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Abstract 
Mekong River is one of the major international freshwater sources in the 
world. The Lower Mekong Basin (LMB) comprised of four downstream 
countries, including Thailand, Lao PDR, Cambodia, and Vietnam. The utili-
zation of the basin’s water brings not only substantial benefits to the region 
ranging from hydropower to navigation, but also negative impacts caused by 
the unbalanced water using. The essential role of Mekong River requires all 
member nations to cooperate effectively for the sustainable development of 
the region. One of the most popular methods in the field of water resource 
management is a trustable tool called the Analytical Hierarchy Process (AHP). 
AHP is much appropriate for water resource policymaking. The literature, 
however, points out that there is no study to both structure the water using 
hierarchy and employ quantitative (objective) criteria to the AHP model in 
LMB case. With regard to water resource management, there are no previous 
studies applying AHP models to evaluating sustainable development of trans-
boundary water resource in LMB case. This paper explores the evolution of 
water cooperation among Mekong countries and subsequently evaluates the 
water development scenarios in the LMB based on the water cooperation pre-
ferences of four LMB countries This study proposes a novel approach to ana-
lyzing, assessing water resource development scenarios characterized by sus-
tainability indicators and to assisting in developing a suitable water policy in 
LMB according to the best cooperation scenario. 
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Mekong River Basin 

 

1. Introduction 

Transboundary rivers, usually shared by two or more riparian countries, are vital 
to human life and global peace and security. A total of 286 transboundary rivers 
worldwide, accounting for 60 per cent of the world freshwater flow, are currently 
providing home and livelihoods for more than 40 per cent of the global popula-
tion [1] [2]. Given the increasing demand for fresh water supplies due to climate 
change, rapid population growth and industrial development, transboundary wa-
ter resource management have been widely recognised as a matter of growing con-
cern across the globe. Therefore, water availability and usage in the international 
context present enormous challenges to water planners and decision-makers. Al-
though differences in socio-economic development, political orientation, national 
self-interests and institutional and legal frameworks across member states are 
often considered potential sources of conflict, they open up opportunities for great-
er cooperation on technical, social and economic issues [3]. Empirical studies 
have indicated that riparian countries are more likely to cooperate than fight over 
water despite the coexistence of cooperation and conflict in the transboundary 
water context [4] [5]. Cooperation on shared waters is becoming more common 
for some reasons, including mutual interest, shared benefit and the existence of 
institutional arrangement [6] [7]. Many researchers have acknowledged the es-
sential role of transboundary water cooperation in maintaining the peace and 
security of the region, providing substantial economic benefits to member na-
tions through as well as increasing the balanced and equitable utilisation of the 
water resources [3] [8] [9] [10] [11] [12]. Scholars have identified enormous 
benefits from basin-wide cooperation by assessing the value of water coopera-
tion in the international context [13] [14] [15]. In addition, the United Nations 
(UN) has highlighted the significant importance of transboundary cooperation 
in implementing integrated water resources management at all levels by 2030 by 
making this topic the focus of target 6.5 of Sustainable Development Goals (SDG) 
[8] [16]. According to Schmeier & Vogel (2018), member states tend to choose 
cooperation over conflict since the cooperation benefits in the long term will out-
weigh potential gains from noncooperative actions in the short term [17]. Con-
sidering the importance of cooperation, although transboundary river issues can 
be approached from various perspectives, a better understanding of these issues 
under cooperative interactions among member countries is becoming increasingly 
popular and attractive. 

In the context of transboundary river management, past research provides 
different views relating to cooperation issues. Much research emphasis has been 
placed on figuring out the factors that contribute to the success or failure of shared 
river cooperation. While there are cases of good practice on cooperation in trans-

https://doi.org/10.4236/jwarp.2021.137029


N. P. Lan 
 

 

DOI: 10.4236/jwarp.2021.137029 500 Journal of Water Resource and Protection 
 

boundary rivers, namely the Colorado River and the Rhine river [18] [19], ex-
amples of ineffective collaboration can be found in the Syr Darya and the Amu 
Darya rivers [20] [21]. Many studies have mainly focused on measuring and mon-
itoring transboundary water cooperation using different sets of indicators [22] 
[23] [24] [25] [26]. Other authors have spent considerable efforts to identify and 
better understand the challenges and opportunities of transboundary river co-
operation [27] [28] [29] and to analyse the benefits of cooperation on interna-
tional rivers [11] [30]. Despite the growing literature on cooperation over shared 
water currently, not many empirical works have been done to capture the evolu-
tion of the cooperative scale and examine the influence of this change on the wa-
ter-related decision-making process. In reality, the focus and degree of water- 
related cooperation among riparian countries have changed over time, with an 
increased emphasis on emerging issues and water development priorities in a spe-
cific period. Therefore, the decision-makers should direct their attention to ex-
plore the impacts of the evolutionary pattern of water cooperation on the river 
basin development.  

The Mekong River is one of the longest and most significant rivers globally, 
stretching on the national territory of six states, namely China, Myanmar, Laos, 
Thailand, Cambodia and Vietnam [32] [33]. The river system is essential for the 
comprehensive development of the region since it offers member countries a vi-
tal source of natural resources while supporting rich biodiversity and the largest 
inland fisheries in the world [31] [34]. In terms of geographical location, the 
Mekong River Basin (MRB) is divided into two sub-basins: 1) the Upper Me-
kong Basin (UMB), consisting of China and Myanmar; 2) the Lower Mekong 
Basin (LMB), which starts from Laos to Vietnam (see Figure 1). The LMB, ac-
counting for 76 per cent of the total area of the basin with a total population of 
around 65 million people, serves as a lifeline for the basin’s inhabitants and eco-
nomic development of all four lower countries by bringing enormous benefits 
from, such as water supply, hydropower generation, irrigation and navigation 
[31] [35]. Main characteristics of the MRB countries are described in Table 1 
and Table 2. 

 
Table 1. Area of member countries in MRB [36]. 

Member country 
Area of the country  
within MRB (km2) 

As % total area  
of the basin (%) 

As % total area  
of the country (%) 

China 165,000 21 2 

Myanmar 24,000 3 4 

Laos 202,000 25 85 

Thailand 184,000 23 36 

Cambodia 155,000 20 86 

Vietnam 65,000 8 20 

MRB 795,000 100  
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Table 2. Population of member countries in LMB in 2015 [31]. 

Member country 
Population in LMB  

(million) 
Share of LMB  

population (%) 
Share of national  
population (%) 

Laos 13.4 22 86 

Thailand 6.2 10 91 

Cambodia 25.4 39 37 

Vietnam 19.8 31 22 

LMB 65 100  

 

 
Figure 1. Map of the Mekong River Basin [31]. 

 
Managing and resolving water-related issues among countries with different 

levels of development and interests while preserving and maintaining the gains 
from the river have been posing significant challenges to the LMB members, 
which require practical cooperation [37]. The cooperation history between lower 
Mekong countries has started in the early 1950s with considerable efforts of the 
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United Nations to assist in forming the Mekong River Committee, the first large- 
scale organisation aiming to promote cooperative water development relating 
particularly to security issues [38] [39]. However, it was not until 1995 that the 
birth of the Mekong River Commission (MRC), an international organisation 
established under 1995 agreement signing by the four lower Mekong countries 
has marked a historic turning point in the regional cooperative agenda. The mis-
sion of MRC is to facilitate joint development and ensure the reasonable and 
equitable use of water resources in the basin [40]. Similarly, water-related issues 
in the Mekong region are central to several cooperative mechanisms such as the 
Greater Mekong Subregion, the Lower Mekong Initiatives or the Lancang-Me- 
kong Cooperation (Table 3).  

Despite these institutional frameworks, the contribution that MRC has made 
to foster cooperation among the LMB countries is recognised as substantial [38] 
[42]. Till date, MRC, as a model of cross-border water management with its in-
tense consciousness of comprehensive development rather than entirely empha-
sizing on economic achievement, has relatively succeeded in mitigating conflict 
and boost the riparian states’ joint action on water-related issues [43] [44] [45]. 
Sustaining shared river collaboration is challenging; thus, concerned authorities 
need to consider the different dimensions of regional cooperation activities on 
the Mekong River to gain insights into the evolution toward transboundary wa-
ter cooperation, consequently assist the decision-making process in the LMB. 

MRC, with its emphasis on the critical sectors in the LMB, has carried out several  
 
Table 3. Examples of cooperative frameworks in Mekong region (adopted from [40], 
[41]). 

Cooperative 
framework 

Year of  
establishment 

Members Cooperation objectives/priorities 

Greater Mekong 
Subregion 

1992 

China (Yunnan and Guangxi 
province), Cambodia, Laos, 
Myanmar, Thailand and Viet 
Nam 

Regional connectivity through 
projects in agriculture, energy,  
environment, health and human 
resource development, etc. 

