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Abstract. Climate change, hydropower dams, and socio-economic development in the Mekong 

River areas have resulted in unpredictable changes in surface water resources and agricultural 

practices in the Vietnamese Mekong Delta (VMD), the decisions making on water resource 

management challenging in the region. This study aims at applying the Dynamic Adaptive 

Policy Pathways (DAPP) approach to develop solutions roadmaps supporting rice production in 

the Mekong Delta with a projection to 2030 under the context of uncertain changes on surface 

water resources. Data were collected from local officers, farmers, experts at Can Tho University, 

TU Delft University, and Utrecht University via using semi-structured interview techniques 

including stakeholder workshops, group discussions, and in-depth interviews. The proposed 

solutions from stakeholder’s opinions were evaluated at different socioeconomic and 

environmental dimensions, especially focusing on the time of executing the tipping point of each 

solution. The study presents two solutions roadmaps developed as examples to promote rice 

production in flooding area of the VMD, which are validated and consolidated by the 

participated stakeholders. The DAPP approach could be suitable to support decision-making on 

surface water resources management in the context of uncertain changes, it is helpful reference 

for policy makers on agricultural land and water use planning. And Further studies should be 

developed to apply this approach to other regions in the VMD  to reinforce the applicability of 

the DAPP approach on supporting decision-making in the context of increasingly uncertain 

changes in the VMD. 

Keywords: decision-making approach, uncertain changes, water resources management, Vietnamese 

Mekong Delta. 
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1. INTRODUCTION 

Water resources continue to play an important role in socio-economic sustainable 

development of nation; however, its quality and quantity are decreasing while the demands for 

water are increasing. Water resource changes are driven by a variety of variables and this 

process is fluctuated overtime. Therefore, water resource management issues should be 

evaluated from a variety of perspectives, unfortunately, studies on analysis and evaluation of 

those are limited, particularly in developing countries, due to a lack of facilities and approaches 

to assist in decision-making [1]. It is difficult to make an effective choice on water resource 

management in the future due to unanticipated changes in climate, socio-economic development, 

and policy relating to water resources [2]. Currently, decision-making is frequently based on 

predicted scenarios that do not cover all possible factors, this results in applying solutions is 

ineffective, especially in the case the future environment differs from the initial development 

plan [3, 4]. In principle, developing, drafting, and executing any plan is a time-consuming and 

expensive process, so in the case developed plans differ from actual expectations, it causes 

significant losses of resources including time and finance, as well as negative impacts on 

common growth [3]. Furthermore, problems relating to water resource fluctuation are usually 

nonlinear and seem to be complicated systems in which decision-makers frequently restrict 

general understanding about concerns relating to water resource variation. It brings difficulties 

for decision-makers in selecting the best solution for water resource management [4]. As a 

result, instead of relying on simulation findings, the current approach to water resources 

management should focus on risk management in order to react to the uncertainties. Distinct 

strategies and approaches enabling decision-making have been investigated and utilized 

depending on the characteristics of different spatial, temporal, and objective contexts. Typical 

approaches on water resource management have been used, such as the Dynamic system 

approach [5 - 7], Real options analysis – ROA [8 - 10], Robust decision making – RDM [11 -

13], Adaptation pathways -AP [4, 14, 15], Adaptive policy-making – APM [16, 17], and 

Dynamic adaptive policy pathways – DAPP [16,17]. In the mentioned approaches, the DAPP 

approach is evaluated to be effective in supporting decision-making in adaptive water resources 

management with future uncertainty [10, 11, 18]. The theory of the DAPP framework is 

concretely guided by the implementation process and mathematical modeling tool aid in the 

selection of optimal solutions [19]. Even though the DAPP approach was applied in integrated 

water resources management in the world, it still has limitations for applying practical context in 

Viet Nam. Therefore, this study applied the DAPP approach to develop solutions roadmaps for 

rice development in the VMD’s floodplain to adapt to uncertainty of climate change impacts and 

surface water resources availability change in the Mekong River.  

