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Photographs on cover pages: Impressions of the field campaign in Can Gio in November 2011. Upper left: 
Mixed Avicennia and Rhizophora mangrove stands. Upper right: Avicennia alba. Center picture and lower 
left: Roots of Rhizophora. Furthermore: harvest of white legged shrimp (Litopenaeus Vannamei) along the 
Can Gio seashore, and impressions of household surveying and data ingestion (all photographs taken in 
November 2011). 
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Executive Summary 

The goal of this study is to evaluate the current status, the dynamics, and the ecosystem services, as well 
as ecosystem service values of the mangrove forest of Can Gio. 

Can Gio Mangrove Biosphere Reserve is a reserve established by the UNESCO Man and the Biosphere 
Program in the year 2000. The reserve is identical with Can Gio district, which is one of the 18 districts of 
Ho Chi Minh City, covers an area of 71,964 ha, divided into a core zone, a buffer zone, and a so called 
transition zone. The core zone and the buffer zone are divided into 33 so called forest compartments, which 
are controlled by the Can Gio Forest Management Board.  

As of November 2011 Can Gio district has 67,272 inhabitants, which live in 17,471 individual households. 
Therefore the average household size is about 4 persons. About 50% of Can Gio inhabitants work as forest 
managers established by the forest management board, whose duty it is to control and protect the forest 
area they live in. The monthly ‘salary’, which these forest managers get paid, is a multiple of the per-
hectare protection fee of VND 725,000 (about 35 USD) and depends on the size of the land they are 
responsible for (ranging between 10 to 100 ha). Forest managers – just like most other people in Can Gio – 
do not own the land. Forest land belongs to the state. Another 20+% of Can Gio inhabitants are 
aquaculture shrimp farmers, who mainly live in the transition zone. Furthermore, about 15% of locals are 
fisherman, and some other job categories (clam collectors, salt farmers, service, and administration) occur 
as well. 

During the Vietnam war nearly all of Can Gio’s mangroves were destroyed due to defoliant spraying. Also 
forest extraction by the – at that time – very poor population aggravated the problem. Large replanting and 
protection efforts led to a rehabilitation of the mangroves and nowadays a very large diversity of mangrove- 
and tree species as well as other flora and fauna can be found. Nowadays people are partially aware of the 
ecosystem services, which the mangroves provide and most agree that mangrove forest must be protected. 
The forest supplies construction wood, fire wood, fish catch, crab catch, clam and oyster harvest, as well as 
indirect values such as storm and erosion protection, or water filtration, and carbon sequestration. A big 
threat for the mangroves in Can Gio are increased shoreline erosion through large freight ships, the ever 
expanding aquaculture and salt farming activities, illegal wood extraction by locals, as well as negative 
consequences of urbanization, increasing tourism, and socio-economic transformation, manifested in an 
increase in solid and fluid waste accumulation and general pollution.. 

Based on 289 socio economic household surveys undertaken in Can Gio in November 2011, the following 
findings were derived. Educational level is relatively low in Can Gio – less than 20% of the people have a 
high school education, and total household income averages 4,148 USD per year. Over 50% of people in 
Can Gio use mangroves for different purposes. A major role plays the supply of wood for construction and 
firewood. 50% of interviewed households claim to extract wood from the forest for construction and fire 
wood, knowingly aware that this is illegal. Even forest managers extract fresh wood, as replacement costs 
to buy the wood on the market would add up to 1,457 USD per year, which is over 30% of the annual 
income. Furthermore, locals profit from mangrove related fish catch, and mangroves as tourism or resting 
places. Mangrove related products are a major part of the income for over 85% of forest managers, and 
over 65% of fishermen. However, also shrimp farmers and other job groups utilize mangroves – even 
though they are not as aware of it as the other two occupation groups. 

The household survey made very evident that it is especially the fishermen, who are very aware of the 
mangrove’s benefits and ecosystem services. On average, they have a better knowledge on the local 
ecology than the forest managers, which went through extensive training programs. They are also the most 
dependant on the mangrove forests, as they are aware that most of their catch depends on mangrove 
health. Even though forest farmers also depend on the mangroves, as they receive a monthly salary for 
their forest monitoring work, the knowledge on mangrove’s ecosystem services is slightly lower. Illegal 
behaviour of wood extraction is accepted by all, and also not really reported if observed with others. 
Compliance of the forest manager’s duties is not monitored, and we only heard about two cases within all 
the past 10 years where a forest manager had to quit his job due to non-compliance. Although 100% of 
forest managers state that mangrove forests should be protected, many of them admit in non-protocol led 
side talks that – if they would not receive the forest manager salary – they would prefer to be aqua-farmers. 
6% of all forest managers think it would have not big effect, if all mangroves in Can Gio were cut. 

However, the largest ‘threat’ to mangrove forest is the group of shrimp farmers. When asked if mangroves 
should be protected, 33% do not think so, and over 60% think that it will have no big effect if all mangroves 
in Can Gio disappear. With respect to mangrove related knowledge it is the least accentuated in the group 
of shrimp farmers. For them, mangroves mean a restriction to further expansion opportunities of their 



 
 

10

aquaculture business. As shrimp farmers live already ‘further away’ from nature, rather than with nature, the 
understanding of local ecology – especially of long term effects of shifts and disturbances – is not so clear. 
While fishermen and forest managers clearly hope for a further expansion of the forested area in the next 
10 years, most shrimp farmers assume that the mangrove covered area will stay the same in size or even 
decrease. 

At the same time, all Can Gio inhabitants are somehow – even if only in a blurry way – aware of the high 
value of this ecosystem. When asked how much they think one hectare of mangrove is worth, the average 
answer is 17,656 USD. Multiplied by a tree covered area in Can Gio, of 38,293 ha, which we derived from 
up to date remote sensing data, this would be an overall value of 676.10 million USD. The annual 
protection value of Can Gio reserve is 38,293 times 725.000 VND, which equals 27.76 billion VND or 1.31 
million USD (conversion rate 11/2011). 

Based on SPOT remote sensing data we created detailed landcover and landuse maps for Can Gio district. 
In 2011, 38,298 ha are covered with trees. We could differentiate tree cover into dense Rhizophora areas, 
areas of mixed mangroves dominated by Rhizophora, Avicennia-dominated areas, replanted areas with 
mixed mangroves also including Nypa palms and Phoenix paludosa, as well as a class, which contains tree 
lines along roads and in between settlement. When omitting this last class, which mainly occurs in the 
transition zone, the mangrove area of Can Gio equals 35,265 ha. As no remote sensing based 
classification is perfect, the exact value probably lies in the range between these two numbers. However, 
the remote sensing derived landuse and mangrove cover information is considered more precise than other 
available data, such as mangrove maps we had available from the FIPI. Mangrove cover did not change 
substantially between 2000 and 2011. However, while in some areas and increase in mangroves could be 
observed in the past 10 years, we also extracted some clear areas of mangrove loss in the last decade. 
These are especially regions along the border of the transition zone to the buffer zone. Especially the West 
and South of Can Gio have experienced extreme mangrove or forest land area conversion to aquaculture, 
salt farming, and settlement. 

