflicts
between water users in this area when a series of dams were constructed in the upstream
area, causing water shortage for the downstream during the dry season. Furthermore, the
gap in economic yields between sectors also produces necessity of reallocating water
resources. The irrational allocation mechanism has decreased the total possible benefits
gained from industrial productions; while industry can provide a much larger water yield
compared with agricultural productions and livestock, the majority of water resources is
being supplied to agriculture. Accordingly, the study of the VGTB stream water
allocation is vitally important to ensure the optimization of water resources.
Based on the characteristics of the basin and management as above mention, a study of
resource allocation must be done to satisfy the integrated manner in management and
ensure technical factors as well as effective business. Linkage between using SWAT and
LP to compute allocation basing IWRM framework can be used when considering the
components of the hydrological cycle, the advocacy process of water on the basin and
crystal economic efficiency when allocating.
1.2. Objectives of Study
The overall objective of this study is to propose an optimal water allocation plan in
the Vu Gia - Thu Bon River basin. The specific objectives are as follows:
10

 To calculate the total allocable water availability in the VGTB river basin;
 To identify the water demands of sectors and water prices in the basin;
 To build and mathematically solve the objective function and constraints
towards target of the study.
1.3. Scope of Study
The study focuses on the following issues:
 Overview of previous studies on water allocation planning and linear
programming;
 Application of hydrological model to calculate the water availability in the
study basin;
 Application of linear programming to specify a water allocation mechanism
maximizing the revenue of supplier from the total available water volume.
1.4. Research Questions
The problem is now described as finding out an allocation mechanism for a limited
quantity of water meeting the target of gaining the highest benefit of supplier. To come
up with solutions, the study is going to answer the following questions:
 How much water is available to allocate in the study area?
 Which method is used to assess the allocable water availability in the study area?
And how to utilize this method?
 How much water is required by sectors up to next five years basing on national
standard?
 What is the highest number of earnings that water supplier can obtain from
accessible water allocated to sectors?

11

1.5. Vu Gia – Thu Bon River Basin
1.5.1. Location
Vu Gia - Thu Bon River system is located in the Central Coast Region of Vietnam with
10350 km2 total basin area, of which majority is belonged to Quang Nam Province and
Da Nang City while a small part is administrated by Kon Tum Province with 301.7 km2.
VGTB River basin (16o03’ - 14o55’ N; 107o15’ - 108o24’ E) is bounded on the North by
Cu De river basin; on the South by Tra Bong and Se San river basin; on the West by
Laos and on the East by East Sea and Tam Ky river basin.

Figure 1.1: Vu Gia – Thu Bon river basin
12

The VGTB river basin covers land of 17 administrative districts and cities of Kon Tum,
Quang Nam and Da Nang City, including Bac Tra My, Nam Tra My, Tien Phuoc, Phuoc
Sơn, Hiep Duc, Dong Giang, Tay Giang, Nam Giang, Que Son, Duy Xuyen, Dai Loc,
Dien Ban, Hoi An, Da Nang, Hoa Vang and part of Thang Binh, Dak Glei (Kon Tum).
1.5.2. Topographic Characteristics
The topography of the VGTB river basin is strongly fragmented and inclined west to
east, forming four main categories of terrain as follows:
Mountainous terrain: This nature covers most of the basin area with Truong Son
Mountains, having the elevation from 500m to 2000 m. The basin is delineated by the
mountains with peaks from 1000 m to 2000 m such as: Mang (1768m), Ba Na (1467m),
A Tuat (2500m), Lum Heo (2045m), Tien (2032m) in the upstream of Vu Gia River,
Ngoc Linh (2598m), Hon Ba (1358m) in the upstream of Tranh River, etc. The
mountains are initiated from Hai Van Pass on the North and shaped to the West, to the
Southwest and then to the South to form a bow wrapping around the basin. This specific
characteristic makes the basin easier to catch the Northeast monsoon wind and weather
patterns from the East Sea and produce heavy rain, cause of flash flood in the
mountainous areas and inundation in the lowland area.
Hilly terrain: Behind the mountainous area on the East is wavy hilly terrain with rounded
or fairly flat peaks, the slope is about 20 ÷ 30o. The elevation is gradually decreased
West to East, originated from the Northern territory of Tra My District to border on the
West of Duy Xuyen District. This area is the confluence of some comparatively large
tributaries of the Thu Bon main stream, including: Tranh, Truong, Tien, Lan, Ngon Thu
Bon, Khe Dien, Khe Le.
Lowland terrain: Elevation of plains in the VGTB river system is lower than 30 m with
relatively flat and homogeneous terrain, concentrating mainly on the East of the basin.
13

Furthermore, because of the adjacent trend to the coast of mountains, plain is narrow and
runs along the North – South direction. This lowland terrain is formed by convergence
of ancient alluvial sediment and silt deposits of the sea, rivers, streams and covers the
districts of Dai Loc, Duy Xuyen, Dien Ban, Thang Binh, Hoi An, Tam Ky and Hoa Vang.
There are some small rivers in this area such as: Khe Cong, Khe Cau, Quang Hue.
Coastal sand terrain: Coastal areas comprise sand dunes originated offshore. Sand is
driven ashore to the West by wind and produces hundreds of kilometers wavy sand dunes
along the coast.
1.5.3. Rainfall Characteristics in the Dry Season
Dry season in VGTB River basin begins in January and endures until August with the
total mean rainfall takes 30% amount of the total annual rainfall. Three months having
the most reduced rainfall density (hereinafter alluded to as three-lowest-month) are
February, March and April. Rainfall is most lessened in February at Vu Gia River basin
and in March at Thu Bon River basin, taking 1% of the total annual rainfall.
Table 1.1: Rainfall in the dry season, the three-lowest-month and the lowest month (mm)
Season
No.

Station

Three-lowest-month

Lowest month

Xannual
X

%

X

%

X

%

1

Hien

2144

868

40.5

84.5

3.9

20.5

1.0

2

Kham Duc

2892

588

20.3

118

4.1

24.1

0.8

3

Thanh My

2274

950

41.8

91

4.0

19.4

0.9

4

Hoi Khach

2212

864

39.0

95.5

4.3

23.3

1.1

5

Ai Nghia

2311

654

28.3

93.1

4.0

19

0.8

6

Cam Le

2061

525

25.5

78.9

3.8

20.9

1.0
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Season
No.

Station

Three-lowest-month

Lowest month

Xannual
X

%

X

%

X

%
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Da Nang

2235

567

25.4

88.2

3.9

22.5

1.0

8

Tra My

4111

1220

29.7

234

5.7

62

1.5

9

Tien Phuoc

3241

850

26.2

177

5.5

46

1.4

10

Hiep Duc

3218

940

29.2

162

5.0

38

1.2

11

Nong Son

3146

1084

34.5

158

5.0

39

1.3

12

Giao Thuy

2574

765

29.7

132

5.1

33

1.3

13

Que Son

3091

1055

34.1

147

4.7

36

1.2

14

Cau Lau

2227

581

26.1

90

4.0

24

1.1

15

Hoi An

2233

552

24.7

103

4.6

25

1.1

16

Tam Ky

3251

844

26.0

176

5.4

51

1.6

3010

877

30.1

153

4.6

39

1.1

Average

The dry season period matches with agricultural production exercises in the basin,
containing the winter - spring harvest from January to April and the mid-year - fall
crop from May to September. This situation has truly impacted to the sufficient water
supply possibility; especially, when the water demand is distinctly raised from January
to May.
Low-flow characteristics
Dry season period in the territory is from January to September annually, and the most
reduced runoff typically happens in the April. In any case, if there ought to be an event
of not having additional rainfalls in May and June, the least runoff is recorded around
15

July and August. Furthermore, for rivers that cover the basin territories beyond 300km 2,
the least stream typically happens in the April; in the opposite, with basin that are smaller
than 300km2, the lowest runoff happens around June to August.
Table 1.2: Low-flow characteristics of the VGTB River
Thanh My - Vu Gia

Nong Son - Thu Bon

(F=1,850 km2)

(F=3,155 km2)

Q (m3/s)

59.9

114

M (l/s.km2)

32.4

36.1

Time of occurrence

Jan - Aug

Jan - Aug

% year

44.7

39.4

Q (m3/s)

44.9

82

M (l/s.km2)

24.3

26.0

Time of occurrence

Feb - Apr

Mar - May

% year

33.5

28.4

Q (m3/s)

19.1

27.0

Lowest

M (l/s.km2)

10.3

8.6

month

Time of occurrence

April 1983

June 1998

% year

14.3

9.3

Season

Characteristics

Dry

Three
lowest
months

The low flow is depended on groundwater reserves and rainfall density in the basin. The
dry season can be divided into two periods:
-

Stable flow: During this period, flow is mainly fed by volume of water reserved
in the river, causing a chronologically decreasing trend and then stability (from
Jan to Apr annually).
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-

Instable flow: From May to July, water supplied to the flow is not only from
groundwater but additional rainfalls.

Due to this characteristic, the lowest flow usually happens twice in the rivers around
March to April and June to July.
300.0

250.0

Q (m3/s)

200.0

150.0

100.0

50.0

0.0
I

II

II

IV

V

VI

VII

VIII

IX

Tháng
Q Nông Sơn

Thành Mỹ

Figure 1.2: Mean flow in the dry season of 1981-2010 periods.

