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I. Kurze Darstellung des Projektes  

I.1 Aufgabenstellung  

UNU coordinated WP2 - Drivers of change, WP4 - Pollution and Food Security (UNU-I), and WP6 
- Changing Livelihoods and Implications for Local Food Security and Risk Profiles (UNU-II). UNU-
I (WP2) contributes to the project by exploring the root causes of salinity intrusion and agricultural 
system changes observed in both the Mekong Delta and Red River Delta, particularly in the 
coastal areas (Task 2100, 2200), and projecting future development of land use and livelihood 
(Task 2300). In order to achieve these objectives, UNU-I (WP2) planned to carry out an 
assessment of past and current drivers of change in the studied deltas, capturing social, 
economic, political and environmental dimensions. In addition, major land use changes in the 
Mekong Delta are expected to closely correlate with policy changes and socio-economic 
transformations, such as the policy reform Doi Moi. UNU-I (WP2) therefore aimed to conduct a 
literature and secondary data analysis as well as interviews and focus group discussion with 
authorities and farmers in a participatory manner and survey in the coastal provinces in both 
deltas to explore and relate changes in land use systems to various drivers of change. The work 
of UNU-I (WP2) contributes to one of the main goals of the project that aimed to explore the 
drivers and consequences of socio-ecological changes in the coastal areas of the RRD and MKD 
in the context of increased salinity levels. The analysis of drivers therefore aimed to allow for their 
contextualization and thus for the development of meaningful recommendations.  

For a sound risk assessment, WP4 (UNU-I) aimed to focus on evaluating the ‘usual’ risk potential 
of agrochemicals under specific site conditions, like typical concentrations in soils and sediments 
of the Mekong and the Red River Deltas (Task 4100), time aggregated (over the rainy and the 
dry season respectively) lateral losses from these systems to the environment, the role of salinity 
and land use changes on dissipation rates, and the transfer of, e.g., shrimp-specific 
agrochemicals into rice, the shrimp itself, or fish, depending on the typology of farm systems (Task 
4200, 4300). By conducting the above research, UNU-I (WP4) aimed to identify the role of the 
specific environmental conditions for current and future risk assessment of the antibiotic and 
pesticide pollutants in the studied land use systems and the potential exposure to the human food 
chain. The research of WP4 contributes to enable the identification of the role of specific 
environmental conditions for current and future risk assessment of the antibiotic and pesticide 
pollutants in the studied land use systems and the potential exposure to the human food chain.  

The overall aim of the WP6 (UNU-II) is to develop a typology of livelihood changes observed in 
the Mekong and Red River deltas, particularly in the coastal provinces and to examine specific 
implications of changing livelihoods and different risk profiles and food and livelihood security. 
UNU-II contributes to the project by conducting a literature and document analysis (Task 6100) 
as well as a large household survey (Task 6200) that would allow identifying more precisely the 
different impacts of livelihood changes on risk, livelihood and food security. Against the 
background that drivers of change will affect various farming systems and respective livelihoods 
differently and land-use and environmental changes will create new emerging risks profiles and 
challenges for livelihood and food security, UNU-II aimed to explore recent changes in livelihoods 
and associated risks for livelihood security and food security at a local scale. The research in 
WP6 contributes to understanding the broader risk and vulnerability profiles of different 
households and livelihood clusters for example in terms of their access to resources and 
adaptation options. The historical analysis of changes in livelihoods and their potential drivers 
aimed to provide a sound information basis to derive important recommendations on how to 
strengthen the resilience and adaptive capacities of different households. The work package also 
enables to identify various risk profiles that are an important basis for governmental and non-
governmental adaptation strategies. 
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I.2 Voraussetzungen, unter denen das Vorhaben durchgeführt wurde  

In DeltAdapt UNU-EHS partnered with institutions, where former collaboration existed as well as 
with new partners to build an interdisciplinary team. UNU-EHS has been working in the Mekong 
Delta in Vietnam since 2007. A continuous presence in Vietnam since 2007 allowed for 
collaboration and trust building such as with Can Tho University - the leading university in the 
Mekong Delta. Likewise, presence and sustained investments into transdisciplinary   collaboration 
helped to build trust and cooperation with local government officials such as employees of 
provincial and district level Departments of Agriculture and Rural Development (DARD) and 
Department of Natural Resources and Environment (DONRE). UNU-EHS based the project on 
an existing, in-depth knowledge and expertise regarding the vulnerability and risk landscape of 
communities in the Mekong Delta including the assessment of water-related hazards such as 
droughts, floods and pollution. The institute also involved in other vulnerability and risk 
assessment, including ecosystem-based adaptation, and climate change adaptation and 
planning.  

I.3 Planung und Ablauf des Vorhabens 

UNU-EHS has been leading WP2 - Drivers of Change, WP4 - Pollution and Food Security, WP6 
- Changing Livelihoods and Implications for Local Food Security and Risk Profiles, and WP 7 - 
Policy implications. WP2 and WP4 are divided into 3 main tasks in each work package as 
illustrated in Fig. 1 and 4. WP6 and WP7 comprises 2 main tasks in each work package (Fig 7. 
and 10. respectively). The 3-years project started 1st September 2014 and was planned to finish 
on 31st August 2017. However, due to delays in implementing the research work, the project was 
extended to 15th 2018 with a cost-neutral extension. These delays were related to i) a late start of 
WP6 with respect to the change in the leadership of the section responsible for this work package 
within UNU, which lead to some reorganization of the section activities, ii) shifts in the start of the 
sampling campaign to account for rice production cycles and weather conditions, iii) delays in 
transportation of samples from Vietnam to Germany and finally the evacuation of the laboratory 
area within INRES due to a contamination event, which influenced the laboratory work in WP4 
significantly. These changes in the timeline were reported in the interim reports. Schematic 
illustration of the tasks and activities in the WPs as well as timetables of workflows of each work 
package are shown in Figures 1-4 and Tables 1-4.  
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Fig 1. Schematic illustration of the tasks and activities of WP2 
 
 
 
Tab 1. Timetable of workflows WP2  

 
 
 
 
List of planned milestones in WP2 with UNU in reporting lead (month of project lifetime)  

 
MS 21A (9):  Collection of secondary data in focus regions of both deltas finished  
MS 21B  (1):   Exploratory interviews and focus group discussions conducted  
MS 22A  (18):  Stakeholder interviews at the national level analyzed 
MS 23A  (33):  Land use changes under different future scenarios developed 
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Fig 2. Schematic illustration of the tasks and activities of WP4 

 
 
 
Tab 2. Timetable of workflows WP4  

 
 
 
 
List of planned milestones in WP4 with UNU in reporting lead (month of project lifetime)  
 

MS 41A  (5):  Collection of secondary data in focus regions of both deltas finished  
MS 41B  (6):  Exploratory interviews and focus group discussions conducted  
MS 41C  (15): Completed survey data for both deltas  
MS 41D  (24): Report on antibiotic and pesticide use in the coastal regions of both deltas  
MS 41E  (15): Screening of pesticide and antibiotic pollution completed  
MS 43C  (19): Mesocosm experiment (influence of salinity) completed  
MS 43D  (25): Mesocosm experiment (influence of land use change) completed  
MS 44A  (32): Recommendations formulated and discussed with WP7  
MS 44B  (36): Policy brief input for WP7 
 

IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Task 4100

A 4110
Literature review, secondary data analyses and 

exploratory interviews
41A 41B

A 4120 Household surveys  41C 41D

A 4130 Screening of pesticide and antibiotic pollution 41E

Task 4200

A 4210 Methods for pesticides analysis 42A

A 4220 Methods for antibiotic analysis 42B

Task 4300 

A 4310 Agro-ecosystem analysis          43A

A 4320 Field monitoring of transfers between 

ecosystem compartments and processes
43B

A 4330 Mesocosm experiment to evaluate the 

influence of salinity level on pollutant fate
43C

A 4330 Mesocosm experiment to evaluate the 

influence of salinity level on pollutant fate
43D

Task 4400
44A

Assessment of the fate (dissipation, bioaccumulation) 

of relevant target pesticides and antibiotics 

Synthesis of WP4 results and recommendations for 

policy makers 

04/2014 - 03/2015 04/2015 - 03/2016 04/2016 - 03/2017

Task Activity

Historical and current pplication rates of 

agrichemicals and current pollution levels 

Development of innovative field monitoring 

technologies 
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Fig 3. Schematic illustration of the tasks and activities of WP6 

 
 
Tab 3. Timetable of workflows WP6 

 
 
 
List of planned milestones in WP6 with UNU in reporting lead (month of project lifetime)  

 
MS 61A  (7):  Collection and systematization of relevant scientific literature and reports of the 

government and of non-governmental actors  
MS 61B  (12): Gathering and analysis of secondary data from governmental offices 
MS 61C  (9):  Study sites selected  
MS 61D  (20): Completed survey data for both deltas  
MS 61E  (28): Report on assessment of typology of farming systems in the coastal regions of 

both deltas  
MS 61F  (23): Report of different changes of livelihoods and farming systems detected  
MS 62A  (10): Literature research on actual and potential impacts of livelihood changes on risk 

profiles, livelihood security and local food security completed 
MS 62B  (12): Estimation of different risks due to selected hazards and scenarios completed 
MS 62C  (15): Key risk profiles for households exposed to salinity intrusion and socio-economic 

transformation in selected provinces and communes identified 
MS 62D  (14): Concept for the analysis of the adaptive capacity of households to deal with 

selected risks developed, Identification of households / communes / definition of the 
sample size 

MS 62E  (20): Conducted household survey in selected communes  
MS 62F  (26): Systematization of the impacts of livelihood changes on vulnerability and the 

adaptive capacities of households and respective risk profiles  

IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Task 6100

A 6110 Literature review and secondary data analysis 61A 61B

A 6120 Study site selection in agreement with partners 61C

A 6130 Household survey (A) and related activities 61D 61D 61E 61F

Task 6200

A 6210 Data research and acquisition 62A 62B 62C

A 6220 Household survey (B) and releted 62D 62F 62G

A 6230
Recommendations to strengthen livelihood 

and local food security 
62H

04/2016 - 03/2017

Analyses of livelihood changes in rural delta regions

Estimation of the impacts of livelihood changes and 

consequences for risk profiles, livelihood and food 

security

Task Activity

04/2014 - 03/2015 04/2015 - 03/2016
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Fig 4. Schematic illustration of the tasks and activities of WP7  

 

 
 
Tab 4. Timetable of workflows WP7 

 
 
 
 
List of planned milestones in WP7 with UNU in reporting lead (month of project lifetime)  
 
MS 71A (32):  English version of the report printed 
MS 71B (34):  Vietnamese version of the report printed 
MS 71C (34):  Key recommendations drawn 
MS 71D (35):  Policy brief printed in both English and Vietnamese 
MS 71E (36):  Policy brief distributed  
MS 72A (3):  First stakeholder workshop 
MS 72B (20):  Mid-term stakeholder workshop 
MS 72C (36):  Final project workshop 

 
 
 
 
 

  

IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III IV V VI VII VIII IX X XI XII I II III

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Task 7100

A 7110
Synthesis of research results and publication of 

final report 
71A 71B

A 7120
Recommendations on adaptation strategies in 

both deltas 
71C

A 7130
Translate key research findings and 

publication of a policy brief 
71D 71E

Task 7200

A 7210 Stakeholder consultations and workshops 72A 72B 72C

A 7235 Capacity development  and summer school 72D 72D 72E 72F 72G

04/2016 - 03/2017

Analysis, synthesis and translation of research

Participatory stakeholder  consultation and capacity 

development

Task Activity

04/2014 - 03/2015 04/2015 - 03/2016
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I.4 Wissenschaftlicher Stand, an den angeknüpft wurde 

The Mekong and Red River deltas are two largest deltas in Vietnam. Both of them lie only one 
meter above/or below mean sea level, making these deltaic regions some of the most vulnerable 
deltas to increased sea level rise globally (Dasgupta et al., 2007). Vietnam in general and these 
deltas in particular experienced a rapid transformation process in agriculture and aquaculture 
production systems since the beginning of “Doi moi” (renovation) in 1986. The social, economic 
and political reforms successfully stimulated agricultural production in the whole country that 
brought Vietnam from a rice importer in the early 1980s to the world’s second-largest rice exporter 
by 1997 (Käkönen, 2007). A rapid growth of the aquaculture sector also made Vietnam become 
one of the largest fishery export countries in the world (FAOSTAT, 2013). Statistics show 
considerable land use changes in these deltas in the last 30 years. However, these numbers are 
based on district and provincial level statistics that do not cover dynamics of land use changes 
specifically along the coastline, where salinity-induced changes are happening. The underlying 
assumption for the work in WP2-Drivers of Change is that besides the obvious driver “Climate 
Change” inducing salinity intrusion, other drivers such as policy changes, market prices and 
governmental adaptation measures in response to increased salinity intrusion would influence 
land use systems considerably. Drivers of land use changes are expected to be multi-layered and 
context-specific. Ensuring food security and increasing rice exports were and partially are 
important drivers of land use decisions for the delta areas at the national level, for example, 
through the mandatory allocation of areas of rice land to be maintained to each province (Renaud 
et al., 2015). In addition to national drivers, other important drivers at the global level include 
worldwide population growth, international market demands and changing global climate. At the 
local level, an interplay between environmental conditions such as salinity intrusion, market prices 
and policy implementations create a complex network of global, national and local drivers that 
results in different land use outcomes. How these multi-layered drivers at and beyond the deltas 
are clustered and influenced changes in agricultural systems and what are the trajectories of 
agricultural development in these deltas particularly in response to increased salinity intrusion are 
initially aimed to explore in WP2. 