The Vietnamese Mekong Delta (VMD) is one of the global deltas negatively affected by 

climate change and hydropower development in the Mekong River. Approximately 80 % of the 

surface water resources in the VMD come from outside of the territory. Therefore, any changes 

in discharge to the Mekong River will have a significant impact upon the surface water resources 

of the VMD [20, 21]. Changing surface water resources in the VMD has been linked to 

increased erosion [22], changes in river morphology [23], changes in flood water levels [24], and 

reduced sediment accumulation [25]. In addition, internal socio-economic and agricultural 

growth, such as rice intensification and changes in land-use patterns, also had impacts upon the 

VMD's surface water resources [21, 26, 27]. These characteristics are interrelated and they 

include uncertainties that make managing surface water resources in the Delta to be problematic 

in the present and future. Meanwhile, the surface water resources management in the VMD has 

many limitations, such as overlap in functions and tasks among agencies, and decision-making 



 
 

Hong Minh Hoang, Nguyen Hong Tin, Dinh Diep Anh Tuan, Van Pham Dang Tri 
 

 

270 

in water resources management has not taken into account future uncertainties [28, 29]. To 

adjust to the uncertainties and ensure water sources for sustainable agriculture development in 

the VMD, there should be changes in the decision-making method on surface water resource 

management. Therefore, this study aims to apply the DAPP approach to develop solutions 

roadmaps in surface water resource management for rice production in the Delta's floodplains in 

order to adapt to climate and surface water resource changes in the Mekong River. 

2. METHODOLOGY 

2.1. Study framework  

The study framework (Figure 1) was developed based on the theory of integrated water 

resources management (IWRM) to describe different factors impacting on water resource 

management and agricultural production under uncertainty contexts in flooding areas of the 

VMD. The factors shown in the study framework include: 

- External factors: include changes of surface water resource availability from the Mekong 

River and climate change. In particular, the impacts of climate change were integrated into 

the evaluation process such as rainfall, temperature, and extreme weather that directly 

impact on agricultural production in the study area.  

- Agricultural factors: include farming patterns, soil and water quality for farming activities, 

and market fluctuation.   

- Irrigation system factors: include dikes, sluices gates, pump-station and canals system.  

- Management factors: include implementation of policies, plans, solutions in agriculture 

development, and the monitoring and evaluation impacts of factors on water surface 

resources and agricultural production in the study area. 

 

Figure 1. The study framework.  

Uncertain 

Changes 

External factors: 
- Flooding changes in upstream 

- Climate change (extreme weather, 

rainfall, temperature) 

Irrigation systems: 
- Pump-station system 
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There is an interaction between surface water resources and agricultural production in 

flooding area of the VMD, and both are currently affected by surface water resources changes in 

the Mekong River and climate change. These impacts are increasingly following the 

unpredictable trend and creating many uncertainties that lead to the high pressure on 

management in both adaptation and meet future agricultural development goals in the study area. 

Currently, the management of water resources and agricultural production in the study area still 

has many limitations, especially there is an isolation and inconsistency in the solutions 

implementation that makes it difficult to achieve the goals of planning development. This study 

focuses on the current problem of limitations in solutions implementation by applying a new 

approach in building solutions roadmaps for rice production development in the study area to 

2030 in the context of uncertain changes in surface water resources in the Mekong River and 

climate change. 

2.2. Study area 

The study selected sub-region I.1 (Figure 2) in zoning irrigation planning of Dong Thap 

province (Viet Nam) to 2050 [32], representing flooding area in the VMD, to develop solutions 

roadmaps for rice production to adapt to the changing climate and surface water resources. The 

study area is directly affected by flood in Tien River during the whole year and overbank flows 

(from the common border between Viet Nam and Cambodia) during the annual flooding season. 

The main existing land use types in the study area are double and triple rice systems. The current 

constructed irrigation systems have multi-functions like water management (supply and 

drainage), preventing floods, and transportation. In the double rice area, the irrigation systems 

are August dyke systems (low and temporary/uncompleted) that are usually facing the impacts 

of erosion and inundation.  

 

Figure 2. Land use in 2020 of the study area.  

2.3. Data collection  

2.3.1 Stakeholder workshop 

A workshop at the Can Tho University was organized to discuss the issues related to 

surface water resources management, rice production, and climate change in the VMD, focusing 
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on the study area. In addition, in the workshop, the participants also offered, analyzed, and 

selected suitable solutions for rice production in the study area. The participants were the 

scientific experts on climate change, water resources management, farming systems, and socio-

economic fields at Can Tho University, TU Delft University, and Utrecht University.  