Mekong River 
Commission 

1995 

Cambodia, Laos, 
Thailand and Viet Nam  
(dialogue members: China 
and Myanmar) 

The jointly management of the 
shared water resources and the 
sustainable development of the 
Mekong, including water  
allocation, navigation, irrigation, 
hydropower, flood control,  
fisheries, etc. 

Lower Mekong 
Initiatives 

2009 

Cambodia, Lao PDR, 
Myanmar, Thailand and Viet 
Nam, initiated by the United 
States 

To deliver equitable, sustainable 
and inclusive economic growth 
among the five countries 

Lancang-Mekong 
Cooperation 

2015 
China, Myanmar, Cambodia, 
Laos, Thailand and Viet Nam 

Cooperation under the leading of 
China relating to political, social 
and economic issues 
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basin-wide assessments, in which they formulated a wide range of development 
scenarios and systematically analysed the socio-economic and environmental 
impacts. The most recent is the Council Study, a comprehensive study consider-
ing the influence of the mainstream hydropower project [46]. More importantly, 
along with addressing the limitations of previous reports, the Council Study has 
a broader scope and covers a wide range of development scenarios considering 
the projected changes in population, hydropower development and potential fu-
ture effects of climate change [47] [48]. Past researchers have put efforts to 
access different basin-wide scenarios in the LMB. While most scholars have 
concentrated heavily on specific scenarios developed in the Basin Development 
Plan-Phase 2 to 1) estimate trade-offs between the economic benefit from hy-
dropower development and the social/ecological loss using benefit-cost analysis 
[47] [49], 2) to evaluate diverse impacts of hydropower development [50] [51] or 
3) to examine changes in hydrological condition [52], minor empirical works 
have been done concerning different scenarios generated in the MRC Council 
Study. Intralawan et al. (2019) has compared the cost and benefit of the LMB’s 
hydropower development in four different reports of MRC, including the Coun-
cil Study. However, the authors simply summarise the impact assessments in-
itially conducted by the MRC and consequently draw a cross-comparison be-
tween these reports rather than focusing on the scenarios derived from the Coun-
cil Study. No research to date has evaluated and compared the economic per-
formance of the Council Study’s main development scenarios taking the priority 
in water cooperation of the LMB countries into consideration. 

For all the above reasons, the primary goal of this paper is to explore the evo-
lution of water cooperation among Mekong countries and subsequently evaluate 
the water development scenarios in the LMB based on the water cooperation 
preferences of four LMB countries. The author aims to achieve these objectives 
by answering the following research questions: 1) How has the cooperation over 
water in the MRB changed during the last 50 years, especially since the estab-
lishment of MRC in 1995, and 2) What are the preferred development scenarios 
of the four LMB countries taking the differences in water cooperation scale into 
consideration. A multi-criteria decision analysis model is employed for provid-
ing an in-depth analysis of decision-making processes in the case of the LMB, 
which are characterised by multiple criteria and alternative decision options. 

The remainder of this paper is organised as follows. After setting the theme 
for this research in the introductory section, the theoretical framework is pre-
sented, defining the specific viewpoint regarding water cooperation in the con-
text of the transboundary river and identifying the key variables that should be 
included in the evaluation. The following section introduces the research me-
thodology, in which the research model and data collection process are carefully 
explained. Then, the nature of water cooperation in the LMB and the perfor-
mance evaluation of development scenarios are accordingly analysed. The final 
sections discuss the findings and provide some concluding remarks.  
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2. Theoretical Framework 
2.1. Transboundary Water Cooperation 
2.1.1. Defining Transboundary Water Cooperation 
Despite a large body of research done on cooperative interactions in a trans-
boundary context, very few studies define or explain the term “transboundary 
water cooperation” carefully. There is no single definition of this term since it is 
interpreted differently by actors in different settings and can exist in a wide range 
of forms [12]. The United Nations Economic Commission for Europe, in their 
policy guidance, has regarded transboundary water cooperation as “the effective 
cooperation between two or more countries sharing a transboundary river, lake, 
or aquifer” [53]. Nonetheless, the actors involved in water cooperation activities 
and the cooperative forms have not been adequately identified in those defini-
tions. Adeel et al. (2015) [54] state that “transboundary water cooperation covers 
various levels of interactions between and among parties, stakeholders, and sec-
tors that are involved in the development, use and management of a water re-
source; in the delivery of water services; or are impacted from either the actions 
or the consequences of such involvement”. Subsequently, after significant revi-
sion, M. J. McCracken (2019) [55] finally defined transboundary water coopera-
tion as “interactions between actors over shared waters that result in establishing 
mutually beneficial outcomes through a decision-making process; this process 
could include formal and informal legal and institutional mechanisms depend-
ing on the scale and context”. M. J. McCracken has successfully captured the le-
gal and institutional basis of cooperation, making it easily applicable to different 
situations. To this paper, M. J. McCracken’s definition is the most relevant, em-
phasising the essential elements required for full transboundary water coopera-
tion. 

2.1.2. Classifying Transboundary Water Cooperation 
Early understanding of transboundary water cooperation has established a 
sound foundation for examining other facets of this term. Cooperation over in-
ternational waters can take different forms at various levels of operation, which 
indicate the activities counted as cooperation. Types of cooperative efforts vary 
from 1) information sharing (data exchange) relating, such as reservoir opera-
tions, hydrologic information and flood/drought mitigation, 2) active collabora-
tion in the form of notification/consultation in planned development to 3) joint 
actions (joint plans, investment or management) [12] [16] [35] [37] [56]. Exist-
ing arrangements of transboundary water cooperation differ significantly re-
garding the extent and intensity of cooperation [2]. An agreement/convention, 
bilateral/multilateral treaty, protocol, memorandum of understanding and joint 
declaration between riparian countries is referred to as an arrangement for trans-
boundary water cooperation, which may be at different levels from ministerial to 
governmental and national to the regional level [57] (see Table 4). Similarly, to 
quantify the extent of collaboration Strategic Foresight Group (2015) [58] speci-
fied active water cooperation in low to high order, ranging from ministerial-level  

https://doi.org/10.4236/jwarp.2021.137029


N. P. Lan 
 

 

DOI: 10.4236/jwarp.2021.137029 505 Journal of Water Resource and Protection 
 

Table 4. Examples of forms and arrangements of transboundary water cooperation (adapted from [2] [57] [60]). 

Arrangements of cooperation Forms of cooperation 

Types of arrangement Characteristics Cooperative forms Characteristics 

Exchange of Letters 
To set out specific commitments that 
may have been agreed at a particular 
meeting, etc. 

Information sharing/data 
exchange 

The systematic exchange of different types of  
information relating to the general conditions of the 
aquatic environment, the measurement of water 
flow, extractions, releases from reservoirs, sources of 
pollution, etc. 

Joint Declaration/ 
Memorandum of 
Understanding (MOU) 

Tend to include broader principles of 
cooperation and is often adopted at 
the inter-ministerial level 

Notification of Planned 
Measures/Notification of 
Emergencies 

These systems consist of different procedures to 
manage crises, in particular monitoring, forecasting, 
early warning, and evacuation plans in case of  
catastrophes, etc. 

Protocols 
Tend to be concluded on the basis of 
more general founding agreements 

Consultations 

To exchange information and discuss pending issues, 
such as the potential impact of actual or proposed 
uses of the waters and ways to prevent, mitigate, or 
eliminate their potential or actual adverse effects, etc. 

Agreement/Framework 
Convention/International 
Treaty 

Tend to set out general rules and 
principals for governing a particular 
river, and may establish joint  
institutional arrangements such as 
intergovernmental commissions, etc. 

Negotiations 

May be viewed as a process, comprising  
consultations as a preliminary stage and conducted 
through normal diplomatic channels, summit  
discussions 

  Capacity-building 

Involving forms of human resources development, 
such as joint education and training schemes, and 
the organization of academic conferences, symposia, 
seminars, courses, and discussions, etc. 

 
meetings, collaboration in technical issues, joint monitoring, high political com-
mitment to regional integration. More specifically, Grünwald et al. (2020) [59], 
when taking the evolution of water-related events as crucial issues, pointed out 
six levels of cooperation intensity, including silent, exploratory, strategic, accoun-
table, affinitive and intuitive cooperation.  