The growth of agricultural and aquaculture production in Vietnam over the last decades relies 
substantially on the increased use of agricultural chemicals such as fertilizers and pesticides in 
rice production (Meisner, 2005; Dang and Danh, 2008); and the use of processed food, pesticides 
and veterinary drugs in the aquaculture sector (Trong et al., 2002). The consequences from 
intensifying agriculture and aquaculture production are widely recognized as environmental 
degradation and pollution (Sebesvari et al., 2012), decline in drinking water quality and food safety 
(Hoai et al., 2011; Toan et al., 2013), failures in achieving international standards of exported 
goods (SeefoodSource, 2012), and human health concerns (Margni, 2002; Dasgupta, 2007). In 
addtion to the negative impacts on environmental health, there is a potential conflict between rice 
and aquaculture production regarding pesticide and antibiotic uses. Extensive pesticide used in 
rice production could negatively influence aquaculture systems, while bacterial pollution, 
eutrophication and salinization of surface water recourses from aquaculture production would 
pollute rice production. These problems might also occur for individual farmers at a given spot 
when a former rice field is converted to fish or shrimp pond, with which the release of pesticides 
from the sediment into the fish or shrimp pond and the fate of antibiotics used in aquaculture in 
the paddy rice plants are unknown. Hence, tracing these interactions of agrochemicals is one of 
the focus of WP4 – Pollution and Food Security. The fate of agricultural chemicals, in turn, must 
be monitored under different levels of salinity. Despite the increasing scientific evidence of 
pollution problems (e.g. Carvalho et al., 2008; Ikemoto et al., 2008; Toan et al., 2013), very limited 
studies applied regular environmental monitoring of pesticides in terms of spatial coverage and 
sampling frequency. Information on pesticide and antibiotic residues with respect to the coastal 
areas is even scarcer. There is no regular monitoring of antibiotics, while some limited number of 
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research indicates significant residues in the aquatic environment. For the Red River Delta, a 
recent survey described an overuse of antibiotics in pig and poultry production at large-scale, 
whereas aquaculture is not considered in this study. After application, antibiotics can be 
metabolized following different pathways. There are several studies on the degradation of some 
selected antibiotics in manure, soil and wastewater from various parts of the world (e.g. Giger et 
al., 2003; Schlüsener, 2006; Schauss et al., 2009; Rosendahl et al., 2011), however, the 
environmental fate of antibiotics under tropical conditions is almost unknown. Different land use 
systems are characterized by a specific set of environmental conditions which may influence the 
‘usual’ risk potential of the utilized agrochemicals. The pollutants may (i) be transported between 
production systems and cause a cross-pollution, (ii) change with the season or switch to another 
production system, and (iii) slowly release from reduced sediments (such as in paddy rice fields 
or in ponds) that would pose an ongoing risk to the uptake of these compounds into the food 
chain. The effect of such fast-changing conditions on the environmental fate of antibiotics and 
pesticides still remains unknown to date. These scientific and virtual demands were aimed to 
address in WP4. 

It is evident that climate change in combination with socio-economic transformation poses a 
serious risk to Vietnam’s coastal communities, particularly in low-lying rural delta regions like the 
Mekong Delta and Red River Delta. Changes in livelihood systems and environmental conditions, 
particularly gradual climate change and extreme events as well as socio-economic transformation 
processes can generate new risks and challenges for climate change adaptation and risk 
management (Cardona et al. 2012; Birkmann 2011; Birkmann et al. 2012). In addition to direct 
impacts of sea-level rise, a range of human well-being losses due to extreme events and disasters 
have been identified (Poverty Task Force, 2002). Rural poor are usually vulnerable to 
environmental degradation and the depletion of natural resources since their livelihoods depend 
directly or indirectly on the exploitation of these natural resources and the provision of 
environmental services and functions. In this regard, exploration of new adaptation strategies and 
adaptive governance approaches are needed (see e.g. Birkmann et al. 2010). Furthermore, 
vulnerability to climate change is particularly high in communities with limited access to resources 
and those that are highly exposed to natural hazards. The concept of climate change is well 
known, however, there is still lack of understanding in terms of the drivers that shape risk profiles 
and the specific risks of different rural livelihoods in local communities (Peter and Greet, 2007; 
Can et al., 2007). Hence, research that explores past, present and potential future changes in 
livelihoods and their consequences for risk profiles against the background of climate change and 
socio-economic transformation is desired. An improved understanding of changing livelihoods 
and their implications for local food security and risk profiles is essential for developing 
sustainable adaptation strategies for rural coastal communities. In addition to the exploration on 
how global, national and regional drivers of change (that aimed to explore in WP2) influence these 
livelihood strategies and changes, WP6 - Changing Livelihoods and Implications for Local Food 
Security and Risk Profiles also examine the broader risk and vulnerability profiles of different 
households and livelihood clusters for example in terms of their access to resources and 
adaptation options. In this regard, the coastal communities in the Mekong Delta are characterized 
by quite different access rates to infrastructure and housing quality, especially between ethnic 
groups. In the Red River Delta, different levels of access to infrastructures and services due to 
the different development levels of communities also exist. For example, those communities with 
close proximity to cities have a better access to resources compared to rural one. Therefore, 
another important research task in WP6 is to understand dynamics of livelihood changes in the 
context of environmental change and socio-economic transition in rural areas with relation to the 
role of ethnicity and different levels of access to resources between households.  
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I.5 Zusammenarbeit mit anderen Stellen 

The project work was carried out by both German and Vietnamese partners. From the German 
side, the work of WP2 was associated with WP1 that analyses land use changes using remote 
sensing and WP6 that examines the dynamics of livelihood changes at the household levels. 
Researchers in WP4 had collaborated with those of WP2, WP3 and WP5. The work of WP6 is 
also related to and beneficial from the relevant work of WP2 and WP1, particularly in identification 
of drivers of land-use changes at the community level and classification of agricultural systems. 
In collaboration with Vietnamese partners, researchers from all WPs had worked closely with 
researchers and staff of Can Tho University (Ass. Prof. Nguyen Duy Can, Ass. Prof. Chau Minh 
Khoi) and Vietnam National University of Agriculture (Ass. Prof. Ngo The An, Ms. Tran Thanh 
Van). The logistic support from these universities during the fieldwork (e.g. research permit to 
access to the field, local transportation, and lab work) was essential in implementing the research 
work. In parallel to the work of the German partners, researchers from these universities (e.g. 
Ass. Prof. Nguyen Duy Can, Can Tho University) had also conducted research that has 
contributed to the overall objectives of the project. Researchers of the project also had 
collaboration with local authorities (e.g. Department of Agriculture and Rural Development, 
Department of Natural Resources and Environment and their administrative agencies). These 
government agencies were the main stakeholder involved in agricultural management in the 
research areas and thus have provided important information for the research. The involvement 
and collaboration with these government agencies was important to enhance the relevance of the 
research work to the local context and ensure the local support for a smooth implementation of 
the project. A close collaboration with local universities and government agencies also helped to 
enhance the outreach of the project’s results, as well as allowed for the dissemination of the 
results to wider local communities. The results from all WPs have been presented to researchers 
within the project at the mid-term workshop in Bonn, Germany and to a wider community including 
local authorities at the final workshop in Hanoi, Vietnam. 
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II. Eingehende Darstellung des Projektes  
 

II.1 Verwendung der Zuwendung und des erzielten Ergebnisses im 
Einzelnen, mit Gegenüberstellung der vorgegebenen Ziele 

The following chapters lay out the most important scientific results of the activities in  
1) WP 2 (Tasks 2100, 2200 and 2300) “Drivers of change”,  
2) WP 4 (Tasks 4100, 4300) “Pollution and food safety”,   
3) WP 6 (Tasks 6100 and 6200) “Changing livelihoods and implications for local food security 

and risk profiles” and 
4) WP 7 (Tasks 7100 and 7200)  

and report how the resources have been used for the research.  
 
The results are presented in four main sections:  

II.1.1 Driver of change, adaptation and resilience of agricultural systems facing increased 
salinity intrusion in deltaic coastal areas of Vietnam, summarizing the work in the tasks 
2100, 2200, and 2300 in WP2 

II.1.2 Salinity Intrusion in Vietnam´s coastal delta regions: Impact on use and fate on plant 
protection products and antibiotics 

II.1.3 Households’ livelihood adaptation to social and environmental changes in coastal areas 
of Viet Nam’s Mekong Delta and Red-river Delta 

II.1.3 Policy implications, summarizing the work in the tasks 7100 in WP7 
 

II.1.1 Driver of change, adaptation and resilience of agricultural systems facing 
increased salinity intrusion in deltaic coastal areas of Vietnam  

The overall objective of WP2 aimed to explore the root causes of salinity intrusion and agricultural 
changes in the Mekong and Red River deltas. The Environmental Vulnerability & Ecosystem 
Services Section (EVES) at UNU-EHS coordinated Task 2100 (Activity 2110 and Activity 2120) 
that explores relevant drivers in agricultural changes, Task 2200 (Activity 2210 and Activity 2220) 
that focuses on the in-depth examination of past and present drivers of change, and Task 2300 
(Activity 2310) that projects the future development of these drivers in both deltas. In order to 
achieve these objectives, historical and present drivers of agricultural changes in the Mekong and 
Red River deltas since 1975 as well as future development in these systems were identified and 
assessed. Additionally, the resilience of agricultural systems facing salinity intrusion in these 
deltas was examined. The research applied a mixed method approach consisting of in-depth 
interviews with authorities, semi-structured and structured interviews, focus group discussions 
and role-playing games conducted with farmers in both deltas. The work of WP2 was related to 
and in parallel with WP1 that analyses land use changes using remote sensing and WP6 that 
examines livelihood changes at the household levels. The analyses of historical and present 
drivers of agricultural changes and the assessment of resilience of these systems aim to provide 
insights for future adaptation to increased salinity intrusion and land use planning in these deltas. 
At present, several salinity-control infrastructures such as sluice-gates and sea dykes are to be 
implemented in the RRD and MKD (GoV, 2012b; Mekong Delta Plan, 2013). Adapting agricultural 
systems in these deltas to changing salinity conditions requires understanding of the implications 
from past decisions (Käkönen, 2008). For the MKD, the potential impact of large-scale protective 
infrastructures planned in this delta would also be inferred from alterations in agricultural systems 
in the RRD. From a theoretical perspective, the application of new ways for analysing drivers of 
change and adaptation as well as testing of new and alternative resilience assessment methods 
is important for theoretical and methodological implications as well.  
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II.1.1.1  Specific research questions and objectives 

 
Objective 
The objectives of this research were to (1) identify historical and present agricultural changes and 
their drivers in the RRD and MKD since 1975 through the lens of complex adaptive systems, (2) 
explore multiple adaptation pathways of agricultural systems to various drivers of change and 
increased salinity intrusion regarding their potential lock-in effects, and (3) assess the resilience 
of different agricultural systems facing increased salinity intrusion in the deltas.  
 
Research questions 
1) What were the changes in agricultural systems in the coastal areas of the RRD and MKD since 
1975? What were the socio-economic, political and environmental drivers of changes in 
agricultural practices and how are these changes and drivers operationalized within the complex 
adaptive system framework?  
2) How can agricultural systems in the deltas adapt to future varying key drivers of change? What 
are possible adaption pathways of agricultural systems to changing salinity conditions?  
3) How resilient are different agricultural systems that are facing increased salinity intrusion in the 
coastal zones of the RRD and MKD? How can the resilience concept be operationalized using 
the subjective resilience assessment method? 
 

II.1.1.2  Study sites 

For the purpose of the research, two case study areas were considered in the MKD in different 
agro-ecological zones in the provinces Kien Giang and Soc Trang and one case study area, Nam 
Dinh province, was considered in the RRD (Fig 1). 

 

 

Fig 1 - Research sites in the Red River (1) and Mekong (2) deltas with main farming systems indicated 
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In order to capture the heterogeneity of drivers of change and diverse trajectories of agricultural 
systems in the deltas in the context of increased salinity intrusion, the research was carried out in 
three case study areas located in different agro-ecological and climatic zones and with different 
degrees of salinity control (Table 1). Field research in both areas in the MKD was carried out 
along a salinity transect: villages principally engaging in double rice cropping (two rice crops per 
year) in the freshwater zone but with the risk of exposure to salinity intrusion, villages involved 
principally in rotational rice-shrimp farming (rice was planted during the wet season and shrimp 
was grown during the dry season) in the brackish water zone, and villages involved in shrimp 
farming in the saline water zone were considered. In the RRD there were few households that 
have switched their farming systems from rice production to other farming systems in each village 
and agricultural changes were heterogeneous among communities. Therefore, villages which 
have experienced different changes in agricultural systems were selected. The research sites 
include villages carrying out double rice, rice-vegetable and vegetable cultivation located farthest 
from the sea dyke (only a few meters from the coast), villages engaged mainly in double rice, fish 
ponds and softshell turtle farther from the sea dyke, and a village where double rice and large fish 
ponds were the main farming systems close to the sea dyke. In these villages, double rice was 
the standard system from which households had changed to the other agricultural systems. 
To examine the resilience of different agricultural systems to various degrees of salinity intrusion, 
case study research was also conducted in villages located along salinity gradients in the MKD 
and at different distances to the sea dykes in the RRD. These villages were purposely selected 
from the villages where in-depth interviews, FGDs and semi-structured interviews were carried 
out for the analysis of drivers of change and adaptation pathways prior to the phase of the 
resilience assessment.  
 

Table 1 - Characteristics of the research areas in the Mekong and Red River deltas 

Characteris
tics 

Area 
(km2) 

Agricul-
tural 
land 
(km2) 

Rice 
productio

n 
(thousand 

ton) 

Population 
(thousand 
persons) 

Popula-
tion 

density 
(person/

km2) 

Adult 
literacy 
rate (%) 

Personal 
monthly 
income 

(thousan
d Viet 
Nam 

Dong) 

Poverty 
rate (%) 

Mekong 
Delta 

40,816 2,624 24,267 17,661 433 93 2,798 2.4 

Kien Giang 6,349 4,631 4,643 1,761 277 91 2,642 2.7 
- An Minh 591 417 123 119 202 n/a n/a n/a 
Soc Trang 3,312 2,134 2,220 1,311 396 89 1,913 8.7 
- My Xuyen 372 142 154 157 421 n/a n/a n/a 
- Vinh Chau 473 63 14 166 349 n/a n/a n/a 
Red River 

Delta 
21,260 799 6,579 21,134 994 98 3,610 5.2 

Nam Dinh 1,669 914 935 1,851 1,119 98 2,816 3.0 
- Giao Thuy 238 92 96 190 800 n/a n/a n/a 

(Source: GSO, 2015; Kien Giang Statistics Office, 2016; Nam Dinh Statistics Office, 2015; Soc 
Trang Statistics Office, 2013) 

 

II.1.1.3  Methods 

A mix-methods approach was applied consisting of in-depth interviews with authorities at different 
levels from national to commune levels as well as semi-structured interviews, focus group 
discussions (FGD), household survey and role-playing games (RPGs) with farmers (see Table 



 

 

15 
 

2). The application of both quantitative and qualitative methods aimed to enhance the research 
exploration and understanding of the social-ecological complexities at various scales as well as 
to validate and triangulate the collected data.  