2.3.2 Key person interview  

The officers at the provincial, district, and commune levels were invited to interviewed in 

the current status of rice cultivation and changing in surface water in Dong Thap province. At 

the provincial level, the study interviewed representatives from the Department of Natural 

Resources and Environment (DONRE), and Department of Agriculture and Rural Development 

(DARD). At district level, the study interviewed representatives of the Division of Agriculture 

and Rural Development in all the districts of Dong Thap province. At the commune level, the 

study interviewed commune staff in charge of agriculture management of three communes in the 

study area.  

2.3.3 Group discussion  

Six group discussions were organized to collect data relating to rice cultivation including 

technology, trading, impacts of climate change, and surface water resources changes. Among 

discussions, 03 groups of double rice systems, and 03 groups of triple rice systems, each group 

included 8-10 participants.  

2.3.4 Farmer interview 

In this study, 180 rice farmers were interviewed to collect data on livelihood capital and 

activities, impacts of changes in surface water resources on rice production at farm level. In 

addition, farmers’ further livelihood strategies and conditions to operate those strategies are                  

also involved.  

2.4. Building solutions roadmaps  

 

Figure 3. The dynamic adaptive policy pathway approach on water resources management [30]. 
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The DAPP decision-making approach was applied to develop solutions roadmaps on 

surface water resource management for rice production to 2030 in flooding area of the VMD. 

The DAPP approach (Figure 3) includes 10 steps, in which the study focuses on steps 1 to 7 to 

develop solutions roadmaps. 

Step 1: The study conducted field surveys to collect data on farming activities, irrigation 

systems, and future production development plans, with a focus on rice production. In addition, 

the study investigated the impact of changes in water resources in the Mekong River and climate 

change on water resources management for rice production via group discussions. 

Step 2: The study applied the system analysis framework DPSIR (Driver forces, Pressures, 

Status, Impacts, Responses) and sustainable livelihood development framework DFID to analyze 

and evaluate the current status of rice production in the study area under the impact of climate 

change and changes in water resources in the Mekong River based on the collected data in Step 

1. This step identifies the benefits, drawbacks, and highlight critical issues, particularly the 

uncertain changes that may affect rice production development objectives in the study area to 

2030. In addition, the study synthesizes solutions that can meet the goal of rice production 

development in the study area to 2030, including solutions to enhance local advantages and 

solutions to adapt to uncertain changes in the future.  

Step 3: The study organized an expert workshop at Can Tho University to discuss and 

analyze solutions to be implemented for the goal of developing rice production in the study area 

until 2030. In the workshop, the study presents the results in Step 1 and Step 2, including 

advantages and disadvantages in the current situation, challenges and uncertain changes in the 

future, and solutions for implementation. The result of the workshop was to determine the 

solutions implementation that were proposed in Step 2 to support the objectives of rice 

production in the study area to 2030. The solutions were considered in multi-criteria evaluation 

(Table 1) and quantification based on the Likert scale of 5-level including represented positive 

and negative effects by participants in the solutions development process. The study proposed 

two groups of solutions implement, including (1) a group of solutions for irrigation and (2) a 

group of solutions for agriculture. 

Table 1. The criteria for evaluating solutions. 

No. Criteria Explanation     

1 
Implement 

ability 

Does the solution solve the current problem and meet the future 

goals in implementation? 

2 
Human 

resources  

Can the implementation capacity, in particular, the factors of local 

capital and human resources meet the implementation of the 

solution? 

3 
Socio-economic 

efficiency 

Does the solution bring socio-economic effects (directly or 

indirectly) to the study area? 

4 
Impact on 

livelihoods 

The implementation of the solution affects the livelihoods of 

farmers in general (increase, decrease, and remain constant) in the 

place where the solution is implemented as well as elsewhere, or 

impact in the future. 

