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I Kurze Darstellung 

I.1 Aufgabenstellung   

Die in diesem Kapitel beschriebene Aufgabenstellung ist in englischer Sprache formuliert. 

 

DeltAdapt is a BMBF (German Federal Ministry of Education and Research) funded bilateral German-

Vietnamese research project. Climate change induced effects (sea level rise, changes in river 

discharge, salinity intrusion) and rapid socio-economic developments threaten the vulnerability of the 

agro-ecosystems. The main focus is on drivers and consequences of socio-ecological changes of 

coastal agro-ecosystems in the Mekong River Delta and Red River Delta and their adaption options in 

the context of increasing salinization of water and soil resources. Salinity intrusion increasingly affects 

rice production while farmers try to adapt to changing environmental and economic conditions by 

shifting from paddy rice to rice-shrimp or even saline aquaculture. Management shifts in farming 

systems however are not feasible for all farmers and entail environmental risks. The multidisciplinary 

research project aimed to explore the current and historical land-use pattern, socio-ecological drivers 

of land-use changes, their feedback on climate and soil fertility, and evaluate the sustainability of the 

adaptation and adaptability of the coastal agro-ecosystems in both deltas to salinity intrusion and 

market challenges. Study areas located in the coastal regions of the two deltas served as examples of 

such highly vulnerable regions, where the production of rice, vegetables, and aquaculture products are 

crucial for the livelihood of local farmers.  

The Remote Sensing Unit of the University of Wuerzburg focused on the land use changes and 

contributed to: 

 Collecting comprehensive geoscientific and ecological information for the Mekong Delta and 

the Red River Delta 

 Identification of current farming systems and land use types in focus regions of the Mekong 

Delta and Red River Delta 

 Analyses and categorization of the current and historical farming systems and detection and 

description of the land use and land use changes during the past decade 

 Processing and analyses of high resolution satellite data (optical and radar)  

 A multi-year mapping of land use in coastal study sites of the Mekong Delta and Red River 

Delta with a focus on paddy rice and aquaculture  

 Creation of current information products (land use maps) in coastal study sites of the Mekong 

Delta and Red River Delta with a focus on paddy rice and aquaculture  

 Analyses of land use changes and assessment of urban extents and coastline changes 

The University of Wuerzburg was actively involved in the project through work package 1 (Land use 

options and typology of farming systems), work package 2 (Drivers of change) and work package 3 

(Policy implications). The overall aim of WP1 “Land use options and typology of farming systems” was 

to describe historical and current farming systems in the Mekong Delta and Red River Delta in 

Vietnam along salinity transects from the coast to inland areas by using remote sensing, statistical 

data as well as empirical field work results.  
 

I.2 Voraussetzungen 

Die in diesem Kapitel beschriebenen Voraussetzungen sind in englischer Sprache formuliert. 

 

Environmental and socio-economic threats in coastal agro-ecosystems   

The coastal zone is among the most threatened regions in the context of global environmental change 

and climate warming. Low-lying, flat topography coastal areas will in particular face effects of flooding, 

increased storm surge and salinization. This includes river deltas which are distributed widely along 
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the coast of Asia. Deltas are naturally dynamic coastal systems and are unique in their dual nature of 

terrestrial fluvial and marine coastal processes, making them highly productive as a result of high input 

of fertile sediments and nutrients delivered by rivers and ocean. For this reason, river deltas are one of 

our planets most important regions in terms of food production (Nicholls et al., 2007; Overeem and 

Syvitski, 2009) and food security. The large and often densely populated deltas in Southeast and East 

Asia deltas will be particularly affected to climate change. On the other hand river deltas provide rich 

natural resources, fertile soils and as such are favoured agriculture areas. Land cover changes in the 

coastal zone of the Mekong Delta and Red River Delta were closely associated with expansion and 

intensification of agriculture, particularly rice cultivation and land-based aquaculture which are the 

most important sources of nutrition for millions of people in Southeast Asia. 

Aquaculture and paddy fields are often located in coastal lowlands and river deltas. These areas are 

highly susceptible to sea level rise, floods and droughts, salt water intrusion and other hazards while at 

the same time battling issues of urban encroachment, stagnating yields and increased demand due to 

population growth. Therefore, river deltas deserve much attention in the 21st century and require 

comprehensive evaluation of environmental changes to develop adaption methods to mitigate adverse 

effects of expected negative impacts from global warming and socio-economic development. 

 

Remote Sensing 

For coastal zone planning and management different physical, biological and socio-economic data 

and information is needed for researchers, decision makers, resource managers, planners, and the 

public. These include data describing biophysics, hydrology, land cover and land use data reflecting 

socio-economic conditions. Coastal resource management requires the observation of land cover on 

different spatial scales and over periodic time intervals.  

Satellite remote sensing enables the continuous acquisition of large-scale high resolution imagery of 

the earth's surface. Today a large variety of different satellites and sensors are in orbit imaging the 

earth’s surface at different swath widths (kilometers to more than 1000 kilometers), repetition rates 

(daily, weekly, monthly) and spatial resolutions (meters to several kilometers per pixel). Passive 

remote sensing systems are dependent on reflected solar radiation, whereas active sensors provide 

their own energy source. Therefore, passive systems can only operate in the presence of sun energy 

(Jensen, 2007). 

Land cover classifications generated from remote sensing data can contribute to sustainable 

management of coastal resources and coastal ecosystems. Land cover classifications from very high 

resolution, multi-spectral data acquired with the optical sensors such as Landsat, Quickbird, 

Worldview, Ikonos and SPOT are widely used to analyze land cover and land use in coastal regions. 

However, such studies generally utilize only a few satellite images to derive and analyze a large 

variety of different land surface features. Most farming systems are characterized by different growing 

stages over the year (e.g. transplanting, growing and ripening) resulting in significant temporal 

changes in the satellite data. Depending on latitude, topography and season, cloud coverage can be 

very high throughout the year. In tropical coastal regions frequent cloud cover limits continuous 

satellite based mapping capabilities and constraints the availability of dense time series data.  

Remote sensing analyses serve as an appropriate and cost effective tool for the assessment and 

monitoring of the earth surface, its land cover and land use, in particular in remote or isolated coastal 

regions which may be difficult to access. The different spectral properties of the sensors enable the 

derivation of various biophysical and geophysical parameters on the earth's surface and their analysis. 

 

New era in Earth observation – free and open data policy of Copernicus data 

Earth observation is a valuable resource for many scientific and research applications. Access to Earth 

Observation data is often restricted. The US Geological Survey (USGS) has transitioned the entire 

Landsat archive to free and open data policy, making the Landsat satellite data to one of the world’s 

first and complete archives of earth observation data, ready to be used by scientists today. More 

recently, the European Copernicus program announced by the European Space Agency (ESA), has 

also adopted a free and open data policy which means that the data available from its Sentinel 

satellites is now available at no charge to the users.  
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Reliable detection of rice fields and aquaculture ponds from space requires the analysis of dense 

satellite image time-series to identify temporal profiles of plants and pond water. Current active earth 

observation satellite missions, such as Landsat-8, MODIS and others have revisit times that are high 

enough to produce such time-series. Sensors with frequent coverage usually are limited in their spatial 

resolution, whereas very high resolution sensors are limited in their temporal coverage. The 

Copernicus Sentinel satellite constellations 1 and 2 are trying to bridge this gap by using identical 

sensors on different satellites. At the moment they are imaging the earth about every 10 days with a 

spatial resolution of 10m, but the temporal coverage effectively doubles with each satellite that is 

added to the constellation. The benefits of data sharing as part of the free and open access policy 

include the use of comprehensive earth observation information and the production of useful 

information for decision-making resulting in a significant increase of their accessibility and usability 

without any restrictions. 

 

I.3 Planung und Ablauf des Vorhabens 

Planung und Ablauf der Aktivitäten in den Arbeitspaketen 1 und 2 des DeltAdapt Projekts orientierten 

sich an den definierten Projektzielen, der Meilensteinplanung und der Anpassung an den realen 

Projektverlauf und dem Bedarf nach Projekttreffen. Für eine detaillierte Gegenüberstellung mit den 

vorgegebenen Zielen sei auf Abschnitt II.1.4 verwiesen. Die folgende tabellarische Aufstellung 

markiert die wesentlichen Ergebnisse und Meilensteine in den beteiligten Arbeitspaketen. 

 

Tabelle 1: wesentlichen Ergebnisse und Meilensteine in den Arbeitspaketen 1000 und 2000. 

 

Zeitraum Aktivität in WP1000,2000,3000,7000 

November 2014 

Kick Off Meeting des DeltAdapt Projektes in Can Tho mit anschließender Feldbegehung 

im Mekong Delta in den Provinzen Kien Giang (An Minh Distrikt) und Soc Thrang sowie 

zu bilateralen Meetings mit den Projektpartnern aus Hanoi zur Vietnam National 

University (VNUA), zur Koordinierung der weiteren Zusammenarbeit.  

Januar 2015 Akquise erster Satellitendaten (Quickbird, Worldview-2, Landsat).  

April 2015 
Fertigstellung der fernerkundungsbasierten Extraktion von Küstenlinien und Flussufer in 

den Fokusregionen des Mekong Delta und Red River Delta. 

Mai 2015  
Fertigstellung einer Landbedeckungsklassifikation für das Red River Delta abgeleitet aus 

Quickbird-02 und Worldview-03 Daten aus dem Jahr 2014/2015.  