 

Table 2 - Number of interviews, focus group discussions, and role-playing games with farmers per 
research sites 
Number of interviews, focus group 
discussions, and role-playing games 

Kien Giang Soc Trang Nam Dinh 

Semi-structured interviews 43 37 118 
Structured interviews 112 114 n/a 
Focus group discussions 4 3 4 
Role-playing games n/a 3 n/a 

 

II.1.1.3.1  Qualitative methods using in-depth and semi-structured interviews and 
focus group discussions 

In each agro-ecosystem along the salinity transects in the MKD and within villages at different 
distances from the sea dyke in the RRD, interviews with local authorities, focus group discussions 
(FGDs), and semi-structured interviews with farmers were carried out. First, in-depth interviews 
with local authorities of the Department of Agriculture and Rural Development (DARD), the 
Department of Natural Resources and Environment (DONRE) at provincial and district levels, and 
staff of the People’s Committee at the commune level were conducted. The in-depth interviews 
aimed to explore the general context of agricultural changes in the research areas and identify 
various drivers of change at different levels. This was followed by FGDs for which participants (5-
16 farmers) were invited to the meetings by village leaders or heads of Farmers’ Associations at 
the commune level based on the criteria of age, location, and wealth to ensure representativeness 
of diversity in respondents. The main objectives of the FGDs were to identify changes in 
agricultural systems within the villages and their drivers since 1975, examine the relative 
importance of the drivers and understand the shifting processes and socio-economic conditions 
of the communities. During the FGDs, tools of participatory rural appraisal were applied, including 
(i) resource map and general socio-economic conditions of the village, (ii) cropping calendar, (iii) 
historical timeline of agricultural systems from 1975, (iv) relative importance of the drivers of major 
changes, (v) the farming systems of choice if the salinity intrusion or market price change, and 
(vi) ranking of agricultural production problems in the village. For the interviews, semi-structured 
questionnaires were applied to gain an understanding of the i) historical development and the 
drivers of change in agricultural systems at the household level, ii) the economic earnings from 
agricultural changes based on a 5-point Likert scale assessment, and iii) the perception of 
households on salinity changes and the desired farming systems. Snowball and purposive 
sampling methods were applied to select the interviewees in order to capture the changes at 
different times in the past, age of the household heads, household location, and wealth. In the 
MKD, the gate-keepers (hamlet leaders or leaders of Farmers’ Association) were asked to select 
an equal number of households in each wealth category. In the RRD, wealth was not a criterion 
to select the interviewees due to a small number of households who have changed their farming 
systems, for example from double rice to fish ponds and softshell turtle in each village. The wealth 
categorization in both deltas was based on the judgment of the gate-keepers and the researcher’s 
evaluation of household conditions e.g. income, house type, and durable assets after each 
interview. In the FGDs and interviews, we focused on the historical development and activities 
related to agricultural changes. Gender was not a specific criterion for selection of households 
even though we recognize that this creates a bias in responses. As a vast majority of households 
in the research areas are headed by males, the majority of the participants in the FGDs and 
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interviewees were male-headed households. All stakeholders had the right to participate in the 
interviews and FGDs or to refuse involvement and no conflicts of interests between participants 
exist.  
In total, 7 FGDs and 80 semi-structured interviews were conducted with farmers in the MKD from 
September 2015 to February 2016 and 4 FGDs and 118 semi-structured interviews were carried 
out with farmers in the RRD from March to April 2016. This information was triangulated and 
supplemented with 27 in-depth interviews with local and national authorities and by secondary 
data collection from statistics and government reports. The major scale of analysis was 
agricultural systems at the commune level. However, changes at the household level (e.g. income 
gain) are also presented. These various scales of analysis aim to illustrate cross-scale 
interactions and feedbacks of drivers and changes. 

II.1.1.3.2  Quantitative methods using semi-structured and structured interviews 

The subjective assessment of resilience was based on the farmers’ perception of i) the sensitivity 
of their farming systems to increased salinity intrusion, ii) the capacity of their farming systems to 
recover from salinity damage and iii) the capacity to change their farming systems to other 
systems if salinity increases in the future. A single question with a 5 point-Likert scale was asked 
to address each resilience component: (i) To which extent is your farming system impacted if 
salinity intrusion increases? (ii) In the case of salinity damage, to which extent can you re-engage 
in your farming system? (iii) To which extent can you alter/convert your farming system to another 
system if the conditions for production change? The answer consisted of five scales (1) Very little, 
(2) Little (3) Average (including “neither little nor much”, “Do not know exactly”, “it depends”, “it 
varies”), (4) Much, (5) Very much severity (for question on the sensitivity to increased salinity 
intrusion) or ability (for questions on the capacities to recover and to change). Each of these 
questions captured one of the three components of social-ecological resilience, sensitivity of 
agricultural systems to increased salinity intrusion, capacity to recover, and capacity to change to 
a new system before severe impacts are felt. Elicited answers were noted and transcribed as 
were the explanations of the choices. For the rice-shrimp system in the MKD, the questions of 
sensitivity and recovery capacity were asked separately for rice and shrimp farming and then 
aggregated since rice and shrimp are exposed differently to salinity intrusion. The wealth criteria 
for the wealth ranking exercises were collected from the FGDs and the ranking of all households 
in the village was conducted by following small groups of stakeholders e.g. hamlet leaders, elderly 
farmers, leaders of farmers’ association at the commune level. In total, 226 households in villages 
along the salinity gradients were interviewed in the MKD. 
In the RRD, many households have not experienced salinity damage for many years and the 
assessment of the sensitivity and recovery capacity of the farming systems if salinity increases 
for these households were difficult. Therefore, the three resilience-related components were only 
assessed for double rice, fish ponds, soft-shell turtle production and rice-vegetable which are the 
most exposed systems to salinity intrusion. For large fish pond and vegetable systems, only the 
capacity to change based on the 5-point Likert scale was assessed. Qualitative data from the 
semi-structured interviews, FGDs, and secondary data were subsequently employed to assess 
the sensitivity to increased salinity intrusion and the capacity to recover from salinity damage of 
these farming systems.  

II.1.1.3.3  Data analysis 

Qualitative analysis 
Following the field research in Vietnam, the qualitative and quantitative data were digitalized and 
analyzed comprehensively in Bonn, Germany from June 2016. The qualitative data from the 
FGDs, RPGs and semi-structured interviews was entered into a word processing software and 
analyzed qualitatively using the MAXQDA program (VERBI, Berlin, Germany). The analysis 
followed the grounded theory approach (Neuman, 2003). The questions and answers with similar 
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themes were structured and grouped after the pre-test. The questions however were open-ended 
and more codes or categories that emerged after the first open coding were generated during the 
analysis phase. The selective coding was applied at the end to compare the frequencies of coding 
between the statements such as the mentioned drivers of change, system of choice, and income 
gains.  
Quantitative analysis 
Descriptive statistics e.g. mean and median were carried out using STATA (StataCorp LLC, 
Texas, USA). Socio-economic and ecological characteristics of the systems were examined and 
compared in order to explain the differences of resilience-related components between 
agricultural systems. Chi-square and Kruskal-Wallis tests for non-normal distributed data were 
performed to identify differences of the resilience components and characteristics between 
farming systems. Wherever the Kruskal-Wallis test found a significant difference, Dunn’s tests 
were performed to find out which specific values of sub-groups are significant from the others. 
The qualitative data from the FGDs and semi-structured interviews were transcribed and the text 
was analyzed using the MAXQDA. 

II.1.1. 4  Results and discussion 

II.1.1. 4.1  Multiple drivers of change and adaptation pathways in agricultural systems 
facing salinity intrusion in the Mekong and Red River Deltas 

The first objective of this research aimed to explore historical and present drivers of agricultural 
changes in the MKD and RRD since 1975. The empirical findings reveal that changes in 
agricultural systems over the last decades in these deltas were shaped by the interactions and 
feedbacks of various drivers of change (e.g. national policies, farmers’ desire for higher profit, 
changes in biophysical and salinity conditions, and development and adoption of advanced 
farming techniques) across various spatial and temporal scales (Fig 2). Some of these drivers 
such as national policies, dam construction at upstream areas of the deltas, and global market 
prices operate diffusely from agricultural systems. These external drivers influence internal drivers 
at the local level and caused changes in the farming systems. Amongst those drivers, government 
policies are the major drivers of many changes in agricultural systems in the deltas. Several 
alterations in government policies and political ideologies such as the Doi Moi starting in 1986, 
the land allocation since 1992 in the RRD, and the policy for agricultural restructuring in 2000 
were political factors that strongly shaped the current farming systems in the deltas. Policies and 
government interventions also influenced other drivers of change. For instance, changes in 
policies toward a market-oriented economy have reintroduced the market incentives to farmers. 
Dyke construction and excavation of irrigation canals by the government in order to favour rice 
production were some of the main factors contributing to environmental degradation (Huu, 2011). 
High-yielding rice varieties and new farming techniques were also introduced to farmers and 
facilitated via government extension agencies (Ut and Kei, 2006). At the local level, a variation of 
drivers exists. These include biophysical degradation due to dam construction and excavation of 
irrigation systems, adoption of new farming techniques, modern crop varieties and aquatic 
species, lack of supplies of ecosystem services, and farmers’ interest in profit maximization of 
their farming activities. These internal drivers are influenced by external drivers at various scales 
and their changes create feedbacks with external drivers that in turn become the new drivers and 
positively or negatively affect agricultural development. 
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Fig 2 - Drivers of change and their interactions and feedbacks in agricultural systems in the deltas. The 
black arrows illustrate the influence of external drivers on the internal drivers (one-way arrow) or the mutual 
interactions and feedback between external and internal drivers (two-way arrows). The blue arrows 
represent the mutual influences of internal drivers of change and characteristics of the system (based on 
the results of the focus group discussions and household and expert interviews)  

 

The research identified and discussed interactions and feedback mechanisms in agricultural 
changes that would contribute to further increases in salinity intrusion and agricultural changes. 
For instance, in the change from double rice to rice-shrimp production in Kien Giang, saline water 
leakage from the converted rice-shrimp fields damaged the rice crop and reinforced the shift to 
mono shrimp. In Soc Trang, a change from single to double rice in the freshwater zone resulted 
in a decline of aquatic resources that contributed to a shift from a collection of aquatic species to 
shrimp production during the dry season in the brackish water zone. These changes consequently 
exacerbated salinity intrusion further inland and negatively affected the development of the rice 
system in the freshwater zone (Fig 3). There were also feedbacks in the agricultural management 
system, for instance in An Minh the policies were released in response to agricultural changes 
locally. The local administration asked the higher administrative government at the provincial level 
for an agreement for change and got approval after the conversions had already been carried out 
in the district. The policy for change then created a positive feedback with the ongoing shifts and 
the conversion was cascaded to the larger scale.  
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Fig 3 - Drivers of change (blue arrows) and negative feedback loops (red arrows) in changes from single 
rice to double rice in Kien Giang (a) and Soc Trang (b) 

 

Based on the analyses of past and present changes in agricultural systems, as well as potential 
responses of farmers to changing drivers and salinity conditions, the second objective of this 
research aimed to explore trajectories and various adaptation options of agricultural systems 
facing salinity intrusion. The research adopted an adaptation pathway approach to determine 
which specific agricultural systems farmers are likely to shift to with a hypothetical salinity intrusion 
or market price change, their capacity to reverse or to shift to other systems, as well as potential 
interactions and feedbacks between these future changes. The analyses reveal multiple 
adaptation pathways (e.g. from double rice to rice-shrimp system, rice-vegetable crops, or from 
rice-shrimp to shrimp production) in response to changing market prices and salinity levels within 
each salinity gradient (Fig 4).  
The research also assessed the reversibility of each adaptation process and the potential 
influences of each change on other agro-ecosystem based on a literature review of relevant 
studies and data generated during the FGD and interviews (Fig 4). Reversibility is not only a 
feature to address future uncertainty, but this criterion concurs with many other government 
policies related to land use. Several policies considered the reversibility an important criterion for 
land use shifts. For examples, the government decision on adjustment of rice land in 2016 
stipulated that the conversion of 400,000 ha rice land to another system is allowed only if this 
area could be reverted later to rice land (GoV, 2016a). Results from the analyses of adaptation 
pathways show that changes in one agricultural system would lock-in the system within one 
production system or constrain shifts in other agricultural systems due to cross-scale interactions 
and feedbacks between these changes.  
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Fig 4 - Adaptation pathways in different salinity zones in the MKD to changing salinity conditions based on 
results of FGDs, and expert and household interviews. Blue dashed arrow curves: pathways to other 
agricultural systems; red dashed arrow curves: pathways with potential lock-ins; blue dashed lines: 
reversing the system is easy; red dashed lines: reversing is difficult; in boxes: incremental adaptations to 
increased salinity intrusion.  

 

II.1.1. 4.2  Resilience of agricultural systems facing increased salinity intrusion in the 
Mekong and Red River Deltas 

This research contributes to the development of alternative approaches for assessing resilience 
by developing and testing a subjective resilience assessment method. Based on a literature 
review and the information from the previous phase of the research that aimed to identify drivers 
of agricultural changes, the resilience of agricultural systems to increased salinity intrusion was 
defined as comprising three components (i) the sensitivity of agricultural systems to increased 
salinity intrusion, (ii) the capacity to recover after salinity damage, and (iii) the capacity to change 
to other systems. The resilience assessment of agricultural systems facing increased salinity 
intrusion in the MKD and RRD reveals that none farming system has the highest scores in all 
resilience components (Table 3). This result implies that a shift from one system to another to 
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calendar, and wait for the 

onset rainfall before planting 

Decreased salinity levels Increased salinity levels 

Rice-
shrimp 

Saline-
water fish 

Current system 
– rice-shrimp 

Current system 

– double rice 
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improve a particular resilience component would degrade the others. Management for a resilient 
agriculture thus demands a balance of resource allocation to increase the ability of the farming 
systems to absorb the salinity and to recover after the damage to persist in the same system at 
appropriate time and place, as well as to transform the systems into a new state when necessary.  