5 
Impacts on 

surface water 

resources 

The implemented solution has impacts (positive, negative) on the 

change of surface water resources (including quality and discharge) 

in the place of implementation as well as impacts elsewhere. 
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Steps 4: The study directly consulted with experts from Can Tho University, TU Delft 

University, Utrecht University, and representatives from Departments of Agriculture and Rural 

Development, Departments of Natural Resources and Environment and Divisions of Agriculture 

and Rural Development of all districts in Dong Thap province to evaluate the solutions selected 

in Step 3 and specify the tipping point (time for transfer) of solutions. The solutions were 

considered in multi-criteria evaluation (Table 1) and quantification based on the Likert scale of 

5-level including represented positive and negative effects by participants in the solutions 

development process. The criteria given are based on Decree No. 01/2020/ND-CP and Decree 

No. 84/2015/ND-CP on monitoring and evaluation of investment projects.  

Steps 5: The study synthesized the evaluation results of experts from Steps 4 and used the 

Pathway tool to design a map of solutions like shown in Figure 4. The solutions map shows the 

time span in the period of plan and the tipping point of the solutions. Besides, the solutions map 

also shows the transfer time between difficult solutions. The solutions map shows the 

performance characteristics of the solutions as well as the variety in the implementation of the 

solution. It can be explained that when a solution is implemented, it is only effective in a certain 

period of plan, meets all the stages of plan, and supports as a condition for another solution 

implement. Therefore, the solutions map is meaningful in showing the characteristics of 

solutions (implement time, transfer time, and ability to implement solutions) and serve as a basis 

for analysis and select solutions roadmaps for the development of rice production in the study 

area by 2030. 

 

Figure 4. The solutions roadmap by adaptive pathways approach [4].  

Step 6: The study conducted direct interviews with experts from Can Tho University and 

representatives from Departments of Agriculture and Rural Development, Departments of 

Natural Resources and Environment and Divisions of Agriculture and Rural Development of all 

districts in Dong Thap province to determine the solutions roadmaps from the solutions map in 

Step 5. Each expert will provide a different implementation roadmap according to the area of 

expertise and objective opinion of each expert interviewed. The study has synthesized the 

solutions roadmaps by different experts and used the Pathway tool to build a roadmap of 

solutions implementation to meet the objectives of rice production development in the study area 

by 2030. 
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Step 7: The study synthesized solutions roadmaps from different experts. Each specialist 

will have a different roadmap for solutions implement. However, a solutions roadmap must be 

chosen from different solutions roadmaps in order to support the rice production plan in the 

study area by 2030. The study applied statistical approaches to choose a solutions roadmap from 

the data of solutions roadmaps. The solutions roadmaps were chosen where the solutions in the 

roadmap have the highest selection rate. Specifically, the study arranged solutions following 

different implementation stages of each roadmap and at each stage, a solution with the highest 

selection rate will be selected. The process is carried out starting from stage 1 to the end stage. 

When a solution is chosen in stage 1, it does not count for stage 2, and that is replaced until the                              

final solution. 

3. RESULT AND DISCUSSION 

3.1. The adaptation roadmaps based on irrigation solutions 

Figure 5 shows different roadmaps of solutions based on different experts' suggestions for 

rice production development in the study area until 2030 according to various viewpoints. 

Different participants came up with different solutions roadmaps (dark line). The outcome 

revealed that each solution is equally capable of performing at various phases. Therefore, it's 

critical to choose and arrange solutions in accordance with the 2030 solution roadmap. Based on 

the approach of determining solutions roadmaps, the study developed an irrigation solutions 

roadmap for rice production in the study area by the light line in Figure 5. 

 

Figure 5. The proposed adaptation roadmap based on irrigation solutions for rice production purpose                   

in the study area to 2030. 

In the first two years, it is proposed to finish the system of internal dikes and sluices to 

assist local farmers in avoiding flooding during the harvesting season when floods occur. 

Improving internal dikes and sluices systems also aids in the management of water for rice 

crops. In the next two-year period, it is suggested that the region's transportation system be 

complete, with the primary service being to improve conditions for rice cultivation. The 
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transportation system makes it easier to travel and transfer goods, allowing the region's 

production to be linked. The next period (from 5
th 

to 6
th
 year, referred to the year 2020), the 

solution on completing the infield traffic system will be carried out. The solution is to improve 

the infield transportation system to facilitate local farmers for the rice cultivation process. In 

detail, the infield transportation system makes it easier for local farmers to transfer goods to rice 

fields, lowering production costs. This is especially beneficial for farmers who live far away 

from their fields. The next period (2026 - 2028), the investigation into the construction of 

electric pumping stations and the operation of automatic sluice gates is undertaken. This solution 