Juni 2015 
Vorstellung der Arbeiten des Arbeitspakets 1000 sowie der Doktorandenthemen auf dem 

Projektmeeting DeltAdapt in Bonn.  

August 2015 
Fertigstellung einer Landbedeckungsklassifikation für die Untersuchungsgebiete im 

Mekong Delta abgeleitet aus Quickbird02 und IKONOS-02 Daten. 

März 2016 Akquise weiterer Satellitendaten (SPOT-6/7 Daten). 

Juni 2016 
Teilnahme, Diskussion und Vorstellung der Arbeiten auf dem dreitägigen DeltAdapt 

Midterm-Workshop an der UNU in Bonn. 

Juni 2016 

Vorstellung von Ergebnissen zur Datenprozessierung, und Methodikentwicklung zur 

Detektion von Aquakulturflächen und Reisflächen in Asien mittels Fernerkundungsdaten 

auf dem 36. EARSeL Symposium (Bonn, Deutschland).  

September 2016 

Vorstellung der Arbeiten des Doktorandenthemas„ Earth observation based mapping of 

coastal aquaculture ponds in Asian hotspots – An object-based analysis of high spatial 

resolution Sentinel-1A SAR data” auf der ECSA (Estuarine & Coastal Sciences 

Association) 56 – “Coastal systems in transition: From a 'natural' to an 'anthropogenically-

modified' state”, in Bremen. 

Oktober 2016 
Austausch mit einer Arbeitsgruppe am geographischen Institut (TU Wien)  in Österreich 

welche in einem ähnlichen Themengebiet arbeitet.   

http://elib.dlr.de/106089/
http://elib.dlr.de/106089/
http://elib.dlr.de/106089/
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November 2016 
Fertigstellung multi-temporaler Landbedeckungsklassifikationen für den Giao Thuy 

Distrikt in der Nam Dinh Provinz, Red River Delta, Vietnam. 

Februar 2017 Fertigstellung der Aquakulturkartierungen aus SAR Zeitserien für beide Deltas. 

März 2017 Fertigstellung der Reiskartierungen aus SAR Zeitserien für beide Deltas. 

März 2017 

Vorstellung der Arbeiten zum Doktorandenthema „Mapping Paddy Rice in Asia - a Multi-

Sensor, Time Series Approach” auf der internationalen Konferenz ESA World Cover 2017 

in Frascati, Italien. 

Mai 2017  Teilnahme und Diskussion am jährlichen DeltAdapt Meeting an der UNU in Bonn. 

Mai 2017 

Vorstellung der Arbeiten zu den Doktorandenthemen „Mapping Paddy Rice in Asia” und 

„Assessment of coastal aquaculture ponds in Asia with high resolution SAR data“ auf der 

internationalen Konferenz „37th International Symposium on Remote Sensing of 

Environment (ISRSE-37)“ in Tshwane, Südafrika. 

Juni 2017 DeltAdapt-Abschlussworkshop in Hanoi. 

August 2017 Validierung der fernerkundungsbasierten Kartierung der Reis- und Aquakulturflächen. 

 

I.4 Stand der Wissenschaft und Technik 

 

Der in diesem Kapitel beschriebene Stand der Wissenschaft und Technik ist in englischer Sprache 

formuliert. 

I.4.1 Landwirtschaftssysteme im Mekong Delta und Red River Delta 

 

The fertile deltas in Southeast Asia support a rich variety of land use types and farming systems. 

These land use and farming systems in the deltas have undergone major changes over the last two 

decades. Particularly in coastal areas of the Mekong Delta and Red River Delta, land use and farming 

systems changed rapidly when the government released a new policy that encouraged farmers to use 

agricultural land effectively. Traditionally, rice is the most important crop in the Vietnamese Mekong 

and Red River Delta and ensures the food supply for the continuously growing population. Higher 

market prices for inland aquaculture products (mainly shrimp and fish) have led to an increase in 

intensive commercial and family shrimp farming. Along with high international prices for shrimp and a 

low benefit of rice growing, a new policy (Doi Moi) stimulated rapid expansion of shrimp farming in 

coastal zones (Can et al., 2007, Can, 2011).  

In the early 2000s 73% of all arable land in the Mekong Delta was under rice cultivation which 

consisted of 55% irrigated, 44% rainfed and 1% floating rice (Minh and Kawaguchi, 2002). The share 

of irrigated rice was growing rapidly and reached 70% by 2005 (Duong et al., 2005) while the floating 

rice varieties are virtually not existent anymore. With the introduction of modern high yielding rice 

varieties with a growing period of 90 days the cultivation of two or three rice crops per year became 

widespread (Bosma, Udo and Verreth, 2005). Paddy fields are mainly double-irrigated, double-rainfed 

or triple-irrigated (Nguyen et al. 2012). Climate change is leading to an increase in weather extremes 

such as droughts and floods, which can destroy rice crops and impact the food security and farmers 

livelihoods at local and regional scales. A key to understanding how much rice is produced at any 

given time is accurate and timely maps of paddy rice area.  

The deltas coastal zones will be affected in particular, as these zones will be highly influenced by 

climate change impacts (Renaud et al., 2013; Van Khanh Triet et al., 2017). Sea level rise would 

cause higher ground water tables and saline intrusion, as salt water will move upstream via rivers and 

delta areas, leading to accelerated salinization of waters and soils (Overeem and Syvitski, 2009). 

Salinity intrusion is a major threat in both deltas and will be a challenge for the future socio-economic 

situation when crop yield declines and the natural environment will be degraded to a critical state. 

http://elib.dlr.de/111819/
http://elib.dlr.de/111819/
http://elib.dlr.de/111819/
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Saline or saltwater aquaculture aggravates the already critical situation of high salinity levels in the 

coastal zone, particularly during low flow seasons near the coastline and river mouths of the deltas. 

During the dry season freshwater shortages and management problems aggravates soil degradation 

and salinity intrusion from the sea thus affecting rice production and causing decreased yields. 

Information on land use options and optimized land management are required. Another relevant 

aspect is that the increasing development of the aquaculture sector, as in many parts of Asia, 

represses the rice production and endangers food security (Fairhurst & Dobermann 2002; 

Alexandratos & Bruinsma 2012).  

Rice cultivation is one of the world’s most important sources of nutrition and plays an important role in 

the context of climate change, water resource management, and food security. Rice is the staple food 

for the vast majority of the global population, especially in developing countries in Asia (Kuenzer and 

Knauer, 2013). Vietnam is the world’s fifth largest rice producer and ranks third in terms of rice exports 

globally. Understanding the when and where of rice is therefore important in the context of food 

security, water resource planning, run-off water management, and climate modelling.  

Vietnam is the world's 4th largest producer aquaculture with 3.2 million tons (FAO, 2017) and fish 

products contribute 10% to the gross domestic product (GDP) (Allison, 2011). Freshwater fish with its 

white meat are very popular food fish in Vietnam and main protein supplier for the population. The 

farming of fish and shrimp in Vietnam has a long tradition (Phong et al., 2010) and provides important 

food resources and employment for a significant number of people. In Vietnam, market reforms 

initiated in 1986 – known as the term Doi Moi (Vietnamese for 'renewal') - gave farmers greater 

flexibility and freedom of choice in management of their agricultural fields (Garschagen et al., 2012). 

Farmers generally generate higher income with the farming of fish, shrimp and other aquatic products 

than with traditional rice agriculture. This motivates farmers to switch from rice cultivation to 

aquaculture. Therefore, aquaculture has developed to a highly export-oriented industry in the past 20 

years. Especially high quality fish and shrimp are produced in large quantities for the markets in the 

EU, US and Japan (Genschick, 2011). However, aquaculture leads to environmental pollution: 

discharge of waste water and the use of fertilizers, antibiotics and pesticides. Pollutant entry and over-

fertilization (eutrophication) are major causes for biodiversity loss and degradation of the natural 

coastal ecosystems. 

I.4.2 Fernerkundungsprodukte 

 

Land Cover Monitoring 

Remote sensing enables the derivation of mapping products of different land and water resources at 

different scales. The periodic repetition of sensors enables continuous mapping and monitoring of 

large parts of the earth surface at different temporal scales. Depending on the satellite and imaging 

sensor, remote sensing data vary among different repetition rates (daily to monthly) and spatial 

coverage (100 km² - Mio km²). Different spectral properties of the imaging sensors allow for the 

derivation of a variety of bio- and geophysical parameters of the earth’s surface and the atmosphere. 

The derivation of land cover from satellite data is a standard method of Remote Sensing (Lillesand, 

Kiefer and Chipman, 2008). Especially the change of the coastal morphology under spatio-temporal 

aspects using satellite data has rarely been published (see Allen, 2012). Particularly for highly 

dynamic regions such as the deltas of the Mekong and Red River, these information were not 

available until the start of the project and the collection of great importance for the information situation 

in the region. 