 

Table 3 - Median values of resilience-related components of agricultural systems by the interviewed farmers 
in the Mekong Delta  (interquartile ranges in parentheses)  

Farming systems Sensitivity a Capacity to recover b Capacity to change c 

Rice 2.5 (2.0-3.0) 4.0 a (2.5-4.5) 3.0 (2.0-4.0) 
Rice-shrimp 2.0 (2.0-4.0) 3.0 b (2.0-4.0) 2.0 (2.0-4.0) 
Shrimp 2.0 (1.5-3.0) 3.0 (2.0-4.0) 2.5 (2.0-4.0) 

The values in the table represent a “1-5 Likert scale” standing for: very little (1) to very much (5) severity 
(for question on the sensitivity to increased salinity intrusion) or ability (for questions on the capacities to 
recover and to change) 
No significant difference between farming systems on the sensitivity and capacity to change, significant 
difference between farming systems on the capacity to recover (p-value<0.05, Kruskal-Wallis test). The 
median values with different superscript are significant different (p-value<0.05, Dunn’s test) 
a Median value of the first question on expected salinity impact if salinity intrusion increases; lower value is 
better 
b Median value of the second question on the capacity to recover after salinity damage; higher value is 
better 
c Median value of the third question on the capacity to change if the conditions of production change; higher 
value is better 

 

II.1.1.5  Conclusions 

The analysis of drivers of change and feedback mechanisms in agricultural systems reveals that 
interactions and feedbacks in these system changes could increase salinity intrusion further and 
negatively impact agricultural systems at other places that need to be carefully considered in 
adaptation planning. Some adaptation measures, for instance, dyke construction together with 
the fixed land use planning favouring rice production are inflexible to address future changes. 
Thus shifts to agricultural systems which allow for a continuous adjustment to avoid lock-ins and 
prevent the development of “path-dependencies” should be advocated. This is relevant for both 
the MKD and RRD and other similar coastal deltas where agricultural systems and the ecology 
are highly complex and interconnected. 
The practical implication from the resilience assessment of agricultural systems facing salinity 
stress is the necessity to promote the flexibility and diversification of agricultural systems in order 
to prevent the development of “path-dependencies” that would hinder future changes. Adaptation 
to increased salinity intrusion should be considered as a learning process (Abel et al., 2016; 
Haasnoot et al., 2013; Reed et al., 2013), and land use and adaptation planning should give room 
for learning and trying new farming systems, as well as for facilitating adjustment of resilience 
components when necessary. For a methodological implication, this research emphasizes the 
need to complementing subjective resilience assessment with qualitative data to enhance 
understanding of drivers of resilience in order to improve components of resilience of agricultural 
systems in the respective deltas. 
In summary, due to the complex and interconnected nature of the delta system, any interventions 
in agricultural systems in the coastal zone would have effects across various scales (e.g. changes 
in household livelihoods and adaptations as examined in WP6 or alterations of pesticide 
distribution and fates in the case of sea dyke as revealed in WP4). The interactions and feedbacks 
from these interventions would create negative impacts locally and at other places and lock-in 
some areas in specific development pathway that need to be well understood before massive 
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alterations are implemented in the delta. In terms of exploration of adaptation options and their 
associated risks and opportunities as proposed in the proposal, this research concurs with other 
studies (Renaud et al., 2015; Smajgl et al., 2015) that concluded that a combination of both 
structural and non-structural measures should be considered. Non-structural measures such as 
development of salinity-tolerant varieties, adjustment in cropping calendar, wetland rehabilitation, 
and shifting land uses (e.g. from double rice to rice-aquaculture) could be sufficient if the salinity 
intrusion is limited. Structural measures would be installed in areas where salinity intrusion would 
degrade the long-term adaptive capacity of the systems/areas to salinity problem. A combination 
of these measures would keep the farming system continuously adapting to the changing salinity 
conditions and allow the conversion to other systems if salinity intrusion passes the thresholds for 
coping, or when opportunities for transformation emerge in the future. 

II.1.1.6  Differences in comparison to the proposal  

In comparison to the proposal, following changes have been made:  
1) The data has been used to conduct a resilience assessment of agricultural systems facing 

increased salinity intrusion, which was not included in the proposal. This resilience 
assessment was done on-top of the deliverables as it was useful to supplement the first 
objective of the research in exploring drivers of agricultural changes to understand the 
ability to deal with future salinity intrusion of different agricultural systems.  

2) Secondly, the scenarios-building workshops as foreseen in Activity 2320 (Task 2310) was 
not carried out. Instead, three role-playing games with farmers were conducted to validate 
the interview results and explore future development of agricultural systems in the deltas. 
The changes in methodology was made after the household interviews were conducted 
and the goals and objectives of the next research step has been re-evaluated. 
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II.1.2  Salinity Intrusion in Vietnam´s coastal delta regions: Impact on use and fate on 
plant protection products and antibiotics 

The work proposed in the work packages 4 was based on the assumption that salinity intrusion 
itself as well as the salinity-driven changes in land use and irrigation patterns will influence the 
application (amount, timing, and spatial distribution) of pesticides and antibiotics on the coastal 
areas. To proof the assumption, the main tasks in WP4 were to estimate “pesticides and 
antibiotics application and concentrations” (Task 4100), through the activities of literature review 
(Activity 4110), household survey (Activity 4120) and screening of pesticide and antibiotic 
pollution (Activity 4130) and to estimate “pesticides and antibiotics fate studies”(Task 4300), 
through the activities of agro-ecosystem analysis and site selection (Activity 4310), mesocosm 
experiment to study the influence of salinity (Activity 4330) and mesocosm experiment to study 
the influence of land use changes (Activity 4340). Members of WP4 had worked jointly together 
with those of WP2, WP3 and WP5. The soil sampling campaigns were conducted jointly with 
WP3. WP5 had sampled segments of the same fields of the soil and sampling campaign in the 
Mekong and the Red River Delta.  

II.1.2.1  Overall and specific research objectives  

 
Main objective 
The purpose of this study was to explore and assess the direct and indirect impacts of increasing 
salinity intrusion on agrichemical (plant protection products and veterinary antibiotics) use and 
fate in the coastal delta regions of Vietnam. The focus was thereby on evaluating the impact of 
possible adaption options to increasing salinity intrusion by estimating current and possible future 
risk potential of these agrichemicals and on the fate of antibiotics affected by salinity. The results 
provide the basis to produce recommendations for sustainable land management and adaptation 
under salinity intrusion.  
 
Specific objective  
1) Determine the impact of a dyke system, as an adaption measure to salinity intrusion, on the 
fate of plant protection products in the Red River Delta by  

a) Describing current status of pesticide concentrations in soil (paddy rice fields) and in 
sediments (from adjacent irrigation ditches) in a dyked area  
b) Evaluating if the sea-dyke system, as adaption option to increasing salinity intrusion, affect 
the fate and spatial distribution of plant protection products in this delta.  

2) Determine impact of land use changes, as adaption to increasing salinity, on the environmental 
contamination by agrichemicals by 

a) Understanding the general management and particularly the use and application pattern of 
plant protection products and antibiotics in the land use systems i) mono-rice, ii) rice-shrimp 
and iii) mono-shrimp systems, which represent typical land uses along a salinity gradient. 

b) Determining pesticide and antibiotic background concentrations in soil and sediments of the 
three land use systems.  

3) Address the direct impact of increasing salinity on antibiotic fate by  
a) Determining dissipation rates of frequently used antibiotics under tropical conditions on 

laboratory scale and  
b) Investigating the impact of salinity on the dissipation rates.  
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II.1.2.2  Study sites 

A) Red River Delta  
The study site was located in the Giao Lac and Hong Thuan communes of the Giao Thuy district, 
Nam Dinh province, Red River Delta, Vietnam. The discharge of the Red River varies between 
dry and wet season with an average flow of 2,640 m3 s-1 (Anh and Shannon, 2010). The delta has 
a dense system of dykes and gates to control low and high tides of the Red River and minimize 
salinity intrusion. In total 8,000 km of dykes were built, 5,000 km of river-dyke and 3,000 km of 
sea-dyke (Anh and Shannon, 2010). The study site is surrounded by both types of dykes, which 
have several inlet and outlet gates to control the water level in the irrigation ditches (Fig. 5). From 
the adjacent river the fresh water flows through inlet gates into the dyked area (Fig. 5). The outlet 
gate, ca. 7 km seawards from the inlet gate, controls the water discharge into the sea. The land 
area between both dykes is mostly under agricultural use with intensive paddy rice production in 
a double cropping system. 
 

 
Fig 5 - Location of the study site and sampled catena; the irrigation system is not shown. 

 

B) Mekong Delta  
Study site was located in the districts My Xuyen and Vinh Chau of the province Soc Trang and 
one study site was located in district Than Phu of the province Ben Tre. In both coastal provinces 
a salinity gradient was identified represented by three different land use systems (Own 
observation, 2015): i) mono paddy rice, ii) rice-shrimp and iii) mono-shrimp (Fig. 6). In both study 
sites the salinity gradient was corresponding to the former study of Renaud et al. (2015) in the 
province Ben Tre. In mono-rice areas paddy rice is cultivated in a double or triple production 
system. In rice-shrimp systems, shrimp and rice production are alternating between wet and dry 
season. In mono-shrimp systems farmers cultivate two to four production cycles of shrimp per 
year (Own observation, 2015).  
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Fig 6 - Location of the study sites; symbols mark the sampled fields. 
 

II.1.2.3  Methods 

II.1.2.3.1  Determine the impact of a dyke system, as an adaption to salinity intrusion, 
on the fate of plant protection products in the Red River Delta 

A) Explorative Interviews  
In October 2015 nine interviews with local experts and farmers including the head of the irrigation 
company (responsible for the water management in the Giao Thuy district), the Department of 
Agriculture and Rural Development (DARD), officials at the commune level and local farmers 
were carried out to understand the local irrigation water management and reveal possible 
problems with salinity intrusion and the pollution problems with pesticides. The soil and sediment 
sampling strategy was developed based on the results of these interviews. 
B) Sampling  
Soil and sediment sampling was performed in January 2016. Sampling was done along a catena 
to represent the entire dyked area from the river-dyke (inlet) to the sea-dyke (outlet) consisting of 
seven catena points with five field replications each (Fig. 5). Each catena point was separated by 
approximately 1 km, and there was a 500 m distance between the five field replications. The first 
catena point was located close to the inlet gate, where the fresh water of the river was allowed to 
enter the dyked area. The seventh catena points were located close to the outlet gate, where the 
water of the dyked area flow into the sea. This point was located 7 km from the river dyke (Fig. 
5). A main irrigation ditch crosses the dyked area including the catena (Fig. 5). The sampled field 
of the catena point 4 was directly located at this ditch. 
In total, 35 topsoil samples of paddy rice fields and 16 sediment samples of irrigation ditches were 
collected. All sampled rice fields were fallow just before land preparation for the next cropping 
season at the time of sampling. Soil samples from paddy rice fields were taken from 0 to 15 cm 
by using a stainless steel shovel. Sediment cores (0 to 10 cm) were taken close to the catena 
points one, three, five and seven with four field replicates (n=16) using a sediment corer with 7 
cm diameter (Hydro-Bios, Kiel, Germany). At least four cores with a distance of 100 m between 
each core were collected. All samples were taken as composites from at least five individual 
mixed and homogenized subsamples. Soil and sediment samples were wrapped in aluminium foil 
on site, cooled for short-distance transport (freezer, -4°C), transported frozen to Germany, and 
stored at -20 °C for further analysis. 
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II.1.2.3.2  Determine impact of land use changes, as adaption to increasing salinity, 
on the environmental contamination by agrichemicals. 

A) Household survey  
To understand the farm management, particular the pattern of agrichemical use of the different 
land use systems, and to identify suitable fields for soil sampling, semi-structured questionnaires 
on household level were performed from October 2015 to January 2016. In both provinces 20 
rice, rice-shrimp and shrimp farmers each group were selected for interviews, resulting in total of 
120 household interviews. The farmers had to fulfil certain criteria to be suitable for the study: i) 
the interviewer is manager of the particular field/pond at least since five years, ii) the distance 
between the field/ponds should be as far as possible and iii) the willingness of the farmer to give 
the permission to take soil samples of this area. For each agricultural land use system, individual 
semi-structured questionnaires were developed, consisting of a first part focused on general 
management and a second part regarding the pesticide and/or antibiotic management.  
B) Soil sampling  
Based on interviews with farmers, ten of each respective farming system in both Ben Tre and Soc 
Trang provinces were selected for soil sampling. A total of 80 soil samples were collected in 
January and February 2016 in both provinces. To detected active ingredients from both rice 
cultivation and shrimp from rice-shrimp systems, soil samples were taken from the ditches and 
platform (Fig. 6). In mono-rice systems and platforms of the rice-shrimp system topsoil (0-15 cm) 
was sampled using a stainless steel shovel. In mono-shrimp systems and ditches of the rice-
shrimp system topsoil (0-10 cm) was taken using a sediment corer with 7 cm diameter (Hydro-
Bios, Kiel, Germany). All samples were taken as an aliquot of at least five mixed and homogenized 
subsamples. Samples were directly packed in aluminium foil, cooled for short-distance transport 
(freezer -4°C), frozen for the transport to Germany and stored at -20°C for further analysis.  

II.1.2.3.3  Address the direct impact of increasing salinity on antibiotic fate 

Dissipation experiment  
The dissipation experiment was conducted according to OECD Guideline 307 (2002; Guideline 
for the testing of chemicals 307). Soil samples of 10 g were placed in centrifuges glasses and 
flooded with 25 mL water of three salinity concentrations (0 g L-1, 10 g L-1 and 20 g L-1). Salinity 
levels were selected to represent the salinity range in which shrimps can be produced (Nhan et 
al., 2012). After a pre-incubation, water-soil systems were spiked with an antibiotic solution to 
achieve a target concentration of 60 µg L-1. Antibiotic solutions for spiking were prepared in 
Millipore-water. After spiking, centrifuges glasses were covered with perforated aluminium foil to 
ensure air exchange and incubated in the dark at 25 °C for 0, 1, 3, 7, 14, 28, 56, and 112 days. 
Water-soil systems were carried out in triplicates for each extraction day and salt concentration. 