will make it easier and more convenient to operate the sluice gates system and pumping station, 

as well as minimize labor costs while increasing efficiency. The last period (2028 – 2030), 

dredging the canal system was done to make it more convenient for irrigation water delivery and 

drainage. Because of the existing state of the canal system, particularly infield canals, it has 

caused challenges in irrigation for local farmers' rice production activities. Furthermore, the 

dredging canals system improved transportation for rice commerce in the research area. The 

solution is executed regularly year by year from now to 2030 according to the level of 

deposition. In this period, the last solution is applying technology in operating the sewer system 

and pumping stations. This is a high-tech application solution for remote autonomous irrigation 

operation and management, assisting the local government on management and adaptation to the 

abnormal changes in the Mekong River. This goal of the solution is to improve irrigation 

management efficiency in the study area.  

3.2. The adaptation roadmaps based on agricultural solutions 

Similar to the roadmap for irrigation solutions, the implementation of the roadmap for 

agricultural solutions (Figure 6) has been synthesized from the experts’ suggestions (dark line) 

to support the objective of rice production in the study area by 2030. The study has developed an 

agricultural solutions roadmap (light line in Figure 6) to support rice production in the study area 

until 2030 in response to the effects of climate change and surface water resources. 

 

Figure 6. The proposed adaptation roadmap base on agricultural solutions for rice production purpose in 

the study area to 2030. 

In the first two-year period, the solution for large-scale rice production has been 

implemented. Implementing this method makes it easier to zone agricultural productivity and 
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control irrigation. This solution is suitable with the plan of agriculture development in the study 

area, as well as in Dong Thap province to 2030. The next two-year period, it is proposed to 

implement the policy solution for land accumulation. The land accumulation will promote 

agricultural production (in particular rice production) becoming more efficient due to the 

unification of applying techniques on a large area that helps to create products with higher 

quality and quantity than current production activities.  

The next period (from 5
th 

to 6
th
 year, referred to the year 2020), the next solution is to carry 

out the rice production following the seasonal schedule of the local government. The production 

following the seasonal schedule will help to create a large product quantity and reduce hazards 

such as diseases, pests, and floods, as well as facilitating irrigation management. Furthermore, 

combining the production in a large area solution with the seasonal schedule solution will aid in 

the cultivation process (e.g., irrigation and harvesting) and production linkages. In this period, 

the solution on cooperating production solution including horizontal linkage (between producing 

farmers) and vertical linkage (between groups in the production stage) can be done. The linking 

of rice production will bring more benefits and avoid the impacts of market fluctuations for local 

farmers. The next period (2026 - 2028), the solution on improving capacity management for 

local staff in charge of agriculture and irrigation will be conducted. This approach aims to assist 

the use of technology in rice production and production linkage in the future, particularly in 

responding to new climate change circumstances and changing surface water resources in the 

research area. The last period (2028 - 2030), the last solution is to apply new technologies and 

techniques to rice production. This solution will help minimize labor and enhance the 

management ability for rice cultivation because most of the stages in the cultivation process are 

replaced by technological equipment (such as harvesting, irrigation, sowing, etc.). In addition, 

investing in technology applications in a large production area will be more financially effective 

than in a small area. Besides, technology investment in rice production after the land 

accumulation solution will help irrigation management become easier and reduce labor in the 

rice cultivation process. Furthermore, combining new technology and techniques will support 

increasing the adaptability of the impacts of climate change and changes in surface water 

resources during rice production.  

3.3. Discussion 

The study has developed 02 solutions roadmaps to be referred for rice production strategies 

in the study area to 2030 by using the DAPP approach. For the irrigation solution roadmap, the 

solutions focused on construction. For the agricultural solutions roadmap, the solutions focused 

on policies, technology and techniques in production. In term of analysis process of solutions 

roadmap for irrigation and agriculture, the study found that, in order to effectively implement the 

agricultural solutions, the irrigation solutions should be implemented priority. Specifically, the 

dikes system and pump-stations need to be completed to easily regulate irrigation water that 

created favorable conditions for technical water-saving irrigation for rice cultivation effectively. 

In addition, it is possible to conduct a combination between the solutions roadmaps of irrigation 

and agriculture that helps local farmers tackle difficulties in the rice production process and 

adapts well to flood variations in the Mekong River and climate change.  