Passive remote sensing systems are dependent on reflected solar radiation, whereas active sensors 

provide their own energy source. Passive systems can only operate in the presence of sun energy 

(Jensen, 2007). The radiation that is captured from remote sensing sensors is influenced by different 

atmospheric effects. Detected radiation can be seriously affected by atmospheric scattering which 

occurs as a result of interactions between radiation and existing molecules and aerosols in the 

atmosphere. Therefore atmospheric correction of satellite imagery is a major part of the pre-

processing procedure.  
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The knowledge of land use and land cover is of high importance for local authorities for spatial 

planning, natural resource management and is essential for modeling and understanding the earth’s 

surface. Land cover relates to observed (bio)physical cover on the earth's surface, while land use is 

characterized by human activities or economic functions in a certain land cover type to produce, 

change or maintain it (Lillesand, Kiefer and Chipman, 2008). Remote sensing images provide 

advantages in this respect and are often used to monitor long-term environmental changes. A remote 

sensing based monitoring which includes natural vegetation (coastal forests, mangroves) and 

economical activities (rice cropping, aquaculture, salt pans, urban areas) will provide detailed spatial 

information on recent socio-economic and ecological changes in this fragile environment.  

Image classification techniques are used for the production of thematic maps to represent the spatial 

distribution of identifiable features on the earth surface (Schowengerdt, 2006). Supervised 

classification is the procedure for quantitative analysis of satellite imagery (Richards, 2012) with the 

assumption of knowledge on the distributions patterns of coverage classes. Methods used for image 

classification can be subdivided in two main groups, namely the pixel-based and object-based 

approaches. While pixel-based approaches analyze values of spectral bands within individual pixels 

(Campbell, 2006), object-based methods analyze additional features such as shape, texture, and 

neighborhood which can be generated from image segments known as image objects (Lillesand, 

Kiefer and Chipman, 2008). Transferability of classification algorithms as well as reproducibility and 

objectivity of classification results can be ensured with increased automation (Defries and Chan, 

2000). 

The acquisition of remotely sensed images of a specific area of the earth’s surface on multiple dates 

can deliver information about changes of existing features. Multi-temporal image data can be used to 

identify both changes of surface types and changes of their spatial distribution. This procedure is 

termed as “change detection” and refers to common applications with pixel-based and object-based 

classification techniques of multiple remote sensing data. 

Change detection techniques in remote sensing are used for monitoring the environment over a period 

of time to analyze processes like agricultural development and urbanization. Remotely sensed images 

of a specific area of the earth’s surface on multiple dates can be used to identify both changes of 

surface types and changes in their spatial distribution. Ideally, change detection should involve data 

acquired by the same (or similar) sensor and be recorded using the same spatial resolution, viewing 

geometry, spectral bands and time of day (Lillesand, Kiefer and Chipman, 2008). If change detection 

analysis is used in planning and management tasks, the results must be reliable. Therefore, remote 

sensing must use accurate pre-processing in terms of atmospheric and radiometric correction and 

image registration as well as careful selection of remote sensing systems (Coppin et al., 2004; 

Kennedy et al., 2009).  

 

Radar remote sensing 

Radar remote sensing is a suitable technology for Earth observation in tropical areas due to the 

weather-independent capabilities of Synthetic Aperture Radar (SAR) systems (Martinez and Le Toan 

2007). The benefits of optical systems are limited, as only a small time window per year enables the 

acquisition of cloud-free satellite imagery, particularly in tropical, coastal, cloud-prone areas. Radar 

data are often used to analyze water or wetlands (Matgen et al., 2011; Gstaiger et al., 2012; Reschke 

et al., 2012; Martinis et al., 2015). Most aboveground water surfaces are clearly visible in radar data, 

as the smooth water surface reflects the radar signal and thus only a small return beam signal reaches 

the sensor. The surface of the environment is usually rougher and causes a stronger backscatter, so 

creates a strong contrast between dark water surface and bright environment on the radar image. The 

contrast in turn depends on the actual roughness of water and land, the wavelength and the angle of 

incidence (Townsend and Walsh 1998). The contrast decreases as the roughness differences 

between water and land decrease, the angle of incidence increases, and the wavelength increases. 

The use of radar remote sensing data for the derivation of water bodies has been shown in various 

studies (Schumann et al., 2007; Martinis, Twele and Voigt, 2009, 2011). Differentiation into periodic 

water-covered areas (e.g. naturally flooded areas, or areas flooded through intrusion of coastal water 

or dike breach) and permanent water-covered areas (aquaculture) requires the use of satellite time 
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series. To derive these products with high temporal frequency come full automatic algorithms are used 

(Gstaiger et al., 2012; Kuenzer et al., 2013).  

 

I.5 Zusammenarbeit mit anderen Stellen 

 

Work package 1000 was closely linked to all work packages and project partners in the DeltAdapt 

project. Networking was done by (i) exchanging data with partners, (ii) and developing remote sensing 

data processing processors. In work package 1100 an intensive collection of statistical and secondary 

data between all project partners was performed. The works related to remote sensing data products 

and time series generated within the WP1200 were also closely linked to activities in WP2200. The 

direct cooperation of the work package 1000 with the project partners took place by regular telephone 

calls and frequent email contact. The technical co-operation was facilitated by the initiation of internal 

voting in telephone calls. 

Numerous presentations of the project at international scientific conferences were used to the increase 

the visibility of the project and promote the networking of the project. The cooperation with the project 

coordination on the Vietnamese side is rated as very good and was held on a trustful basis. Regular 

phone calls and email communication, as well as the Vietnamese participation in meetings in Germany 

show this good cooperation. 

Cooperation and coordination took place on the one hand with the project partner United Nations 

University (UNU) and University of Bonn (INRES). Further collaboration related to the provision of land 

use classifications of the past decades for the Red River Delta by Vietnam National University of 

Agriculture (VNUA), which were used for the delineation of land cover types performed by University of 

Wuerzburg.  
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II Eingehende Darstellung  

II.1 Erzielte Ergebnisse und Verwendung der Zuwendungen 

Die in diesem Kapitel beschriebenen wissenschaftlich-technischen Ergebnisse sind in englischer 

Sprache formuliert, d.h. gehandhabt wie in allen Zwischenberichten. 

II.1.1 WP1100 Analyses of the current and historical farming systems 

 

In preparation for the remote-sensing work in WP 1000, publications in relevant literature databases 

were researched and evaluated. 

Statistical data sets compiled by the General Statistics Office of Vietnam (GSO) provide yearly 

datasets, which have been analyzed in terms of trends and developments of Vietnam’s production of 

rice and aquatic animal products at the provincial and national scale. The analysis of the statistics data 

focused on the production output and area estimates of rice and aquaculture. These two food sectors 

play a major role in the current and past land use and land use change in the Mekong and Red River 

deltas and are large drivers of Vietnam’s international trade and exports. Aquaculture and rice farming 

have developed rapidly during the last decades in Vietnam. 

Building on the secondary data, collected within work package 1000 during the first half of 2015, we 

analyzed spatial changes of the two predominant land use classes in both deltas – agriculture, largely 

rice cultivation, and aquaculture. We continued literature and secondary data research regarding 

existing datasets and published research and published our summarized findings in a review article 

about aquaculture’s relevance, impacts and the potential of earth observation for its assessment in the 

coastal zone.  

The analyses of statistical data clearly demonstrated that the Mekong Delta is the main agriculture and 

aquaculture production area in Vietnam and contributes by far the largest volumes of rice, fish and 

shrimp products. We analyzed recently updated statistical databases on national production of rice 

and aquaculture in Vietnam acquired from the Food and Agriculture Organization of the United Nations 

(FAO) and provincial data acquired from the General Statistics Office of Vietnam (GSO). Maps and 

illustrations were created using the available up-to-date official statistical data to describe and analyze 

developments in aquaculture and rice production in recent years (see Figure 1 - Figure 4).  
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Figure 1: Left: Aquaculture production increase in Vietnam from 1992 to 2012 for the culture environments 

freshwater, brackish water and marine. Right: Aquaculture production and aquaculture area in Vietnam in 2012. 

Data source: General Statistics Office of Vietnam. 

 

Aquaculture is the fastest-growing animal food production sector worldwide and is a main source of 

valuable animal protein in the coastal regions in Vietnam. Global aquaculture shows a tremendous 

growth over the past 30 years. Nearly 90 percent of all aquaculture is being produced in Asia today, a 

majority of it in freshwater pond aquaculture systems. Aquaculture has grown to one of the most 

traded products and large amounts are exported to meet the high demands from the markets in North 

America, Europe and Japan (Troell et al., 2014; Béné et al., 2016; Ottinger, Clauss and Kuenzer, 

2016). Vietnam is currently the world’s 4th largest aquaculture producer with a total aquaculture 

volume of 3.4 million tonnes (FAO, 2017). From 1992 to 2015 production increased from 0.16 to 3.4 

million tonnes and it is reported that this rapid expansion accompanied by conversion of traditional rice 

farming to aquaculture. The fastest growth of aquaculture in Vietnam is reported for the Mekong Delta 

and Red River Delta – Vietnam’s two largest river deltas. 

 
Figure 2: Aquaculture increase comparing the Mekong and Red River Deltas. Data source: General Statistics 

Office of Vietnam. 

 

Regarding rice we collected statistical data of the rice production, planted area and average yield from 

the GSO. Rice production and sown area follow a clear upward trend in Vietnam (see Figure 3). The 

most currently available data by the FAO lists Vietnam as the fifth largest producer of rice (2015) and 

third largest exporter (2013) globally. The production of rice is not only important for food security and 

farmers livelihoods but also contributes significantly to Vietnams GDP. The same general trend of 

increasing rice production is also visible in the statistical data for the three provinces the study areas 

are located in. In Kien Giang we can see a clear increase in sown rice area and achieved yield, 

resulting doubling the rice production since the year 2000 (see Figure 4). Soc Trang also exhibits an 

upward trend, although not as prominent as Kien Giang, whereas Nam Dinh in the Red River Delta 

shows a stable rice production and yield at a high level with no clear increase or decrease (see Figure 

4). 
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Figure 3: Rice production and sown area in Vietnam. Data source: General Statistics Office of Vietnam. 