Based on primary data retrieved from the household surveys as well as on secondary data we evaluated 
the ecosystem service values of Can Gio’s mangroves. Based on clearly set up baseline definitions, as well 
as numerous quantitative information on the value of direct, as well as indirect values, as well as based on 
own travel cost calculations, we can decipher the ecosystem service values of mangroves with respect to 
timber utilization, natural inner-mangrove and offshore fish catch, tourism, as well as indirect values of 
erosion control, and carbon sequestration. For all the values we presented lower and upper limits, and 
calculated them for a forest covered area of 38,293 ha, as well as with a slightly smaller area of 35,265 ha. 
Each year, Can Gio mangroves supply 12.72 million USD of timber products to the local inhabitants 
(construction wood and fire wood, not even including souvenir carving benefits). The travel cost value of 
tourism ranges between 104 million USD and 176 million USD, depending on if one calculates with  the 
complete or only 20% of international tourist’s airfare. The coast protection value ranges between 137.42 
and 149.21 million USD, depending on if one calculates with the smaller or the larger area. Carbon 
sequestration can reach a value of up to 68.89 million USD for only one year. The overall value of the 
mangrove ecosystem based on the values we could quantify ranges between 358 and 503 million USD per 
year. However, this is probably only one third of the realistic value, as several very important indirect 
ecosystem services such as water filtration, soil purification, biodiversity maintenance, or also cultural 
values could not be specified. Local people valued their ecosystem ranging between 622 and 672 million 
USD. If one adds up these numbers, considering the local people’s judgement as the existence value, the 
Can Gio mangrove ecosystem reaches an annual value of well above one billion USD. 

Payment for Ecosystem Services, PES, is a topic with increasing significance – especially in the context of 
REDD+ - and is also increasing in relevance in Vietnam. However, numerous authors have demonstrated 
that no real PES schemes have been established in the country so far. Major hindrances in this respect are 
predominant land ownership schemes, overlapping or missing administrative responsibilities in a 
governmental institutional framework defined by both, the MARD and the MONRE, as well as pressing 
supply needs of local people still living close to the poverty line. 

To maintain and improve the well-being of Can Gio’s mangroves we recommend extensive training and 
capacity building programs, specially tailored to different groups, such as school teachers, students, 
stakeholders, and especially shrimp farmers;  the definition of political measures to monitor compliance of 
forest protection; alternative cooking- or fuel supplies to replace timber-based cooking; clear guidelines for 
tourist carrying capacity, and new political regulations banning – or at least limiting – freight ship traffic on 
some of Can Gio’s river branches and canals. Reforestation- and forest cultivation and protection efforts 
should continue in close exchange with other programs, granting the exchange of experience and 
knowledge. 
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As Can Gio Biosphere Reserve with its three zones (core-, transition-, buffer zone) has the same extent as 
Can Gio district, in this report the terms ‘Can Gio’, Can Gio district’, Can Gio Mangrove Biosphere Reserve’, 
Can Gio Reserve’ and ‘Can Gio area’ are used as synonyms. 
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Chapter 1:… 
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1. Mangroves in Viet Nam and Can Gio Biosphere Reserve: Current Situation, Past Dynamics, and 
Future Challenges 

1.1. Importance of Mangroves in coastal Ecosystems 

Mangroves are plant communities of various different species – including trees, shrubs, palms, and ferns - 
established in coastal and river estuarine areas of tropical and subtropical zones. Due to their physiological 
adaptation to overcome the problems of anoxia, high salinity, and frequent tidal inundation mangroves are 
able to grow in saline inter-tidal coastal habitats. Mangrove ecosystems represent a transition area between 
terrestrial and marine communities, which receive a daily input of water from the ocean (tides) and 
freshwater, sediments, nutrients, and silt deposits from upland rivers. The complex network of submerged 
roots allows mangroves to grow in instable but fine, organic nutrient rich sediments. These muddy or sandy 
sediments are home to a variety of invertebrates. Channels within the mangroves support communities of 
phytoplankton, zooplankton, and fish. The term ‘mangrove’ is used to describe the plants and ecosystem 
itself (FAO 2007). 

Mangroves create unique ecological environments that host rich assemblages of species. The mangrove 
ecosystem plays an important role through various functions. On the one hand it acts as breeding-, nursing, 
and protecting grounds for many aquatic organisms, and is also home to numerous non-aquatic species. 
On the other hand mangroves act as a cleansing system for water and sediments in estuaries, and 
simultaneously provide buffer zones against typhoons and floods. Also due to climate change induced sea-
level rise mangrove ecosystems become increasingly important as a natural protection against shoreline 
erosion. Furthermore, mangroves partially stabilize the climate through carbon sequestration, and the 
moderation of temperature extremes. Mankind profits not only from the above but also from their supply of 
direct and indirect resources, such as the provision of timber, honey, medicinal substances, chemicals, and 
fertilizer, edible aquatic species, and tourism. 

Due to its specific physiological characteristics and its multi-functional role reforestation and preservation of 
mangrove ecosystems becomes more important in coastal and environmental protection. However, 
sustainable mangrove management is quite a complex multi-faceted undertaking comprising a combination 
of physical components (e.g. reforestation planting activities) and institutional and social support 
components (e.g. natural resources management planning, livelihood development and training activities) 
(FAO 2007, Spalding et al. 1997).  

1.2. Mangrove Forests in Viet Nam 

Due to its long coastline exceeding 3260 km² and two big river deltas, coupled with its tropical climate, Viet 
Nam fulfills the natural requirements needed to establish mangrove ecosystems. In comparison to other 
Southeast Asian countries with very high mangrove forest coverage (like Indonesia with more than 3 million 
ha) Viet Nam has a relative small coverage. In 2005, 156,500 ha of mangrove forest were reported (FAO 
2007, IUCN 2010 [numbers vary depending on source]). More than 60% of Viet Nam´s mangroves are 
located in the Mekong Delta – here especially in the provinces of Soc Trang, Bac Lieu, Ca Mau, and Kien 
Giang – and an additional 20% are located in the Southeast region (Can Gio), while almost 20% exist in the 
coastal North and Red River Delta (Hawkins et al. 2010). 38 true mangrove species and 45 to 50 
associated species exist (Environmental Justice Foundation, 2003; [numbers vary strongly depending on 
source, see 1.3.2.]). Selected animals of conservation significance found in these forest are the Monitor 
Lizard (Varanus salvator), the Estuarine Crocodile (Crocodylus porosus), a number of dolphin and porpoise 
species (Orcaella brevitrotris, Sotalia chinesis, Neophocaena phocanoides), Macaque monkey (Macaca 
fascicularis), otters (Lutra perspicillata), Fishing Cat (Felis viverrina), and the Clouded Leopard (Neofolis 
nebulosa) (Environmental Justice Foundation, 2003). Coastal wetland birds such as the Asian Dowitcher 
(Limnodromus semipalmatus), Chinese Egret (Egretta eulophotes), Black-headed Ibis (Threskiornis 
melanocephalus), Spot-billed Pelican (Pelecanus philippensis), and the Painted Stork (Mycteria 
leucocephala) are vulnerable or near threatened according to IUCN threat category. 