Figure 1.3: Low-flow module (Source: Water Resources Investigation and Assessment of
VGTB River Basin Project)
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The low runoff takes 40 - 45% the total annual flow, the most decreased runoff normally
happens in the upstream territories of the river along with the mean stream module in the
dry season, fluctuating from 30 - 40l/s.km2. The regions recording the lowest runoff are
Northern and Northwestern parts of Quang Nam areas with the basin of Bung and Kon
River. The low-stream module in these regions drops to just 10l/s.km2.
Table 1.3: The lowest flow characteristics in the basin
Qkp (m3/s)
Station

Flv (km2)

Qk,tb (m3/s)

Cv

Cs
75%

90%

Thanh My

1,850

30.8

0.28

0.60

24.7

20.5

Nong Son

3,150

49.0

0.30

0.60

38.5

21.4

Table 1.4: The lowest flow at some main locations in the river basin
Mmin-month

Mmin

Time of

Station

River

F (km2)

Thanh My

Vu Gia

1.850

8,76

4/1983

6,11

4/9/1988

Nong Son

Thu Bon

3.150

8,6

VI/1998

4,63

17/8/1977

(l/s.km2)
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TGXH

(l/s.km2) occurrence

CHAPTER 2 – LITERATURE REVIEW
2.1. Water Allocation Planning
In a far-reaching way, water allocation is a sharing methodology of limited water
resources between topographical regions and water users. This process is getting to be
eminently essential since natural water accessibility can't meet the advancement
necessity of multi-sectors. Essentially, a successful water allocation planning ought to
give discerning answers for questions of deliberation and insurance. Water scarcity is
internationally turning into a noteworthy test of overall supportable advancement.
Obviously, sustenance security or vitality era and biological system wellbeing oblige
water as an essential peculiarity. In like manner, a comprehensive water allocation
planning is a direly important instrument to stay away from conflicts identified with
water use interest at numerous scales and keep up the healthy ecosystem.
General objective and particular goals of water allocation planning has been changed
sequentially, contingent upon the human development index. In a correlation with the
previous methodologies, the modern water allocation mechanism is more intricate,
considering numerous viewpoints. Essentially, this methodology is embodied (Robert
Speed et al, 2013): (1) Assessment of water available for allocation; (2) Determination
of allocation mechanism, meeting the demands of various sectors. In the late of the
twenty century, a series of remarkable events were organized to announce important
documents, influenced significantly to modern water management: Brundtland Report,
1987 with the concept of sustainable development; Dublin Principles, 1992 with four
principles recognized as the basis of Integrated Water Resources Management (IWRM).
Agenda 21 the action plan arising from the 1992 United Nations Conference on
Environment and Sustainable Development, held in Rio de Janeiro, defined IWRM as:
‘based on the perception of water as an integral part of the ecosystem, a natural resource
and a social and economic good, whose quantity and quality determine the nature of its
19

utilization’ (UNDESA, 1992). These efforts can be considered as key responses to
ecosystem degradation and low efficiency of economic activities due to problems in
water management.

Figure 2.1: Basin water allocation agreements and plans in the twentieth century (Robert Speed
et al, 2013)

Normally, the shift of water allocation planning to a complex framework is a
subsequence of the accelerating basin water resources competition and scarcity. For
instance, the severe environmental crisis in the Murray-Darling in the early 1990s was
the origination of changes in the Murray - Darling Agreement and the launch of
regulation on exploitation at the basin scale. In Western Australia, water abstraction is
managed by individual licenses, based on water allocation guide at a collective or
geographic scale. Water allocation plans guide licensing by setting out how much water
can be abstracted from a resource and how that abstraction will be managed now and
into the future. Another example of water allocation planning happens in the Colorado
River basin. Water sharing of this river was structured by a set of announcements, of
which the 1922 Colorado River Compact has become the most significant agreement.
20

However, this compact is a typical case of a simple water allocation mechanism between
regions and is evaluated as an inflexible approach for not accepting annual adjustment,
not setting environmental flow into account, not building temporal regulation
mechanism as a necessary response to changes of climate, water demand, priority and
other aspects.
Figure 2.2: Water allocation planning
model in Western Australia

In Asia, there are many cases that river
basin

covers

territory

of

many

countries. This characteristic as a
result, promotes the establishment of
international river basin management
institutions. In the Southeast Asia, a
treaty signed by India and Pakistan
regarding water allocation of the Indus
river can be considered as an effort to
avoid possible conflicts between two
countries. Effectually, India can freely
use stream water availability of three
upstream tributaries and allocate the
remaining

volume

to

Pakistan.

Subsequently, the Water Accord 1991, signed by Pakistani state chief ministers has
provided an allocation mechanism for that remaining water availability. In spite of
shortcomings, this document has successfully played its role as the water allocation
mechanism, obtaining a consensus of stakeholders. The Water Accord has proved a shift
to more comprehensive approach of water resources allocation planning by comprising
21

measures responded to seasonal variations and environmental flow. However, the
allocation process considers only base scenario of water use, leading to failure of
discovering the alternative water supply sources. Similarly, water allocated to maintain
environmental minimum flow was not carefully defined, causing potential vulnerability
of ecosystem.
In Vietnam, the shift of river water allocation planning can be described through three
periods: before 2008, from 2008 to 2013 and after 2013. Before 2008, the decrees and
circulars guiding the implementation of water resource planning have not been issued;
Vietnam applied the irrigation plans based on the 1998 Law on Water Resources. The
formerly irrigation plans were usually divided into three categories: (1) Comprehensive
planning: this government-level practice can be defined as the development and
arrangement of doings, having mutual interaction as well as establishment of priorities
and orientation to avoid possible conflicts. The comprehensive plan is usually
implemented at national scale or large areas, probably impacting dramatically on many
aspects of socioeconomic and natural development. (2) Single-sector planning: this
implementation is normally applied for individual water use sectors such as urban water
supply planning, irrigation system planning, etc. The single-sector planning is often
carried out in sub-regional or local scale and small areas, often referring deeply to the
particulars of economic, technical and social development. And (3) Bilateral planning:
this implementation is set in case of raising a closed relation between water use plans of
sectors (water allocation planning, land use planning, irrigation planning, transport
planning, rural planning, etc.). Bilateral planning is sometimes classified as
comprehensive planning, although its specifics are not evidently comprehensive.
However, bilateral planning is broader and more complex than single-sector planning
and is also prepared under a closer view with economic, technical and social issues.
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During this period, integrated plans are only passed by competent authorities without
formal written approvals.
In the second phase, in 2008, the Government issued Decree No. 120/2008/ ND-CP on
river basin management, which has regulated as follows: River basin water resources
planning is included of a) Planning on the allocation of water resources; b) Planning on
protection of water resources; and c) Planning on prevention, combat and address of
consequences of harms caused by water. In October 5, 2009, Ministry of Natural
Resources and Environment issued Circular No. 15/2009 / TT-BTNMT regulate
economic-technical norms about water resources planning and adjusting water resources
planning. It specifies the content, sequence, procedures and norms for water resource
planning. The content of water resources planning includes 5 main items: Surface water
allocation planning; Groundwater allocation planning; Surface water protection
planning; Ground water protection planning; Prevention, control and remedy of the
harmful effects caused by water planning. Law on Water Resources and Decree No.
120/2008 / ND-CP has said that: Provincial water resources planning must be approved
by the Chairman of the provinces or centrally run cities after collecting opinions of
stakeholders. (Approval of the Ministry of Natural Resources and Environment is not
mentioned).
After 2013, Law on Water Resources No. 17/2012/QH13 June 21, 2012, taking effect on
01/01/2013 has issued a number of regulations on water resources planning as follows:
a) Water resources planning is defined in Article 15, including: a national water
resources plan; water resources plans for inter-provincial river basins and interprovincial water sources; and water resources plans of provinces and centrally run cities.
Water resources planning defined in the Article 15 does not cover planning components
similar to Decree 120/2008 / ND-CP dated 01/12/2008 (Decree No. 201/2013/ND-CP
November 27, 2013 of the Government, stipulating detailed provisions a number of
23

articles of the Law on water resources has abolished the provisions of Decree No.
120/2008/ND-CP which contrary to the provisions of the Law).
b) Authority approving water resources plans is defined in Article 21. For instance, at
the provincial level, People's Committees shall elaborate water resources plans of their
provinces or centrally run cities for submission to the People's Councils of the same level
for approval after obtaining written opinions of the Ministry of Natural Resources and
Environment. (This point differs from the previous regulations). The contents of the
investigation, data collection, and other work items serving planning is applied by basing
on technical-economic norms issued by Ministry of Natural Resources and Environment;
and Circular 05/2013/TT-BKH regulations on planning issued by Ministry of Planning
and Investment.