While most available literature has focused on the forms or arrangements of 
transboundary water cooperation, the main challenge that needs to be addressed 
in classifying water cooperation is how to measure the cooperative level. In prac-
tice, some previous researchers have proposed intensity scales to rank trans-
boundary cooperative water events1. The first scale to measure the international 
conflict or cooperation intensity between nations was the 15-point COPDAB 
Scale introduced by Azar (1980b) [61]: point 1 represents the most cooperative 
event, and point 15 represents the most conflictive one [62]. However, the most 
renowned scale is the BAR Scale2, which was developed in the Basin at Risk 
(BAR) project of Oregon State University to evaluate the intensity of conflict or 
cooperative events occurring in the period 1948 to 1999 [63]. BAR scale-origi- 

 

 

1This study uses the definition of water cooperative events proposed by Yoffe et al. [63], in which 
cooperative events are defined as instances of cooperation that occur within an international river 
basin, involve the nations riparian to that basin, and concern freshwater as a scarce or consumable 
resource (e.g., water quantity, water quality) or as a quantity to be managed (e.g., flooding or flood 
control, water levels for navigational purposes). 
2BAR Scale of Intensity of Conflict and Cooperation. 
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nated from COPDAB Scale with some modifications-ranges from −7 to +7, 
representing the change from the highest level of conflict to the highest level of 
cooperation, respectively. Later, to revise the BAR scale in more practical and 
relevant to international water concerns, Kalbhenn & Bernauer (2012) [64] in-
troduced the International River Cooperation and Conflict (IRCC) Scale with 
conflict and cooperative levels ranging from −6 to +6, respectively. More recent-
ly, Feng et al. (2019) presented a 7-point cooperative scale based on the status of 
water cooperation in the Lancang-Mekong River Basin. In this study, the author 
will introduce a 5-point scale to evaluate the evolution of water cooperation in 
the LMB in forty years, combining the BAR and Feng scale3 [65]. More specifi-
cally, while using the full Feng scale to create the new scale, only the BAR scale 
representing the cooperative levels from +1 to +7 point will be included (Table 
3). The reasons for selecting the two scales are 1) to make it comparable between 
them; and 2) to ensure consistency between the cooperative events and their re-
spective scales since this study employs the cooperative event datasets con-
structed by the BAR project and Feng et al. (2019) [65], as will be explained later 
on in Section 3.1. 

2.2. Multi-Criteria Decision Analysis—Analytic Hierarchy Process  
Approach 

Transboundary river management is generally recognised as a difficult task due 
to the complexity of socio-economic systems, involving various stakeholders pur-
suing multiple and sometimes conflicting objectives [66]. Therefore, the deci-
sion-making process in the international river context requires considering var-
ious quantitative and qualitative criteria measured in different units while at-
tempting to evaluate and compare the performances of various water-related al-
ternatives. Scholars have developed methods to support making decisions in those 
situations, especially techniques capable of improving the audibility and trans-
parency of the decisions. Multi-criteria decision analysis (MCDA) has been dem-
onstrated as beneficial for solving international water-related matters, characte-
rised by multiple criteria and alternative decision options [67]. Flexibility in analy-
sis design [68] and the ability to improve transparency in decision procedure 
[67] is typically seen as the appeal of the MCDA method. This method proves to 
be a powerful approach to facilitate collaborative processes [69] [70] and consi-
derably improve the decision-making process and public acceptance [71]. MCDA 
consists of different approaches and analytical tools that allow stakeholders to 
rank and evaluate different alternatives against multiple criteria while consider-
ing their preferences [72]. Over the last few decades, the application of MCDA 
methods has increased and advanced significantly [73]. Particularly, MCDA has 
been mentioned as a critical component of decision support system in the field 
of water resources management [74]-[79]. In this field, water policy evaluation, 
planning of water supply, selection of infrastructure have been the most com-
mon applications of MCDA before 2007 [67]. Water shortage problems, water 

 

 

3The short name of water cooperative scale introduced by Feng et al. (2019) [65]. 
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use management, water quality problems and water allocation are recently pri-
mary topics for publications using MCDA methods [80].  

There are a large number of MCDA approaches that can be applied to cope 
with water-related issues. One of the most commonly used techniques is Analyt-
ic Hierarchy Process (AHP), developed by Saaty (1980) [81], a flexible and effec-
tive tool to solve complex problems and support the strategic decision-making 
process in many fields, such as in economics [82] [83] [84], healthcare [85], so-
cial science, engineering [86] [87], environmental management [88] [89] and 
water management [90] [91] [92] [93]. The motivation behind the development 
of AHP has not been only by its simplicity to combine quantitative and qualita-
tive criteria in the priority-setting process [94] [95] [96], but also by its ability to 
make qualitative criteria measurable for prioritising or producing relative im-
portance [97]. The basic concept of AHP describes the selection process of the best 
(more beneficial) alternative concerning each criterion. An AHP model comprises 
the following steps: 

1) Constructing a model for the decision: a complicated decision-making prob-
lem is decomposed into a hierarchical structure of goals, criteria and alterna-
tives. 

2) Deriving weights for the criteria: Through pairwise comparisons of the rel-
ative importance of each set of criteria regarding the expected goal, the weights 
of criteria are obtained.  

3) Deriving priorities for the alternatives: By following the same process as 
described in Step 2 (i.e., making pairwise comparisons of alternatives concerning 
each criterion), the alternative priorities are obtained, and then the overall prior-
ities of all alternatives are established, taking into account the weights of criteria. 
The pairwise comparisons are made using a ratio scale proposed by Saaty (1977) 
[81] (Table 5). The consistency ratio is calculated to guarantee a reasonable and 
acceptable consistency level. In the case that inconsistency happens, a review and 
revision of judgements are required. 

 
Table 5. Saaty’s scale for pairwise comparison. 

Importance Saaty’s scale Explanation 

Equally importance 1 Two criteria i and j are equally important 

 2 (*) 

Moderately importance 3 Criterion i is moderately more important than criterion j 

 4 (*) 

Strongly importance 5 Criterion i is strongly more important than criterion j 

 6 (*) 

Very strongly importance 7 Criterion i is very strongly more important than criterion j 

 8 (*) 

Extremely importance 9 Criterion i is extremely more important than criterion j 

Note. (*): 2, 4, 6, 8: intermediate values. 
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4) Synthesis of the model by ranking the alternatives based on the order of 
their overall priorities. The final decision is made by selecting the alternative 
with the highest priority ratio.  

AHP is well suited to water resources management in general and decision 
making for water development policy. Research by Zolghadr-Asli et al. (2021) 
[98] underlines that of all Multi-criteria Decision Making (MCDM)4 approaches, 
AHP is the technique most widely utilised to support the water-related decision- 
making process, providing decision-makers with a valuable tool to assign weights 
to the evaluation criteria. Relevant applications of AHP to water resource man-
agement include the analysis of water allocation [99] [100], water quality [101] 
[102], watershed management [103] [104], water resources planning [105], ground- 
water management [106] [107], flood management [108] [109], etc. Nonetheless, 
few studies focus on utilising the AHP model to deal with international water- 
related issues concerning transboundary river management. Gallego-Ayala & 
Juízo (2014) [91] stresses the potential applicability of the AHP model to inte-
grate stakeholders’ preferences into the selection process of different water re-
sources management plans in the lower Incomati river basin a shared river be-
tween Mozambique, Swaziland and South Africa. Other scholars attempt to solve 
the water allocation problems in transboundary river basins, such as identifying 
the best water allocation strategy or developing an effective benefit-sharing 
mechanism for water allocation between riparian countries [97] [110] [111]. 
There has been no study on water resources development in the LMB case, espe-
cially evaluating the water scenarios proposed in the Council Study. As to ana-
lysing the AHP model used in water resource management by application objec-
tives, there are three groups consisting of selection, prioritisation and evaluation 
issues. 

Supporting the decision making relating to the evaluation problem is highlighted 
as the most frequent application of AHP [92]. In this paper, different water de-
velopment scenarios in the LMB will be evaluated by the economic benefits that 
riparian countries can receive from the major water-related sectors considering 
these countries’ preferences for each sector. Therefore, a traditional economic 
approach to accessing alternatives is insufficient for that purpose, particularly 
when applying to evaluate against a range of economic criteria with different mea-
surement units. A new approach, which can accommodate qualitative factors while 
maintaining the significant effect of economic issues and, simultaneously, can be 
transparent and easy enough to implement while avoiding biased judgements, is 
much needed. Under those circumstances, AHP is believed to fulfill all the re-
quirements as a promising solution to the decision-making problem in the trans-
boundary river basin. 

3. Methodology 
3.1. Water Cooperation Event Database 

Previous researchers have spent considerable efforts to compile global datasets 

 

 

4MCDM is also known as MCDA and these two concepts are generally used interchangeably. 
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on interactions between states, involving both conflict and cooperative interac-
tions, that can contribute to the study of cooperation over international river 
basins, either directly or indirectly. In addition to the Conflict and Peace Data 
Bank (COPDAB) 1948-1978 [61], there are some other datasets, for example, 
Global Event Data System introduced by the Global Database of Events, Lan-
guage, and Tone (GDELT) project and Environment and Security Water Con-
flict Chronology developed by Gleick (1993) [112]. However, while many of 
those datasets mainly focus on diplomatic and military interactions between 
countries, none specifically pay attention to water interactions in transboundary 
river basins. The International Water Event Database (IWED)5 developed from 
the Basins at Risk project of Oregon State University is recognised as the first at-
tempt to provide a global description of water interactions over the transboun-
dary river between riparian states [4] [113] (see Table 6). IWED is an online 
searchable database that reports conflict and cooperative events occurring in 
 
Table 6. Examples of water events in the MRB from BAR water event database (extracted 
from http://gis.nacse.org/tfdd/internationalEvents.php and the author’s self-analysis). 