Before 1945, mangrove forest in Viet Nam covered a total area of up to 400,000 ha. During the second 
Indochina war from 1962 to 1971 the mangrove forest area was quickly reduced through massive defoliant 
spraying (e.g. Agent Orange) (see figure 1-1). 104,900 ha of forest were destroyed (ZMT 2004). But even 
after the war, the area of mangrove forests in Viet Nam decreased from about 40% in 1965 to 25% in the 
mid-1990s (World Bank 2008). The main reasons were over-exploitation to cover the supply of construction 
wood, fuel-wood, and charcoal. Reforestation efforts started in the 1980s. Yet the mangrove forest area 
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slightly decreased between 1980 and 1990 for 2,3% and until 2000 for another 3%. Since 2000 mangrove 
forests are recovering as a result of strong rehabilitation efforts (FAO 2007). 

According to Hawkins et al. (2010) at present, Viet Nam designates 323,712 ha as mangrove forest, but 
only 209,741 ha are forested. Thereof three quarter are planted, rather than naturally regenerated. More 
than 70% of this mangrove forest area is classified as ‘Protection Forest’1. Timber extraction is heavily 
restricted and cutting of naturally regenerated trees is prohibited. Some exceptions apply. In mature planted 
protection forests selective cutting of a maximum of 20%was allowed in the past. Today cutting and 
thinning is prohibited. 

 

Figure 1-1: Mangroves coverage in Can Gio district shortly after defoliation in 1973 and after initial recovery 
in 1989 (the boundary of Can Gio district is only approximated and not exact) Source: J. 
Brunner, IUCN 

 

 

 

Figure 1-2: Classification and ownership allocation of mangrove forests in Viet Nam. Source: McNally et al. 
2010. 

 

The decline of Viet Nam´s mangrove forests over the past 50 years represents a serious environmental and 
social area of concern. Especially the severe impact on the productivity of coastal fisheries and the rural 
economy of the Southern Mekong Delta are alarming. According to the Ministry of Agriculture and Rural 

                                                            
1 In Vietnam, both terrestrial and mangrove forests cover just over 13 million ha. Regarding their protection status forest areas are categorized into 
three types: Special use forest (about 15% of total forest area) mainly protected areas and is meant for protection of ecosystems and plant and 
animal diversity; Protection forest, (36%), is intended for protection of the watershed, soil health and the environment; and Production forest, 
(47%) as a source of wood and other forest products (Hawkins et al. 2010,). 
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Development (MARD), “the main causes of mangrove loss are: (i) conversion of land from mangrove to 
aquaculture production; (ii) storms, waves, and natural disasters; (iii) over-extraction of timber, fuel-wood, 
and natural resources; (iv) environmental pollution caused by chemical residues from agricultural 
production and wastes; and (v) weak regulatory mechanisms that cannot mobilize local communities and 
households to protect and sustainably develop mangrove areas“ (Hawkins et al. 2010, 4). Furthermore, 
population density and growth combined with illegal logging, wartime defoliation, and over-exploitation of 
natural resource, have put severe pressure on Viet Nam’s natural environment. These main causes of 
mangrove loss paired with low environmental awareness, limited resources of management authorities, and 
poverty prevented the adequate protection of coastal mangroves in the past (World Bank 2008). Even Viet 
Nam already implemented a 5 Mio. ha reforestation program in the early 2000s, the aquaculture 
development is placing an extreme pressure on the forests (space consumption, but also chemical and 
waste related effluent release to the environment, such as disinfectants, antibiotics – often carcinogenic 
nitrofurans are found –, fertilizers, pesticides, hormones as well as feces, ammonia, phosphorous etc.), and 
also leads to increased socio-economic differentiation with increasing landlessness. Between 1999 the area 
consumed by aquaculture in all of Viet Nam increased from 200,000 to over 700,000 ha. Production of 
shrimp increased in correlation from about 50.000 tons to nearly 400,000 tons (Tang Phuong Gian, 2011). 
The Environmental Justice Foundation (2003) concludes that especially shrimp aquaculture as currently 
practiced in Viet Nam is largely unsustainable. A return to more sustainable approaches is urgently needed; 
findings that were already postulated by Adger et al. (1997) demonstrating in their research that the 
conversion of commonly managed mangroves enhances inequality due to differences in private property. In 
turn the consequences of such inequality reduce the likelihood of stable or sustainable management of 
common natural resources. Current forest status and ownership schemes are presented in figure 1-2. 

 

 
Figure 1-3: Mangroves in Viet Nam are threatened by expanding aquaculture and salt farming on the land 

side, and coastal erosion induced through wave’s forces especially during storms (on average 7 
typhoons per year), as well as climate change induced sea level rise on the coast side. Planned 
dikes for coastal protection restrict mangrove ecosystem functioning as the tidal trees require 
constant water exchange. Photo courtesy of GIZ (via IUCN) 
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1.3. Can Gio District and Can Gio Mangrove Biosphere Reserve 

Can Gio (CG) District is one of 18 districts of Ho Chi Minh City, HCMC, and covers an area of 71,964 ha 
according to the official district boundary shape area (and 71300 ha according to 1997 statistics). The 
district is located approximately 50km South of HCMC and comprises mostly a flat alluvial plain area with a 
basement of Neogene to Quaternary sediments below 3m depth (Hirose et al. 2004). The mangrove forest 
located within this district is considered as one of the most beautiful mangrove forests of Southeast Asia. In 
global studies it is usually classified as a ‘Mangrove afforestation and re-forestation area’ (Blasco et al. 
2001). Once a natural mangrove forest it was almost fully destroyed by Agent Orange during the war. Large 
efforts have been made to rehabilitate the mangroves, and today, it has become one of the most extensive 
sites of rehabilitated mangroves in Viet Nam, and even in the world. The mangrove forest area of Can Gio 
Biosphere Reserve has a very high biodiversity with more than 200 species of fauna and 52 species of 
flora.2 Subsequently, Can Gio was declared as a World’s Biosphere Reserve by the UNESCO on January 
21, 2000 (decision of the International Coordinating Council of the Program on Man and the Biosphere). 
Even though Can Gio district is definitely not larger than 72,000 ha the area of the reserve is often stated to 
be larger (73,360 ha by Le, 2008; 75,740 ha by UNESCO/MAB). These numbers are not correct. 