 

 
Figure 4: Rice production, area and yield for the three study sites in the Mekong and Red River Deltas. Data 

source: General Statistics Office of Vietnam. 

 

Analogue to aquaculture we also explored the spatial distribution of the rice production in the Mekong 

and Red River Deltas, depicted in Figure 5. From the year 2000 to 2015 the annual rice production 

remained constant in the Red River Delta but increased in most provinces in the Mekong Delta. The 

provinces Kien Giang and An Giang showed the biggest increase in rice production, with Dong Thap 

following close behind. 

 

 
Figure 5: Total rice production in 2000-2015 in the Red River Delta and Mekong Delta, Vietnam. Data source: 

GSO. 

 

The aquaculture industry in Vietnam induced broad socio-economic value in other economic sectors 

through income and employment generation, for example in the fields of hatcheries, feed industry, 

trade, transport and energy. However, semi-intensive and intensive aquaculture systems 
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(monocultures, e.g. shrimp farming or tilapia farming in ponds) in the Mekong and Red River Delta 

highly depend on natural resources (freshwater, feeds, energy, land reclamation) and have changed 

traditional farming along the coastal areas of Vietnam since coastal rice fields and mangrove forests 

were converted to shrimp ponds. Furthermore a land use change from rice paddy to aquaculture is 

possible, whereas a shift from aquaculture to rice paddy rarely happens due to increased soil salinity 

caused by pond aquaculture. The degradation of mangroves, salt marshes and tidal flats causes 

serious environmental damage and is undoubtedly one of the most serious threats to the coastal 

ecosystem (Figure 6). 

 

 
Figure 6: Main environmental impacts associated with aquaculture development in coastal river deltas. Source: 

Ottinger et al. (2016): Aquaculture – Relevance, distribution and spatial assessments – A Review. 

 

Based on the updated statistical data provided by the General Statistics Office of Vietnam we 

analyzed the spatial distribution of different aquaculture products (fish, shrimp) in terms of their 

production volume for different years in the provinces of the Mekong and Red River Delta. The 

aquaculture production volume expanded in all provinces during the last years. In Figure 7, 

aquaculture production in 2004 and 2014 is displayed for the provinces of the two deltas and 

illustrates that aquaculture production increased.  

 

 
Figure 7: Total aquaculture production in 2004-2014 and aquaculture area in 2014 in the Red River Delta and 

Mekong Delta, Vietnam. Data source: GSO.  

 

After the completion of comprehensive literature review and detailed secondary data analyses we 

carried out and published an article on aquaculture production in the Mekong Delta, its assets and 
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drawbacks, and related impacts on the socio-economic development for the local people (Ottinger, Vo, 

Kuenzer (2016): Aquakultur im Mekong-Delta: Segen oder Fluch? Geographische Rundschau, 2, 24-

30). The analyses of the statistical data on a provincial scale shows that shrimp farming is 

predominant in the coastal areas whereas freshwater fish is mainly produced the inland areas of the 

Mekong Delta, as shown in Figure 8. The central provinces of the Mekong Delta are also favorable for 

rice production, due to provision of sufficient freshwater supply by the Mekong River (in particular 

during the flood season). This allows the harvest of up to three rice crops per year on a single field. In 

mixed rice-aquaculture farming systems freshwater fish species (e.g. pangasius catfish) are produced 

in large quantities – in post-harvest rice fields or as mixed rice-fish cultivation. At the coast the amount 

of fish production is much lower than in the central provinces. However, (saline and semi-saline) 

shrimp farming became a popular practice for many farmers in the coastal zone as a result of higher 

income generated by aquaculture compared to traditional rice farming. The increase of shrimp 

aquaculture in the coastal provinces can also be attributed to environmental changes, such as 

increased soil salinity close to the sea as a consequence of salt water intrusion, destruction of 

mangroves and lack of freshwater availability. 

 

 
Figure 8: Aquaculture production in the Mekong River Delta for the years 2003 and 2013. Upper left – Shrimp 

output in the 13 provinces of the Mekong Delta. Upper right – Fish output in the 13 provinces of the Mekong 

Delta. Lower left – Total aquaculture output a and aquaculture area in the 13 provinces of the Mekong Delta. 

Source of the statistical data: GSO, Vietnam. Source: Ottinger et al. (2016): Aquakultur im Mekong-Delta: Segen 

oder Fluch? Geographische Rundschau, 2, 24-30. 
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II.1.2 WP1200 Monitoring of land use dynamics 

II.1.2.1  Land cover monitoring with high resolution optical data 

 

To perform a land cover classification with high resolution optical data we ordered high-resolution 

optical satellite data in coordination with the project partners. Ordering the data from commercial 

providers is necessary, as no free imagery is available for the study areas with a sub-10m resolution. 

A detailed search of SPOT-5, SPOT-6, SPOT-7, WorldView-01, -02, -03 and Quickbird data has been 

carried out to evaluate time steps for which high quality and cloud-free high resolution optical data was 

available. Up-to-date as well as historical data of different optical high resolution sensors has been 

selected and ordered for the study areas in both deltas. 

The high resolution satellite data has been processed and classified using an object-based image 

classification approach implemented in a segmentation software environment. The data analysis 

included various image pre-processing steps (e.g. mosaicking of image tiles, atmospheric correction). 

We ensured the comparability of the classification results by performing identical pre-processing steps 

on the data from different high-resolution optical sensors.  

The object based image classification approach incorporates spectral indices, such as the Normalized 

Difference Vegetation Index (NDVI), which has been computed from single band reflectance images to 

increase the separability of different land surface features, e.g. the delineation of vegetated and non-

vegetated areas. A variety of segmentation levels were computed and compared with each other to 

obtain appropriate object sizes, which enclose homogenous areas. In this step it was important to 

maintain the characteristic shape features of the objects to integrate them for the subsequent rule 

based decision tree. Aquaculture ponds in particular have a distinct rectangular shape and are filled by 

water. The shape information, e.g. the rectangularity and circumference of segments, provides 

important and helpful information for the subsequent differentiation of natural water surfaces from 

pond structures (see Figure 9).  

 

 
Figure 9: Zoom of the classification result of the high resolution data for the coastal focus region in Soc Trang, 

Mekong Delta, Vietnam. Left to right: False-Color-Infrared, NDVI band, classification result, water and aquaculture 

pond classification. 

 

We tested different combinations of class hierarchy with multiple rules for each land cover/land use 

class, e.g. specific thresholds for NDVI and geometry and shape features for different land use 

classes, to achieve the optimal decision tree for the object-based classification. The ordered high-

resolution scenes were classified based on different segmentation levels and the defined rules. The 

rules had to be adapted for each scene as a result of different satellite sensors being used and 

differences in the acquisition dates of the satellite images. Additionally the segmentation levels had to 

be adapted to the respective spatial resolution for the different satellite data sources (e.g. Quickbird, 

Worldview, SPOT-fleet) to obtain homogenous image objects that ideally cover only single surface 

features. Furthermore, the land use/land cover features vary among the Red River Delta and the 
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Mekong Delta as a result of different natural environments and climatic conditions (tropical vs sub-

tropical ecological zones). This leads to different spectral appearances in similar/same land use 

classes – e.g. mangrove forests in the Mekong Delta are generally denser and higher trees than in the 

Red River Delta which has influence on the spectral characteristics.  

 

 

Figure 10: Object based classification results of high resolution (Worlview-2/3 sensor) satellite images acquired in 

April, May 2014/2015. Soc Trang province, Mekong Delta, Vietnam. Left: Image segmentation; Middle: Pre-

processed satellite image; Right: Object-based classification based on segmentation and decision tree. 

 

Results of the object-based image classification for study sites located in the Nam Dinh Province, Giao 

Thuy District (Red River Delta), Soc Trang Province and An Minh District are shown in Figure 11 and 

Figure 12. A high degree of spatial resolution as provided by WorldView-2/3 data and Quickbird 

sensor allows for the identification of details as e.g. aquaculture ponds, small channels, and even 

small settlements along the channels can be distinguished.  

 



Abschlussbericht für den Projektträger Jülich, Projekt DeltAdapt, 09/2014 – 08/2017 

 

17 

 

 
Figure 11: Land use classification results of the high resolution data for the selected study areas in the Mekong 

River Delta. 

 

 
Figure 12: Land use classification result for Giao Thuy district, Red River Delta, Vietnam. 
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Figure 13: Zoom of the land use classification result (right) and infrared false color image indicating active 

vegetation (left) for Giao Thuy district, Red River Delta, Vietnam. 

 

 
 

Figure 14: First classification results of high resolution (Quickbird-2 sensor) satellite image acquired in 

December 2006. Soc Trang Provinz, Mekong Delta, Vietnam. 

II.1.2.2  SAR based land cover monitoring 

 

Remote sensing satellites measure electromagnetic energy that is reflected from the Earth’s surface. 