Issue type Date Event summary 
BAR 
scale 

Hydropower 1995/2/24 

China’s Yunnan Province welcomes foreign investors to 
develop a large-scale hydropower plants & is poised to 
consider cooperation with Thailand in construction of 
dams. 

1 

Joint management 1994/11/25 

Four countries have cleared the last hurdle to use the 
mainstream Mekong River during the dry season, which 
held up agreement for 3 years, & will initial an historic 
agreement on managing the river. The countries have 
been negotiating a framework for water use in the  
Mekong for purposes such as irrigation, hydropower, 
navigation, flood control, fisheries, transportation of 
timber & tourism. 

3 

Technical  
cooperation/ 

assistance 
1993/7/27 

In late July, Khondahak, chief of the Houai Sai District, 
Bokeo Province (Laos) and Zhong, chief of La District, 
Yunnan Province, People’s Republic of China, signed a 
cooperation memorandum for surveying a small  
hydroelectric generation project in Houai Sai District. 

4 

Joint management 1991/1/1 Cambodia requests reactivation of Mekong Committee. 2 

Navigation 1990/6/18 
China and Laos completed their first joint survey of the 
Mekong River to determine the possibility of opening 
the waterway to more trade. 

3 

Water quantity 1980/2/4 

A memorandum of irrigation cooperation between the 
delegations of the Laos Agriculture, Forestry, and  
Irrigation Ministry and the Vietnamese Water  
Conservancy Ministry was signed in Vietiane. 

4 

Economic  
development 

1975/1/31 
Joint declaration of principles for utilization of the  
waters of the Lower Mekong Basin, signed by  
Cambodia, Laos, Thailand, and Vietnam 

4 

 

 

5Accessible at  
https://transboundarywaters.science.oregonstate.edu/content/international-water-event-database. 
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1948-2008 concerning a wide range of water issues. Regarding water cooperation 
in the MRB, Feng et al. (2019) has constructed Lancang-Mekong Water Coopera-
tive Events Database (LWCED) based on IWED and other several official sources, 
covering events from 1995 to 2015. The major difference between the two data-
sets is that IWED covered both conflict and cooperative events in all transboun-
dary river basins worldwide in the period 1948-2008 while the LWCED provided 
updated data on only cooperative events happening in the MRB from 1995 to 
2015. To collect adequate data for the analysis of water cooperation in the MRB, 
the author develops a combined event dataset using data extracted from LWCED 
and IWED. A new scale was developed to measure the cooperative level of each 
event by revising and adopting the BAR scale and Feng scale, as previously men-
tioned in Section 2.1. Two specific periods (1975-1995 and 1995-2015) are sub-
sequently compared and assessed for trends in international water cooperation 
in the LMB.  

The author produced a new cooperative scale combining the BAR and Feng 
scales to make the two datasets comparable. The author first carefully investi-
gated the IWED and LWCED scale descriptions to identify the differences and 
similarities of the events assigned to each cooperative level in these two datasets. 
The events with similar characteristics (or belongs to a similar cooperative form) 
were grouped to produce a new cooperative level, assigned a particular point. A 
new 5-point cooperative scale was introduced at the end of this process (Table 
7). In addition, it should be noted that the objectives of water cooperation events 
reported in the two datasets are diverse and partly different. To construct a new 
event dataset, this study, thus, selects only the water events concerning the same 
cooperative objectives in the two datasets, including hydropower, navigation, 
water use, joint management and comprehensive development. Finally, the co-
operative point of each objective was calculated by multiplying their frequencies 
with their cooperative levels to explore the preference of riparian countries on 
each cooperative objective. 

This study expands the current literature on water cooperation in the MRB in 
several ways. First, compared to Feng et al. (2019), which analyses water cooper-
ation events in the MRB from 1995 to 2015, this study considers a more extended 
period (from 1975 to 2015) that covers periods pre- and post-establishment of 
the MRC. Second, the author combines two datasets of Oregon State University 
and Feng et al. [65] to construct a new cooperative scale and accordingly com-
pares these two datasets to examine the development of water cooperation activ-
ities in the MRB over time and explore to some extent the reasons underneath 
any change in the LMB’s water cooperation.  

3.2. AHP Model of the LMB Case 
3.2.1. Identifying Evaluation Criteria and Alternatives 
As pointed out earlier, this study aims to evaluate water development in the LMB 
using the main development scenarios derived from the Council Study of MRC. 
Therefore, three main scenarios, which are characterised by different levels of  
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Table 7. Levels of transboundary water cooperation (modified from [63] [65] [114] and the author’s own construction). 

BAR Scale Feng scale Combined Scale 

Point Event Description Point Event Description BAR scale Feng scale Final scale 

1 

Minor official exchanges, talks or policy expressions- 
mild verbal support: Meeting of high officials;  
conferring on problems of mutual interest; visit by 
lower officials for talks; proposing talks; requesting 
support for policy; stating or explaining policy. 

1 
Willingness-the lowest cooperative 
level, which means that cooperation 
has just been initiated 

1 1 1 

2 
Official verbal support of goals, values, or regime: 
Official support of policy; allowing entry of press 
correspondents. 

2 
Discussion-indicates that parties are 
trying to establish common targets. 

2 2, 3 2 

3 

Conducting or enacting friendship agreements;  
conducting cultural or academic agreements or  
exchanges. Agreements to set up cooperative  
working groups. 

3 

Research-a higher level than  
“Discussion”, and occurs when parties 
are working toward some common 
targets through joint research. 

3, 4 4 3 

4 
Legal, cooperative actions between nations that are 
not treaties; cooperative projects for watershed  
management, irrigation, poverty-alleviation. 

4 
Consensus-a medium level, and  
indicates that parties are cooperating 
to reach some common targets. 

5 5 4 

5 
Joint programs and plans to initiate and pursue  
disarmament. 

5 

Declaration and/or Memorandum of 
Understanding (MOU)- occurs when 
parties negotiate a draft inter- 
governmental non-binding agreement. 

6 6, 7 5 

6 
International Freshwater Treaty; Major strategic 
alliance (regional or international): joining or  
organizing international alliances 

6 
Agreement-indicates that parties have 
adopted a formal inter-governmental 
agreement. 

   

7 
Voluntary unification into one nation: Merging  
voluntarily into one nation (state); forming one  
nation with one legally binding government. 

7 
Practice-means that the relevant 
agreements are implemented. 

   

 
socio-economic and environmental development, particularly taking into ac-
count the impacts of mainstream hydropower projects, were utilised as three al-
ternatives in the AHP model of the LMB. Additionally, a sub-scenario, derived 
from scenario M3, was utilised as the fourth alternative, aiming to highlight the 
difference between the scenario with and without climate change. The four de-
velopment scenarios are described as follows: 
● Scenario M1—Early Development Scenario 2007 

The baseline scenario M1 presents the state of water infrastructure develop-
ment in the MRB as of 2007. This scenario depicts how the Mekong mainstream 
flow regime was still regarded to be in its natural state. The M1 scenario represents 
the baseline conditions of the Council Study and the reference conditions and 
attributes by which the other development scenarios are compared. 
● Scenario M2—Definite Future Scenario 2020 

All existing (before and after 2007), under-construction and expected (to the 
year 2020) development of hydropower, agriculture, land use, biodiversity, flood 
control are included in this scenario. 
● Scenario M3—Planned Development Scenario 2040 
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In addition to the development described in scenario M2, all water resources 
development that is planned in hydropower, agriculture, land use, biodiversity, 
flood control… are included in this scenario. On a timescale, this scenario covers 
the expected development occurring by 2040 if fully implemented. 
● Scenario M3CC—Planned Development Scenario 2040 under climate change. 

M3CC is a sub-scenario derived from scenario M3, adding the estimated cli-
mate change condition (warmer plus seasonal change). 

Table 8 summarized the major characteristics of four water development sce-
narios utilized in the AHP model of the LMB. 