1.3.1. Geo-physical Characteristics of Can Gio 

Can Gio Biosphere Reserve is a wetland located in Can Gio district. Extending from latitude 10o 22’ – 10o 
40’ North and longitude 106o 46’ – 107o 01’ East the area of the reserve extends for 35 km from North to 
South and for 30 km from East to West. Can Gio district consists of Can Thanh Town, and 6 further 
communes: Binh Khanh, An Thoi Dong, Ly Nhon, Tam Thon Hiep, Long Hoa, and Thanh An. Three parts of 
the reserve are differentiated: the heart of the reserve (core zone), its buffer zone, and its transition area. 
Located in the coastal district in direct proximity of Ho Chi Minh City, it is also called to be “The Green 
Lung” of Viet Nam´s biggest industrial city (UNESCO/MAB Project 2000). 

 
Figure 1-4: left: extent of Can Gio County of Ho Chi Minh City (Source: www.saigonesl.com) and zonation 

of Can Gio Biosphere Reserve. Source: Nguyen Hoang Tri et al., 2000 

                                                            
2  Biosphere Reserve Information of Can Gio Mangrove, Vietnam (The MAB program of the UNESCO):  
http://www.unesco.org/mabdb/br/brdir/directory/biores.asp?mode=all&code=VIE+01 (14.02.2012). 
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Mangrove forest covers over 40% of CG district while rivers and water areas of the land-ocean transfer 
zone cover about 30%. Can Gio is situated in an estuarine complex of tidal flats, where the Vam Co, 
Saigon and Dong Nai rivers discharge into the South Chinese Sea (Can Gio Mangrove Forest Management 
Board).Here at the coasts the rivers are termed Long Tau and Soai Sap rivers (main branches) with Long 
Tau River being the main shipping waterway, allowing ships of up to 20,000 tons carrying capacity to enter 
HCMC port (Nguyen Viet Luong, 2011). The topography of the site is low-lying and very dynamic due the 
bi-diurnal tidal regime, ranging between 2 and 4m tidal amplitude depending on season (lunar calendar) 
and proximity to the sea. Tidal amplitudes are highest between October/ November and lowest between 
April/ May with the highest tides occurring at the coast and tide height decreasing going further inland to the 
North (Truong Thi Hoa Binh et al. 2008). 

The climate of Can Gio is typical for tropical monsoonal zones with two distinctive seasons. The annual 
average temperature is 25.8°C and monthly averages ranges between 25.5 and 29.0°C. The insolation is 5-
9 sunshine hours per day, and radiation intensity does not vary much between seasons. Also temperatures 
are high and stable during the year. But rainfall and humidity are varying between the dry and the rainy 
season. The dry season starts in November and lasts until the end of May. The rainy season lasts from the 
end of May until the end of October. Annual average precipitation in Can Gio ranges from 1,300 to 1,400 
mm with highest monthly average precipitation in September between 300 and 400mm. The rainfall in Can 
Gio is lower than in Ho Chi Minh City and decreases gradually southwards. The humidity during the rainy 
season ranges from 79% to 83% and during the dry season from 74% to 77%. The mean annual relative 
humidity is 80%. In the dry season, the air humidity during daytime is usually under 60%. Between March 
and April the evaporation is very high (7-8 mm per day). It is low during the rainy months (2.5-5.0 mm per 
day). Also soil salinity varies between seasons ranging from 0.5% during the rainy season and up to 2% in 
the dry season. Average monthly soil salinity is 1.8% (UNESCO/MAB Project 2000). 

1.3.2. Biodiversity, Flora, and Fauna 

The Can Gio Biosphere Reserve hosts a high biodiversity. The Management Board of Can Gio Reserve 
reported several 100plant species, 77 mangrove, 130 species of algae, 63 zooplankton species, 127 
species of fish, 30 species of reptiles, 100 species of invertebrate benthic animals, 145 bird species, and 19 
mammal species (Can Gio Mangrove Forest Management Board).The dominant vegetation is mangrove 
forest. The reported 77 mangrove species (35 true mangroves and 42 associates) include both salt water 
and brackish water species (UNESCO/MAB Project 2000, Nguyen Hoang Tri et al., 2000). The major 
habitat types found at Can Gio are plantation mangroves (about 20,000 ha (Hirose, 20011) to 33,000 ha 
(Environmental Justice Foundation, 2003)), and naturally regenerating mangroves (about 7,000 ha) Three 
dominant species of the southern part of Can Gio Reserve are namely Avicennia alba, Rhizophora 
apiculata and Phoenix paludosa. Thereof the most common mangrove specie is Rhizophora apiculata. Due 
to its high commercial timber value it was widely replanted after the war. Avicennia alba is a pioneering 
species and has a higher saline tolerance and ability to grow on weak, unconsolidated sediment. This 
specie is often found in areas of high salinity. Phoenix paludosa are often found on elevated ground, 
forming mixed communities with other mangrove species such as Acrostitum aureum and Nypa fruticans 
(Hirose 2011). Further plant species found in Can Gio region are Bruguiera gymnorrhiza, Bruguiera 
parviflora, Ceriopssp, Kandelia candel, Rhizophora mucronata, Sonneratia alba, Sonneratia ovata, 
Sonneratia casedar, Avicennia alba, A. officinalis, A. lanata, Aegiceras majus, Thespesia populnea, 
Hibiscus tiliaceus, Lumnitzerara cemose, Xylocarpus granatum, and Excoecaria agallocha (Truong Thi Hoa 
Binh et al. 2008).Mangroves and sea grass beds act as a breeding ground for many other species of 
mollusks, crustaceans, fish, amphibians, and birds — as well as terrestrial animals. About 150 species of 
aquatic fauna are known in this region (Truong Thi Hoa Binh et al. 2008). Examples for the very abundant 
fish fauna are the Barramundi or Asian Sea Bass (Lates calcarifer) or the Silver Stripped Catfish 
(Pangasius spp) as well as various prawns, e.g. Tiger Prawn (Penaeus monodon), and mangrove crabs 
(Scylla serrata). CGBR is also an important bird area with several species red listed by the IUCN, such as 
the Spotted Greenshank (Tringa guttifer)the Asian Dowitcher (Limnodromus semipalmatus), Spot-billed 
Pelican (Pelecanus philippensis), and Painted Stork (Mycteria leucocephala) (IUCN 2011). The intertidal 
mudflats and sandbanks are an important habitat for migratory shorebirds like Wood Sandpiper 
(Tringaglareola), Common Redshank (T. totanus), Common Sandpiper (Actitis hypoleucos), Grey Plover 
(Pluvialis squatarola), Lesser Sand Plover (Charadrius mongolus) and Black-winged Stilt (Himantopus 
himantopus).Further wildlife such as wild pigs, monkeys, otters, saltwater crocodiles, and various species of 
snakes exist(Truong Thi Hoa Binh et al. 2008). 
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Figure 1-5: Different mangroves in Can Gio area (October 2011). a) Rhizophora in background and 

Avicennia alba along shoreline; b), c) Avicennia; d) Sonneratio alba; e) newly planted 
Rhizophora; f) Rhizophoraapiculata 