According to the original solutions, the participants can develop into a variety of distinct 

adaptation solutions roadmaps, providing decision-makers with more options for solutions 

implement. The approach has more advantages to support the decision-makers in choosing the 

right solution on time as well as selecting suitable roadmaps for rice production in the study 

area. Furthermore, the solutions were evaluated using various criteria and chosen based on 
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participants that avoid the disadvantages during the implementation process. In addition, through 

monitoring the process of solutions implement, decision-makers can alter original solutions if 

the uncertain factors occur or the solution is unsuitable with the initial goal. Furthermore, the 

solutions roadmap aids in avoiding duplication in solutions execution and diversion from 

development goals. 

The tipping point of solutions is to determine the time solutions implementation as well as 

the time to change solutions. Besides, the tipping point also aids in avoiding solutions being 

implemented for longer than they were intended, which will affect the implementation time of 

other solutions and the development plan. However, determining the tipping point is dependent 

on the current circumstance, such as financial and human resources as well as the evaluation of 

stakeholders in the developing solutions roadmap. Therefore, most solutions in this study are 

unable to exactly predict the tipping point that is only determined by the period time. 

Furthermore, an important issue about the tipping point shown in this study is that there is a 

continuous in the implementation of solutions. Specifically, it is not necessary to complete the 

first solution and then implement the second solution as shown in Figure 5 and Figure 6; it is 

suitable that the second solution can be implemented in possible time while the first solution is 

being implemented. The time of solution is a limitation for the solution to be completed.  

The recommended solutions, according to the DAPP approach, were the result of a 

synthesis of expert proposals from many domains, which were then examined in a variety of 

aspects. In terms of advantages, the solutions were diverse in many fields to address the problem 

of the study area, and the solutions were analyzed in many different aspects that will help to 

choose suitable solutions. Furthermore, the solutions roadmap is chosen through a process of 

evaluation and consensus among many stakeholders, which helps to minimize negative 

influences throughout the implementation phase. In terms of restrictions, it was difficult to 

achieve a consensus on the remedies because each expert has differing perspectives. Besides, if 

unsuitable experts are involved in the proposal, analysis, and evaluation process, this will create 

many negative signals and lead to difficult to choose suitable solutions for development plans.  

To sum up, using the DAPP approach to manage water resources was an appropriate 

decision, because it support identifying suitable solutions and constructing solutions roadmaps to 

satisfy the development objectives. The approach follows a progression from identifying 

problems to propose solutions roadmaps implementation through 10 clearly guided steps, 

especially the involvement of stakeholders in the process of development solutions roadmaps. 

Through the implementation solutions roadmap, the monitoring will help the solutions 

implementation to stay on track with the development purposes. It is especially possible to adapt 

to uncertainty changes through changing new solutions when the original solution is no longer 

suitable due to changes in implementation conditions. To effectively apply the DAPP decision 

approach to surface water resources management in the VMD's flooding area, participants must 

be experts and clearly understand the development purpose and involvement throughout the 

process of developing the solutions roadmap. Besides, it is necessary to use many tools and 

methods to support in choosing the appropriate solutions implementation roadmap. 

4. CONCLUSION 

The study developed two roadmaps of irrigation and agriculture solutions as examples for 

the orientation of rice production in the study area to 2030 to adapt to the impacts and uncertain 

changes in surface water resources and climate. In each group of solutions, the study has 

arranged and determined time constraint (the tipping point) of solutions implementation.  It is 
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necessary to combine solutions roadmaps in implementation process to save the sources of time 

and economics, and enhance the efficiency of achieving goals in the future. In which, the 

irrigation solutions should be implemented priority to support agriculture solutions effectively.  

The DAPP approach helps to evaluate uncertain factors involved in the implementation of 

solutions and keep solutions stay on track for long-term purposes. This is a roadmap for 

dynamically changing solutions, which can be changed when they are no longer suitable for 

implementation conditions. The DAPP approach supports decision-makers responsible for 

selecting and implementing the appropriate solutions to adapt to uncertain changes.  

The solutions roadmap in this study focused on solving the problems in surface water 

resource management and rice production development in the study area. Therefore, further 

studies can apply this approach to extend to other areas in the VMD related to adaptation to 

uncertainty. 
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