After identifying the alternatives (development scenarios) of the AHP model, 
it is necessary to select the appropriate evaluation criteria. Even though riparian 
countries follow their plan to exploit a shared river, given the importance of the 
river to national development, it is understandable that the starting point for any 
consideration of cooperation is generally associated with the legitimate goals of 
extracting maximum benefits from the river. In this regard, economic benefits 
are frequently the primary justification for deciding water issues, particularly on 
hydropower development, one of the most significant matters of concern in the 
LMB. This study thus utilises criteria representing the economic benefits of dif-
ferent sectors to assess three main scenarios, noticing that those benefits are not 
assigned direct but indirect forms of economic value where data is not sufficient. 
The LMB countries have widely agreed upon the potential areas for cooperative 
development, which are also highlighted in many reports and working papers 
published by MRC. Hydropower, navigation, flood management and mitigation, 
irrigation, fisheries, domestic water supply and tourism are the cooperative areas 
of paramount importance to the sustainable development of the LMB [31] [40] 
[115]. 
● Hydropower 

Despite concerns relating to environmental issues, hydropower still plays a 
significant role in the economic growth of the LMB countries, serving both local 
and export markets and representing 10% of the electricity demand of member 
countries [31]. From 2005 to 2015, the hydroelectricity production in the LMB 
increased around 3.5 times, from 9.3 to 32.4 GWh, reaching a gross value of 
more than USD 2 billion [116]. By 2015, 59 hydropower projects developing in 
the LMB had provided up to 35% of the total hydropower potential estimated for  
 
Table 8. Description of council study main scenarios [46]. 

Scenario 
Level of Development for water-related sectors Flood Plain 

settlement ALU DIW FPI HPP IRR NAV 

M1 2007 2007 2007 2007 2007 2007 2007 2007 

M2 2020 2020 2020 2020 2020 2020 2020 2020 

M3 2040 2040 2040 2040 2040 2040 2040 2040 

M3CC 2040CC 2040 2040 2040 2040 2040 2040 2040 
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the LMB [31]. And by 2030, MRB riparian countries are planning to construct 
88 additional dams along the river to meet the basin’s projected energy demand 
[41].  
● Fisheries 

Fisheries in the MRB, which comprises the world’s highest production vo-
lume, is a vital source of food and livelihood for the people in the basin [42] [116]. 
In 2015, the total capture fisheries production in the LMB, which constituted 45% 
of four riparian countries’ national output on average, was valued at USD 11 bil-
lion [31] [116]. 
● Navigation 

The Mekong River serves as a vital interior waterway for goods and passenger 
transportation and provides important international trade routes for riparian 
countries. Between 2007 and 2014, the volumes of cargo transported across four 
LMB countries increased by nearly 6.5% each year. The estimated annual net 
economic value of cargo transportation in 2014 reaching around 23 million tons 
[31]. The navigation sector is expected to increasingly contribute to the basin’s 
economic development, especially to the economic growth of Cambodia and Viet-
nam [116]. 
● Flood control 

Since severe floods in the MRB have led to devastating consequences and flood 
damages is expected to increase five to ten times by 2040 [116], flood control is 
becoming more and more essential to the development of the LMB. Therefore, 
this study attempts to qualify the effect of flood protection for different scenarios 
to present the economic benefit of the flood control system. 

As a consequence, four criteria along with nine sub-criteria were selected (Table 
9), and a hierarchical structure describing the decision-making problem in the 
LMB was introduced (Figure 2). 

 
Table 9. Identified criteria for evaluating water development scenarios in the LMB. 

Criteria Sub-criteria 

C1- Hydropower NPV of the hydropower sector for the three main scenarios (billions of US dollars) 

C2- Navigation 

C2.1- Annual total IWT cargo volume (ton) 

C2.2- Annual net economic value of IWT cargo volume (billions of US dollars) 

C2.3- Annual total IWT passengers (pax) 

C2.4- NPV of navigation sector (billions of US dollars) 

C3- Flood control 
C3.1- Effectiveness of Flood defense 

C3.2- NPV of investment in Flood protection (millions of US dollars) 

C4- Fisheries 

C4.1- NPV of fisheries sector for main scenarios (billions of US dollars) 

C4.2- Estimated monetary value of fisheries production for the corridor zones 
(US dollars) 

C4.3- Total fish production by development scenario across corridor zones (tons) 
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Figure 2. AHP model for evaluating water development scenarios in the LMB. 

3.2.2. Weighting Criteria 
Once the hierarchy has been constructed, pairwise comparisons, which includes 
comparing each criterion with all the other criteria at a particular hierarchical 
level regarding the ultimate goal, are used to identify preferences (relative weights) 
in the AHP model and, accordingly, a matrix with pairwise comparisons of cri-
teria is formed as illustrated in Equation (1) 

11 12 1

21 22 2

1 2
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n n nn
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a a a
a a a

a a a

… 
 … 
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=



                      (1) 

where ija    = the Saaty’s point for comparison between criterion i-th and cri-
terion j-th (i, j = 1, 2, ..., n), and ija    indicates the relative importance of cri-
terion i-th when being compared with criterion j-th, 

1 for  ; for ,1
ij ij

ji

i j ia a j
a

== = ≠  

n = number of criteria for comparison. 
Pairwise comparisons are made to obtain each criterion’s relative weight (rel-
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ative importance) in relation to the other criteria, using Saaty’s scale. Decision- 
makers commonly perform this process making their judgements based on their 
preferences when considering two criteria simultaneously. 

Due to the differences in the perception of the importance of criteria, the wei- 
ghts assigned to a particular criterion may largely vary, which subsequently causes 
the inability of decision-makers to give such an accurate and rational evaluation. 
To overcome this major drawback, the author presents a so-called “cooperative 
point” developed to determine the relative weights of criteria, which to the best 
of our knowledge, is the first model to propose a new method of obtaining rel-
ative importance of criteria in the AHP model. The cooperative point is calcu-
lated for each criterion using a combination between the cooperative level and 
the frequency at different cooperative levels of each criterion, which is extracted 
from Feng et al. (2019) after using several mathematical transformations as fol-
lows: 
● First, data on the frequencies and cooperative levels of all criteria and their 

cooperative points based on the Feng scale are obtained from below Equa-
tion: 

1
4

ii ii x yCP
=

= ∑                         (2), 

where: CPi = cooperative point of criterion i-th; 
xi = Feng scale’s point of criterion i-th in a particular water cooperative event; 
yi = frequency of criterion i-th at a particular cooperative level. 
The cooperative points of all criteria are clearly presented in Table 10. 

● Second, the differences in cooperative points between each pair of criteria are 
calculated by following equation: 

ij i jCP CP∆ = −                         (3), 

where: ij∆  = differences in cooperative points between criterion i-th and crite-
rion j-th. 

The pairwise differences of cooperative points are illustrated in Table 11. 
 
Table 10. Cooperative points of all criteria. 

Level of cooperation Feng scale’s point (xi) 
Frequency of criteria at every cooperative level (yi) 

C1-Hydropower C2-Navigation C3-Flood control C4-Fisheries 

Practice 7 8 2 0 1 

Agreement 6 4 2 1 1 

MOU/Declaration 5 4 2 0 0 

Consensus 4 0 3 1 0 

Research 3 2 1 0 0 

Discussion 2 2 2 5 0 

Willingness 1 3 1 2 0 

Cooperative point (CPi) 113 56 22 13 
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Table 11. Pairwise differences between criteria. 

 Pairwise differences Arranging in descending order Ranking 

Δ12 = C1 − C2 57 Δ14 100 1 

Δ13 = C1 − C3 91 Δ13 91 2 

Δ14 = C1 − C4 100 Δ12 57 3 

Δ23 = C2 − C3 34 Δ24 43 4 

Δ24 = C2 − C4 43 Δ23 34 5 

Δ34 = C3 − C4 9 Δ34 9 6 

 
● Third, the differences in cooperative points are transformed to a so-called 

“relative Saaty’s points” using a combination between Saaty’s scale and fol-
lowing equation:  

( ) ( )min

max min

1 8 1.9ij
ij ijS S

∆ −∆

∆ −∆
= + ∗ =                  (4), 

where: Sij = relative Saaty’s point of pairwise comparison between criterion i-th 
and criterion j-th, which indicates the relative importance of criterion i-th over 
criterion j-th when making a pairwise comparison. 

This formula assures to limit the relative Saaty’s point within the range of 
values from 1 to 9, which follows the 9-point Saaty’s scale. Accordingly, the rela-
tive Saaty’s points will be normalised to original Saaty’s points (Table 12). 

This new method of determining the relative importance of each criterion 
differs from the traditional method by assuming that: 1) Pairwise comparisons 
are made by considering the cooperative point of two criteria at one time rather 
than deriving from decision-maker evaluation, and 2) the more the cooperative 
point of a particular criterion (water-related issue) is, the more important it is 
with respect to the other criterion.  