1.3.3. Value of Mangrove Ecosystems and their Impacts on local Livelihoods 

Can Gio is one of the suburban (or rural) districts of Ho Chi Minh City (HCMC) with a very low population 
density. Only 67272 inhabitants (2011) live in this district, whereas the whole province of HCMC accounts 
for about 7.4 million people (about 6 million in 19 inner city districts and 1.4 million in 5 suburban/rural 
districts). Can Gio district ranges from the sea to the boundary of the biggest industrial city in Viet Nam. In 
general, the livelihood of the local people is similar to that of people in rural areas. The main economic 
activities of local people are forest management, agriculture, fishing, aquaculture, and salt production. 
According to poverty estimates for Ho Chi Minh City province in 2006, Can Gio is the poorest district 
(followed by Nha Be). The poverty rate of households in rural areas is higher than in urban areas. However, 
the pictures of poverty incidence and poverty density are opposites, since the population density in rich 
districts is much higher than in poor districts. Poverty density, which is expressed as the number of poor per 
square kilometer, is highest in urban districts and lowest in rural districts like Can Gio (Nguyen Viet Cuong 
2009). But, poverty in Viet Nam3 varies substantially across regions. In general, in the Southeast (where Ho 
Chi Minh City is located), in the Mekong River Delta, and in the Red River Delta poverty levels are lower 
than in the poorest areas in the northern mountains, the upland areas along the coast, and the Central 
Highlands (Swinkels and Turk 2007). People living in Can Gio are vulnerable to natural disasters and 
climate change impacts. Impacts of floods and tropical cyclones seriously effect agricultural production and 

                                                            
3 Over the past decade, Vietnam has witnessed a rapid reduction in poverty. Data from the Vietnam Living Standards Survey (VLSS) and the 
Vietnam Household Living Standards Survey (VHLSS), conducted by the General Statistics Office (GSO) in 1993, 1998, 2002, and 2004, show that 
the poverty rate fell by almost two-thirds, from 58 percent in 1993 to 20 percent in 2004 (Swinkels and Turk 2007, 261). 
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fisheries. Poor rural households have less coping capacities and lower wealth impedes damage 
compensation, and limits disaster management capabilities (UN 2010). 

The mangrove ecosystems provide various goods and services to local people living in Can Gio. Examples 
for ecosystem goods are valuable products from the forest like timber, firewood, charcoal, seedlings, 
tannins, dyes, or medicine. But also marine organisms that are living within and around the mangroves (like 
shrimp, crab, or fish) are concrete ecosystem goods of mangrove forests. According to Pham Trong Thinh 
et al. (2009) 75% of all tropical commercial fish species spend part of their live in the mangroves (nursery 
grounds, shelter, food). Local people can benefit from the mangrove ecosystems by using these goods for 
food or income generation. The direct-use values are the outputs that can be consumed or processed 
directly as well as the revenues from timber and fishery products. These outputs and revenues can be 
measured in financial terms. 

Man not only benefits from the direct use of these ecosystem goods, but also from its important ecological 
functions and services. For example, mangroves act as a cleansing system for water and sediments. Thus, 
they provide hydrological services to local inhabitants. Furthermore, mangrove ecosystems maintain high 
biodiversity within forests and water grounds, protect coastal zones from erosion through the moderation of 
the force of winds and waves, and stabilize climate through carbon sequestration, as well as the 
moderation of temperature extremes. 

 

Figure 1-6: Marine and aquatic ecosystem goods in Can Gio Mangrove area (October 2011). a) 
Reriophthalmus Schlosseri Pallas, b) unknown; c) Arca granosa (blood cockle); d) Natica 
macolusa, e) Parapenaeopsis cornuta (Coral shrimp), f) unkown (crab) 

 

These latter ecological functions and services are indirect-use values of mangrove ecosystems. Local 
people benefit from these services using their indirect outcomes like pure (ground-) water, or clean air, or 
the land and fishing ground that is protected and cleansed by mangroves. Indirect-use values are not only 
seen as private benefit to local people, but also regional and global benefits. For example, the preservation 
of the biodiversity of mangrove ecosystems is a prerequisite to ensure the regional and global benefit of 
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eco-tourism. Hence, mangrove forests are often considered as public goods. Even though indirect-use 
values of mangroves can only be partially measured in financial terms. The direct and indirect use benefits 
are most important to measure the economic value of mangrove ecosystems. A further value is the called 
existence value. These are intrinsic values of resources and landscapes, irrespective of their use such as 
cultural, aesthetic, etc. But values like the cultural importance of local knowledge are very difficult to 
measure in financial terms. Hence, these important values are mostly not included in the economic 
valuation of mangroves. 

The economic utilization of direct values or goods may pressure the whole ecosystem. For example in the 
past (and up to today), the majority of local people did use  the fuel-wood products of mangrove forests for 
firewood, construction wood, leaves of the Nypa palm for roof thatching, or wood selling. As a result, 
extensive wood cutting was a common practice among local people to generate private income. 
Additionally, mangrove forests were converted to use the land for agriculture or aquaculture (e.g. shrimp 
farming in brackish water ponds). The economic benefit of fuel wood products and income generated by 
agriculture and aquaculture was more important to local people than the preservation of the ecosystem. 
The focus of economic valuation was clearly on direct-use values rather than on indirect-use values. This 
economic driven utilization led to overexploitation and a severe decline of mangrove forests. Whereas the 
usage of direct goods and products of mangroves may generate income to local people in a short term, 
long term benefits were reduced. A sustainable utilization of goods without destroying the ecosystem itself 
is crucial to ensure local, regional and global benefits of mangrove forests in the long run. 

 

 
Figure 1-7: The concept of use and non-use values for mangrove ecosystem evaluation 

 

The difficulty is that local people benefit short term from wood, food, and land. The long term benefits are 
known but are not paid out in the precarious present of poor households. The mere protection status of the 
mangrove forest did not impede illegal logging. This conflict between economic utilization and mangrove 
protection is hard to resolve. Without any financial incentive or economic benefit local people would and will 
not protect mangroves based on altruistic intentions. As a consequence a new initiative was started in the 
context of strong reforestation efforts in the 1990s. Local people were declared as forest managers and 
offered land (an area of up to 100 ha of mangrove forest in average and leaseholders tenure for 30 years) 
and a small but regular subsidy for protecting the forest. The annual protection fee was paid by hectare of 
protected forest. In 1999, the annual protection fee was increased from 4.50 USD per hectare to around 20 
USD per hectare aiming at the compensation of reduced revenues as a result of the prohibition of further 
thinning (Phan Nguyen Cuong 2007). Nowadays tenure contracts usually run for one year and are renewed 
every year. The protection fee has increased to 725.000 VND (Nov. 2011), which equals 35 USD. 