Figure 2.3: Water resources planning framework in Vietnam
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One of the typical case study applying the above framework in Circular No. 15/2009 /
TT-BTNMT is “Water resources planning in Dong Nai Province to 2020”. This
provincial-scale plan aims to enhance the effective exploitation and use of water
resources, protect the integrity of rivers and water sources; proactively prevent
degradation, depletion of water resources and overcome adverse consequences caused
by water in Dong Nai Province in order to fulfill the criteria of socioeconomic
development. The plan was divided into two phases; the first three-year period from
2012 to 2015 and the second four-year period from 2014 to 2020 with concrete doings:
(1) Planning on allocation of water resources (Surface water and Groundwater); (2)
Planning on protection of water resources (Surface water and Groundwater); and (3)
Planning on prevention, combat and address of consequences of harms caused by water.
The comprehensive characteristic of Dong Nai case study has been exposed though the
consistent coherence with the regional overall socioeconomic development plan, land
use plan, overall plan of urban water supply and industrial zones in Dong Nai Province
to 2010 and planning orientation up to 2020 as well as other relevant specialized plans.
Another typical example of water allocation planning in Vietnam is “Water resources
allocation planning in Lang Son Province to 2020, orientation to 2030.” This study is
initialized by determining the current state of management, exploitation and use of water
resources in the Province. This also one of two main objectives of the project, the other
is to propose solutions dealing with exploitation and use of water resources in a
sustainable manner, contributing to a stable social and economic development in Lang
Son province up to 2020, and vision to 2030. This specific study has followed four
allocation principles and analyzed three scenarios. The principles are comprised of: (1)
Considering water yield by giving priority to the sectors, providing the highest economic
benefit after allocating adequate volume of water for domestic use. Accordingly, sectors
receiving priority of allocation mechanism must share their welfares for the others,
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suffering insufficient water for production; (2) Prioritizing water security level. After
supplying sufficient water for domestic use, the remaining will be allocated by obeying
Figure 2.4: Water resources planning solutions of
Dong Nai case study

the level of design water supply security. Thus,
those with a lower level of ensuring water
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current rate of allocation. After having
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receiving

2.2. Soil and Water Assessment Tool (SWAT)
2.2.1. Historical Development of SWAT Model
SWAT is still a continuing development project, carrying out at USDA Agricultural
Research Service (ARS) for almost 40 years. Current version of the SWAT model is the
successor of “the Simulator for Water Resources in Rural Basins” model (SWRRB)
(Arnold and Williams, 1987), developed to simulate water system and sediment transport
in non-gauged basins in the USA. SWRRB model started in early 80's in the form of
CREAMS, (Arnold et al., 1995b) hydrologic model modification, which was then used
to develop Routing Outputs to Outlet (ROTO) model in early 90's of the last century.

Figure 2.5: Water Resources Allocation Planning in Lang Son Province

This was a help toll for the administration of the underground stream in the bowls of
Indian field in Arizona and New Mexico that covers the zone of a few a huge numbers
of square kilometers. ROTO model advancement was requested by the US Bureau of
Indian Affairs.
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Further important step was the integration of the two models, SWRRB and ROTO, into
a single model (SWAT model). SWAT preserved all SWRRB model options, as a very
useful simulation model for simulation of processes in very extensive areas.
At that point, SWAT model was presented to consistent scrutinizes and concurrent
advancement. Essential changes of prior model versions (SWAT 94.2, 96.2, 98.1, 99.2,
and 2000) were depicted by Arnold and Fohrer (2005) and Neitsch et al. (2005). Today,
SWAT model is a complex physically-based model with a day by day discretization step,
used to model flow of water in the basin, including the sediments circulation and farming
creation with chemicals in unanalyzed watersheds. The model is the productive in
figuring terms with the capacity to perform long simulations. SWAT model partitions
the catchment into various sub-catchments, which are further partitioned in the
rudimentary hydrologic response units (HRU), the area utilize, vegetation and soil
attributes of which are homogenous. Various HRUs in a solitary zone make a subcatchment (with clear watersheds and territories), while HRUs are not unmistakable
space-wise, yet they exist just in simulations.
SWAT model uses the following inputs: daily rainfall, the maximum and minimum air
temperature, solar radiation, relative air humidity, wind speed. They inputs originate
either from the metering stations or they were computed beforehand.
Green-Ampt infiltration method is used for application of daily measured or generated
rainfall (Green and Ampt, 1911). Snowfall is determined on the basis of precipitation
and the mean daily air temperatures. The model uses maximum and minimum daily air
temperatures for computations.
Application of climate inputs includes the following: (1) up to ten elevation zones are
simulated for calculation of rainfall distribution per elevation and/or snowmelt process,
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(2) climate inputs are adapted to simulation model requirements, and (3) forecast of
weather conditions is performed as a new option of the SWAT 2005.
Full hydrologic equalization for each HRU incorporates aggregation and evaporation off
the plants, determination of compelling rainfall, snowmelt, water interaction between
surface flow and soil layer, water infiltration into deeper layers, evapotranspiration, subsurface stream and underground flow and water accumulation.
SWAT model incorporates choices for estimation of surface runoff from HRUs, which
join daily or hourly precipitation and USDA Natural Resources Conservation Service
(NRCS) curve number (CN) strategy (USDA-NRCS, 2004) or Green-Ampt method.
Water retention on plants is processed by the verifiable CN technique, while unequivocal
water retention is reproduced by Green Ampt method. Water accumulation in soil and
its flow lag are figured by the procedures of water redistribution between the soil layers.
Sub-surface stream simulation is depicted in Arnold et al. (2005) for fissured soil classes.
SWAT 2005 additionally offers new choices for simulation of water level change in soil
on HRUs with occasional motions.
Three routines are utilized for estimation of potential and real evapotranspiration:
Penman-Monteith, Priestly-Taylor and (Hargreaves et al., 1985). Water exchange
between the soil and the deeper layers happens through the sub-surface soil layer. Subsurface stream is sustained by the water not utilized by plants or water that does not
dissipate, which can enter to subsurface supplies. Water which infiltrates to the deepest
repositories is viewed as lost for the system, i.e. it is viewed as a system yield.
2.2.2. Theoretical Base and Applications of SWAT Model
SWAT model is contained various differing physical courses of action in the basin to be
simulated. Catchment must be partitioned into sub-catchments with the end goal of
modeling. Sub-catchment use in simulation is exceptionally helpful in nature with
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catchment parts having altogether distinctive attributes of vegetation or soil, what has an
effect on hydrologic processes. Division of fundamental catchment ranges inside the subcatchments permits the users to recognize significant catchment regions and break down
them. Input information for every sub-catchment is assembled or composed into the
accompanying classifications: climate, HRUs, reservoirs/lakes, underground, stream
network and catchment runoff. Rudimentary hydrologic response units are primarily of
square shape ashore inside the sub-catchments where the vegetation, soil and area
utilization classes are homogenous.
Notwithstanding the kind of issue being demonstrated and investigated by the model,
foundation of the technique is the water balance of the catchment range. To accomplish
exact gauge of course of the pesticides, silt or nutrients, hydrologic cycle is simulated by
the model which integrates general water flow in the catchment range. Hydrologic
simulations in the catchment territory can be separated into two gatherings. In the soil
period of the hydrologic cycle the courses of action on the surface and in the sub-surface
soil happen, additionally the flow of sediments, supplements and pesticides through the
water streams in all sub-catchments. In the second stage, the dissemination of water and
sediment through the stream system up to the way-out profile are watched.
Hydrologic cycle is simulated by SWAT model, which is based on the following balance
equation:

Eq.1
where SW0 is the base humidity of the soil (mm), SWt is the humidity of the soil (mm)
regarding to time t (days), Rday is rainfall volume (mm), Qsurf is the value of surface
runoff (mm), Ea is the value of evapotranspiration (mm), Wseep is the value of seepage of
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water from soil into deeper layers (mm) and Qgw is the value of underground runoff
(mm).

Figure 2.6: Balance scheme of SWAT model

SWAT model uses the following climate and hydrologic inputs: rainfall, air temperature
and solar radiation, wind speed, relative air humidity, snow pack, snowmelt, elevation
zones, water volume on plants, infiltration, water seepage into deeper soil layers,
evapotranspiration, sub-surface flow, surface flow, lakes, river network, underground
flow and other inputs related to vegetation growth and development, erosion on the
catchment area, nutrients, pesticides and land use.
SWAT model is physically-based and the water balance is demonstrated by five linear
repositories indicated in Figure 1. For each of the repositories, a set of applied equations
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of water balance and connections between stores that speak to conceivable water courses,
either surface or underground, will be exhibited.