3.2.3. Checking Consistency of the Pairwise Comparison of Criteria 
The AHP model’s consistency test is presented using the theory of maximum 
eigenvalues derived from eigenvectors of pairwise comparison matrix of criteria, 
and the consistency index and consistency ratio proposed by Saaty (1980) as fol-
lows: 

max

1
n

CI
n

λ −
=

−
                          (5) 

where: CI = consistency index 

maxλ  = maximum eigen values of pairwise comparison matrix of criteria 
n = number of criteria for comparison 

And CICR
RI

=                            (6) 

where: CR = Consistency Ratio 
RI = Random Consistency Index, varies according to the number of criteria 

used for comparison (n) as shown in Table 13. 
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Table 12. Saaty’s points of pairwise comparisons. 

 Sij Saaty’s point  Saaty’s point 

12a  5.56 6 21a  1/6 

13a  8.28 8 31a  1/8 

14a  9.00 9 41a  1/9 

23a  3.72 4 32a  1/4 

24a  4.44 4 42a  1/4 

34a  1.72 2 43a  1/2 

 
Table 13. Random consistency index [117]. 

Size of matrix (n) 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

 
And, finally, the obtained CR is acceptable if the CR is less than 10% (0.01). If 

the obtained CR > 0.01, the pairwise comparisons should be revised and ad-
justed. At the end of this step, the local priorities of all alternatives with respect 
to each criterion are derived. 

3.2.4. Ranking the Alternatives and Reaching the Conclusion 
In the last step, the alternatives’ overall priorities are obtained as a weighted-sum 
taking into account each criterion’s weight the local priorities of the alternatives. 
The ranking of the alternatives is presented, and the alternative at first rank is 
the best choice. 

4. Results 
4.1. The Evolution of Water Cooperation in the MRB 

The following sections detail the key findings relating to water cooperation is-
sues in the MRB before and after the establishment of MRC. Cooperative objec-
tives, along with their distribution and frequency and intensity distribution of 
water cooperation events, are discussed separately in order to highlight the noti-
ceable differences between the two time periods and describe the historical pat-
terns of water cooperation in the MRB. 

4.1.1. Objectives of Water Cooperative Events 
As can be seen from Table 14, over forty years (1975-2015), water cooperation 
events in the MRB encompassed a wide range of aspects of water resource man-
agement, from general objectives to very particular ones. While mainly focusing 
on six cooperative issues from 1975 to 1995, the MRB countries extended their 
cooperative objectives to a much broader spectrum in the next 20 years, covering 
the sustainable development issues of the basin, such as flood control and envi-
ronmental conservation. It was observed that four issues-hydropower, navigation, 
water quantity/water use and joint management are the popular water-related 
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Table 14. Changes in cooperative issues in the MRB between two time period 1975-1995 
and 1995-2015. 

Cooperative issues 1975-1995 1995-2015 

Hydropower ▲ ▲ 

Navigation ▲ ▲ 

Water quantity/water use ▲ ▲ 

Joint management ▲ ▲ 

Economic development ▲  

Infrastructure development ▲  

Fisheries  ▲ 

Flood control  ▲ 

Data sharing  ▲ 

Comprehensive development  ▲ 

Environmental conservation  ▲ 

 
matters that all stakeholders inconsistently promoted in their cooperative agen-
da throughout the time. As to development issues, riparian countries revealed a 
tendency toward collaboration on the comprehensive development of the basin 
as a whole rather than emphasising a particular development aspect, for exam-
ple, economic or infrastructure development. This change is understandable 
since the MRC was established to first and foremost manage the Mekong water 
resources and facilitate the sustainable development of the MRB through coop-
eration. Therefore, riparian countries under the MRC’s cooperative framework 
are likely to collaborate on extensive and long-term issues like comprehensive de-
velopment, covering all other development aspects of the MRB. 

4.1.2. Distribution (Frequency) of Water Cooperation Objectives 
It should be noted that the number of water cooperation events that occurred 
between 1995 and 2015 far outweighed those recorded between 1975 and 1995, 
with 87 and 35 events, respectively. The reasons behind this difference are em-
bedded in some aspects. Firstly, due to the increasing pressure on the environ-
ment and natural resources and population growth in the MRB over time, there 
has been a growing demand for collective action between Mekong countries, 
covering wide-ranging issues. Secondly, the establishment of the MRC has 
created a sound basis for further cooperative activities between the LMB coun-
tries and other countries and organisations. For the distribution of cooperative 
objectives, the results reveal some differences between the two time periods. Al-
though joint management and hydropower remain their dominant roles as two 
of the most frequent cooperative topics in the MRB, their rankings differ over 
time: joint management stood at the first place, and hydropower ranked in third 
place, accounting for respectively 37% and 17% of the total cooperative events in 
the period 1975-1995, whereas hydropower (26%) was the most preferred issue 
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followed by joint management (24%) during the 1995-2015 study period (Figure 
3). This finding shows a similarity with a study by Wei et al. [118] that confirms 
the significance of hydropower as one of the vital cooperative topics in MRB that 
appeared in newspapers from 1991 to 2018. Remarkably, before the establishment 
of the MRC, special attention was given to cooperation on water quantity/water 
use in the Mekong River, which made up 26% of the total cooperative objectives. 
In contrast, this was a matter of much lower concern in the next 20 years, com-
prising only 6% of all cooperative events. The data also indicate that navigation 
events were more frequent after 1995, and the proportion of cooperative events 
 

 
(a) 

 
(b) 

Figure 3. Distribution of cooperative events. (a) Distribution of cooperative events from 1975 
to 1995; (b) Distribution of cooperative events from 1995 to 1995. 
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associated with navigation has more than doubled from 6% to 15% in forty 
years.  

4.1.3. Cooperation Intensity Distribution 
As explained in Section 3.1, a 5-point cooperative scale was introduced combin-
ing BAR and Feng scale to compare the two event datasets. Thus, in this section, 
the cooperation intensity distribution will be analysed based on this new scale to 
depict the diversity in cooperative levels of water events in two time periods. 

1) In the period 1975-1995 
From 1975 through 1995, cooperation on hydropower, water quantity and in-

frastructure development occurred at the intermediate level (3-point) (Figure 4). 
For example, medium cooperative events concerning those three issues com-
prised at least 56% to 75% of the total events related to each topic. Notably, al-
though there were minimal economic development and navigation events before 
1995, all of them occurred at a relatively high cooperative level (3-point) com-
pared to other events. In contrast, more than 50% of events related to joint man-
agement, the most frequent cooperative issue, was primarily recorded at the lowest 
cooperative level (1-point).  

2) In the period 1995-2015 
About the distribution of cooperative levels during the 1995-2015 study pe-

riod, extremely cooperative events (5-point) mainly spanned objectives relating 
to hydropower, joint management and navigation, while environmental conser-
vation was the only issue with no event at the highest cooperative level (Figure 
5). In particular, 52% of hydropower events, 33% of joint management events 
and 31% of navigation events were extremely cooperative. Across all cooperative 
events, the number of events that occurred at the lowest cooperative level, on 
the contrary, comprised only 14% of the total. In addition, although there were 
minimum events concerning fisheries, all of them were at the highest cooperative 
level.  
 

 
Figure 4. Cooperation intensity distribution in the period 1975-1995. 
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Figure 5. Cooperation intensity distribution in the period 1995-2015. 
 

3) Comparing two time periods 
As shown in Figure 6, cooperative scales of events in the two periods were 

considerably different. Of all events recorded between 1975 and 1995, there were 
no events at the two highest cooperative levels (4-point and 5-point) no govern-
mental agreement was signed, and no institutional organisation was established 
between riparian countries. All cooperative events before 1995 were at interme-
diate and low cooperative levels (from 1 to 3-point), with a majority of them at 
the 3-point cooperative level, accounting for approximately 50% of total events. 
In contrast, the events that happened between 1995 to 2015 covered all coopera-
tive scales, especially at the highest level (5-point), which made up about 35% of 
all events. On the contrary, only about 5% of post-1995 events happened at the 
intermediate cooperative level (3-point). The high proportion of cooperative 
events at 4-point and 5-point levels (48%) after 1995 indicates that the riparian 
countries had a strong incentive to collaborate more closely under the institu-
tional changes (the establishment of the MRC). 

As described earlier, there are several water-related issues recorded in both 
periods, including hydropower, joint management, navigation and water quan-
tity/water use. The comprehensive development issue of the 1995-2015 period is 
considered equal to the combination of economic and infrastructure develop-
ment issues of the 1975-1995 period. Subsequently, the author constructed a ta-
ble with data on five common issues from 1975 through 2015 to examine the 
evolution of water cooperation in the MRB over time (see Table 15). 

The data in Table show the rankings of five regular water-related cooperative 
objectives in the MRB based on their cooperative points6. It can be concluded 
that water cooperation in the MRB has significantly evolved after establishing 
the MRC. Before 1995, joint management was the most significant issue to cross- 
border cooperation between MRB countries, followed by water quantity/water 
and navigation proved to be the least preferred issue in the cooperative scheme 
of the MRB states. While hydropower ranked in third place on the priority list 
of water cooperation in 1975-1995, it stood at the first position, with joint 

 

 

6The calculation of cooperative points was previously explained in Section 3.1. 
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Figure 6. Distribution of cooperative events with respect to cooperative levels. 
 