However, the financial incentive could and cannot compensate the costs related to mangrove restoration 
and maintenance. The direct costs of planting, restoring, and maintaining healthy mangrove ecosystems 
include labor costs, the costs of site analysis, planning, and monitoring, and the cost of acquiring mangrove 
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seeds or young plants. These are usually covered via governmental or third party funded reforestation 
programs. Independent of holding or not holding a forest manager position: income generation through 
reforestation or forest protection is not as attractive for local people living in poverty as the e.g. more 
profitable selling of wood, or aquaculture. Annual protection fees are often not high enough to compensate 
high opportunity costs. 

Although reforestation programs were relatively successful, the problem still remains that poor people tend 
to generate their income by utilization of shortcoming direct values of mangrove forest (mostly resulting in 
extensive wood cutting) instead of long term generated income through mangrove forest protection caused 
by precarious livelihoods. Therefore the improvement of local people´s livelihood is an important 
prerequisite to reduce pressure on mangrove forests. 

Figure 1-8: Selected threats to the mangrove ecosystems of Can Gio next to (illegal) logging are the 
decrease of shoreline mangroves along canals due to severe shoreline erosion induced by large 
freight ships steering directly through the reserve to HCMC harbor, the illegal digging of clams in 
the mangrove root zones damaging fragile young roots, as well as wild garbage dumps in the 
middle of the reserve polluting the soil and water resources. 

 

Therefore, education and training provided by government technical staff have enabled local people to 
establish new industries, such as aquaculture, and gain higher outputs without affecting the mangrove 
environment. For example, the use of tidal flats in front of the mangroves for clam and blood oyster farming 
has significantly reduced poverty in Can Gio. The District Fishery Department helped local people to start 
crabs rearing in river cages (after a short time of rearing (30 days), female crabs grow sufficiently to sell for 
US$6 per kilogram to merchants from Ho Chi Minh City) (Phan Nguyen Hong 2007).The success of these 
practices illustrates the effectiveness of combining mangrove planting, protection, and the development of 
complementary enterprises. To ensure the mangrove forest development, the city government has provided 
preferential credit and commercial credit policies targeting inhabitants in Can Gio, to assist them in 
establishing agricultural and forestry enterprises, as well as aquaculture, salt production, and other 
livelihood opportunities. As a result, a successful management of mangroves in Can Gio depends not only 
on payments for mangrove protection, but also on empowering measures of local livelihoods including the 
provision of secure land tenure, the assistance to local people in establishing homes, and the support for 
development of viable enterprises associated with (and not harming the) mangroves. 
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Figure 1-9: Typical livelihoods in Can Gio: a) small concrete farmer’s house, b) farmers houses, c) coastal 

forest ranger’s home (old style), d) local farmers house, c) Can Gio mangrove preserve ranger 
station (new style), f) salt ponds and aquaculture are prominent income sources 

1.3.4. Political Reforestation Efforts 

In the past, Can Gio mangrove forest was a huge, diversified natural ecosystem covering more than 40,000 
ha. The average tree height was 20 to 25 meters. Before 1945, the mangroves were classified as 
productive forest and were exploited regularly. The former Saigon regime demarcated 28,000 hectares in 
Can Gio as protected forest. The remaining area, comprising mainly secondary forest, was exploited 
randomly (Phan Nguyen Hong2007). Once a natural mangrove forest it was almost fully destroyed during 
the war by chemical agents and bombing. Between 1964 and 1970, herbicides were sprayed on the Can 
Gio district (665,666 gallons of Agent Orange, 343,385 gallons of Agent White and 49,200 gallons of Agent 
Blue) (Truong Thi Hoa Binh et al. 2008).The effects of the war on Can Gio region have been devastating. 
57% of the mangrove forest was destroyed and only Avicennia and Nypa were able to survive and 
regenerate. The area was heavily degraded. In some areas vegetation was completely destroyed, bare 
land or land covered with shrubs and bushes remained. Precious wood-supplying trees such as Rhizophora 
and Bruguiera had almost disappeared (Truong Thi Hoa Binh et al. 2008). 

As a consequence, large efforts have been made to rehabilitate the mangroves. Reforestation activities 
started, after the unification of the country. In 1978, management responsibility for Can Gio forest was 
transferred to HCMC and a vast program of reforestation and rehabilitation of the Can Gio ecosystem was 
approved by the People’s Committee of HCMC. The implementation of this program was under the 
responsibility of the Duyen Hai Forestry Enterprise. But soon after the ambitious environmental objectives 
had to give way to pragmatic socio-economic interests in this after-war-period. To alleviate overcrowding 
and employment pressures in HCMC inner city districts on the one hand, and to produce food and industrial 

a b 

c d 

e f 



 
 

23

corps on the other hand, the central government established government-owned farms on fallow and salt-
marsh lands in Can Gio district. These farms should produce sugar cane, pineapple, cashew nut, and 
eucalyptus. At the same time, Can Gio forests were designated as ‘Production Forests’ aiming at the 
provision of fuel wood and construction timber for the city. However, due to a combination of poor 
management, insufficient funding, lack of experience and knowledge nearly all of these projects failed. For 
example, the project managers came from HCMC and were not familiar with the local conditions in Can Gio 
nor the important ecological functions of mangrove ecosystems. Farms were established on bare land 
without any mangrove forest. Due to acidic and infertile soil, crops and forests were growing too slowly to 
become commercially viable. Consequently, state-owned enterprises abandoned their plans and returned 
their land to the city authority (Phan Nguyen Hong 2007). After the return of state-owned enterprises by the 
late 1980s, Can Gio region remained a legal grey zone. Due to the lack of attention and control within this 
area, Can Gio area became vulnerable to illegal exploitation. Illegal wood cutting was a common practice 
by the local poor to generate their income.  

In 1990, in the course of the political opening and reformation process in Viet Nam (Doi Moi) environmental 
challenges received a higher importance within national policies. The protection and rehabilitation of 
mangrove forests became a national target and strong efforts to mitigate mangrove destruction were made. 
In 1991, the Can Gio mangrove forest has been declared an "Environmental Protection Forest" by the 
Council of Ministers (Decree No. 173 CT/H date May 29, 1991). A new strategy of mangrove protection and 
rehabilitation was launched. According to Phan Nguyen Hong (2007) “the new strategy was designed to 
work according to three fundamental principles: 

1. “it went to the root of encroachment problems by empowering impoverished local people, many of 
whom used to cut down forests, to manage forest areas. The authorities reasoned that the 
provision of secure tenure would encourage people to protect their assets;  

2. it capitalized on traditional knowledge using the rationale that local people, who have been living in 
or near the forests for many years, would know best how to manage them effectively;  

3. and it provided a transparent means of support through the State-funded Management Board, 
which served as a contact point — providing control, coordination and support to the forest-
protecting households so that none of them would work in isolation.” (Phan Nguyen Hong 2007, 
52). 