II.1.2.3.4  Pesticide analysis  

Selection of target pesticides was based on the following criteria: i) pesticide use (frequency, 
amount) as derived from a survey of empty packages of pesticides found in the study fields and 
by former studies conducted in Southeast Asia; ii) fate in the environment (derived from physico-
chemical properties, i.e., solubility in water, hydrolysis half-life, octanol– water partition coefficient, 
soil sorption, soil degradation half-life, and iii) eco-toxicological relevance. In total, the following 
12 pesticides were selected: chlorpyrifos, quinalphos, fipronil, fenobucarb, difenconazole, 
fludioxonil, tebuconazole, propiconazole, isoprothiolane, azoxystrobin, fenoxaprop-p-ethyl, 
pretilachlor.  
Extraction was performed after a modified method of Villaverde et al. (2008). Clean-up was 
conducted after the solid phase extraction method from Laabs et al. (2007). Pesticides were 
analysed using a gas chromatograph (GC) (Agilent Technologies 6890N, Böblingen, Germany) 
coupled with a mass selective detector (MSD) (Agilent Technologies 5973, Böblingen, Germany). 
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II.1.2.3.5  Antibiotic analysis  

The selection of the target antibiotics was based on the following criteria: i) antibiotic use 
(frequency, amount) derived by former studies, and ii) fate in the environment (derived from 
physio-chemical properties, i.e. octanol-water partition coefficient, water solubility, soil 
degradation half-life), iii) relevance for the human medicine. In total the following six antibiotics 
were selected: sulfamethazine, sulfadiazine, sulfamethoxazole, trimethoprim, enrofloxacin and 
ciprofloxacin.  
Extraction and clean-up were conducted according to Dalkmann et al. (2012) using accelerated 
solvent extraction. Antibiotics were analysed using liquid chromatograph tandem mass 
spectrometry (LC-MS/MS) equipped with a TSQ Quantum Ultra spectrometer (Thermo Finnigan, 
Dreieich, Germany) and a heated electrospray ionization ion source (HESI), operating in positive 
mode.  

II.1.2.4  Results and discussion 

II.1.2.4.1  Determine the impact of a dyke system, as an adaption to salinity intrusion, 
on the fate of plant protection products in the Red River Delta  

In the soil under paddy rice cultivation in a dyked area, 8 out of the 12 target pesticides were 
detected. Among all pesticides the fungicide isoprothiolane was most frequently detected (in 
100% of the samples), followed by chlorpyrifos (85%) and propiconazole (41%). Concentrations 
of pesticides in soils ranged from 4.8 (pretilachlor) to 42.6 µg kg-1 (isoprothiolane) (Table 4). 
Chlorpyrifos was amongst the three pesticides with highest residue concentrations, exhibiting a 
maximum value of 31.2 µg kg-1 in addition to having a high detection frequency (Table 4).  
Isoprothiolane is used against rice blast – a fungal infestation diseases in paddy rice production 
(Kihoro et al., 2013). The recommended application dosage for isoprothiolane was 480 g ha-1 one 
of the highest among all target pesticides, which corresponded with the highest detection 
frequency (100%) and average residue concentration (21.6 µg kg-1) of all pesticides. Chlorpyrifos 
was detected at high frequency (85%), which can be explained by its physico-chemical properties. 
 

Table 4- Detection frequency (%), mean and maximum concentration (µg kg-1) for soil (paddy rice fields) 

and sediments (irrigation ditches), standard deviation brackets. 

Pesticide compound Detection frequency  

(%) 

Mean conc.  

(µg kg-1) 

Max conc. 

 (µg kg-1) 

Paddy rice fields (Soil 

samples)(n=35) 

   

Isoprothiolane 100 21.6 (±7.7) 42.6 

Chlorpyrifos 85 11.0 (±5.8) 31.2 

Propiconazole 41 9.6 (±5.2) 18.8 

Fenoxaprop-p-ethyl 38 18.1 (±9.1) 22.9 

Fenobucarb 38 9.9 (±4.9) 10.6 

Pretilachlor 28 14.9 (±8.6) 37.4 

Azoxystrobin 15 14.5 (±5.6) 15.7 

Difenconazole 2 18.4 (±0.0) 18.4 
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To evaluate the influence of the dyke system on the spatial distribution of pesticides, only 
pesticides with a detection frequency of > 50% in soil samples of the catena, i.e., isoprothiolane 
and chlorpyrifos, were considered. The average concentrations of isoprothiolane increased with 
increasing distance from the river dyke, i.e., with increasing vicinity to the sea-dyke (Fig. 7). This 
trend was even clearer for chlorpyrifos (Fig. 7). It is to assume that the high recommended 
pesticide application dosage masks an even clearer spatial pattern for isoprothiolane 
accumulation in the dyked area. The application dosage has direct impact on pesticide load in 
surface water (Stover and Hamill, 1994) and therefore on residue concentrations in soils and 
sediments. Varca (2012) additionally demonstrated a correlation between pesticide load in 
surface water and application time on paddy fields, which was not controlled for here. In contrast, 
the distribution pattern of chlorpyrifos, which is characterized by lower application dosage and 
high accumulation in soil and environment, is rather decoupled from recent application 
considerations. 
 

 
 
Fig 7 - Mean pesticide residue concentration distribution with standard deviation inside the dyked area. 
Detection frequency was 100% for Isoprothiolane (A) and 85% for Chlorpyrifos (B). 
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II.1.2.4.2  Determine impact of land use changes, as adaption to increasing salinity, 
on the environmental contamination by agrichemicals 

Between the three different land use systems (mono-shrimp, rice-shrimp, mono-rice), the total 
pesticide load, which were calculated as the concentration of herbicides, insecticides and 
fungicides in the respective farming system, is different.  As expected, in the soil under mono-rice 
production pesticide concentration were significant higher than in soil and sediment under rice-
shrimp and shrimp production (p<0.05). No significant differences between the provinces Soc 
Trang and Ben Tre could be observed. The most frequently detected pesticide and the highest 
concentration of the active ingredients belong to the class of fungicides, with detection 
frequencies ranging from 26 – 100% and concentrations up to 67.11 µg kg-1 (isoprothiolane) in 
mono-rice systems (Fig. 8). This corresponds partly with the farmers’ response of using mostly 
fungicides and insecticides. However, Toan et al. (2013) observed high correlation between 
pesticide application pattern and appearance of pests and diseases.    
The pesticide load in the different farming systems could be caused by (1) pesticide management 
including scope of application, (2) pesticide handling, i.e. application dosage, choosing less toxic 
pesticide for the aquatic environment (3) physio-chemical properties, i.e. half-life in soil or log Kow, 
(4) interconnected channel systems of the Mekong and thus potential transport of pesticide to 
non-point source areas, or (5) cultivation of crops on the banks of rice-shrimp and shrimp ponds, 
e.g. watermelon. 
  

 

Fig 8 - Average pesticide concentrations in the different land use systems divided according the pesticide 
classes (mono-rice n=19; platform rice-shrimp n=20; ditch rice-shrimp n=18; mono-shrimp n=20). Detection 
frequencies are given in percentage above the respective bars. The letters “a” “b” and “c” indicate 
significantly different concentrations between the respective pesticides in the different land use systems at 
the p<0.05 level; bc indicates no significant differences.  

 

As expected the soil under mono-shrimp production contains significant more antibiotic 
concentrations than in soil under mono-rice and the platform of rice-shrimp systems (p<0.05) 
(Table 5). In the province Soc Trang the total antibiotic load, which is calculated as the load of the 
sulfonamide, diaminopyrimidine and the fluroquoinolone, is significant higher than in the province 
Ben Tre. The major users of antibiotics of the three farming systems are mono-shrimp farmer 
(Thuy et al. 2011). More than 10 years longer were shrimps intensive cultivated in the study site 
of the province Soc Trang compared with the study sites in the province Ben Tre (Household 
Interview data, 2015). 
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Table 5 - Data range of antibiotic concentration in the different land use systems and per province in µg 
kg-1. Detection frequencies are given in the brackets for the particular plant protection product in the 
respective province in %.  

 

 

II.1.2.4.3  Address the direct impact of increasing salinity on antibiotic fate  

Dissipation is a central process to characterize the environmental fate of antibiotics and can be 
defined as the overall process leading to the potential disappearance of a substance from an 
environmental compartment (Srinivasan and Sarmah, 2014a; US EPA, 2008). It is commonly 
expressed as dissipation half-life (DT50) which gives the time that is needed for 50% of the initial 
concentration of a substance to dissipate (US EPA, 2008). The dissipation of SDZ and SMZ is 
affected by salinity in the water phase. DT50 values were lower in the water of the system 
incubated with salt than in those with lower salt concentrations (Table 6). Assuming that 
dissipation of sulfonamides is mainly due to microbial degradation (Radke et al., 2009; Liu et al., 
2010), it can be suggested that higher dissipation rates were due to an enhanced biodegradation 
under the influence of salt. The effect of increasing salt content on the dissipation rates of SDZ 
and SMZ in soil could not be observed. The antibiotics might be adsorb on the soil phase and by 
this protected for degradation.   
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Table 6 - Fitting parameters of the dissipation model, following first-order dissipation (Ct = C0 
e 

-kt). Antibiotics are sulfadiazine (SDZ), sulfamethazine (SMZ), sulfamethoxazole (SMX) and 

trimethoprim (TRI). R2, coefficient of determination; k, first-order dissipation constant; DT50, 

dissipation time for 50 % of antibiotic concentration. 

 

 
 

II.1.2.5  Conclusions 

1.2.5.1  Determine the impact of a dyke system, as an adaption to salinity intrusion, on 
the fate of plant protection products in the Red River Delta 

Residues of pesticides were frequently detected in soil and sediment of the dyke-protected area. 
Most frequently detected pesticides were isoprothiolane and chlorpyrifos in paddy rice soil and 
isoprothiolane and propiconazole in sediments of irrigation ditches, as explained by substance 
properties and application dosage. The data clearly imply an impact of human dyke construction 
and water management on pesticide pollution patterns in the Red River Delta. The conducted 
study fulfilled the Activity 4110, 4130.  

II.1.2.5.2  Determine impact of land use changes, as adaption to increasing salinity, on 
the environmental contamination by agrichemicals 

Residues of pesticides were significant higher in mono-rice systems than in rice-shrimp and 
mono-shrimp systems. Antibiotic residues were significant higher in mono-shrimp systems than 
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in rice-shrimp and mono-rice systems with differences between the province Soc Trang and the 
province Ben Tre. The rice-shrimp system seems to have the lowest background concentration 
of pesticides and antibiotics compared to the other farming systems. The conducted study in the 
Mekong Delta fulfilled the Activity 4140, 4120, 4130.  

II.1.2.5.3  Address the direct impact of increasing salinity on antibiotic fate 

Salinity affects dissipation rates of SDZ and SMZ in water. Changes in microbial activity as well 
as changes in partitioning behavior could be observed. In the soil no significant differences 
between the dissipation rates at the different salinity levels could be observed. However, DT50 
values indicate a faster dissipation under the influence of salt than without. The dissipation 
experiment fulfilled the Activity 4330. 

II.1.2.6  Differences in comparison to the proposal  

In comparison to the proposal, following changes have been made: 
The Activities 4330 have been re-designed and activity and 4340 omitted as suggested in the 
mid-term report in July2015. This activity aimed to mimic land use change (e.g. from rice to shrimp 
or vice versa) and its consequences in two ways: 

- Activity 4330 and the corresponding milestone MS 43C aimed to analyse the influence of 
salinity changes on the fate of agrochemicals. The proposed mesocosm study was 
replaced by a batch-experiment in a cost-neutral manner.  

- Activity 4340 and the corresponding milestone MS 43D aimed to assess the 
consequences of land use changes on pollution in terms of cross-contamination. The 
activity was omitted as a consequence of expert and farmer interviews. In case a rice field 
is converted to a shrimp pond, the soil is removed up to a depth of 3-4 m and the soil is 
removed from the site. A contamination originating from the original rice paddy soil is not 
possible. On the other hand, returning from shrimp aquaculture to rice cultivation would 
mean that the 3-4 m deep pond would need to be refilled with soil. Thus, it is not 
meaningful to analyse the impact of the formal use on rice production.  
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II.1.3 Households’ livelihood adaptation to social and environmental changes in 
coastal areas of Viet Nam’s Mekong Delta and Red-river Delta 

The WP6 is a cooperative work between German (UNU II) and Vietnamese partners (CTU-III) to 
explore the socio-economic perspectives in understanding risks and adaptation at household 
level. The work of WP6 is supposed to be beneficial from the relevant work of WP2 and WP1, 
particularly in exploring drivers of land-use changes and classifying farming systems. The main 
objective of this WP is to explore the livelihoods dynamics, and thus the changes in terms of risks 
and vulnerability at household level in rural coastal areas of the MKD and the RRD of Viet Nam. 
This approach is against the background that households have been experiencing strong social 
transitions and environmental changes that happen simultaneously in the whole country in 
general and in these deltaic region in particular which is reflected by as well as explains the 
dynamics in their livelihood and risk profiles. The specific questions addressed by this WP are put 
in the proposal as follows: 
 
1) Which livelihoods and farming systems have significantly changed in the Mekong and Red 
River Delta (intensification of farming systems, shifts in livelihoods and assets)?  
2) What are the context conditions and macro drivers that influence changes in livelihoods and 

farming systems?  
3) In which periods were these changes particularly significant?  
4) What are the impacts of livelihood changes and changes in farming systems for different risk 

profiles of households linked to climatic and environmental change?  
5) What do these changes in risk profiles and the emergence of new risks mean for livelihood 

security and local food security for different communes?  
6) To what extent are risk profiles different between various farming types and ethnic groups?  
7) Which recommendations can be given in order to strengthen livelihood security and the 

adaptive capacity of households in the context of environmental change and socio-economic 
transformation?  

In order to address these questions, the workload are broken down into two main tasks including 
six main activities involving experts and researchers of both UNU-II and CTU-III. 

II.1.3.1  Specific research questions and objectives 

Research objectives  
Understanding current and future livelihood changes in the two biggest deltas of Vietnam is of 
great scientific and practical relevance as these populous regions are highly vulnerable to climate 
change while playing a key role in the country‘s economic development. The residents’ livelihood 
dynamics reflect the extensive changes of environment and politic-socio-economic transition of 
the nation. However, the detailed drivers and patterns of livelihood changes at the household level 
are surprisingly unknown. Especially the role of environmental vs. socio-economic changes are 
often hypothesized (sometimes for political reasons), rather than actually understood. The 
research therefore aims to use the original empirical data collected from a large household survey 
(N=850) in the RRD and MKD deltas in order to decipher and explain adaptation decision making 
at the household level in rural and peri-urban communities. Understanding the trajectory of 
change is a crucial step to study potential future, and thus facilitating further implications in both 
terms of research and practice. 
Research questions and sub-questions: 

1. How farmers’ livelihoods are changing in coastal areas of the Mekong delta and the Red-
river delta? 
1.1. What are the main trends of change? 
1.2. What is the mixture of farm and non-farm income considerations? 
1.3. Who changes in what ways? 