For optical sensors this is reflected sunlight making them passive sensors, whereas most microwave 

sensors actively transmit radar waves towards the earth and measure the energy that is scattered 

back to the satellite. This enables active microwave satellites to capture data at night time as well as 

during cloudy conditions. The Red River Delta and Mekong Delta are both characterized by frequent 

cloud cover – particularly in the rainy season (see Figure 15). 
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Figure 15: Cloud cover percentage for all Landsat 8 OLI scenes available for the Mekong Delta and Red River 

Delta regions for the complete year 2015.  

 

Sentinel-1 is a satellite fleet carrying active C-band SAR sensors and are part of the European 

Copernicus. Currently there are two Sentinel-1 satellites in orbit, which monitor the Earth’s surface in 

high spatial resolutions of up to 10m in their default image acquisition modes. With Sentinel-1A being 

in space and operational since September 2014 and the recent launch of Sentinel-1B in April 2016 

there are high temporal resolution SAR acquisitions with a observation frequency of 6 days at the 

equator. Microwave sensors operating at the C-band wavelength are sensitive to surface water and 

plant biomass and therefore a well suited tool for the remote sensing of rice and aquaculture. The free 

and open data policy of the Copernicus programme enables timely and accurate mapping of these two 

land-cover classes over large areas with an unprecedented temporal coverage and time series 

density. This is especially relevant for coastal hotspots where cloud cover is generally limiting the 

availability of time series data for high resolution optical data. Although there were also other radar 

satellites available in the past, it is now possible to analyze time series data of radar satellites at high 

spatial resolution of 10m at no costs. Figure 16 shows the spatial coverage of all available Sentinel-1A 

GRDH scenes for the Mekong and Red River Delta from launch up to September 2016. Data coverage 

considerably varies among the coastal areas in Vietnam and also within the two deltas. Reason for 

this is that both Sentinel-1 satellites are not able to constantly image the earth due to a limited data 

downlink and on-satellite storage capacity. The downlink is constantly increased and with the inclusion 

of the European Data Relay Satellite (EDRS) both Sentinel-1 now create 12 TB of SAR observations 

every day.  

 

 
Figure 16: Coverage of all available Sentinel-1A GRDH data from September 2014 up to September 2016. 

 

All Sentinel-1 data for the two deltas, covering the coastal study sites, has been acquired to further 

investigate rice and aquaculture at high spatial and temporal resolution. Rice and aquaculture are 
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focus classes in the current and past land use dynamics in the Mekong and Red River deltas and play 

an important role in the context of food security, water management and farmer livelihood and are both 

influenced by saltwater intrusion and urban growth. Changes and shifts in paddy rice and aquaculture 

area are very visible results of changes in soil salinity and water availability. The rapid increase of 

aquaculture and rice farming in Vietnam during the last decades demonstrates its importance for the 

food production industry and Vietnam’s national food security. 

We found that detection of aquaculture is very challenging when using high resolution optical data due 

to limited continuous mapping capabilities of the sensor lines, cloud coverage constraints in tropical 

regions and the lack of complete and dense time series data. However, time series information is 

highly recommended and needed to detect the land surface features rice and aquaculture. The quality 

of SAR images is influenced by speckle, a random noise inherent to coherent imaging, which 

influences the detection of lines and line structures as a basis to identify ponds. It is a main drawback 

in interpreting aquaculture ponds with SAR data because it deteriorates the appearance of narrow, 

elongated line structures such as dams and levees and hence the mapping of single fish or shrimp 

ponds (see Figure 17).  

 
Figure 17: Appearance of aquaculture ponds in high resolution optical data (a); single scenes of Sentinel-1A (b); 

and the smoothed median times series of Sentinel-1A data: (c) for the Mekong Delta (1) and the Red River Delta 

(2). Source: Ottinger et al. (2017). 

 

Within our approach we analyzed time series of Sentinel-1 data available for the study sites and were 

able to identify aquaculture ponds in the SAR time series based on their distinct temporal 

characteristic with low backscatter values throughout the year. The pixel-wise temporal statistics for 

the time series data successfully reduced speckle noise and we could disclose permanent low 

scatterers from the dense and long temporal time series. We found that the median of all observations 

to be superior to other arithmetic average measures to describe the most typical backscatter value 

because it is less influenced by extreme outliers. Averaging over time noticeably reduced speckle 

noise effects and resulted in a smoothed image but effectively improved the recognition of very narrow 

surface features and enabled the detection of dams and levees surrounding aquaculture ponds (see 

Figure 17).   

 

Mapping of rice crops and aquaculture ponds from space requires the analysis of dense satellite 

image time-series to identify temporal profiles of plants and pond water. We found the Sentinel-1 
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microwave time-series to be a reliable tool to map and monitor rice fields and aquaculture ponds in the 

study regions, especially the Mekong Delta. We developed methods that utilize these temporally 

dense and spatial high resolution time-series to detect aquaculture ponds and paddy rice fields. Both 

methods are based on segmentation algorithms that use the shape information of our target classes 

visible in the 10m Sentinel-1 data. As input for the segmentation algorithms we first derived multi-

temporal statistics at pixel level for the study sites. This has the advantage of removing speckle and 

other noise inherent to SAR data. For the detection of rice fields we then extracted the time series for 

each segmentation object and calculated a spatial average of the backscatter values within the 

objects. With this process we are able to create temporally dense time series that are less influenced 

by speckle while at the same time reducing the amount of data necessary to classify the land cover 

class rice. Classification was then performed by detecting key growing stages of the rice plant in the 

time series. 

The application of both classification procedures to the study areas reveals how closely both rice and 

aquaculture areas are connected – forming a gradient from aquaculture as the dominant land cover 

class at the coast to rice further inland (see Figure 18). 

 

    
Figure 18: Mapping result for aquaculture and rice in the study sites based on Sentinel-1A time series data.  Left: 

Giao Thuy district, Red River Delta. Right: Study site along an coastal transect in the Soc Trang province district, 

Mekong River Delta. 

II.1.2.2.1  Mapping Paddy Rice with Sentinel-1 data 

 

Remote sensing of agriculture exploits the fact that the growing stages of crops influence their 

interaction, i.e. absorption and backscatter, with electromagnetic waves. This enables remote sensing 

satellites with optical as well as microwave instruments to detect plant growth and differentiate plants 

from other land cover. The growth of rice plants is commonly divided into three phases, which consist 

of a total of 10 growth stages. These stages coincide with the growth of the rice plant and subsequent 
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changes in the plant morphology which in turn influence their reflection characteristics in the visible 

light, infrared and microwave spectrum. When the rice seedlings are transplanted the paddy fields are 

flooded with water which results in a high absorption of light and reflection of microwaves. During the 

vegetative and reproductive phase the plants chlorophyll content increases, i.e. they green up, up to 

the heading stage, which is especially visible in the green and infrared spectra of optical sensors. The 

physical growth of the plant during this stage increases the microwave backscatter, where the 

scattering mechanism turns from specular reflection to double-bounce (water-plant) and finally volume 

scattering once the rice plants are dense enough to cover the water surface. The result is a distinct 

temporal profile of rice crops in optical as well as microwave image time-series (see Figure 19). 

Secondly, radar waves interact different with natural surfaces meaning that rough surfaces have a 

notably higher backscatter than smooth surfaces like water. Radar waves generate higher backscatter 

response for aquaculture facility components than for enclosed or environed water surfaces. 

 

 
Figure 19: Influence of rice plant growth on SAR time series data. 

 

The change in SAR backscatter over time has been identified as one of the defining characteristics for 

the remote sensing of rice since the launch of ERS-1. The backscatter time series starts with values 

that are low due to flooded paddies, which have backscatter similar to aquaculture, then increases 

over a time-span of 80 to 120 days followed by a slight decrease during ripening of the plants, when 

they lose water content and turn from green to a yellow/brown color, and a sharp drop after harvest. 

 

For the paddy rice classification we extracted the temporal signal (i.e. the backscatter values of all 

Sentinel-1 acquisitions in the years 2015 and 2016) for each segmentation object mentioned in the 

previous section. The temporal signals have then been classified with a decision tree based on the 

phenological growing stages of the rice plant. Derivation of time-series on an object basis also further 

reduces the effects of speckle while also reducing the amount of data necessary to produce spatial 

assessments at this resolution. This novel method to classify rice areas from high resolution SAR time-

series has been described in detail in a research paper which has been published in the International 

Journal of Remote Sensing (Clauss, Ottinger, Kuenzer (2017): Mapping rice area with Sentinel-1 time-

series and superpixel segmentation. IJRS). 
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Figure 20: Sentinel-1 SAR backscatter time series of rice and mangrove with key phenological stages marked in 

green circles. 

 

For the land use class rice, seasonality analyses have been carried out in order to delineate number of 

crops per year and rice field. The distinct backscatter dynamic of the radar signal has been used to 

identify individual rice growing cycles including stages of transplanting, vertical and horizontal growth, 

and ripening. For the available Sentinel-1 time series data covering a time period of 2 complete years 

(2015 and 2016),  paddy area, planted area and mean seasonality were calculated based on the 

derivation of annual number of rice growing seasons from the time series information extracted from 

the object based segmentation approach applied to the Sentinel datacubes of the distinct years. The 

following figures show the result of this mapping approach in the Mekong and Red River Delta, 

enabling the calculation of planted rice area and the seasonality, i.e. the amount of crops grown per 

year. 