Following these principles the new strategy tried to solve the existing conflict between economic utilization 
and mangrove protection through an active involvement of local people within this process. The land of Can 
Gio area was distributed to local people. Mostly, an area of up to 100 ha of mangrove forest was allocated 
to one local household with a leasing tenure of 30 years. In return the households had to ensure the 
protection of mangrove trees within their allocated area. To compensate the related costs and alternative 
income opportunities the government paid a protection fee to the local households. Initially, the protection 
fee was paid as a monthly wage to the main employer of one household. But in many households more 
than one person was working in mangrove protection. Therefore, later on the calculation of the protection 
fee was changed. Currently, the height of the protection fee is calculated proportional to the size of 
protected area. Households were allowed to use thinning wood and other forest products of their area to 
enhance their income. In 1999, thinning was prohibited. However, own observations show that thinning 
activities are still ongoing. 

To implement the new strategy in an effective way the management of Can Gio mangrove forest was 
completely restructured. A Management Board of Environmental Protection Forests (MBEPF) of HCMC 
was established to implement the strategic forest management functions in Can Gio. In addition, 24 
Forestry Units of the National Department of Forestry are in operation in Can Gio. Each unit has its own 
plan with special alignment on challenges of mangrove protection and the socio-economic situation of local 
households living in the respective area. The Management Board and Forestry Units assist local 
households in improving the rehabilitation and planting process of mangroves, and support their practices 
of fishing and aquaculture. For example, the Management Board organized workshops with the focus on an 
enhanced understanding of the importance of mangrove ecosystems and their benefits. It must be evident 
to local people that without the forests the basis of their existence would be diminished. Raising shrimps, 
crabs, oysters, and other shellfish would no longer be possible, because there would be no sediment for 
them to live on. The soil would become acidic and could not be used for cultivation or rearing at all (Phan 
Nguyen Hong 2007). Until 2007, 14,198 ha of forest have been allocated to 167 households living in Can 
Gio region (Phan Nguyen Hong 2007).  As a result of this successful collaborative effort, forest destruction 
decreased considerably and lead to the rehabilitation of 21,000 ha of mangroves (reported in 2000). 
(UNESCO/MAB Project 2000).Therewith, Can Gio accounts for almost half of the mangrove rehabilitation 
area in Viet Nam. 
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1.3.5. Declaration as a Biosphere Reserve by the UNESCO in 2000 

The reforestation efforts in the 1990s have brought ecological improvements to the environment of Can Gio 
area. Regeneration of the mangrove ecosystem itself led to the return of aquatic organisms, a variety of 
plants in its surroundings, and various wild animals and birds to the artificially regenerated mangrove 
forests. Subsequently, Can Gio has turned into one of the most beautiful and extensive sites of rehabilitated 
mangroves in the world with high values of biodiversity. In 2000, Can Gio was designated as Viet Nam’s 
first Biosphere Reserve under the Man and the Biosphere (MAB) Program of the United Nations Education, 
Scientific, and Cultural Organization (UNESCO).  

According to the official definition of the UNESCO “Biosphere reserves are sites [..] to promote sustainable 
development based on local community efforts and sound science. As places that seek to reconcile 
conservation of biological and cultural diversity and economic and social development through partnerships 
between people and nature, they are ideal to test and demonstrate innovative approaches to sustainable 
development from local to international scales”(UNESCO/MAB Program).  

Designated as “sites of excellence” biosphere reserves are meant to serve as learning sites for sustainable 
development. Innovative practices to manage nature and human activities and tools to implement the 
results of the World Summit on Sustainable Development and, in particular, the Convention on Biological 
Diversity and its Ecosystem Approach should be tested within these sites. The jurisdiction remains under 
national sovereignty, but experience and ideas should be shared nationally, regionally, and internationally 
within the World Network of Biosphere Reserves (WNBR). In this context, research, monitoring and training 
activities funded by the UNESCO were conducted in Can Gio mangrove forest. The focus of these activities 
is to enhance the environmental awareness of local people and to demonstrate to visitors and the global 
public how mangrove forests were protected and rehabilitated in Can Gio. As a result, Can Gio has become 
an important tourist destination and research site for students and scientists. In general, financial support is 
provided for research, monitoring, education and information exchange related to local, national, and global 
issues of conservation and sustainable development of environmental resources.  

In recent years, the national government of Viet Nam emphasizes environmental and coastal protection and 
supports the efforts of local governments in Can Gio. With the announcement of the Strategic Orientation 
for Sustainable Development4 in 2004 Viet Nam´s Prime Minister declared sea and climate protection, 
protection of biodiversity, and protection against climate change and natural disaster to be the most 
important areas of sustainable development. In 2007, the Government of Viet Nam has approved the 
National Target Program (NTP)5 in order to effectively respond to climate change in the short-term as well 
as in the long term. The Government of Viet Nam defines the unified direction for these activities. The 
Ministry of Natural Resources and Environment (MONRE) is the standing agency to collaborate with other 
involved ministries/partners and assists the government in directing this area. As an example, MONRE has 
assigned the Institute of Meteorology, Hydrology and Environment (IMHEN) to develop the climate change 
scenarios with the special focus on sea level rise in Viet Nam for the period of 2010-2100 on the base of 
national and international studies. In recent years various Vietnamese policies have prioritized terrestrial 
forest, mangrove, and coastal conservation, and the national government is now considering market 
mechanisms as a potential conservation tool. The mangrove development plan until 2015 recognizes the 
high value of mangrove ecosystems and prioritizes mangrove conservation and restoration.6 

In 2010, the Decree No. 99 on the Policy for Payment for Forest Environmental Services (PES)7 was 
signed. The decree insists on certain uses of ecosystems (including hydropower, water supply, and tourist 
companies) to pay providers of ecosystem services for valuable forest ecosystem services. However, at the 
moment the main limitation to a private mangrove PES in Viet Nam is the state ownership over the vast 
majority of mangrove forests. The three major stakeholders of mangrove forests are the management 
boards (51%), commune People’s Committees (29%), and private companies (10%). The remaining 10% of 
mangrove forests are held by other stakeholders such as households and communities (Hawkins et al. 
2010). A further limitation is the uncertain regulatory- and management authority over Viet Nam’s 

                                                            
4http://urdn.tu-berlin.de/fileadmin/templates/memberarea/upload/25_f2m_STRATEGIC_ORIENTATION_FOR_SUSTAINABLE_DEVELOPMENT_IN_VIETNAM.pdf 
5http://www.isgmard.org.vn/VHDocs/NationalPrograms/NTP%20RespondtoClimateChange.pDF 
6http://www.rcfee.org.vn/en/images/stories/Publication/2005/phuongvt_national%20action%20plan%20on%20mangroves%20till%202015_2005.pdf 
7 Concern about the loss of mangroves has led to innovation around mangrove conservation and restoration efforts, including exploration of 
payments for ecosystem services (PES) to create incentives through conservation-based revenue streams for local people. Application of the PES 
concept to mangroves presents a particularly interesting opportunity to send a “price signal” around the value of standing mangroves. Given the 
pressures, however, PES is unlikely to be a cure-all, but rather an additional tool for counter-balancing degradation and deforestation pressures on 
mangroves (Hawkins et al. 2010).  
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mangroves due to overlapping mandates of MARD and MONRE8, and the People’s Committees at the 
provincial, district, and commune levels (Hawkins el. 2010). 