2. Why are they changing that way? 
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2.1. Which role do environmental vs. non-environmental factors play?  
2.2. Which role do pressures/threats vs. opportunities play?  
2.3. Which groups are able to shift in certain ways and which ones not? And why?  

3. In which ways the changing is positive and/or negative? For whom and why?  
4. What was/is the process of change? How the process is different across and between two 
deltas? Why?  
5. Are these changes temporary or long-term that can lead to a transformation? 
6. How will their vulnerability be different in future under various scenarios? 

II.1.3.2  Study sites 

In order to understand the adaptation dynamics at an individual level, the research uses the 
primary data from a household survey (N=850) conducted in 5 provinces of the MKD and the 
RRD. The study sites are heterogeneous in terms of diversity of farming systems from the coast 
to further inland as well as in different distances to urban centres of the two deltas that allow a 
wide coverage of the changing dynamics in these regions. The five provinces include two 
provinces in the RRD (Nam Dịnh and Hai Phong) and three provinces in the MKD (Tien Giang, 
Soc Trang and Kien Giang). All together there were 6 districts, 11 communes, 21 villages (Fig 9). 
The site-selection intentionally covers the main agrarian systems along the salinity gradients in 
the coastal areas of the two deltas. The width of the transects covered in the MKD is much wider 
than in the RRD. In the RRD, a long-history existence of the concrete or semi-concrete of the sea 
dykes makes agro-ecological landscape less heterogeneous (as no saline water is allowed to get 
inside the sea dyke at all) than in the MKD. The dynamics of land-use changes, though, are still 
evident along the coast of both regions allowing comparable analysis between the two deltas. 
The three provinces selected in the MKD namely Tien Giang, Soc Trang and Kien Giang share 
quite similar transects which are divided into three main zones along salinity gradients i.e. from 
the coastline to further inland   saline water zone, fresh-saline water rotation zone (with up to 6 
months saline water a year), and freshwater zone (Xuan & Matsui 1998). The main farm 
productions are mono-rice and/or vegetable or orchards (in fresh water areas), rotation between 
rice and shrimp or other saline-water aquaculture in the middle zone, and the same types of 
aquaculture, mainly shrimp (including white-leg and black-tiger shrimps) in the very coastal 
villages where saline water in is kept on the fields all year round (Lan, 2011).  
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In two provinces of the RRD, Nam 
Dinh and Hai Phong, the vast majority 
of households is rice or vegetable 
farmers owing the fact that this 
triangular-shaped delta is protected 
from the sea water by the thousand-
year-old sea dyke system. Saline-
water aquaculture has appeared more 
recently either outside the dyke (Hai 
Phong province) or even started 
roughly within one km from the dyke to 
further inland (in Nam Dinh). This 
occurrence is also found in one of the 
few research on salinity issue in the 
RRD by Nguyen and her colleagues 
(2017b) recently where measurement 
shows salinity concentration is higher 
in the field closer to the dyke. Fresh-
water aquaculture of traditional fish 
types are also found in some 
researched villages yet remains at 
small farming scale and for self-
consumption rather than farming 
business). 

 
Regarding proximity to urban areas, Tien Giang is closest to Ho Chi Minh City among the three 
provinces in the MKD (see Fig 9) and Hai Phong is the most urbanized province amongst 
researched provinces in both deltas. 
 

II.1.3.3  Methods 

The mixed-methods by integrating quantitative and qualitative data is applied in this study. The 
methodology is developed based on the livelihoods approach to assess the vulnerability as well 
as the adaptation dynamics of the deltas’ local residents. The qualitative data is collected by field 
observations, expert interviews, and in-depth interviews with local officers and farmers. The main 
input data for the quantitative analysis is collected from a standardized household survey (N=850) 
which was conducted during an extensive field trip in both deltas. Multivariate analysis is then 
applied to study the rules of change, i.e. the interactions between households and their social and 
ecological environment in the process of making adaptation decisions. Household’s livelihood 
decision-making processes are explained through its adaptive behaviours as interacting with its 
environment and under the impacts of a set of factors. These main factors were firstly defined 
and hypothesized through reviewing literatures which was adjusted after the first field visit and 
reflected in a more systematic way in the household survey questionnaire used for data collection 
(Fig 10).  

Fig 9 - Research areas in the RRD and the MD  
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Fig 10 - The dynamics of households’ livelihoods shift in decision-making process (Source: Own draft, 
partly inspired by Garschagen (2014), Acosta-Michlik and Espaldon (2008), Grothmann and Patt (2005)) 

 
Fieldwork activities are divided into two main phases 
- First field visit – exploratory phase: 

 Expert interviews 

 Interviews and focus group discussion with local authorities 

 Field observation and farmers interviews 

 Site selection 
- Main field trip: 

 Standardized household survey (N=850) 

 In-depth interview with local officers and farmers 
A step-wise data analysis workflow is depicted as below: 
- Main changes of rural livelihoods are inspected at a macro level (literature review, 

observation and interviews), i.e. regional trends as well as the micro level of households 
(household survey data). 

- A series of regressions are conducted to identify the determinants to livelihood changes, 
juxtaposing the roles of social versus environmental factors in the process of livelihood 
change. 

- A classification tree (Boolean rule) was applied to develop a typology of livelihood-change.  
- Multinomial regressions is employed to compare among types of livelihood change to 

identify the most distinguishing characteristics, and consequently develop livelihood-
change profiles where potential vulnerable groups are revealed for further implications  

Triangulation process is ensured throughout these steps using both qualitative and quantitative 
data.  

II.1.3.4  Results and discussion 

Livelihood changes at household level is recorded for each delta: Findings show changes are 
observable across the regions, noticeably not only agricultural changes, but also non-agricultural 
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livelihoods regardless of the rural context. These changes take place in an interactive process 
between among households and social-ecological factors simultaneously which reflect/explain 
the major trends/phenomena of the regions. Details of the decisions to change are revealed with 
the data from the household survey. Fig 11 shows these dynamics in explaining the changes on 
households' farms where the assumed dominant role of environmental changes and harvest loss 
are not brought up as strongly by interviewed farmers. Rather, profit and indicators of intervention 
(e.g. dykes, planning) show bolder impacts. Similar results could be found when looking at other 
trends of non-farm livelihood changes (results not shown). 
 

 
Fig 11 - Primary reasons for changing to current farming of households 
 
Probit regressions were applied to identify the determinants to livelihood change of households. 
Probit regressions are run separately for changes (or shifts) on farm and non-farm livelihoods 
(dependent variables are in binary format with Yes (assigned as 1) if change and No (assigned 
as 0) if no change)). Selected results in Table 7 show the determinants to each trend of change 
for the case of the MKD (those with significant coefficients) of which some has impacts on both 
types of income (e.g. number of income sources, total yield, share of non-farm income, farming 
systems), others could only explain one trend. Yet indicators of climatic problem (perceived risk 
of salinity and high temperature) are less likely to be able to explain the probability of change than 
other demographic characteristics and farm-type (also implying policy intervention) of 
households. These regressions are run separately for each delta due to the substantially different 
contexts.  
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Table 7 - Results of Probit regressions inspecting determinants to the shift of farming system and changes 
to non-farm income applied by surveyed households in the MD 

Variables description Farm-system shift Non-farm income change 

Average 
Marginal 
Effects 
(AME) 

(Robust) Std. 
Err. 

AME (Robust) Std. 
Err. 

Age of household-head .0014 (.0010) -.0051** (.0021) 

Sex of household-head -.0142 (.0329) .1272** (.0624) 

Household size .0258*** (.0097) -.0212 (.0172) 

Dependency ratio .0002 (.0002) .0016*** (.0005) 

Number of skilled workers -.0687* (.0412) .2407** (.0968) 

Number of state employers .0654 (.0464) -.1898* (.1094) 

Total land-area (in ha) -.0071 (.0089) -.0564*** (.0215) 

Quintiles of households’ assets     

Quantile1 (reference group)     

Quantile2 .0514** (.0233) -.0309 .0800) 

Quantile3 -.0005 (.0365) -.0167 (.0769) 

Quantile4 .0125 (.0404) .0584 (.0944) 

Quantile5 .0299 (.0373) -.0366 (.1033) 

House condition .004 (.0105) .0449** (.0207) 

Number of income sources .0521*** (.015) .1086*** (.0246) 

Total yield (‘000vnd, sqrt) -.0003** (.0001) .0006** (.0003) 

Number of land-lot (1-5) -.0007*** (.0192) -.0299 (.0344) 

Share of non-farm income (%) -.0007** (.0004) .0031*** (.0008) 

Ratio of labor working far from home -.0005 (.0006) .0042*** (.0013) 

Province     

Kiên Giang ((reference group)     

Sóc Trăng -.1221** (.0528) -.0575 (0765) 

Tiền Giang -.0141 (.0387) -.1183 (.0773) 

Perceived salinity risk (1=yes;0=no) .0124 (.0306) .1302* (.0717) 

Perceived high-temperature risk(1=yes;0=no) .0151 (.0308) .1012 (.0639) 

Farm-type     

Mono-rice -.2726*** (.0841) .1181 (.0772) 

extensive shrimp -.1440 (.0969) .1913* (.1015) 

Fresh-water aquaculture -- -- -- -- 

improved shrimp .0670** (.0264) .1170 (.0912) 

crops -.0646 (.0833) .0457 (.0997) 

no farm -.6915*** (.1269) .2627*** (.0831) 

other saline aquaculture  -- -- -.1984** ( .0970) 

perennials -- -- -.0511 (.1900) 

Rice-crop -.7385*** (.1838) .3823* (.168) 

rice- shrimp (reference group)     

Constant -1.045 (.8341) -1.537*** (.4838) 

Number of observation 437 515 

LR (chi2) 198.24 134.05 

Prob > chi2 0.0000 0.0000 

McFadden's R2 0.487 0.188 
Significant at p<0.01***, p<0.05**, p< 0.1* levels 

 



 

 

41 
 

 
A typology of livelihood-change (Fig. 12) is developed to group households using the simple 
Boolean rule (0-1) for any type of change that a household applies on both their on-farm and non-
farm income sources The change strategies are distinguished by three main activities: farm-
shifting (e.g. from rice cultivation to shrimp farming or other annual crops), farm 
diversification/intensification, and new non-farm income source added in the last 10 years. This 
fulfils the objectives to cover both farm and non-farm dynamics of rural households in the coastal 
areas of the deltas. The outcome indicates seven main types of strategies of which groups of 
households belong to. With this rule, each household could belong solely to one strategy which 
allows further analysis by comparing and developing a profile for each group. These types of 
livelihood changes are also numbered increasingly according to this intensity of change, i.e. 1= 
no change, up to 7= most changes applied both on-farm and non-farm income sources. The 
distribution of household groups applying livelihood-change types is different between the two 
deltas with stronger tendency of shifting farming systems in the MKD while changing non-farm 
income source is more popular in the RRD (Fig. 13). This reflects the distinguishing regional 
characteristics, especially in terms of land-use management/interventions and consequently 
farming systems and ecological settings. 
Livelihood-change profiles: Multinomial regressions was applied separately on the subsample of 
each delta to compare among seven types of livelihood and identify the main characteristics that 
distinguish among groups of household. These results are then cross validated with results from 
the probit regressions in the previous step and supplemented by results from other statistics tests 
(Chi2, ANOVA, Kruskal-Wallis) 
Selected findings of this analysis step are: 
(i) Farm system shifts took place actively in the areas where farmers are not restricted in changing 
their land-use (type 5 & 7, see Fig 5); and on the other hand, farmers tend to get stuck in the 
systems where they are not allowed to make major changes such as: mono rice, or rice-crop 
cultivation, with the option of diversification in some places. 
(ii) Changes of non-farm livelihoods are obviously associated with labour mobility rather than 
opportunities in the village 
(iii) The number of income sources has a positive significant impacts on changes both on-farm 
and non-farm livelihoods that also implies change is a proactive and interactive process between 
households and their social-ecological environment. 
(iv) Investment on children’ education is also deliberate rather than responsive. In other words, 
the group that are more active in change (particularly between comparable pairs such as: types 
5 & 7, types 4 & 6) tend to invest more on the education and training of their household members. 
(v) There remained heterogeneity within each group that could hint the difference of capacity to 
change, and thus serves as base for further analysis of the most vulnerable groups. 
Points for further discussion: 

 Changes could be proactive and positive to improving households’ livelihoods: half of the 
respondents claim that their economic status has been improved in the last decade which is 
mostly attributed to the relatively new income sources such as: shrimp, annual crops or non-farm 
livelihoods. 

 Farmers’ expectation to change even more in the future and policy intervention could play a critical 
role in enabling these changes, particularly in the dyked-up areas. 



 
 

Fig 12 - A classification tree to formulate typology of livelihood-change trends in the Mekong Delta and 
the Red-river Delta 
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Fig 13 - Distribution of livelihood-change types by delta region 
 

II.1.3.5  Conclusions 

Livelihood diversification by combining farm and non-farm income sources is a strong tendency 
in rural coastal areas. Households’ livelihood-change typology captures their characteristics and 
enables identifying determinants to their decisions to change (both farm and non-farm 
livelihoods). More than household’s demographic and economic indicators, opportunities (e.g. 
land-use/crop diversifying vs. shifting options, other income sources, high-skill jobs) explain well 
the decision to change of households. 
In other words, households’ livelihoods dynamics are strongly and obviously driven by market 
factors (profitability, better income (e.g. wage jobs, higher education)) and sped-up by the social 
learning process as households’ response to opportunities (land-use-change flexibility, availability 
of other income sources/high-skill jobs). Policy intervention is the enabling factor to households’ 
livelihood change strategies to deter or promote the change process (e.g. dykes, industrialization, 
etc.).  
The role of environmental factors in explaining livelihood dynamics could be better explained as 
the secondary impacts in the process, yet primary looking toward future in the context of climate 
change. Yet, from a future-forward looking perspective, environmental factors might play primary 
role in driving further changes. Also in longer term, environmental issues will cause potential 
ecological and social risks such as food insecurity and social inequality. For example, soil 
salinization and land degradation in mono-shrimp or highly intensive shrimp farming raise the 
question of reversibility to other farming systems, particularly to rice cultivation. This, together with 
emerging social concern such as farmers’ susceptibility to the market volatility (e.g. shrimp price 
or short-term high-demand crops) might imply the winner-loser consequence, failure to achieve 
long-term development, and thus substantially change the risk profiles of these regions. 
Therefore, it comes as a strong recommendation to put environmental component high on the 
research and policy agenda. 