 
Figure 21: Sentinel-1 based rice area and seasonality classification in the Giao Thuy district, Red River Delta. 
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Figure 22: Sentinel-1 based rice area and seasonality classification  for the Soc Trang province (top) and the 

same strip as the high resolution optical land cover classification (bottom). 
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II.1.2.2.2 Assessment of Coastal Aquaculture with Sentinel-1 data 

 

Almost two-third of the total global aquaculture production is produced in freshwater aquaculture, of 

which most of it is cultured in pond systems. A large variety of fish, crustaceans, mollusks and other 

aquatic species are cultured on pond systems, particular along the coasts in South-East and East 

Asia. Figure 23 shows some example locations with predominant aquaculture activities in different 

regions around the globe (race- ways, ponds, cages). Earth observation imagery can demonstrate the 

large space requirements of different aquaculture (particularly land-based) systems which have 

caused large-scale transformations in the landscape. In this relation, ponds play a significant role as 

the main cultivation system for fish and crustaceans. 

 

 
Figure 23: Mono-temporal optical imagery different aquaculture production systems (cages, raceways, ponds). 

Image source: Google Earth. 

 

In general, ponds are permanently water-filled surfaces, surrounded by very narrow linear structures 

such as dams, dikes or levees with an average depth of less than 2 meters (Tucker and Hargreaves, 

2012) and generally have rectangular shape. Aquaculture ponds sizes range largely from small-scale 

subsistence aquaculture farming (approx. 20x20m) to large commercial farms (several ha size). 

Aquaculture ponds can be distinguished from other water surfaces, such as rice fields, since they are 

permanently water-filled. In this context, earth observation is a perfect tool to analyze time series 

satellite data to differentiate between permeant water covered aquaculture ponds and periodically 

water filled surfaces (such as paddy fields or flooded areas) (Ottinger, Clauss and Kuenzer, 2017).  

 

Satellite imaging radar data are unique in their inherent all-weather capabilities and therefore very 

suitable for the detection of coastal aquaculture ponds because large parts of global aquaculture 

activities occur in tropical and sub-tropical coastal areas (see examples in Figure 23) which are highly 

affected by dense cloud cover particularly during the rainy seasons. Additionally the backscatter from 

pond structure components allows for their identification and separation from other features and the 

general rectangular structure of ponds helps to identify them by means of object-based image 

techniques (i.e. image segmentation). Figure 24 illustrates the appearance of aquaculture ponds in 

radar images acquired with different sensors. Common to all sensors is that the resulting radar image 

influenced by speckle effect, a granular noise which originates from random fluctuations in the return 
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signal from an object and degrades the quality of SAR data. This effect has been reduced by testing 

and applying advanced filters (e.g. Lee, Frost) to smooth the speckled images.  

 

 

Figure 24: Levels of detail in SAR images with different spatial resolution ifor an example in Soc Trang province, 

Mekong Delta. Source: Ottinger et al. (2016): Aquakultur im Mekong-Delta: Segen oder Fluch? Geographische 

Rundschau, 2, 24-30. 

 

Reliable detection of aquaculture ponds from space requires the analysis of dense satellite image 

time-series to identify temporal profiles of permanent water-filled aquaculture ponds. Current earth 

observation satellite missions, such as Landsat-8, MODIS and others have revisit times that are high 

enough to produce such time-series. Sensors with frequent coverage usually are limited in their spatial 

resolution, whereas very high resolution sensors are limited in their temporal coverage. The 

Copernicus Sentinel satellite constellations 1 and 2 are trying to bridge this gap by using identical 

sensors on different satellites. At the moment they are imaging the earth about every 10 days with a 

spatial resolution of 10m, but the temporal coverage effectively doubles with each satellite that is 

added to the constellation.  

Optical sensors have the disadvantage that they are not able to penetrate the frequent cloud cover of 

the Mekong Delta. Due to this they are often not able to accurately capture the temporal dynamics of 

surfaces features. In the Red River Delta this issue is less pronounced but still affecting the quality of 

the time-series. Radar satellites, such as Sentinel-1, on the other hand have the ability to capture the 

continuously water covered aquaculture independent of daylight and cloud cover.  

Figure 25 shows the appearance of aquaculture ponds in a single radar images and a smoothed time 

series of radar images and illustrates the improved level of details where single ponds become much 

more visible. This advantage is becoming even more relevant looking at the dense time series 

available in future with the two Sentinel-1 (1A and 1B) satellites flying in same orbit and thus providing 

advanced monitoring and mapping capabilities based on SAR data. Common to all radar imaging 

satellite sensors is that their recorded signals are influenced by speckle noise. The use of temporal 

metrics for the stacked multi-temporal data cube has not only resulted in speckle reduction but also 

improved the appearance of small dikes and dams surrounding the aquaculture pond water surfaces. 

The median image has then be used in the applied segmentation method for the aquaculture mapping 
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to enhance the detection of single aquaculture ponds where the water surface may be enclosed by 

very narrow dams which are just a few meters wide.  

 

 

Figure 25: Appearance of aquaculture ponds in a single Sentinel-1A scene (left) and the calculated 

temporal stack based on a per-pixel median of a 2 year time series (right). 

 

We found microwave time-series to be a reliable tool to map and monitor aquaculture ponds in the 

study regions, especially the Mekong Delta. The results of the spatial assessment of aquaculture 

ponds from active microwave data (Sentinel-1A) for two study sites in both deltas shown in Figure 26 

and Figure 27.  

 

 
Figure 26: Object based classification result of aquaculture ponds from multi-temporal Sentinel-1A data for the 

study areas in Giao Thuy district, Red River Delta (left) and a part of the Soc Trang province, Mekong Delta 

(right). 

 



Abschlussbericht für den Projektträger Jülich, Projekt DeltAdapt, 09/2014 – 08/2017 

 

28 

 

 
Figure 27: Mapping result for aquaculture for the study site in Soc Trang province, Mekong Delta, Vietnam.  

II.1.2.2.3 Accuracy evaluation with in-situ samples  

 

To evaluate the accuracy of our land cover classifications for rice and aquaculture we acquired a 

dataset of rice and aquaculture farmer surveys. The dataset contains point samples of paddy field and 

aquaculture pond locations, detailed field photos as well as a survey of the farmers regarding harvest 

and transplanting dates, yields, issues with salinity and land use changes. Our remote sensing based 

land cover classifications achieved more than 80% agreement regarding the in-situ dataset. However, 

this is not an in-depth accuracy assessment, as this would require an accurate in-situ dataset of all 

possible land-cover classes to also assess false positives and the classes they are confused with. An 

overview of the field photos is shown in Figure 28 and Figure 30. The locations of the surveys are shown 

in Figure 29. 

 
Figure 28: Field photographs taken within the DeltAdapt project in 2014 in the Giao Thuy district, Nam Dinh 

province, Red River Delta, Vietnam: (A) drained shrimp pond; (B) shrimp ponds with active paddle aerators; (C) 

water channel; (D) dike; (E) mussel pond; (F) shrimp ponds; and (G) WorldView-02 image with aquaculture 

samples (red) derived from earth observation data. 
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Figure 29: Field samples of rice-aquaculture, aquaculture and rice fields taken within the DeltAdapt project in 

2017 in the Soc Trang province (left) and Kien Giang Province (right), Mekong Delta, Vietnam.  

 

 
Figure 30: Field photographs taken within the DeltAdapt project in 2017 in the Soc Trang Province, Mekong Delta, 

Vietnam. Left: Semi-intensive shrimp pond; Right: Paddy rice field. 

 

A province level overview of the surveyed data is show in Table 1 and Table 2. Of the 57 farmers 

surveyed in the Kien Giang province 19 are using salt tolerant varieties and another 16 are 

experiencing issues with water salinity. In Soc Trang less rice farmers are experiencing issues with 

water salinity. However, of the 57 aquaculture farmers surveyed in the Soc Trang province 29 reported 

issues with water salinity.  

 

Table 1: Field survey overview of rice farmers. 

Province Number of 

surveys 

Mean yield 

(t/ha/season) 

Mean 

seasons/year 

Issues with 

water salinity 

Using salt 

tolerant rice 

varieties 

Kien Giang 57 6.21 2.28 16 19 

Soc Trang 28 5.65 2.64 2 1 

 

Table 2: Field survey overview of aquaculture farmers. 

Province Number of 

surveys 

Mean yield 

(t/ha/year) 

Mean 

harvests/year 

Switched from 

rice 

Issues with 

water salinity 

Soc Trang 57 4.55 2.51 7 29 
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II.1.3 WP2200 In-depth assessment of past and current drivers of change 

 

High resolution satellite data has been acquired and pre-processed to detect and delineate the river 

banks in the coastal focus regions. To cover larger areas for the coastline and riverbank detection, the 

Landsat USGS Data Archive has been searched to download cloud-free imagery with a wide swath 

covering large areas. We downloaded multi-temporal satellite images of Landsat 8 OLI (Operational 

Land Imager) and Landsat 5 (Thematic Mapper) from the Landsat USGS Data Archive and performed 

pre-processing steps including atmospheric correction with the ATCOR software package and 

geometric correction using the ERDAS software. Spectral bands covering the short-wave infrared 

spectrum of the acquired images were used to delineate and map the shoreline and riverbanks for 

coastal sites in the Mekong Delta and Red River Delta. The shortwave-infrared band of the applied 

Landsat sensors was most capable to differentiate between water and non-water and used to map 

multi-date coastline features based on single-band imagery. The coastline mapping in the coastal 

study sites of the Mekong and Red River deltas for a 25 years period is illustrated in Figure 31. The 

coastline along the two focus regions in the Mekong River Delta only showed slightly changes (Figure 

31). However, significant coastline changes in the area of the river mouth of the Red River (see Figure 

32 ) demonstrate the dynamic character of sedimentation over the period from 1990 to 2015.   