Table 15. Ranking of five common cooperative objectives in the MRB between 1975-1995 
and 1995-2015 period. 

Cooperative objectives 
1995-2015 1975-1995 

Point Ranking Point Ranking 

Hydropower 87 1 15 3 

Joint management 64 2 22 1 

Navigation 44 3 6 5 

Comprehensive development (economic 
+ infrastructure development) 

15 4 14 4 

Water quantity/water use 15 4 21 2 

 
management and navigation coming afterwards 1995-2015. Water quantity/water 
use, the second-ranked cooperative issue during 1975 to 1995, stood near at the 
end of the priority list at fourth place, similar to the rank of comprehensive de-
velopment issue in the period 1995-2015. 

4.2. Analysis of AHP Model for the LMB Case 
4.2.1. Criteria Weights 
As explained in Section 3.2.2, this study proposes a revised technique of making 
pairwise comparisons in the AHP model. Table 16 presents the results of the pair-
wise comparison matrix for four main criteria.  

Accordingly, the relative weights (priority vector) of the main criteria were ob-
tained using the normalisation principle with the acceptable results of pairwise 
comparisons equal to 0.07 (less than 0.1). As shown in Table 17, objective C1 
(hydropower) (0.667) is the most important criterion to be considered in the 
LMB’s decision-making process, followed by C2 (navigation) (0.200) and C3 (flood 
control) (0.08). Objective C4 (fisheries) with the relative weight of 0.053 ranked 
in the last place among four main criteria. The higher preference for flood con-
trol than fisheries (0.08 > 0.053) reveals the positive change in stakeholders’ 
perception toward prioritising essential factors for sustainable development ra-
ther than merely focus on the one with a high monetary benefit. The fact that  
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Table 16. Pairwise comparison matrix for main criteria. 

Criteria C1- Hydropower C2- Navigation C3-Flood control C4- Fisheries 

C1- Hydropower 1 6 8 9 

C2- Navigation 1/6 1 4 4 

C3- Flood control 1/8 1/4 1 2 

C4- Fisheries 1/9 1/4 1/2 1 

 
Table 17. Global weights of main criteria. 

Criteria C1 C2 C3 C4 Priority vector Ranking 

C1 0.7129 0.8000 0.5926 0.5625 0.667 1 

C2 0.1188 0.1340 0.2963 0.2500 0.200 2 

C3 0.0891 0.0333 0.0741 0.1250 0.080 3 

C4 0.0792 0.0333 0.0370 0.0625 0.053 4 

Consistency Index (CI) = 0.063; Consistency Ratio = 0.07 < 0.1, acceptable. 

 
hydropower was reported to be the dominant criterion in the overall ranking of 
main criteria is understandable, drawing from its significant role in the sustaina-
ble development and benefit-sharing scheme of the LMB. The Mekong River is 
under constant pressure from hydropower development with many completed, 
under-construction or being-planned hydropower dams in both mainstream and 
tributaries of the river. This substantial development provides riparian countries 
with considerable economic benefit but, on the other hand, alters ecosystems, 
change the hydrology and even negatively impact human livelihoods. From an 
economic perspective, hydropower is recognised as a potential source of elec-
tricity supply to ensure regional energy security and a source of export earnings, 
especially for the poor Mekong countries. The overarching effects of hydropow-
er require policy-makers and water managers to place it at the centre of the deci-
sion-making process in most cases. 

The local and global weights of all sub-criteria are clearly described in Figure 
7. While the global weights of the main criteria were obtained using pairwise 
comparisons, the local weights of sub-criteria were determined directly based on 
their economic meaning. For example, the three sub-criteria associated with C4 
can be classified into two groups with equal weight values (0.5 for each group): 
one group concerning monetary value of fisheries (including C4.1 and C4.2), 
and another one relating to fisheries production capacity (C4.3). Then, the local 
weights assigned for C4.1, C4.2 and C4.3 were 0.025, 0.025 and 0.5, respectively. 
Similarly, the local weights of the other sub-criteria were identified later on. Ac-
cordingly, the global weights of sub-criteria were determined by multiplying 
their local weights with the global weights of their respective main criteria. 

4.2.2. Final Ranking of the Scenarios 
1) For the LMB 
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Figure 7. Local weights and global weights of sub-criteria. 

 
After calculating the global weights of main and sub-criteria, the alternatives’ 

priority, which represents preferences of decision-makers on each development 
scenario against all criteria, are illustrated in Table 18. The AHP analysis result 
of the LMB surprisingly reveals that M3CC, the development scenario under 
climate change situation, was perceived as the most beneficial scenario for ripa-
rian countries, followed closely by M3-planned development scenario. When 
being evaluated against all criteria, the baseline scenario M1 ranked last in the 
priority list, with a minimal performance score of 0.060. Notably, the two first- 
ranked scenarios received the total global weight (performance score) 3.3 times 
higher than that of the two last-ranked scenarios, M1 and M2 (0.796 compared 
with 0.231). It can thus be suggested that despite the intense pressures from 
population growth and extreme events from climate change, water utilisation of 
the Mekong River economically benefits member states in the future, particular-
ly from activities relating to the LMB’s key development sector like hydropower, 
navigation and fisheries. Since each development scenario (alternative) was eva-
luated against all criteria and sub-criteria, the rankings of them would be 
changed by selecting different sub-groups of evaluation criteria. For example, 
considering only criterion C4 (consisting of three sub-criteria C4.1, C4.2 and 
C4.3), M1 was the most preferred scenario with the performance score of 0.0154 
(=0.0042 + 0.0037+ 0.0075), followed by M2 (0.0131), M3CC (0.0123) and M3 
(0.0121), respectively. In the case of ranking using criterion C3, the preference 
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order of four scenarios was M3CC in the first place, then comes M1, M3 and 
M2, respectively.  

2) For the four LMB countries 
Tables 19-22 described the global weights of criteria and the scenarios’ final 

ranking of four LMB countries in detail. Generally, the preference orders of de-
velopment scenarios are the same for all countries, with the ranking order from 
the best to the worst was M3CC, M3, M2 and M1. Similar to the LMB case, al-
though M3CC, the most favourable scenario, was of higher priority than the 
second-ranked scenario M3, the difference in performance scores between them 
was pretty low in each country’s case. In contrast, considering the two last-ranked 
scenarios, M2 and M1, M2 was valued much higher than M1 (approximately 
three to four times higher than M1). Scenario ranking was different across 
countries when considering each main criterion. For instance, M1 was the most, 

 
Table 18. Priority of four alternatives (water development scenarios) in the LMB. 

Scenarios 

Criteria 

Final weight Final rank 
C1 

C2 C3 C4 

C2.1 C2.2 C2.3 C2.4 C3.1 C3.2 C4.1 C4.2 C4.3 

M1 0.0148 0.0010 0.0005 0.0025 0.0041 0.0115 0.0107 0.0042 0.0037 0.0075 0.060 4 

M2 0.1191 0.0023 0.0017 0.0064 0.0098 0.0107 0.0075 0.0032 0.0033 0.0066 0.171 3 

M3 0.2646 0.0109 0.0114 0.0206 0.0431 0.0083 0.0055 0.0029 0.0032 0.0060 0.376 2 

M3CC 0.2684 0.0109 0.0114 0.0206 0.0431 0.0095 0.0164 0.0029 0.0031 0.0063 0.393 1 

 
Table 19. Priority of four alternatives (water development scenarios) of Laos. 

Scenarios 

Criteria 

Final weight Final rank 
C1 

C2 C3 C4 

C2.1 C2.2 C2.3 C2.4 C3.1 C3.2 C4.1 C4.2 C4.3 

M1 0.0083 0.0008 0.0007 0.0030 0.0041 0.0016 0.0005 0.0056 0.0051 0.0110 0.041 4 

M2 0.1463 0.0021 0.0019 0.0063 0.0100 0.0124 0.0066 0.0032 0.0034 0.0066 0.199 3 

M3 0.2496 0.0110 0.0112 0.0203 0.0430 0.0129 0.0045 0.0023 0.0024 0.0047 0.362 2 

M3CC 0.2628 0.0110 0.0112 0.0203 0.0430 0.0130 0.0283 0.0022 0.0023 0.0042 0.398 1 

 
Table 20. Priority of four alternatives (water development scenarios) of Thailand. 