Mekong Delta Red River Delta

1.no-change 2.no-farm+divers.-nonfarm

3.change-only-nonfarm 4.farm-divers.+nochange-farm

5.farmshift+nochange-nonfarm 6.farm-divers.+change-nonfarm

7.farmshift+change-nonfarm

Graphs by Region 1=MKD; 2=RRD
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In respect of research approach, findings show that explaining the decision making mechanisms 
at the micro level of household is of great relevance and importance in adaptation studies. On the 
other hand, it does not hinder the contribution to policy implications on a larger scale as it could 
reflect the overall trends of the regions. Individual adaptation has proved in the scope of this study 
to provide details to explain better the larger trends in complex contexts yet could be developed 
further, for instance by integrating the behavioural analysis. This approach remains challenging 
in applied research and thus also relatively open for innovations. 

II.1.3.6  Differences in comparison to the proposal 

During the research, it become clear that the household survey would need to cover a larger 
sample size than originally planned in order to fully tap the potential of comparisons for between 
different provinces in each delta and the two deltas at large. The PIs therefore decided to invest 
some more time into the household survey implementation and analysis of data. At the same 
time, it was decided that the agent-based model for simulating future adaptation decisions 
would still be prepared during the DeltAdapt project duration (notably through the multivariate 
statistical analysis of the household survey data) but would only be implemented in a post-doc 
phase following the DeltAdapt project duration, financed by UNU-EHS.  
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II.1.4 Stakeholder interactions and policy relevance 

II.1.4.1  Background and specific objectives 

Both deltas, the Red River Delta and the Mekong Delta are at a crossroad in terms of development 
pathway: At the time of proposal writing the prevailing trend was to consider further infrastructure 
development as the main solution to combat salinity intrusion. Other alternatives considered at 
that time included for example the adaptation of agro-ecosystems to increased salinity via land 
use changes, and the development of salinity-resistant cultivars. The policy implications are 
considerable because each development pathway brings about advantages and constraints 
which could seriously affect the social-ecological systems of the regions and the stability of the 
delta environments themselves.  
 
The objective of WP7 was to draw recommendations on sustainable adaptation of coastal agro-
ecosystems to increased salinity intrusion by looking in particular at land and water management 
in the Red River and Mekong deltas. This will be achieved through: 

1) The analysis and synthesis of all the research carried out in WPs 1-6 (Task 7100) 
2) The discussion of recommendations with stakeholders through e.g. workshops and 

interviews with government officials at the national, province and district levels and in the 
frame of a joint synthesis workshop in Vietnam.  

 

II.1.4.2  Activities 

DeltAdapt set out to play an important role in informing policy-making in the region with 
implications that could reach beyond the two deltas themselves, i.e. be relevant for basin-scale 
management and for other deltas globally. Concretely, DeltAdapt worked within the frame of 
Decision No. 899/QD-TTg of June 10, 2013, approving the project “Agricultural restructuring 
towards raising added values and sustainable development” and Decision No. 800/QD-TTg dated 
June 4, 2010 by the Prime Minister approved National Targeted Program on New Rural 
Development for the period 2010-2020, among others. However, to be policy relevant, 
DeltAdapt´s research was carried out in consultation and cooperation with decision makers and 
involved key stakeholder throughout the project lifetime. Prerequisite were the good and trusted 
contacts to decision makers from the beginning through the i) participation of Can Tho University 
and Hanoi University of Agriculture (HUA) as well as through ii) UNU´s long term engagement 
with local decision makers in the frame of the WISDOM (Water-related information system for the 
sustainable development of the Mekong Delta in Vietnam) project. Since 2007, strong links have 
been built to researcher at Can Tho University, as well as to province level DONREs and DARDs, 
but also the Vietnamese Academy of Science and Technology (VAST), and universities under the 
Ministry of Education. HUA has collaborated with Nam Dinh, Thai Binh, Ninh Binh, Ha Nam, 
Hanoi, Hai Phong, Hai Duong and Hung Yen provinces to develop land use planning until 2020. 
HUA has also implemented several missions for MARD, MONRE and the Prime Minister’s office 
such as formulating the biodiversity conservation strategy for Hai Duong province and 
implemented new rural development program for Nam Ha, Thai Binh and Hai Phong province. 
CTU and HUA therefore provide extremely good links to all the institutions relevant to DeltAdapt. 
Within the WISDOM project, good links were established to stakeholder and decision makers in 
both deltas and also in Hanoi (ministries and their institutes, but also BMBF/MOST Water Office, 
GIZ, ADB etc.), which was helpful to support successful research and data collection.  
Beyond policy-makers, farmers have been key stakeholder to the project.  
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II.1.4.3  Main messages and Recommendations from all project parts 

Recommendations for action and policy engagement in both deltas have been generated from all 
WPs in collaboration to understand the root causes and impacts of land use changes better and 
to reduce negative impacts from increased salinity intrusion. The messages and 
recommendations are based on the work carried out in the DeltAdapt consortium, have been 
discussed with stakeholder and feeds into the policy brief. 
 
Main messages and recommendations: 
 

Some adaptation measures lock-in agricultural systems in “path-dependency” that has the 
potential to constrain future options for changes. Thus, shifts to agricultural systems which 
allow for a continuous adjustment should be advocated for.  

Soil analysis showed that in alternating rice-shrimp farming systems, soil properties changed in 
a way that introducing the shrimps appears to be a fully reversible option, thus maintaining 
the flexibility of farmers to respond to future climate changes and developments on politics 
and markets. Hence, in terms of reversibility, the alternating rice-shrimp system can 
represent a no-regret strategy for farmers in the transition zone along the salt gradient in 
coastal areas. Nevertheless, also intensive permanent shrimp farming did notably not result in a 
worsening of soil nutrient status, due to accumulate of fertile feed and shrimp residues, fertile 
subsoil materials and if intelligent management (liming, pond aeration, sludge removal) is applied. 
In summary however intensive shrimp farming is likely less reversible. Lowering the soil 
surface level for pond construction by up to two meters do not allow for the subsequent cultivation 
of rice as it would require a costly refilling of bank material, thus creating larger path-dependencies 
and lock-in effects for the households than in the alternating rice-shrimp systems. 

The results from the analyses of drivers of change reveal that interactions and feedbacks in 
agricultural changes could exacerbate salinity intrusion and negatively impact farming systems at 
other places. These interconnections among different parts of the delta should be carefully 
considered in adaptation planning.  

The resilience assessment reveals that none of agricultural systems excels in all resilience 
components at the same time. This result implies that a shift from one land use system to another 
to improve a specific resilience component will have its price. Thus it is recommended to balance 
resources to improve the capacity to cope with salinity intrusion and recover from damage under 
a certain coping range, as well as maintain the flexibility of agricultural systems in order to address 
future changes. In this regard, adaptation to increased salinity intrusion should be 
considered as a learning process and land use and adaptation planning should be flexible 
for learning and trying new farming systems. 

Due to the complex and interconnected nature of the delta system, any intervention in agricultural 
systems in the coastal zone would create effects across various scales. Therefore, a 
combination of both structural and non-structural measures should be considered. 

Livelihood diversification by combining farm and non-farm income sources is a strong tendency 
in rural coastal areas of the deltas. The results of livelihood analyses show that access to 
opportunities, and the household’s demographic and economic characteristics strongly influence 
the households’ decision to change. Thus interventions and policies should consider and 
account for this diversity and step back from the interpretation that the salinity level alone 
would explain land use decisions. 
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The results show the potential ecological and social risks, especially in the case of future 
environmental changes and emerging social concern such as farmers’ susceptibility to the market 
volatility that might produce winners and losers to a failure to achieve long-term development, 
and thus substantially alter the risk profiles of these regions. Therefore, the current and future 
risk profiles of households need to be considered in policies and in planning for 
sustainable development. 

The livelihood analyses shows the relevance and importance of explaining the decision-
making mechanisms at the micro level of household in studying adaptation. Individual 
adaptation as illustrated in this study can provide details to explain better the larger trends in 
complex contexts. This approach yet could be developed further, for instance by integrating the 
behavioural analysis and thus is promising for innovative methods. 

As an example, soil analysis in the Red River Delta showed low salinity levels in most of the rice 
fields showing that constructed sea and river dikes were effective in keeping the main saline water 
out. This suggest that there is no pressure to the farmers to switch to brackish aquaculture 
in this region of the RRD due to saline intrusion. Hence, observed changes in land use are 
rather intended for intensifying agricultural production, or, at smaller farms, also to diversify 
agricultural production of the owners. 

Pesticides were frequently detected in soils and sediments of dyke-protected areas of the Red 
River Delta. The results clearly imply an influence of dyke construction and water management 
on pesticide pollution patterns in dyked areas. Dyke building was here seen as one possible 
adaptation measure, of which consequences on pollution patterns were not investigated before. 
The consequences of dyke building on the concentration and fate of pollutants should be 
considered in adaptation planning, for example if more protective infrastructures are to be 
installed in both deltas. A continuous monitoring of the pollutants especially pesticides in 
the irrigation canals could help to better manage the irrigation and reduce risk. 

In terms of the potential changes of agrichemical contamination with respect to land use changes, 
the results show that the alternating rice-shrimp system is associated with the lowest level of 
pollution in terms of pesticide and antibiotics compared to the double rice and permanent shrimp 
systems. Thus the alternating rice-shrimp system should be considered as an option in 
areas where environmental sustainability is prioritized.   

The assessment of the direct impact of increasing salinity on antibiotic fate implies potential 
changes on antibiotic dissipations with more significant changes observed in water than in soil. 
The results suggests that water management under increasing salinity should consider 
potential changes in pollution patterns and define appropriate measures regarding antibiotic 
application and management under circumstances of increased salinity intrusion. 

Measurements of net ecosystem exchange of CO2 in the Red River Delta showed that vegetable 
fields and fishponds acted as net CO2 sources, while rice and rice-vegetable rotation systems 
were net CO2 sinks. Rice-vegetable rotation and vegetable fields had approximately 17.3 and 3.4 
times higher N2O emissions compared to the double-rice system, respectively, while fish ponds 
had significantly (88%) lower N2O emissions. Rice cultivation showed the highest CH4 fluxes of 
all cultivation systems. In the Mekong Delta, significant differences in NEE and CH4 and N2O 
rivers were found in the different land uses in the Mekong Delta. N2O emissions were relatively 
low in both the freshwater rice-rice and rice-shrimp rotation systems, whereas CH4 emissions 
were high. The results show overall that the feedback to the climate strongly depends on the 
considered land use system and climate gases. There is no system that could be clearly 
recommended in terms of emissions.  
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On the other hand, an increased salt content led to a 170% increase in CH4 emissions in the rice-
growing system compared to the non-salt-influenced rice system in the Red River Delta. CH4 
emissions increased exponentially with increasing soil salinity, while only an inconsistent 
correlation was observed between N2O emissions and soil salinity for different land uses.  

This result suggests that the CH4 emissions of the two deltas could increase with 
increased salt input. 

An extensive literature study was conducted to provide an overview of the effects of soil salinity 
on nitrogen pools, N cycles and fluxes in coastal ecosystems. This study showed that the flux of 
nitrite and N2O emissions in particular are strongly increased by increasing salt influence. Also in 
the greenhouse experiment significantly higher N2O emissions occurred under salt influence than 
in the treatment without salt influence, especially in the variant without rice plants. This result 
suggests that the N2O emissions of the two deltas could increase with increased salt input. 

Topsoil selling and the associated loss of the fertile topsoil, was not always associated with an 
immediate loss in overall soil fertility, as irrigation conditions are often improved and nutrient 
losses were partially compensated from the exposed subsoil. However, organically bound 
nutrients, such as S, some P forms and particularly N declined significantly, Thus, to regenerate 
these soils, organic fertilization is urgently recommended, preferable using fungi-
inoculated rice straw compost to accelerate the decomposition of rice straw components 
by fungal inoculation even under non-sterile conditions.  

Although farmers remained positive on the effects of topsoil selling, this practice can create 
lock-in effects for the neighboring farms who did not sell their soils because the flood water is 
mainly flowing now into the fields with sold topsoil than in those which avoided it. Hence, it may 
be advisable in the future also to allow these neighboring farms to sell their soil, but this 
should then be a subsoil selling to protect the fertile topsoil. 

Field application trials with fungi-assisted rice straw compost suggest a potential for 
decreased mineral fertilizer inputs, increased rice yields and/or improved soil quality 
through continuous compost application over longer time periods. 

Furthermore, indigenous fungi applied for composting may represent very efficient bio-
control agents. 

Potential subjects of further scientific technological collaboration therefore centre on the in-depth 
exploitation of site-adapted indigenous micro-organisms for the production of bio waste-
based fertilizers, which simultaneously possess bio-control agent properties. Related 
activities should also include a sound verification of the concept applicability at field scale. In case 
of success, such activities would be expected to facilitate the implementation of related 
measures into local farmers’ practice; thereby also holding promise for a possible combination 
of potential economic and ecological benefits. 

 

II.1.4.4 Workshops 

In line with the work plan, UNU-EHS co-organized with the project coordinator INRES as well as 
with the Vietnamese partners the following three project workshops: 

28 October – 4 November 2014: Kick-off workshop in Can Tho combined with a field visits  

The kick-off-meeting of DeltAdapt took place from 28th of October to 4th of November 2014 at 
Can Tho University and Hanoi University of Agriculture. This workshop was organized in close 
cooperation between the German and Vietnamese partners. UNU and INRES were responsible 
for the organization. Representatives from all German and Vietnamese project partners (see 
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group picture), participated in this meeting and presented their projects and the overall aim of 
DeltAdapt to the Rector and other members of the university administration from Can Tho and 
Hanoi University of Agriculture as well as to relevant stakeholders and authorities from coastal 
provinces of the Mekong delta.  