Figure 2.7: Scheme of linear repositories in SWAT model

First repository represents the approximation of the first vertical layer when precipitation
is in the form of rain. It speaks to the layer of vegetation spread of the landscape surface.
It is utilized to simulate water balance on the plant spread.
Second repository additionally speaks to the layer over the landscape surface, yet when
precipitation is as snow. Notwithstanding water retention on plants, in this layer is
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additionally reproduced water retention in the snow cover. The outlet of this supply is
the snowmelt exchanged to the accompanying repository.
Third repository speaks to the unsaturated soil layer. The deltas of this repository are the
outlets of the past two, i.e. effective precipitation and snowmelt. Simulated here is the
surface runoff, and the seepage to deeper soil layers.
After the soil is saturated and water spilled from the past repository, one piece of the
water races to the underground aquifer that the underground or base runoff starts from
(fourth repository).
Fifth repository is the supply of surface runoff that really speaks to the retention limit of
surface and the layer lying instantly under the area surface. Climate inputs are the
constants (radiation at the atmosphere limit and other time constants) and variables (air
temperature, rainfall and other) that change in time and space. The heights of every HRU
(got by the utilization of GIS techniques), and also the ranges and different exhibitions,
decided for model intentions, are additionally contemplated. Mean rainfall, air
temperatures and snow pack stature are registered for every HRU.
This study will concern about surface runoff, the following is equations used to calculate
potential surface runoff by SWAT:
Rainfall value (rain) is computed in the following two ways:

In the first case, the rainfall (2) is accumulated as snow and in the second case (3) it is
generated as rain. The SWAT model uses SCS CN model for the calculation of the
potential surface runoff. There are two potential cases here:
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where Ia is the initial condition for surface runoff, R the value of rainfall reaching the
soil and S is the retention parameter calculated from the Equation (4).

Eq. 4
where CN= f (ITZ, ITV), ITZ the soil type index (generated for each GIS layer) and ITV
is the index of the vegetation type (generated for each GIS layer)
Calculation of underground and surface runoff
Underground runoff is the piece of complex flow in the basin which is less reliant upon
rainfall and snowmelt than the surface runoff. The greatest level of underground waters
is resolved by hydrologic layers as the most extreme thickness of the water-bearing layer,
while the momentum height of the underground aquifer in the underground supply is
figured as takes after:

The following condition is to be met:
The illustration of the underground reservoir is shown in Figure 11:
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Figure 4: Underground reservoir

The underground runoff is calculated by the following equations:

where ksathor is the horizontal component of hydraulic permeability (m/day), Lslp the
travel distance of underground water up to the exit profile (m), L str=L the travel distance
of underground water up to the exit profile by water courses, Lrast the distance between
the HRU and the exit profile (m) and gwlag is the leg coefficient for underground runoff.
At the point when repository 4 is full, than one piece of water rushes to repository 5
based on the following equation:

where Qsurf is the excess water from repository 4 which runs to repository 5 (mm).
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Figure 2.9: Reservoir of surface runoff

The following equation is used to calculate the surface runoff of HRU:

where Qsurf is the potential surface runoff (mm), surlag is the surface runoff lag coefficient
(mm) and is the part of potential surface runoff which is retained (accumulated) (mm).
This component of surface runoff is transferred to the next step Δt and calculated as
follows:

The following initial condition is introduced:

Total basin runoff
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SWAT model has two parts: Qsurf and Qgw. Given that the beginning condition is that
a bowl has k HRUs, the exit basin runoff is the aggregate of surface and base
(underground) runoffs in all HRUs amid the observed time step j:

Input data of SWAT model is performed in two forms: spatial data and attributes. The
spatial data can be described as: Digital Elevation Map (DEM), Land-use map, Soil map,
River network and reservoirs/lakes in the basin. The attributes are set as Database,
including: Climate data, for example, atmosphere temperature, radiation, wind speed,
rainfall volume; Hydrological data such as runoff, sediments, reservoirs; Soil data, for
instance, soil type, soil characteristics regarding layers; Land cover data; Fertilizer.
Output of the model can be utilized to support the assessment of quality and quantity of
water sources, sediments transport in the basin, impacts of land use to water resources
and river basin management task.
Van Liew and Garbrecht (2003) analyzed the basin outlet hydrographs delivered by
SWAT and HSPF models on 8 catchment ranges in Little Washita River in south-east
Oklahoma. The conclusion was that SWAT model is superior to HSPF display regarding
overflow gauge for diverse atmosphere conditions and it might be shockingly better for
long haul simulation on account of the effect of alterable climate variables upon surface
water assets.
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In El-Nasr (2005) SWAT and MIKE-SHE (Refsgaard and Storm, 1995) were utilized as
a part of parallel for hydrologic investigations of the Belgium's Jeker River basin and it
worked out that MIKE-SHE model created marginally better results. In Srinivasan et al.
(2005), it was presumed that SWAT model gave discharges pretty nearly like the ones
acquired by the Soil Moisture Distribution and Routing (SMDR) model (Cornell, 2003)
in FD-36 trial basin in east-focal Pennsylvania (complete territory of 39.5 ha) and that
SWAT model can perform great computations of occasional changes. In Srivastava et
al. (2006), it was resolved that the model of engineered neural systems (artificial neural
network ANN) is preferable model over SWAT in estimation of the runoff from the
small basin in south-eastern Pennsylvania.
Borah and Bera (2003, 2004) have contrasted SWAT model and a few different models
of the same sort. Their 2003 study demonstrated that all models (the Dynamic Watershed
Simulation Model (DWSM) (Borah and Bera, 2004), Hydrologic Simulation Program –
Fortran (HSPF) (Bicknell et al., 1997) and SWAT model) treat the hydrologic processes,
sediments course and chemical processes relevant in the catchment territories isolated
into littler essential sub-catchments. They have inferred that SWAT model is a
guaranteeing model for long haul simulations, essentially of farming watersheds. They
demonstrated in their 2004 study that SWAT and HSPF models can estimate yearly
volumes of waters and contamination with sufficient month to month estimates, aside
from in months of storms and under surprising hydrologic circumstances, when
simulation results turn to be extensively worse.
In Vietnam, Nguyen Kien Dung (1997) from Institute of Meteorology, Hydrology and
Environment applied SWAT model in his research named “Study on Soil and Sediment
Erosion in Sesan River Basin by Numerical Models”. The study assessed the model
regarding runoff in Kon Tum and Trung Nghia hydrological station in 1997. Based on
Nash-Sutcliffe standard, average efficiency coefficient of model is 0.73 (Kon Tum: 0.69;
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Trung Nghia: 0.76) and 0.633 for sediment transport (Kon Tum: 0.663; Trung Nghia:
0.60). Hence, the calibration result of model is relatively good.
Le Bao Trung (2004) assessed water quality of Cong River by using SWAT model.
Results of calibration and validation show that the observed and simulated stream flow
matches very well on monthly basis, quite reasonable on daily basis for both “natural”
(1961 – 1970) and intensive agriculture condition (1994 – 2001). Sediment and nitrate
yield maps were extracted from the long-term simulation results (1994 – 2001). SWAT
simulation results suggested that sediment is not a severe problem with the watershed
but nitrogen loads are the real threats. Moreover, high concentration of ammonia
endangered Thai Nguyen downtown residents in a relatively long period of time. In brief,
Trung concluded that SWAT proved its ability in simulating the water quality problems
in watershed level. It is a useful tool to assist water quality management process in Cong
watershed.
Huynh Thi Lan Huong et al (2012) from Institute of Meteorology, Hydrology and
Environment applied SWAT model in integrated management of water resources in
Chay River basin. The study presented calibration and validation procedure of attributes
with gauged data were taken from Bao Yen station. Results showed error by basing on
Nash coefficient of 0.813.
2.3. Linear Programming
Dagli and Miles (1980) studied methods to determine the operating mechanism for
reservoirs chain constructed on functions of water supply and power generation on the
Firat River in Turkey. In their study, CH Dagli and JF Miles have applied different
methods to solve their problems, such as simulation, linear programming and optimal
random. Besides, G.C Dandy and P.D. Crawley (1992) have also studied linear
programming applications in reservoirs system planning and operation.
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Tejada et al (1995) developed a model emphasizing the optimal operation of hydropower
plants with random hydrological inputs and electricity demands. The model uses
dynamic programming to calculate the uncertainty in hydrological sequences inferred by
different methods: monthly average, frequent distribution, and Markov chains. The
model is run with changeable power demand and the reasonable fines applied to any
insufficient cases of power. The model has been applied to Shasta - Trinity system in
California, USA.
Optimization models of water resources management in river basin have been studied
and developed for a long time under dramatic effort to prove that optimal algorithms can
be effectively applied in the water management of river basins. Lee and Howitt (1996)
developed models in the Colorado River Basin to determine the possible extent of
saltwater intrusion based on the optimum benefits of water supply for irrigation,
domestic and industrial production. Three alternatives were analyzed: (1) solitary
optimal economic benefit; (2) unchangeable structure of plants, coordinated with
supportive measures of controlling salinity intrusion and; (3) changeable plant structure
of plants, applied in parallel with supportive measures. Results have exposed the first
case shows an embodiment regarding to transferring water from agriculture to the
domestic and productive sector due to high economic efficiency; whereas, the option 2
and 3 indicate a significant decrease in salinity intrusion.
Ximing Cai et al (2001) proposed an integrated model comprised of the economy agriculture - hydrology in charge of river basin management. The report gave a general
model applicable for integrated management of river basins; therein, agriculture is the
main water consumption sector and saline intrusion caused by irrigation becomes the
environmental affected factors. All the components are combined in a single closed
model and are solved entirely by a simple but effective method named Decomposition
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Approach. The model was applied to the actual case in the Darya River basin in Central
Asia.
Ito. K et al (2001) proposed a Decision Support System (DSS) for water management in
river basins. DSS is a synthetic model between the simulation model of the hydrological
cycle and risk assessment model. The model was applied to the actual case in the
Chikugo river basin system with multi-purpose reservoirs.
Richard E. Howitt et al (1999) developed a model called optimal economic - technique
model. The main conclusion was made that the application of a water resources
optimization model in large-scale under the control of economic goals is feasible and
practical. The model has been applied for the actual water management in California.
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CHAPTER 3 – APPLICATION OF SWAT
The water designation methodology obliges a thorough seeing about water accessibility
with respect to time and space. In locales where water is bottomless, allocation
mechanism and water source assessment can moderately be disentangled by replicating
past monitoring. On the other hand, when water stress turns into an undeniably
unfavorable issue as a consequence of quick monetary improvement, water is allocated
adaptably relying upon meteo-hydrological attributes chronologically. For this situation,
a basic appraisal of allocable water accessibility is imperative to guarantee the sufficient
supply over the basin.
Concerning hydrological perspective, there are two must-do evaluations, supporting the
allocation decision-making process are total water volume and water that is accessible
for utilization at different periods and areas. Also, choice is additionally in light of
political, financial and specialized criteria. In a traditional way, allocable water
accessibility is measured as Mean Annual Runoff (MAR). MAR is ordinarily figured
from stream gauging data; nonetheless, much of the time which the measurements are
not able to execute, numerical models will be utilized to foresee the outcomes. MAR
does not mirror the variability regarding regular and interyear changeability. In many
countries, weather pattern changes altogether over the long run; in like manner, MAR
information can't be dependable sources which give the estimation of the usable water
volume. For example, amid the flood season, water is typically difficult to use regardless
of high overflow; comparably, total water accessibility during the dry season is likewise
not utilizable due to the extreme low runoff. Dealing with modern water planning
approach, the environmental flow requirement may additionally need to put into thought
legislatively.
Accordingly, water that is available to allocate is estimated by firstly defining the total
water volume of the basin (groundwater, inflow runoff or transfers) and subsequently
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subtracting the volume transferred out of the basin, losses, uncontrolled flood water and
a vital amount that is retained to protect the ecosystem health.