Scenarios 

Criteria 

Final weight Final rank 
C1 

C2 C3 C4 

C2.1 C2.2 C2.3 C2.4 C3.1 C3.2 C4.1 C4.2 C4.3 

M1 0.0035 0.0013 0.0004 0.0047 0.0059 0.0018 0.0001 0.0053 0.0055 0.0102 0.039 4 

M2 0.0995 0.0025 0.0015 0.0072 0.0078 0.0180 0.0031 0.0031 0.0034 0.0065 0.153 3 

M3 0.2813 0.0106 0.0116 0.0191 0.0431 0.0000 0.0090 0.0025 0.0022 0.0051 0.385 2 

M3CC 0.2827 0.0106 0.0116 0.0191 0.0431 0.0201 0.0278 0.0024 0.0021 0.0047 0.424 1 
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Table 21. Priority of four alternatives (water development scenarios) of Cambodia. 

Scenarios 

Criteria 

Final weight Final rank 
C1 

C2 C3 C4 

C2.1 C2.2 C2.3 C2.4 C3.1 C3.2 C4.1 C4.2 C4.3 

M1 0.0000 0.0010 0.0005 0.0042 0.0061 0.0100 0.0172 0.0039 0.0039 0.0078 0.055 4 

M2 0.1443 0.0024 0.0017 0.0065 0.0110 0.0101 0.0106 0.0033 0.0032 0.0066 0.200 3 

M3 0.2624 0.0108 0.0114 0.0196 0.0415 0.0100 0.0015 0.0031 0.0031 0.0061 0.369 2 

M3CC 0.2602 0.0108 0.0114 0.0196 0.0415 0.0098 0.0107 0.0030 0.0030 0.0060 0.376 1 

 
Table 22. Priority of four alternatives (water development scenarios) of Vietnam. 

Scenarios 

Criteria 

Final weight Final rank 
C1 

C2 C3 C4 

C2.1 C2.2 C2.3 C2.4 C3.1 C3.2 C4.1 C4.2 C4.3 

M1 0.0526 0.0009 0.0005 0.0024 0.0039 0.0102 0.0119 0.0036 0.0034 0.0071 0.097 4 

M2 0.1237 0.0023 0.0017 0.0064 0.0097 0.0100 0.0079 0.0033 0.0033 0.0066 0.175 3 

M3 0.2450 0.0109 0.0114 0.0206 0.0432 0.0100 0.0054 0.0030 0.0033 0.0062 0.359 2 

M3CC 0.2458 0.0109 0.0114 0.0206 0.0432 0.0097 0.0148 0.0034 0.0033 0.0066 0.370 1 

 
and M3CC was the least beneficial scenario if valued against criterion C4 (fishe-
ries) in any case. Therefore, it can be realised that the total benefit that the LMB 
countries receive from the basin is increasing over time, but the benefit derived 
from each sector might differ. 

5. Discussion 

It is essential to understand the evolution of water cooperation in transboundary 
river context to be able to explore the impact of riparian countries’ attitudes to-
wards cooperation on the evaluation of different development scenarios. This 
paper presented an insightful analysis of water cooperation activities in the MRB 
from 1974 to 2015 and assessed water development scenarios in the LMB. As the 
findings have shown, there have been substantial changes in cooperative objec-
tives and levels between the MRB countries when comparing two periods of time 
(1975-1995 and 1995-2015). The considerable increase in the number of cooper-
ative events and the further extension of issues discussed across the time indi-
cates the willingness and commitment of member states to collaborate for the 
comprehensive development of the basin. Although each country has its empha-
sis on utilising Mekong River water, it is common for Mekong countries to coo-
perate to ensure regional water security and enhance their national strengths. 
More importantly, the progress on cooperation between Mekong countries, illu-
strated by the higher cooperative levels on all issues, shows that institutional 
mechanisms like the MRC can help address the water-related matters of signifi-
cant concern and foster inter-state cooperation. The establishment of the MRC 
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under the signing of the 1995 Agreement has provided essential support for mem-
ber states to cooperate more actively and closely, as also emphasised in research 
by Schmeier [119]. By facilitating communication between riparian countries 
and ensuring compliance with other international laws and rules [120], MRC 
helps to build mutual trust and provides a solid basis for further cooperation be-
tween countries. The findings provide evidence to dispel the doubt by previous 
researchers like I. Campbell (2009) regarding the MRC’s contribution to en-
hancing regional cooperation.  

More specifically, the analysis of water cooperation in the MRB portrays the 
following basic characteristics of evolutionary cooperation in the basin. 

1) Hydropower is recognised as the critical issue for cooperation along the 
Mekong River, as similarly highlighted by a study of (Wei et al., 2021) that hy-
dropower is the most frequent topic of cooperation in the Mekong basin. The 
overarching impact of hydropower development on various water-related sec-
tors, such as navigation, irrigation and fisheries, provides more potential space 
for cooperation negotiations. 

2) The Mekong countries have been transitioning from initial cooperation, fo-
cusing on matters of national interest like hydropower and water quantity, to in- 
depth collaboration concerning the environment and human beings. This sub-
stantial change coincides with member states’ perceptions toward the importance 
of maintaining mutual benefit and sustainable development of the basin. 

For the LMB’s assessment of water development scenarios, the assessment re-
sults describe a common trend to both the basin and member states towards the 
ranking of four scenarios. Note that not only water resource development but, 
more importantly, the future development of hydropower projects in the main-
stream of the Mekong River were included in the scenarios. Since hydropower 
was the issue of highest priority to all member states and the AHP model only 
concentrated on the economic benefit brought by main sectors, M3 and M3CC, 
the scenarios formulated with the existence of a large number of hydropower 
dams, are the two most beneficial scenarios to all LMB countries.  

This study sets out to develop a framework to integrate the evolution of ripa-
rian countries’ attitudes toward water cooperation into the process of evaluating 
water development in a transboundary river context. The analysis result of water 
cooperation in the MRB is constrained by the scope and the length of time cov-
erage of the dataset on water cooperative events. The availability of more recent 
and updated data extracted from the various dataset on water interactions in the 
international river basin will help to gain a proper understanding of progress on 
inter-state cooperation between Mekong countries. Moreover, to make the re-
sults of pairwise comparisons of the AHP model more practical and meaningful, 
it is essential to consider cooperative water events but also the conflict zones due 
to the inevitable coexistence of cooperation and conflict in the context of trans-
boundary river management. With the limitation of current data available on the 
monetary benefit of key water-related sectors in the LMB, the number of criteria 
selected for the AHP model is relatively small. Irrigation is also one of the sig-
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nificant economic activities in the Mekong River but is not included in this 
study, leading to inappropriate evaluation. As the model is applied to more cas-
es, an adequate set of criteria should be employed and, also, different scenarios 
underestimated climate change situation and human activities should be incor-
porated into the AHP model to produce a comprehensive assessment result. 

6. Conclusions  

Water cooperation is broadly regarded as a valuable method to resolve disputes 
over shared waters and a prerequisite for facilitating river basin’s sustainable de-
velopment. By capturing the advancement in cooperative scales and objectives, 
this paper presents an insightful overview of the gradual transition in the MRB’s 
cooperative scheme to underpin future transboundary water management and 
negotiations in the basin. The evaluation of water development scenarios in the 
LMB is of significant importance, as it serves as the basis for basin planning and 
supports the decision-making process. There exists a strong need for implement-
ing economic assessment of shared water to enable more practical river planning 
and provide economic incentives that can affect the riparian countries’ attitudes 
[121]. This study has shown the applicability of the AHP as a potential method 
to making decisions in the transboundary river context. 

Furthermore, this method appears to be effective in incorporating stakehold-
ers’ perceptions into the decision-making process. 

The analysis of water cooperation in the MRB suggests several implications 
for policy-makers. Firstly, due to the rapid changes of climate, hydrological con-
dition and geopolitical sensitivity of the Mekong River, cooperative activities in 
the Mekong River should focus on water security matters, increasingly becoming 
solid incentives for collaboration between member states. Cooperation on issues 
concerning water security with the involvement of all Mekong countries can me-
diate national interests, which, in turn, will help to resolve conflicts over water in 
the MRB [122]. Cooperative security implies strengthening both national and re-
gional security as a whole through communication and cooperation. Secondly, 
since the international organisation like MRC is considered the legal backbone 
of international cooperative efforts, the role of the MRC should actively provide 
member states with a clear cooperation plan that can attract member states’ wil-
lingness to join. Besides, water cooperation in the Mekong River should be re-
garded as a helpful resolution for any conflict over water in the basin. Thirdly, 
although bringing more economic benefit to the LMB countries, planned devel-
opment scenarios in the LMB should also be carefully examined based on the 
inter-sectoral impacts to show a complete evaluation of future development of 
the LMB. This study can be further expanded to 1) explore and estimate the fu-
ture evolutionary pattern toward both cooperation and conflict over Mekong 
water to address the significant issues that riparian countries should take into ac-
count in their planning process; 2) focus on other economic sectors in the LMB 
to provide a more extensive assessment of development scenarios. 
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