 

 
Figure 31: Mapped coastlines in three coastal focus regions in the Red River Delta (left) and the Mekong Delta 

(middle, right). 

 

 
Figure 32: Single-band images of the mid-infrared of Landsat 5 TM and Landsat 8 OLI images which show the 

shoreline dynamics along the coast at the river mouth of the Red River in Giao Thuy District, Nam Dinh Province, 

Red River Delta, Vietnam. 



Abschlussbericht für den Projektträger Jülich, Projekt DeltAdapt, 09/2014 – 08/2017 

 

31 

 

In the Red River Delta, coastal change has mainly taken place in the river mouth which is covered to 

large extent by mangrove and heavily exploited and used for saline aquaculture (mussel farming). The 

largest coastal changes have taken place in the time period between 1990 and 1995 (see Figure 32).  

Spectral bands covering the short-wave infrared spectrum of the acquired images were used to 

delineate and map the shoreline and riverbanks for coastal sites in the Mekong Delta and Red River 

Delta. The shortwave-infrared band of the applied Landsat sensors was most capable to differentiate 

between water and non-water and used to map multi-date coastline features based on single-band 

imagery. The riverbank mapping for a 25 years period is illustrated in Figure 33.   

 

 
Figure 33: Riverbank and coastline mapping based on high spatial multi-temporal satellite image data (Landsat 5, 

Landsat 8). 

 

As part of another task in WP 2000 we extracted urban areas from high spatial resolution multi-

spectral imagery to investigate spatial features. Spectral information (brightness, NDVI) and object 

shape features (rectangularity, border index) were integrated to the classification approach to achieve 

proper differentiation between urban or built-up areas and bare soils which due to similar reflectance 

patterns in all spectral bands (see Figure 34). 

 
Figure 34: Extraction of urban areas based on high spatial resolution satellite image data. 
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II.1.4 Gegenüberstellung der Ergebnisse mit vorgegebenen Zielen  

 

Im Folgenden sind die Meilensteine (MS) der unterschiedlichen Aufgabenbereiche der Arbeitspakete 

1000 und 2000 wie im Projektantrag definiert, aufgeführt. 

 

WP 1 - Land use options and typology of farming systems  

 Task 1100: Analyses of current and historical farming systems 

  Activity 1110: Literature review, secondary data analyses and exploratory interviews 

   Milestone 11A: Collection of secondary data in focus regions of both deltas  

    Milestone was achieved.  

  Activity 1120:  Study site selection for DeltAdapt   

   Milestone 11D: Study sites selected 

    Milestone was achieved. Study sites were selected in cooperation with the other 
project partners, 

 Task 1200 – Monitoring of land use dynamics  

  Activity 1210: Data research and acquisition (HUA-III, UW)  

   Milestone 12B: Literature search for land use change detection in MRD/RRD completed  

    Milestone was achieved. 

   Milestone 12C: Collection and scheduling of relevant high-resolution remote sensing data 
(e.g. Landsat, Spot, Quickbird, Worldview, Rapideye, Aster) completed  

    Milestone was achieved. Multi-temporal very high resolution optical data has been 
ordered and time series of Sentinel-1 has been acquired from the ESA Copernicus 
hub. 

  Activity 1220: Remote sensing and data processing and analyses (HUA-III, UW)  

   Milestone 12F: Multi-temporal land use classifications completed (UW)  

    Milestone was achieved. Multi-temporal optical satellite data for the study sites were 
pre-processed and we developed an object-based classification scheme to derive 
different land use types in both deltas. As a result of the dense cloud coverage which 
constraints the use of optical data in the coastal study areas we developed advanced 
processing chains for the mapping of rice agriculture and aquaculture using high 
resolution SAR time series data.  

   Milestone 12G: Validation field campaign for MRD/RRD  

    Field sample data for the Mekong Delta has been ordered from Vietnamese 
specialists who collected statistical data, GPS points, field photos and questionnaires 
in the Mekong Delta. For the Red River Delta, sample points (GPS geotags and 
close-up photographs of rice and aquaculture ponds) were collected during the first 
Vietnam visit in 2014.  

   Milestone 12H: Validation of products (MRD/RRD)   

    Milestone was achieved. The field validation samples obtained for the radar time 
series were   

  Activity 1230: Change detection analyses (HUA-III, UW) 

   Milestone 12I: Change detection of land use in coastal focus regions of the MRD/RRD and 
completed (UW)  

    Milestone was achieved. 
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WP2 2 - Drivers of change (UNU-I, HUA-I, UNU-II, UW, CTU-III, UBo) 

 Task 2200 In-depth assessment of past and current drivers of change 

  Activity 2240: Land use changes: coastlines, riverbanks and urban area (UW, HUA-I)  

   Milestone 22E: Extraction of coastline and riverbanks for focus regions based on multi-
temporal satellite images (UW); interrelationships between land-use changes and ecosystem 
services identified (HUA-I)  

    Milestone was achieved. 

   Milestone 22F: Extraction of urban areas derived from the land use classification (UW)  

    Milestone was achieved. 

II.2 Wichtigste Positionen des zahlenmäßigen Nachweises 

Dem Zuwendungsempfänger standen die in der nachstehenden Tabelle aufgelisteten Mittel zur 

Verfügung. 

 

Table 4: Überblick über die bewilligten Mittel in EUR 

          

 

Kostenart 

Zweck 

 

0812 

Personal 

 

0822 

Hilfskräfte 

 

0835  

Vergabe von 

Aufträgen 

 

0843 

Sonstige 

Verwaltungs-

ausgaben 

 

0846 

Dienstreisen 

 

0850 

Gegenstände 

>400 EUR 

 

Gesamt     

(mit Personal) 

Bewilligt (in 

EUR €) 
157.377,00 4.032,00 750,00 3.100,00 16.450,00 20.000,00 201.709,00 

 

Die Ausgaben für Personalkosten umfasste zwei halbe Stellen mit der Eingruppierung TV-L E13 

(Pos.0812). Diese Stellen waren zu großem Anteil ausgefüllt von Aufgaben der Datenakquise, 

Entwicklung von automatisierten Prozessketten, Fernerkundungsanalysen und Satellitendaten-

auswertung.  

Eine Hilfskraft (Pos. 0822) wurde beschäftigt für Fernerkundungsanalyse-Arbeiten für die 

Vorprozessierung der Satellitendaten, Weiterentwicklung der objektbasierten Klassifikations-

algorithmen, Digitalisierung von Vektordaten, multi-temporalen Klassifikation, Kartenerstellung und 

deren Dokumentation. 

Zu Dienstreisen (Pos. 0846) zählen im wesentlichen Reisen nach Vietnam, um die vietnamesischen 

Projektpartner vor Ort zu treffen und am finalen Workshop teilzunehmen. Weiterhin handelt es sich bei 

den Ausgaben für Reisen um Treffen innerhalb Deutschlands mit den deutschen DeltAdapt-

Projektpartnern. Außerdem wurden Reisen in Deutschland sowie ins europäische und internationale 

Ausland und zur Ergebnispräsentation auf Konferenzen durchgeführt. 

Die sonstigen allgemeinen Verwaltungsausgaben (Pos. 0342) deckten die Publikationskosten für 

Open Access ab.   

Unter die Position Gegenstände und Investitionen über 410 € fällt die Akquise sämtlicher 

Satellitendaten und Felddaten zur Validierung der Fernerkundungsarbeiten. 

II.3 Notwendigkeit und Angemessenheit der geleisteten Arbeit 

Die im Arbeitspaket 1000 und 2000 geleisteten ergebnisorientierten Arbeiten, insbesondere für die 

methodischen Entwicklungsarbeiten in den Bereichen Entwicklung automatisierter Prozessketten, 

Massendatenverarbeitung von Sentinel1-SAR Zeitserien, und Fernerkundungsdatenanalysen konnten 

nur durch die Kapazitäten der Mitarbeiter in den entsprechenden Fachdisziplinen erfüllt werden. 

Fernerkundungsanalysen auf der Basis von hochaktuellen Satellitenbilddaten ermöglichten die zeitlich 

kontinuierliche Erfassung und Charakterisierung großer Teile der Erdoberfläche und die Überwachung 
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von Umweltveränderungen in Küstenregionen am Beispiel des Mekong Delta und Red River Delta in 

Vietnam. Die vorprozessierten Satellitendaten bildeten darüber hinaus Eingangsinformation zur raum-

zeitlichen Analyse von Küstenlinienveränderungen im Hinblick auf Küstenerosions- und 

Küstenakkumulationsprozesse, sowie zur Ableitung urbaner Flächen als Zusatzinformation für die 

Landnutzungsdynamik und sozioökonomische Entwicklung in den beiden Deltas. Als Datenbasis für 

raum-zeitliche Veränderungen sind Geodaten und fernerkundungsbasiert abgeleitete 

Informationsprodukte von großer Wichtigkeit. Die Förderung der ergebnisorientierten Arbeiten in 

WP1000 durch öffentliche Mittel war für die Durchführung des Projektes unbedingt notwendig. Die 

Qualitätsüberprüfung der generierten Fernerkundungsprodukte zu den Hauptlandnutzungstypen 

Reisanbau und Aquakulturbecken machte die Erhebung von Validierungsdaten notwendig. Auch die 

Verbreitung der Ergebnisse in Form von Publikationen und Konferenzteilnahmen (sowohl im 

Projektkonsortium als auch extern) machte eine Zuwendung durch öffentliche Mittel notwendig. Im 

Folgenden wird für die EO-basierten Produkte eine zusammenfassende Begründung gegeben. 