Figure 3.1: Total water resources and water available for allocation (Robert Speed et al,
2013)

Basically, the estimation of the allocable water availability in a specific basin can be
approached through five factors (Robert Speed et al, 2013):
-

Purpose of allocation;

-

Characteristics of the basin (hydrology, socio-economics, topography, geology);

-

Water sources stress and accuracy requirement of estimation;

-

Reliability/assurance in the allocation, reflecting seasonal and interyear

variability;
-

Available information and resources.
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3.1. Input Data Processing
Input data comprising DEM and Land cover are downloaded from official website of U.
S. Geological Survey (USGS).

Figure 3.2: Screen shot of official website of USGS

USGS can provide free SRTM 1 Arc-Second Global elevation data offer worldwide
coverage of void filled data at a resolution of 1 arc-second (30 meters) and provide open
distribution of this high-resolution global data set. The SRTM 1 Arc-Second Global (30
meters) data set is released in phases starting September 24, 2014. SRTM elevation data
are intended for scientific use with a Geographic Information System (GIS) or other
special application software.
USGS can additionally provide 0.5 km MODIS-based Global Land Cover Climatology
data. These data describe land cover type, and are based on 10 years (2001-2010) of
Collection 5.1 MCD12Q1 land cover type data. The map is generated by choosing, for
each pixel, the land cover classification with the highest overall confidence from 20012010 (Broxton et al., 2014). As such, they are reflective of the training data for the
44

MDC12Q1 data. Near the edges of the map (generally within 0.05 degrees of 180 degrees
longitude, and over parts of Antarctica-mostly south of -85 degrees latitude). The data
has been re-gridded from the MODIS sinusoidal grid to a regular latitude-longitude grid,
and the map has 43200x86400 pixels (corresponding to a resolution of 15 arc seconds).

Figure 3.3: Screen shot of MODIS-based Global Land Cover Climatology

Soil data are downloaded from Food and Agriculture Organization (FAO) official
website. The vector data set is based on the FAO-UNESCO Soil Map of the World. The
Digitized Soil Map of the World, at 1:5.000.000 scale, is in the Geographic projection
(Latitude - Longitude) intersected with a template containing water related features
(coastlines, lakes, glaciers and double-lined rivers).
Data are processed in ArcSWAT which is an ArcGIS-ArcView expansion and graphical
user input interface for SWAT. Simulation of SWAT model can be depicted as figure
17. The procedure is started by delineating sub-watersheds in light of a programmed
system utilizing DEM information. Consequently, land use, soil and slope
characterization for a watershed is performed utilizing summons from the HRU
Analysis. SWAT model obliges area utilize and soil information to focus the zone and
the hydrologic parameters of every area soil classification simulated inside every sub45

catchments. ArcSWAT likewise permits the integration of area slope classes when
characterizing hydrologic response units.

Figure 3.4: Screen shot of FAO official website

Figure 3.5: SWAT Model Simulation (Source: NASA-CASA Project)
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The report which is announced in the wake of concluding the overlay process portrays
the land use, soil and slope class appropriation inside the watershed and inside every
sub-watershed unit.
Regularly, stream flow subsidence data adds to the precision of base flow estimations,
in light of the fact that the regular stream instrument in the stream can be considered by
stream flow retreat.
Table 3.1: Information of basin after overlay

For instance, a stream with a short retreat period has a higher variability of occasional
base flow impact than one with a long subsidence period. Specifically, stream flow is
occasionally commanded by immediate stream or base flow. Along these lines, stream
flow retreat data can help to comprehend the occasional parts of direct stream and base
flow to a stream for practical waterway administration. In this setting, the stream flow
retreat impacts base flow in aligning precipitation spillover models. Among the
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numerous parameters included in the SWAT display, the alpha component is a standout
amongst the most essential parameters, as it is the base flow-retreat coefficient. On the
other hand, in SWAT alignments directed with the various parameter sets, the alpha
variable can be mutilated by different parameters identified with stream flow, in light of
the fact that numerous simultaneous procedures impact the retreat. Considering this,
precise base flow evaluations may demonstrate subtle to SWAT adjustments.
Appropriately, vulnerabilities in stream flow forecasts may spread into the exactness of
base flow estimations at ungauged watersheds, on the grounds that base flow is by and
large divided from the anticipated stream flow got from precipitation spillover models.
Thusly, stream flow expectations made utilizing SWAT need to mirror the retreat
suitably, by considering the alpha variable for exact base flow estimations at ungauged
watersheds.

Figure 3.6: Land Cover Map
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In the alluvial fields, vegetation is mostly harvests: rice, crops, coconut, sugarcane,
tobacco. In sloping territories have more grounds of tea, elastic, pepper, yet numerous
spots are relinquished just scour. The edge was beforehand forested yet cleared to
develop nourishment and modern harvests. By 2005, the timberland region in the basin
is 445748ha, representing 43.5% of the whole locale, including 405050ha regular
backwoods, manors 40 698 ha. While woodland region expanded, mostly ranches,
timberland recovery, the capacity to store water and control water in the basin
inadequately, making disintegrated area; it likewise causes exhaustion of surface water
and groundwater, expanding the sedimentation of the waterway downstream.

Figure 3.7: Soil Map
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3.2. Sub-catchments Delineation

Figure 3.8: Sub-catchments divided by SWAT model

Figure 3.9: Final sub-catchments map
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The final sub-catchment map is identified by relying on natural features, the topography
division corresponding of rivers, tributaries making up the relatively independent subregion of the potential sources of water and the related natural elements; basing on the
systems of water exploitation works combined with administrative boundaries and
management units; basing on the characteristics of the water system to facilitate the
management and exploitation of water resources; basing on the needs and characteristics
of water use and water supply including drainage direction after use; applying ArcGIS
technology.
The entire 10.350 km2 basin area is devided into 5 sub-basins as follows:
Table 3.2: Sub-basins of VGTB basin
Sub-basin
Vu Gia
upstream
Thu Bon
upstream
Ly Ly river

Area (km2)

5,242.46

3,215.43

Administrative territory
Districts of Tay Giang, Dong Giang, Nam Giang and part of
Dai Loc, Phuoc Son, Dak Glei (Kon Tum)
Districts of Ba Tra My, Nam Tra My, Tien Phuoc, Hiep Duc,
Nong Son and part of Phuoc Son, Dai Loc, Duy Xuyen

373.92

Districts Que Sơn and part of Thang Binh

421.73

Districts of Thanh Khe, Hai Chau, Son Tra and Hoa Vang

Tuy Loan
river
VGTB
downstream
Total

1,096.46

Hoi An City, Districts of Dien Ban, Ngu Hanh Son, Cam Le
and part of Dại Loc, Duy Xuyen.

10,350

51

3.3. Reservoir Processing
The reservoirs are proclaimed so as to inform the model that study area requires to save
a certain monthly measure of water to fill the electricity generation need. This
implementation is considered as a highly critical input because impacts of reservoir to
natural runoff are exceptionally major. The measures of water changes are reflected in
the output node of the sub-basins which have been delineated in the previous step. Three
hydropower reservoirs included in this study are A Vuong, Dak Mi and Tranh.