 

 

Fig 13 - Group picture at the kick-off-meeting 28-29 October, 2014 at Can Tho University, Vietnam 

 

The latter were identified in advance by the Vietnamese project coordination. The subsequent 
discussion with the relevant stakeholders and province authorities was characterized by high 
participation and commitment. The local stakeholders and province authorities reported on social 
and environmental problems associated with specific land use systems. They emphasized that 
salinity intrusion influence the various land use systems differently and adaption processes and 
strategies can vary between provinces, which has to be taken into account in the selection 
process of test fields. In general, they agreed with the scientific questions and work plan of the 
project and acknowledged the relevance of the project aims for the farmers in the deltas. During 
subsequent field trips in the Mekong delta (October, 28th to 31st, 2014), organized by the 
Vietnamese partners, several examples of relevant land use systems were surveyed and their 
suitability as potential test sites were discussed among all partners. During these field trips, 
several meetings with local authorities at the province and commune level of two provinces took 
place in order to introduce the project and to establish the first contacts to authorities. After this 4 
day-long field trip into the Mekong Delta, projects partners traveled to Hanoi to visit the 
Vietnamese partners in the Red River Delta, and to participate in a high level meeting with the 
Rector of Hanoi University of Agriculture. During a subsequent field trip in the Red River Delta 
(November, 3rd to 5th, 2014), organized by the Vietnamese partners typical land use systems 
(mangrove clam, intensive shrimp, rice-/vegetables, fresh water aquaculture, see pictures above) 
in the coastal district Giao Thuy, Nam Dinh province were visited. Furthermore, meetings with 
relevant officials at the district and commune level were organized to introduce DeltAdapt and to 
get an in-depth insight into actual problems and challenges for farmers associated with the climate 
and land use changes. 
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6-9 June 2016: Midterm workshop in Bonn; Germany 

The midterm-workshop took place from June 6th to 9th at the UNU campus in Bonn.  All German 
project partners (including all project PhD´s and master students) as well as four Vietnamese 
project partners - Dr. Chau Minh Khoi (coordinator from the Vietnamese side), Prof. Nguyen Duy 
Can, Dr. Duong Minh Vien, Msc. Nguyen Ngoc Thanh (matching PHD), participated in this 3-day 
meeting (see group picture). After some opening works from Jakob Rhyner (Director of UNU-
EHS) and both German and Vietnamese coordinators, which all emphasized the importance of 
the topic of DeltAdapt, progress reports from individual WP´s and tasks were presented from the 
WP leaders and/or PhD students. After each talk individual results and current problems in the 
WP as well as possibilities of how to integrate the results into other WP´s were discussed among 
all project partners. The last day of the workshop was used for a full day excursion with all project 
partners. The first part of the day was used to visit the Jülich Research Centre, IGB3. Here, the 
partners visited the automated soil lysimeters and new advanced techniques of automated GHG 
measurements in the field where presented. Afterwards, the group visited the flood control 
protection centre in cologne (http://www.steb-koeln.de/hochwasser.html), where the available 
river flood protection system was explained and visited in the city centre.  

 

Fig 15 - Group picture at the midterm workshop 6-9 June 2016 in Bonn, Germany 

 

28-30 June 2017: Final workshop in Hanoi (2 days science workshop, 1 day stakeholder 
consultation) 

The final workshop took place in Hanoi 28th to 30th 2017. In preparation for this workshop, a 
national project meeting was held at the UNU-Campus (Bonn) to update all national partners on 
the individual work progress and discuss and develop the overall frame and the agenda of the 
workshop in Hanoi, which was then further discussed and modified together with all Vietnamese 
partners. The final workshop in Hanoi was opened by Mr. Pham Van Cuong -Vice President 
Vietnam National University of Agriculture (VNUA), who explicitly emphasized the importance of 
the topic of the DeltAdapt project for both Vietnam deltas. Day 1 and 2 of the workshop was 
dedicated to the discussion of the project results. To facilitate the discussions with experts not 
involved in the DeltAdapt project also results from other projects with similar topics/aims were 
presented from members of the Viet Nam National University of Agriculture (VNUA). This part of 
the workshop was open to the interested public and a number of PhD students and researchers 
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from the VNUA participated on the fruitful interdisciplinary discussions. After this public part of the 
workshop all national and international DeltAdapt project partners discussed the research results 
in subsequent closed-door meeting. For WP7 the third day of the final workshop was of special 
relevance. DeltAdapt project partners discussed the results with representatives of the Ministry of 
Agriculture and Rural Development (MARD), and Ministry of Natural Resources (MONRE) as well 
as representatives of province, district and commune level authorities from both deltas. They 
highlighted the high relevance of the topic of DeltAdapt as seen by the extreme prolonged drought 
and salinity problems farmers had to suffer in 2016. 

 

 

Fig 16 - Group picture at the final workshop 28-30 June 2017 Hanoi, Vietnam 
 

II.1.3.6 Differences in comparison to the proposal 

 
Two of the milestones are not yet finalized but are underway. These include 
 
Milestone 71B: Vietnamese report on project results 
Translation only takes place after submission of the final report. The report is based on the reports 
of the partners, which are all available with the reporting.  
 
Milestone 71D: Policy brief in English and Vietnamese on the project results 
The content of the Policy Brief was compiled and coordinated with Vietnamese partners and 
stakeholders in a time-intensive iterative process. Publication was delayed due to further 
iterations, which are seen essential to have a consensus product. UNU is treating however the 
finalization of the policy brief as priority also beyond the project lifetime.   
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II.2. Zahlenmäßiger Nachweis   

 
Siehe gesonderter Bericht.  

II.3. Notwendigkeit und Angemessenheit der geleisteten Arbeit   

Die durchgeführten Arbeiten waren aufgrund der anspruchsvollen Aufgabenstellung des 
Projektes, der umfangreichen analytischen Erfordernisse sowie der logistischen 
Herausforderungen vor Ort allesamt notwendig und angemessen. 

II.4. Voraussichtlicher Nutzen und Verwertbarkeit der Ergebnisse   

Die in diesem Projekt erzielten Ergebnisse werden sowohl in renommierten, wissenschaftlich 
begutachteten Fachzeitschriften veröffentlicht, als auch in einem iterativen Prozess mit den 
Stakeholder diskutiert und können dadurch einen maßgeblichen Beitrag zum besseren 
Verständnis sowie Management dieser intensiv genutzten, aber auch gegenüber 
Umweltveränderungen sehr empfindlichen Küstengebieten leisten. Im Rahmen des 
Abschlussworkshops in Hanoi (30.6.2017) wurden die erzielten Ergebnisse dem Ministerium für 
Landwirtschaft und ländliche Entwicklung (MARD), dem Ministerium für Naturressourcen 
(MONRE), als auch offiziellen Entscheidungsträgern auf Provinz-, Distrikt- und Gemeindelevel 
beider Flussdeltas verfügbar gemacht und intensiv diskutiert. Der Workshop wurde von UNU-
EHS in Kooperation mit den vietnamesischen und deutschen Partnern verantwortlich organisiert.  
 

 
Abb. 17: Stakeholder-workshop am 30.6.2017 in Hanoi mit offiziellen Entscheidungsträgern aus 
den Ministerien und Vertretern aus den Untersuchungsgebieten. 
 
Die Optimierung der landwirtschaftlichen Nutzungsstrategien erfolgte in enger Abstimmung und 
Zusammenarbeit mit den lokalen Behörden und Entscheidungsträgern sowie den Bauern und 
dörflichen Kooperativen. Damit können die Untersuchungsgebiete dieses Projektes als 
Modellregionen für eine Vielzahl weiterer, ähnlich genutzter Gebiete, insbesondere in Schwellen- 
und Entwicklungsländern, dienen. Das UNU-Team hat mit folgenden Vorträgen zu dem Workshop 
in Hanoi beigetragen: 
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Nguyen Minh Tu, Fabrice Renaud and Zita Sebesvari: Drivers of change and adaptation of agricultural 

systems to increased saline intrusion in coastal areas of the Red River and Mekong deltas in 

Vietnam. DeltAdapt workshop, 28-30 June 2017, Hanoi, Vietnam 

Gianna Braun, Zita Sebesvari, Jens Kruse, Melanie Bläsing, Wolf-Anno Bischoff, Andreas Schwarz, Wulf 

Amelung, Fabrice Renaud: Pesticides in soil and sediment of a dyke-protected area of the Red 

River Delta, Vietnam. DeltAdapt workshop, 28-30 June 2017, Hanoi, Vietnam  

Pham Thi Thanh Hoai: Household adaptation dynamics in Vietnam’s deltas: response to environmental 

change or reflection of socio-economic transition?” DeltAdapt workshop, 28-30 June 2017, Hanoi, 

Vietnam  

Matthias Garschagen: “Changes, Challenges and Possible Solutions – Social and Economic Aspects” 

incorporated the preliminary results of the socio-economic research component in the project 

(WP2 & WP6). DeltAdapt workshop stakeholder day, 30 June 2017, Hanoi, Vietnam. 

 
Ferner hilft die Veröffentlichung der Hauptergebnisse in Form des praxisorientierten Policy Brief, 
sowohl die politischen Entscheidungsträger zu erreichen als auch die Landwirte zu informieren, 
welche Landnutzungsentscheidungen unter veränderten ökologischen und ökonomischen 
Bedingungen getroffen werden sollten. Darüber hinaus waren die Projektergebnisse Grundlage 
dreier laufender Promotionsvorhabens und wurden in die Ausbildungs- und 
Qualifizierungsprogramme von zwei Master-Studenten, und den dazugehörigen 
Abschlussarbeiten integriert. Zudem boten und bieten die Projektergebnisse eine hervorragende 
Grundlage für eine Fortsetzung und Intensivierung der wissenschaftlichen Zusammenarbeit 
zwischen Deutschland und Vietnam. 

II.5. Während der Durchführung des Vorhabens bekannt gewordener 
Fortschritt auf dem Gebiet des Vorhabens bei anderen Stellen 

 

Im Berichtszeitraum sind dem Zuwendungsempfänger keine vergleichbaren Ergebnisse oder 
Fortschritte auf dem Gebiet des Vorhabens bei anderen Stellen bekannt geworden. Allerdings ist 
eine für das Gesamtvorhaben relevante Arbeit im Jahre 2017 veröffentlicht worden (Minderhout 
et al., 2017, Environmental Research Letters 12, 064006), die klar herausarbeitet, dass das 
Eindringen von Salzwasser in das Mekong-Delta zu einem ganz erheblichen Teil durch das 
Absinken des Mekong-Deltas aufgrund exzessiver Grundwasserentnahme und nicht aufgrund 
des durch den Klimawandel hervorgerufenen Meeresspiegelanstieg verursacht wird, da die 
Absenkung der Landoberfläche in einigen Bereichen des Mekong-Deltas um eine Zehnerpotenz 
über der des Anstiegs des Meeresspiegels liegt. Diese Erkenntnis ist von ganz herausragender 
Bedeutung für zukünftige Anpassungs- und insbesondere für Vermeidungsstrategien für die 
Salinitätsproblematik im Mekong-Delta. 
 
Minderhoud, P. S. J., Erkens, G., Pham, V. H., Bui, V. T., Erban, L., Kooi, H., & Stouthamer, E. (2017). 
Impacts of 25 years of groundwater extraction on subsidence in the Mekong delta, Vietnam. Environmental 
Research Letters, 12(6), 064006.  
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II.6. Erfolgte oder geplante Veröffentlichungen der Ergebnisse 
 

II.6.1 Veröffentlichte Publikationen 

Braun, G., Sebesvari, Z., Braun, M., Kruse, J., Amelung, W., An, N.T., Renaud, F. G. (2018). 
Does sea-dyke construction affect the spatial distribution of pesticides in agricultural 
soils? A case study from the Red River Delta, Vietnam  

 

II.6.2 Eingereichte Publikationen 

 
Tu, M.N, Renaud, F.G, Sebesvari, Z. (submitted). Drivers of change and adaptation pathways 

of agricultural systems facing increased salinity intrusion in coastal areas of the Mekong 
and Red River deltas in Vietnam. Journal of Environmental Science and Policy. (Accepted 
with minor revisions, currently in second review) 

Tu, M.N, Renaud, F.G, Sebesvari, Z., Can, D.N (submitted). Subjective measurement of 
resilience of agricultural facing increased salinity intrusion in deltaic coastal areas of 
Vietnam. Ecology and Society. (Accepted with major revisions, currently in second review) 

II.6.3  Geplante Publikationen 

 
Braun, G., Sebesvari, Z., Braun, M., Kruse, J., Renaud, F. G., Khoill, C.M., Amelung, W. (in 

preparation). Antibiotics and plant protection products in main land use systems in 
coastal areas of the Mekong Delta.  

Braun, G., Sentek, V., Braun, M., Sebesvari, Z., Renaud, F. G., Herbst, M., Frindte. K., 
Amelung, W. (in preparation). Does salinity effect dissipation rates of antibiotics in soil? 

Garschagen, M, Sebesvari, Z, Renaud, F., Kruse, J. Tu, M.N., Pham, H. …. Amelung, W. (in 
preparation). Rising salinity in Vietnam’s river deltas: Turning a threat into an opportunity 
for sustainable development by transformative change. 

Pham, H., Garschagen, M., Revilla Diez, J.. A typology of household livelihood changes in rural 
coastal areas of the Vietnamese Mekong Delta - Environmental versus non-
environmental determinants. Singapore Journal of Tropical Geography (in preparation). 

Vu, L.A., Janzen, S., Renaud, F.G., Guong, V.T., Kruse, J., Weigand, S., Haas, S. Amelung, 
W., Sebesvari, Z. (in preparation). Soil selling for brick production: insights from a global 
multi-lingual review and a case study in Vietnam 

 

II.6.4 Präsentationen mit Beteiligung des UNU Teams 

 
Braun, G., Braun, M., Kruse, J., Amelung, W., Renaud, F.G., Sebesvari, Z. (2017). Pesticides 

in soil and sediment of a dyke-protected area of the Red River Delta, Vietnam. Pico 
Session. European Geosciences Union General Assembly 2017. 23-28 April 2017. 
Vienna. Austria  

Braun, G., Sebesvari, Z., Kruse, J., Braun, M., Renaud, F.G., Amelung, W. (2017). Einfluss der 
Eindeichung auf Pestizidrückstände in Böden eines landwirtschaftlich Gebietes des Red 
River Deltas, Vietnam.Vortrag. Jahrestagung der Deutschen Bodenkundlichen 
Gesellschaft. 2-7 September 2017. Göttingen. Germany  
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