 

Ableitung der Ausdehnung von Reisanbau- und Aquakulturflächen 

Reisanbauflächen und Aquakulturbecken sind die zwei wichtigsten Landnutzungen im Mekong und 

Red River Delta. Eine verlässliche Abgrenzung der Ausdehnung dieser  Flächen ist von großer 

Bedeutung im Hinblick auf Landnutzungsveränderungen und Auswirkungen auf die 

Küstenökosysteme und deren Relevanz für ökonomische und ökologische Prozesse. In den 

tiefliegenden asiatischen Küstenregionen und in Flussdeltas im Besonderen sind Reisanbau sowie die 

Fisch- und Garnelenzucht die wichtigsten landwirtschaftlichen Nutzungen und haben zu weiträumigen 

Veränderungen der Landschaft geführt. In Folge der Intensivierung in der Agrar- und 

Aquakulturproduktion in den letzten Jahren und einer rapiden Zunahme der landwirtschaftlichen 

Fläche unterliegt die Landbedeckung in diesen Regionen einer starken Dynamik und weitreichenden 

Landnutzungsveränderungen.  

Die Zunahme der Produktion von Reis und aquatischen Produkten in den beiden Deltas ging einher 

mit einer starken Expansion der landwirtschaftlichen Fläche und damit einhergehenden Verlust 

natürlicher Ökosysteme. Eine hochaufgelöste und detaillierte Erfassung der Reisanbau- und 

Aquakulturflächen und Kenntnis über deren räumliche Ausbreitung ist ein Schlüsselfaktor um 

geeignete Planungsstrategien zu implementieren.  

Die bereits verfügbare Landnutzungsinformation war meist nicht detailliert genug und von geringer 

Qualität für geeignete Analysen, da die Landnutzungskarten entweder nicht aktuell waren, oder in 

diesen zu wenige Landnutzungstypen abgebildet wurden. Die entwickelten und neuartigen 

Prozessierungsketten zur automatisierten SAR-Zeitserienverarbeitung und objektbasierten Erfassung 

von Reis und Aquakultur, ermöglichen hochaktuelle und hochaufgelöste Kartierungen zur Abgrenzung 

der zwei wichtigsten Landnutzungen in den Deltas.  

II.4 Nutzen und Verwertbarkeit der Ergebnisse 

Die in DeltAdapt entwickelten Informationsprodukte erlauben die Integration dieser in Arbeitsprozesse 

nicht nur der DeltAdapt Projektpartner in Vietnam sondern vor allem von Entscheidungsträgern auf 

ministerieller Ebene. Dies gilt für die reinen Fernerkundungsdatenprodukte als auch für die daraus 

generierten komplexeren Datenprodukte, welche grundlegende Informationen für Entscheidungsträger 

zur Verfügung stellen. Reisanbau und Aquakulturproduktion bedarf des Einsatzes großer Mengen an 

Land, Wasser, Energie, Futter etc., ein nachhaltiger Schutz der natürlichen Ressourcen in der 

Küstenzone ist somit von entscheidender Bedeutung für die Ernährungssicherung.  

Die entwickelten Prozessketten sind so konzipiert, dass sie jederzeit erweiterbar sind und somit das 

Einbinden weiterer, auch alternativer Daten (z.B. anderen Fernerkundungssensoren), ermöglichen. 

Vielfältige Anschluss- sowie Anwendungsmöglichkeiten ergeben sich im Bereich der Datenfusion aus 

radarbasierten und optischen Satellitendaten (z.B. Sentinel-1 und Sentinel-2) um die Vorteile beider 

Fernerkundungssysteme zu nutzen und die gegenwärtigen Prozessketten inklusive der 

Landnutzungs-Detektionsalgorithmen bzw. Klassifikationsansätze zu erweitern und zu verbessern. 

Dank der engen Kooperation mit den vietnamesischen Partnern wurde ein reger Wissenstransfer 
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eingeleitet. Ein konkreter wissenschaftlicher Nutzen für die Universität Würzburg ergab sich aus der 

erfolgreichen Durchführung des Projektes und ist messbar an Hand von Publikationen in 

wissenschaftlichen Zeitschriften, sowie den zahlreichen Beiträgen auf internationalen Konferenzen 

und Workshops. Zum einen erhöhte sich dadurch die Sichtbarkeit der Institution und zum anderen 

wurden ihre Kompetenzen gestärkt und ausgebaut.  

Die Vernetzung mit vietnamesischen Partnern und die angeeigneten interkulturellen Kompetenzen der 

Mitarbeiter auf beiden Seiten sind eine vielversprechende Grundlage für weitere, zukünftige 

wissenschaftliche Projekte, für welche auf die guten Kontakte mit den vietnamesischen 

Projektpartnern zurückgegriffen werden kann. 

 

II.5 Während der Durchführung bekannt gewordener Fortschritt bei 

anderen Stellen 

Von dritter Seite sind im Berichtszeitraum keine relevanten Ergebnisse bekannt geworden. 

II.6 Erfolgte und geplante Veröffentlichungen 

Publikationen in Fachjournalen: 

(1) Ottinger, M., Clauss, K., & Kuenzer, C. (2016). Aquaculture: Relevance, distribution, impacts and 
spatial assessments - A review. Ocean and Coastal Management, 119, 244–266. 
https://doi.org/10.1016/j.ocecoaman.2015.10.015. 

(2) Ottinger, M., Vo, T. Q., & Kuenzer, C. (2016). Aquakultur im Mekong Delta. Geographische 
Rundschau, 2, 24–30. 

(3) Ottinger, M., Clauss, K., & Kuenzer, C. (2017). Large-Scale Assessment of Coastal Aquaculture 
Ponds with Sentinel-1 Time Series Data. Remote Sensing, 9(5), 440. 
https://doi.org/10.3390/rs9050440. 

(4) Clauss, K., Ottinger, M., & Kuenzer, C. (2017). Mapping rice areas with Sentinel-1 time-series and 
superpixel segmentation. International Journal of Remote Sensing, 39(5), 1399–1420. 
https://doi.org/10.1080/01431161.2017.1404162. 

Konferenzbeiträge: 

(1) Ottinger, Marco and Clauss, Kersten and Vo Quoc, Tuan and Kuenzer, Claudia (2016) 
Assessment of coastal aquaculture ponds in Asia with high resolution SAR data. 36th EARSeL 
Symposium, 20.06.2016 - 24.06.2016, Bonn, Germany.  

(2) Clauss, Kersten and Mack, Benjamin and Dech, Stefan and Kuenzer, Claudia (2016) Mapping 
paddy rice in Asia: a multi-sensor, time-series approach. 36th EARSeL Symposium 2016, 20-24 
June 2016, Bonn, Germany. 

(3) Leinenkugel, Patrick and Huth, Juliane and Ottinger, Marco and Künzer, Claudia (2016) 
Fernerkundung in Küsten, Deltas und Flusseinzugsgebieten. Ludwig-Franzius-Tag, Hannover. 

(4) Ottinger, Marco and Clauss, Kersten and Vo Quoc, Tuan and Huth, Juliane and Dech, Stefan and 
Künzer, Claudia (2016) Earth observation based mapping of coastal aquaculture ponds in Asian 
hotspots – An object-based analysis of high spatial resolution Sentinel-1A SAR data. ECSA 56 - 
Coastal systems in transition: From a 'natural' to an 'anthropogenically-modified' state, 04.-
07.09.2016, Bremen, Germany.  

(5) Clauss, Kersten and Ottinger, Marco and Wagner, Wolfgang and Kuenzer, Claudia (2017) 
Mapping Paddy Rice in Asia - a Multi-Sensor, Time Series Approach. ESA World Cover 2017, 14-
16 Mar 2017, Frascati (Rome), Italy.  

(6) Ottinger, Marco and Clauss, Kersten and Wagner, Wolfgang and Kuenzer, Claudia (2017) 
Mapping coastal aquaculture ponds in Asian hotspots with high spatial resolution Sentinel-1A/B 
SAR data. ISRSE-37, 08.-12. Mai 2017, Tshwane, South Africa. 

(7) Clauss, Kersten and Ottinger, Marco and Wagner, Wolfgang and Kuenzer, Claudia (2017) 
Mapping Paddy Rice in Asia. ISRSE 37 - 37th International Symposium on Remote Sensing of the 
Environment, 8-12 May 2017, Tshwane, South Africa. 

 

http://elib.dlr.de/104876/
http://elib.dlr.de/104876/
http://elib.dlr.de/110526/
http://elib.dlr.de/111819/
http://elib.dlr.de/112392/
http://elib.dlr.de/112392/
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