Figure 3.10: Monitoring locations
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Some important parameters declared for the reservoir is defined as follows:
Table 3.3: Definitions of reservoir parameters
Variable
MORES

Definition
Month of the reservoir became operational (0-12).
If 0 is input for MORES, SWAT model assumes the reservoir is in
operation at the beginning of the simulation

IYRES

Year the reservoir became operational.
If 0 is input for IYRES, SWAT model assumes the reservoir is in
operation at the beginning of the simulation

RES_EVOL

Volume of water needed to fill the reservoir to the emergency
spillway (104 m3)

RES_PVOL

Volume of water needed to fill the reservoir to the principle
spillway (104 m3)

RES_VOL

Initial reservoir volume
If the reservoir is in existence at the beginning of the simulation
period, the initial reservoir volume is the volume in the first day of
simulation. If the reservoir begins operation in the midst of the
simulation, the RES_VOL value is the volume of the reservoir at
the day the reservoir becomes operational (104 m3)

RESMONO

Monthly reservoir outflow. These values are built by a file
containing the average daily flow rate for every month of operation
of the reservoir

STARG (mon)

Monthly target reservoir storage (104 m3)
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The parameters of the reservoir are taken from the Decision No. 909 / QD-TTg dated
June 16, 2014 of the Prime Minister about inter-reservoir operation in VGTB in annual
flood season. From September 1 to December 15 annually, A Vuong, Dak Mi 4, Song
Tranh 2 reservoirs must be operated on the principle of the priority as follows:
-

To ensure absolute safety of hydropower works: A Vuong, Dak Mi 4 and Song

Tranh 2, water elevation is controlled to not exceed the maximum water elevation,
applied for floods having return period smaller than or by 1000 years.
-

To make a contribution reducing flood in the downstream;

-

To ensure electricity generation efficiency.

Figure 3.11: Edit Reservoir Parameters Table
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Table 3.4: Technical parameters of reservoirs
Parameters

A Vuong

Dak Mi 4

Song Tranh 2

Maximum water elevation

382.20 m

260.33 m

178.51 m

Design water elevation

380.00 m

258.20 m

175.76 m

Normal water elevation

380.00 m

258.00 m

175.00 m

Dead water elevation

340.00 m

240.00 m

140.00 m

Total reservoir volume

343.55 mil m3

312. 38 mil m3

729.20 mil m3

Effective reservoir volume

266.48 mil m3

158.26 mil m3

521.10 mil m3

Dead reservoir volume

77.07 mil m3

154.12 mil m3

208.10 mil m3

First operational day

14/7/2008

30/11/2010

4/2011

First electricity generation day – unit 1

26/9/2008

31/12/2010

6/2011

First electricity generation day – unit 2

19/12/2008

28/2/2011

12/2011

3.4. Land Cover Scenario
This study runs SWAT model in 2001 for base scenario, and use the Land Use Update
Edit tool to edit land cover percentage of agriculture and forest land regarding 10% of
agriculture land area will be replaced by urban and industry land in 2020.
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Figure 3.12: Land Use Update Edit tool

The calibration and validation process of model is performed by using SUFI-2 within
SWAT-CUP. The observed runoff values are taken at Thanh My and Nong Son
hydrological stations.
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Figure 3.13: Comparison between measurement and simulation in Nong Son
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CHAPTER 4 – APPLICATION OF LINEAR PROGRAMMING
4.1. Fundamental Theory Base
The mathematical-based equations are the important cores of the optimization planning
process. Along with the development of mathematical science, methods applied in
solving the optimization problems have developed in various approaches and can be
categorized as the following: Linear Programming (LP), Dynamic Programming (DP),
Nonlinear Planning (NLP), Mixed Optimization Technique and there are many other
methods such as Multi-step Approaches, Decomposition and Hierarchical Approaches,
Multi-objective analyzes, Decision Support System, Artificial Neural Network
Application, Fuzzy Logic Application or the recent studies in terms of Genetic
Algorithm.
Linear programming is the math-based science applied in optimization problems with
the objective function (orientation) and constraints (criteria of problem) are function,
linear equations or dis-equations. It can be depicted as below:

With constraints gj (X) ≤ bj with j = 1, 2, 3… n
Or we can write the function F(X) in another expression as follow:
F(x1, x2… xi…xn) obtains minimum or maximum value
With constraints:
g1 (x1, x2,…, xi,…, xn) ≤ b1
g2 (x1, x2,…, xi,…, xn) ≤ b2
………………………
gj (x1, x2,…, xi,…, xn) ≤ bj
………………………
58

gm (x1, x2,…, xi,…, xn) ≤ bm
With variables of the function is vector X = (x1, x2, …, xn)
The optimal solutions of an optimal problem is vector: X* = (x1*, x2*, …, xn*)
For this VGTB case study, optimal variables are defined as volume of water allocated to
the sectors. In this VGTB basin study, regarding water use demand, the optimal variables
comprise:
-

Volume of water allocated for agricultural production;

-

Volume of water allocated for domestic use;

-

Volume of water allocated for industrial production;

-

Volume of water allocated for livestock.

The objective function of the VGTB case study is defined as function of net-benefit
optimization values obtained from water supply to water users. The function can be
specified as below:

Where,
NAP - Net benefits of water supplied to agricultural production;
NDU - Net benefits of water supplied to domestic use;
NIP - Net benefits of water supplied to industrial production;
NLS - Net benefits of water supplied to livestock.
The objective function is quantified for all the scenarios and is built linearly.
For the optimal problem, a system of constraints plays a very essential role to ensure the
rationalization of solutions:
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-

Volume of water supplied to sectors must be lower or equal to demand;

-

Volume of water supplied to sectors must be higher or equal demand regulated

by the local administrative agencies;
-

Environmental flow.

4.2. Water Demand Investigation
Domestic Use
Based on prediction of Da Nang and Quang Nam Province, the urban population of the
VGTB basin will increase to 852,890 people in 2020, the cities areas take the majority
with 756,604 people which are about 88.7%, and the other is 11.3% equivalent to 96,286
people in towns.
In 2025 the population keeps increasing to 862,442 people with similar distribution rate
in municipality and town.
Table 4.1: Population of the urban area in 2020
Unit: person(s)
Sub-basin

Municipality 2020

Town 2020

Vu Gia upstream

0

26,361

Thu Bon upstream

0

22,884

Ly Ly river

0

13,359

Tuy Loan river

517,502

0

VGTB downstream

239,102

33,682

Total

756,604

96,286

Based on water supply standard for the population of the municipality and town issued
by MoC, the volume of water needed to supply daily domestic demand is 60.24 million
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m3/year. Among them, for municipality living is 55.23 million m3/year (91.7%); for the
town living is 5.01 million m3/year (8.3%).
Table 4.2: Water demand in municipality and town in 2020
Unit: mil m3/yr.
Sub-basin

Municipality 2020

Town 2020

Vu Gia upstream

0.00

1.37

Thu Bon upstream

0.00

1.19

Ly Ly river

0.00

0.69

Tuy Loan river

37.78

0.00

VGTB downstream

17.45

1.75

Total

55.23

5.01

The rural population is predicted to increase reaching 885,420 people in 2020 and
895,337 people in 2025, which take 50.94% the total population of the VGTB basin.
Table 4.3: Population of the rural area
Unit: person(s)
Sub-basin

Population 2020

Vu Gia upstream

135,342

Thu Bon upstream

217,557

Ly Ly river

125,475

Tuy Loan river

55,192

VGTB downstream

351,854
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Sub-basin

Population 2020

Total

885,420

Based on water supply standard for rural area and population using water in the basin,
the quantity of water needed to supply for rural domestic use is 29.09 million m3 in 2020
and 29.42 million m3 in 2025.
Table 4.4: Water supplied to rural domestic use
Unit: mil m3/yr
Sub-basin

Demand 2020

Vu Gia upstream

4.45

Thu Bon upstream

7.15

Ly Ly river

4.12

Tuy Loan river

1.81

VGTB downstream

11.56

Total

29.09

Water supply mechanism is regulated in the standard TCXDVC 33-2996 issued by the
Ministry of Construction regarding to supply water for domestic use and industrial
production. The details are as follows:
In city

: 200 l/capita/day

In town

: 150 l/capita/day

In rural residences : 100 l/capita/day
Following the above standard, the calculation has shown that the volume of water needed
to supply for domestic use is 89.33 mil m3/year in 2020 and 90.33 mil m3/year in 2025,
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which the sub-basin of Tuy Loan River requires the highest requirement at 39.59 mil
m3/year in 2020 and 40.03 mil m3/year in 2025, taking 44.32% of the total water demand.
In the contrary, the Ly Ly River basin requires the least volume of water with 4.81 mil
m3/year in 2020 and 4.86 mil m3/year in 2025, equivalent to 5.38%.
Table 4.5: Water demand for domestic use in the VGTB river basin in 2020
Water demand (mil m3)

Percentage (%)

Vu Gia upstream

5.82

6.52

Thu Bon upstream

8.34

9.34

Ly Ly river

4.81

5.38

Tuy Loan river

39.59

44.32

VGTB downstream

30.76

34.44

Total

89.33

Sub-basin

The calculation results show that the total quantity of water required to provide the daily
needs is 89.33 million m3/year in 2020.
Agricultural Production
Based on the irrigation report of Quang Nam and Da Nang City, the crop schedule and
irrigation coefficient matching with the frequency P = 85% in the VGTB river basin are
as follows:
Table 4.6: Crop schedule of crops in the VGTB basin
Type of Crop

Crop Schedule

Winter-Spring Rice

From 20/12 to 25/04
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Type of Crop

Crop Schedule

Summer-Fall Rice

From 25/05 to 15/09

Winter-Spring Maize

From 25/12 to 31/03

Summer-Fall Rice

From 25/04 to 31/07

Sugar Cane

From 01/12 to 31/05

The total area for crop production in the VGTB is 89,363 ha in 2020, which the winterspring rice area is 30,421 ha, the summer-fall rice area is 33,982 ha, the winter-spring
maize area is 5,164 ha, the summer-fall maize area is 7,001 ha and the sugar cane area
is 12,795 ha. The details regarding sub-basins are shown as follows:
Table 4.7: Water use criteria of crops
Unit: q (l/s/ha) and M (m3/ha)
W-S Rice

S-F Rice

W-S Maize Sugar Cane

q

q

q

M

q

2.32

8,158

2.18 6,723

1.72 2,564 1.27 1,846 1.18 6,215

Ly Ly river

2.03

7,098

2.33 8,241

1.77 2,297 1.76 2,429 1.09 5,208

Tuy Loan river

2.27

7,698

2.34 9,846

1.63 2,469 1.75 3,972 1.17 6,439

2.28

7,747

2.37 11,275 1.77 2,569 1.88 4,252 1.19 7,243

Sub-basin
Thu Bon
upstream

VGTB
downstream

M

W-S Maize
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M

M

q

M

Table 4.8: Area of crop in the VGTB basin in 2020
Unit: ha
Sub-basin

W-S Rice

S-F Rice

W-S Maize

W-S Maize

Sugar Cane

Vu Gia upstream

3,807

8,344

1,043

2,683
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Thu Bon upstream

7,252

7,343

1,387

1,658

127

Ly Ly river

6,426

5,459

440

373

34

Tuy Loan river

1,353

1,153

183

156

113

11,583

11,683

2,111

2,131

12,453

30,421

33,982

5,164

7,001

12,795

VGTB
downstream
Total

From the above input data, the volume of water required by agricultural production can
be calculated with below results:
Table 4.9: Volume of water supplied to agricultural production in 2020
Unit: mil m3/year
Sub-basin

Water demand

Vu Gia upstream

317.88

Thu Bon upstream

371.79

Ly Ly river

291.93

Tuy Loan river

68.15

VGTB downstream

861.75

Total

1,911.51
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Livestock
The criteria of water volume supplied for livestock in the VGTB basin in 2020 are as
follow:
-

Cattle : 70 l/capita/day

-

Pig

-

Avian : 2 l/capita/day

: 50 l/capita/day

The quantity of cattle and avian are expected to increase to the number of 4,266,341 in
the VGTB basin in 2020. This study assumes that the total amount of livestock will be
remained unchanged in 2025.
Table 4.10: Quantity of cattle and avian in the VGTB basin in 2020
Sub-basin

Buffalo

Cow

Pig

Avian

Vu Gia upstream

7,994

23,353

52,712

425,545

Thu Bon upstream

18,522

40,069

70,176

786,881

Ly Ly river

7,905

17,424

84,127

510,205

870

3,973

21,969

192,965

VGTB downstream

6,222

33,429

176,111

1,785,891

Total

41,513

118,248

405,094

3,701,486

Tuy Loan river

Based on the above supply criteria, the calculation has shown that the total volume of
water required to supply for livestock in the VGTB basin is 14.18 mil m 3/year, which
the Vu Gia upstream requires 20.7 mil m3/year, the Thu Bon upstream requires 3.35 mil
m3/year, the Ly Ly river basin requires 2.55 mil m3/year, the Tuy Loan river basin
requires 0.67 mil m3/year and the VGTB downstream requires 5.53 mil m3/year.
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Industrial Production
Based on the standard TCXDVC 33-2996 issued by the Ministry of Construction
regarding to supply water for domestic use and industrial production, volume of water
required supplying for brewing, food and paper production is 45 m3/ha/day; and the
others need 22 m3/ha/day.
The statistics shows that there are 10 industrial zones in the VGTB basin located mainly
in the VGTB downstream with the total area of 661.59 ha: Nong Son (15.2 ha), Dong
Que Son (17 ha), Dong Thang Binh (120 ha), DVTS Da Nang (31.14 ha), Da Nang
(41.87 ha), Dai Hiep (40 ha), Tay An (25 ha), Dien Nam-Dien Ngoc (245 ha), Trang
Nhat (50 ha) and Hoa Cam (76.38 ha).
The total volume of water needed to supply for industrial zones is predicted at 9.66 mil
m3 in 2020, which the Thu Bon upstream requires 0.22 mil m3/year, the Ly Ly river basin
requires 2 mil m3/year, the Tuy Loan river basin requires 1.07 mil m3/year and the VGTB
downstream requires 6.37 mil m3/year.
Table 4.11: The total water demand of sectors
Sub-basin

Agriculture

Livestock

Industry

Total

Vu Gia upstream

319.95

2.07

0.00

322.02

Thu Bon upstream

375.14

3.35

0.22

378.71

Ly Ly river

294.48

2.55

2.00

299.03

Tuy Loan river

68.82

0.67

1.07

70.56

VGTB downstream

867.28

5.53

6.37

879.18

1,925.69

14.15

9.66

1949.48

Total
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Based on the current assessment of agriculture, industry and indicators of water supply
for agriculture (irrigation + livestock), industry, and schedule of crop plants in the area,
the volume of water is calculated to supply for sectors in 2020. Specifically as follows:
-

Total area of crops is 89,363 ha, which rice takes 64,403 ha (72.1%), other crops
(sugar cane, maize) takes 24,960 ha (27.9%);

-

Total industrial zone area is 661.59 ha;

-

Total volume of water needed to agricultural activities (irrigation + livestock) and
industrial production is 1,949.48 million m3/year.

Environmental Flow Requirement
From a water allocation viewpoint, the most noteworthy natural thought is the effect of
allocation decisions on the flow regime and the procurement of ecologically imperative
streams. The water allocation process can produce significant decreases in yearly runoff
and changes in the size, timing and recurrence of distinctive stream occasions. This thus
has brought about noteworthy decreases in river health in numerous river basins.
Assessment procedure of environmental flow is a difficult task, requiring comprehensive
understanding about the basin and biodiversity perspectives. Keeping up a sufficient
minimum flow of water in streams and anticipating over-abstraction amid low-stream
periods is a key test of environmental flow management. Be that as it may, environmental
flows are not pretty much the support of a base stream level. A significant number of the
most essential capacities of ecological flow, for example, keeping up water quality,
activating fish generating and relocation, sediment transport, groundwater recharge and
wetland immersion require occasional high flow. Within volume of an MSc thesis, this
study assumes that environmental flow will equal 20% of demands of sectors. In
summary, the inputs can be concluded as follows:
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Table 4.12: Summary of inputs for Linear Programming
Demand (million m3)

Price (VND/m3)

Month
Dom

Ind

Agr

Live

Env

Dom

Ind

Agr

Live

1

0.25

0.19

5.30

0.14

0.25

2,200

109,000

1,400

2,100

2

0.23

0.17

6.94

0.12

0.25

2,200

109,000

1,400

2,100

3

0.25

0.19

6.21

0.14

0.25

2,200

109,000

1,400

2,100

4

0.24

0.18

0.97

0.13

0.25

2,200

109,000

1,400

2,100

5

0.25

0.19

5.90

0.14

0.25

2,200

109,000

1,400

2,100

6

0.24

0.18

5.68

0.13

0.25

2,200

109,000

1,400

2,100

7

0.25

0.19

3.57

0.14

0.25

2,200

109,000

1,400

2,100

8

0.25

0.19

0.45

0.14

0.25

2,200

109,000

1,400

2,100

9

0.24

0.18

0.17

0.13

0.25

2,200

109,000

1,400

2,100

10

0.25

0.19

0.00

0.14

0.25

2,200

109,000

1,400

2,100

11

0.24

0.18

0.00

0.13

0.25

2,200

109,000

1,400

2,100

12

0.25

0.19

0.00

0.14

0.25

2,200

109,000

1,400

2,100

4.3. Water Price
Agriculture: The value of product released by agriculture is usually calculated from the
total gross value (market unit price multiplied by yield) per m3 of water. Based on the
data collected regarding agricultural water use in Quang Nam Province and Da Nang
City, the price is approximately VND 1,400/m3 of water, this value is not sufficient to
cover operation-maintenance and replacement costs of irrigation system. It can be clearly
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seen that water supplied for agricultural production in the basin has very low economic
efficiency.
Livestock: Price of livestock is defined after deducting expenses not receiving water
supply; it is about 1.5 times the average cost of irrigation water. Price for the livestock
in the basin is at VND 2100/m3.
Industry: The value of water-use for the industrial production is calculated by
evaluating the total gross value of industrial products. 1 million industry GDP is
estimated to need 25m3 of water, so the average value of one m3 water is around 109,000
VND.
Domestic use: Price of domestic water is based on request of consumer. Normally, a
person agrees to spend no more than 2% of total income for water payment. The value
of clean water supplied to residents is around VND 2,200/m3.
Then, the objective function of the Upper Thu Bon sub-basin can be defined as:
Maximum of B = 2200dsh + 109000dcn + 1400dnn + 2100dchn
And the constraints:
C1: dsh ≤ 0.70

mil m3

C2: dsh ≥ 90% * 0.70

mil m3

C3: dcn ≤ 0.02

mil m3

C4: dcn ≥ 70% * 0.02

mil m3

C5: dnn ≤ 50.12

mil m3

C6: dnn ≥ 70% * 50.12

mil m3

C7: dchn ≤ 0.28

mil m3

C8: dchn ≥ 70% * 0.28

mil m3

C9: dsh + dcn + dnn + dchn ≤ 60.23 – 0.2*(0.7 + 0.02 + 50.12 + 0.28)

mil m3
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4.4. Results and Analysis
The outcomes of this study cover the water allocation planning in 2020 of the sub-basins:
Vu Gia Upstream, Thu Bon Upstream, Ly Ly River, Tuy Loan River and Vu Gia-Thu
Bon Downstream.
Ws: Volume of water allocated for domestic use;
Wi: Volume of water allocated for industrial production;
Wa: Volume of water allocated for agricultural production;
Wc: Volume of water allocated for livestock.
Table 4.13: Water allocation in Upper Thu Bon basin in 2020
Unit: million m3
Sub-basin

Upper Thu Bon

Month

Wtotal

Ws

Wi

Wa

Wc

I

56.21

0.7

0.02

55.21

0.28

II

51.12

0.7

0.02

50.12

0.28

III

50.32

0.7

0.02

49.32

0.28

IV

11.97

0.7

0.02

10.97

0.28

V

56.92

0.7

0.02

55.92

0.28

VI

56.68

0.7

0.02

55.68

0.28

VII

54.57

0.7

0.02

53.57

0.28

VIII

11.45

0.7

0.02

10.45

0.28

IX

10.34

0.7

0.02

9.34

0.28
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Sub-basin

Upper Thu Bon

X

2.21

0.7

0.02

1.21

0.28

XI

1

0.7

0.02

0

0.28

XII

1

0.7

0.02

0

0.28

Total

363.79

8.4

0.24

351.79

3.36

The result shows that agricultural production requires majority of water supply. The
unfavorable topography of Upper Thu Bon sub-basin causes difficulties in broadening
industrial zones. In contrary to agriculture, the water demand of this sector is very
limited. Compared to other sectors, agricultural production always requires a very high
supply off water; however, its demand is varied regarding season while other sectors are
remained unchanged.
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Figure 4.1: Water allocation in Upper Thu Bon basin in 2020
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Table 4.14: Water allocation in Upper Vu Gia basin in 2020
Unit: million m3
Sub-basin

Upper Vu Gia

Month

Wtotal

Ws

Wi

Wa

Wc

I

44.47

0.49

0

42.25

1.73

II

47.45

0.49

0

45.23

1.73

III

38.96

0.49

0

36.74

1.73

IV

7.81

0.49

0

5.59

1.73

V

48.34

0.49

0

46.12

1.73

VI

44.64

0.49

0

42.42

1.73

VII

46.2

0.49

0

43.98

1.73

VIII

4.38

0.49

0

2.16

1.73

IX

3.27

0.49

0

1.05

1.73

X

2.22

0.49

0

0

1.73

XI

2.22

0.49

0

0

1.73

XII

2.22

0.49

0

0

1.73

Total

292.18

5.88

0

265.54

20.76
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Table 4.15: Water allocation in Lyly River basin in 2020
Unit: million m3
Subasin

Lyly River basin

Month

Wtotal

Ws

Wi

Wa

Wc

I

30.97

0.4

0.17

30.34

0.06

II

32.78

0.4

0.17

32.15

0.06

III

32.74

0.4

0.17

32.11

0.06

IV

4.77

0.4

0.17

4.14

0.06

V

33.79

0.4

0.17

33.16

0.06

VI

34.82

0.4

0.17

34.19

0.06

VII

24.73

0.4

0.17

24.1

0.06

VIII

10.76

0.4

0.17

10.13

0.06

IX

0.73

0.4

0.17

0.1

0.06

X

0.63

0.4

0.17

0

0.06

XI

0.63

0.4

0.17

0

0.06

XII

0.63

0.4

0.17

0

0.06

Total

207.98

4.8

2.04

200.42

0.72
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Table 4.16: Water allocation in Tuy Loan River basin in 2020
Unit: million m3
Subasin

Tuy Loan River Basin

Month

Wtotal

Ws

Wi

Wa

Wc

I

19

3.3

0.09

15.55

0.06

II

17.6

3.3

0.09

14.15

0.06

III

17.3

3.3

0.09

13.85

0.06

IV

8.48

3.3

0.09

5.03

0.06

V

18.47

3.3

0.09

15.02

0.06

VI

17.52

3.3

0.09

14.07

0.06

VII

10.77

3.3

0.09

7.32

0.06

VIII

3.57

3.3

0.09

0.12

0.06

IX

3.55

3.3

0.09

0.1

0.06

X

3.45

3.3

0.09

0

0.06

XI

3.45

3.3

0.09

0

0.06

XII

3.45

3.3

0.09

0

0.06

Total

126.61

39.6

1.08

85.21

0.72
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Table 4.17: Water allocation in Lower Vu Gia-Thu Bon basin in 2020
Unit: million m3
Subasin

Lower Vu Gia-Thu Bon Basin

Month

Wtotal

Ws

Wi

Wa

Wc

I

119.41

2.56

0.53

115.86

0.46

II

118.14

2.56

0.53

114.59

0.46

III

113.83

2.56

0.53

110.28

0.46

IV

24.28

2.56

0.53

20.73

0.46

V

118.67

2.56

0.53

115.12

0.46

VI

119.73

2.56

0.53

116.18

0.46

VII

113.78

2.56

0.53

110.23

0.46

VIII

14.87

2.56

0.53

11.32

0.46

IX

9.73

2.56

0.53

6.18

0.46

X

3.55

2.56

0.53

0

0.46

XI

3.55

2.56

0.53

0

0.46

XII

3.55

2.56

0.53

0

0.46

Total

763.09

30.72

6.36

720.49

5.52
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Figure 4.2: Water allocation in Lower Vu Gia - Thu Bon basin in 2020

The results also show that there is a big difference in water demand between upstream
and downstream areas in addition to sectors, and there is water shortage in some subbasins during dry months from May to August.
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CHAPTER 5 – CONCLUSION AND RECOMMENDATION
To sum up, this study has taken the linear programming theory into consideration solving
the basin water allocation planning. The target is towards to maximize the economic
benefit of water volume provided to various water users, including agricultural
production, industrial production, domestic use and livestock. In order to come up with
the result, a multi-step process has been implemented such as allocable water availability
assessment, environmental flow requirement, water demand prediction and water price
identification. Subsequently, the most important portion, setting up an objective
functions and defining constraints has been successfully built; Microsoft Excel is utilized
to simulate the equations and solve the problem.
The outcomes of this study cover the water allocation planning in 2020 of sub-basins:
Upper Vu Gia, Upper Thu Bon, Ly Ly River, Tuy Loan River and Lower Vu Gia-Thu
Bon, going with relevant discussion and recommendations. In addition, a theoretical
report of water resource allocation process is also published.
The total volume of water supplied to Lower Vu Gia-Thu Bon Basin is the highest
because of favorable terrain, supporting the development of many socio-economic
sectors. On the contrary with the steep slope topography in the upper basin, the flat plain
covers the majority of the region, building favorable conditions for the development of
agriculture and industry. Basins located in the coastal area: Lyly River basin, Tuy Loan
River basin and Lower Vu Gia – Thu Bon basin requires a much higher water supply
compared with Upper Vu Gia basin and Upper Thu Bon basin.
Rainy season is from October to December in the Vu Gia-Thu Bon basin; during these
periods, floods and heavy rainfall occur throughout the basin, leading to serious obstacles
for agricultural production. In fact, due to adverse weather conditions, famers do not
cultivate during the flood season; hence, water supplied to agricultural production is
minimized approaching zero in most of sub-basins. Normally, there are two main crop
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periods, requiring high volume of water are winter-spring (from January to April) and
summer-fall (from May to September). This characteristics cause the gap between
volumes of water provided to sectors between months. In addition to the dramatic
changes of water allocated to agricultural production, provisions of other sectors such as
domestic use, industrial production and livestock are slightly varied or even remained
unchanged during a year.
Based on the allocation results, water supplied for agriculture takes 74.71 – 87.92% of
total allocation water, but economic values acquired from its products are not high; only
from 278.63 – 279.76 billion VND. On the contrary, water supply for industrial
production only takes 4.95 – 13.14% but its economic benefit is the highest in all the
sectors; from 4,974 – 6,013 billion VND. Therefore, the restructure of agricultural
production is an important trend in order to increase efficiency of water use, or reduce
the demand in dry season. In addition to agricultural restructure process, an increase of
water supplied to industrial production and livestock is needed to put into account.
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