1.3.6. Recent Dynamics and Challenges 

As a result of successful reforestation efforts the structure of land cover in Can Gio district changed over 
time. In general, rehabilitated mangrove forest increased and the composition of the mangrove forest 
shows a clear change tendency too. Replanted mangrove trees grow and forests become denser over time. 
Thus, the area of dense mangrove forests in Can Gio increased from 12,490 ha in 1996 to 25,683 ha in 
2004 and 28,831 ha in 2007. At the same time medium and open mangrove forests decreased year by year 
(Truong Thi Hoa Binh et al. 2008). However, the generally positive development of mangrove forests in Can 
Gio district is actually threatened by some recent challenges.  

Regarding the composition of rehabilitated mangrove forests, the disadvantages of monoculture planting 
become obvious within recent years. After war reforestation in Can Gio concentrated heavily on replanting 
a single species, Rhizophora apiculata. This unnatural character of replanted mangrove forests causes 
some risks at present. For example, the homogeneous size and age structure as well as the regular 
arrangement of the planted trees increase the vulnerability to synchronized collapsing of larger forest 
stands as a result of stronger winds and storms. To avoid a synchronized dieback a transformation into a 
more natural forest characterized by a heterogeneous age and size structure and a mixed species 
composition is urgently needed (Vogt et al. 2011). But a transformation of replanted mangrove forests into 
more natural forests requires a qualified monitoring and direct intervention. Recent research results (Vogt et 
al. 2011, Kautz et al. 2011) highlight the importance of small disturbances such as lightning strikes to 
mitigate vulnerability against synchronous windfall in homogenous forest structures. Hence, creating small 
artificial openings is meant to be an appropriate management measure in areas, where the frequency of 
natural small-scale disturbances is low. Lightning strikes are the most frequent forces producing canopy 
gaps in Can Gio, usually killing several trees at the same time. Dead trees remain upright for several years 
before they crash down, providing light and space for re-colonization. The percentage of disturbed 
plantation area in Can Gio is relatively low (0.23%) (Kautz et al. 2011). Both, the transformation into a more 
natural forest characterized by a heterogeneous age and size structure and a mixed species composition, 
as well as the monitoring of this process is an urgent need. 

The most serious human induced challenge to Can Gio mangrove forests is the increase of mangrove 
clearing for shrimp farming. Over the last 30 years Viet Nam has lost half its mangroves, primarily as a 
result of clearing for shrimp ponds. Viet Nam is a leading shrimp exporter. In 2007, the country sold 
170,000 tons on the world market. The main purchasers are Japan and the USA, with Europe in third place. 
By 2010, an area of 80,000 hectares in the coastal areas of the Mekong Delta is under use for breeding 
shrimps, up from 3,000 hectares in 1995 (GIZ 2008). In Can Gio local people convert more and more forest 
area into shrimp ponds, as it is a more profitable opportunity to generate private income (Phan Nguyen 
Hong 2007). Serious consequences of increased shrimp farming are pollution by the frequent use of 
antibiotics or pesticides in the breeding tanks as well as the destruction of mangrove ecosystems and its 
related habitats for plants and animals. 

The decline of mangrove forests becomes more challenging in the context of climate change. Viet Nam is 
considered to be one of the countries particularly vulnerable to climate change9. Sea levels are expected to 
rise up to 1 metre by 2100 due to predicted greenhouse-gas-induced climate warming. Natural and water 
resources are at risk as a result of salt water intrusion, damage to irrigation systems, soil erosion, and 
degradation. In recent years, Can Gio mangroves have been threatened by many environmental changes. 
In the zones, where coastal fringe forests have been cleared (often for aquaculture, agriculture or 
infrastructure development), problems of erosion and siltation have arisen, and vulnerability to storms, with 
                                                            
8 In Vietnam, the jurisdiction over mangroves is shared between two ministries at the national level and the People’s Committees as executive 
authorities of the State at the province, district, and commune levels. Regarding the management of mangroves on national level, overlapping 
responsibilities within the two ministries causes some challenges. On the one hand, the Ministry of Agriculture and Rural Development (MARD) is 
responsible for forest management in general. It also regulates aquaculture and fisheries. On the other hand the Ministry of Natural Resources and 
Environment (MONRE) is responsible for land use planning, overseeing surveying and land use mapping, land allocation and registration, and 
issuance of land use certificates. It also regulates geology, mining and water. Whereas MARD has jurisdiction over the trees in mangrove forest, 
MONRE has jurisdiction over the land itself. Due to the fact that forest activities almost always affect both trees and the land national strategies and 
regulations have to be coordinated between both ministries (Hawkins et al. 2010).  
9 Facts about Climate Change in Viet Nam: Since 1958 (until 2007) the annual average temperature in Viet Nam increased by 0.5 to 0.7 °C. Sea 
level has raised about 3 mm per year during the period from 1993 to 2008 which is comparable with the global tendency. The annual rainfall 
decreased over northern climate zones while increased over southern zones. Generally, the rainfall between 1958 and 2007 decreased of about 2 %. 
Anomalous events are taking place more often like the cold surge in January and February 2008 in Northern Vietnam. In recent years more 
typhoons with higher intensity and abnormal motion are registered (UN 2010).  
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resulting losses to human life and property, increased (UN 2010). Mangrove ecosystems are valuable 
assets that can be used to reduce climate change impacts in coastal regions. Protective mangrove buffer 
zones are important to lessen the dangers of future catastrophes and climate change impacts, and rising 
sea levels which will amplify the frequency and intensity of tropical cyclones and storm surges. Obviously, a 
comprehensive and coordinated approach to adaptation is needed. In Viet Nam, the Ecosystem based 
adaptation (EBA) approach aims at the improvement of infrastructure with the enhancement and use of 
adaptation measures based on natural ecosystems that serve as a buffer against climate change. Following 
this EBA approach the Government of Viet Nam - supported by the Asian Development Bank (ADB) – is 
implementing adaptation measures in HCMC (e.g. flood control plan). HCMC is one of top 10 cities in the 
world with populations most likely to be severely affected by climate change. The city is barely lying above 
sea level. 40%–45% of land cover in HCMC is 0–1m in elevation, 15%–20% is 1–2m, and little land sits 
above 4m. 

Due to its adjacency to HCMC Can Gio ecosystem plays a key role in this process. The Can Gio mangrove 
forest complex is serving as a natural buffer against flooding and is reducing the impact of storm surges 
and winds on HCMC. Studies indicate that during storms mature mangrove trees can reduce wave height 
and energy by as much as 20% for every 100 m of forest (ADB2010). The Can Gio mangrove forests 
reduce flooding risk of HCMC inner districts. At the same time, rural districts of HCMC will be more exposed 
to flooding by 2050 than urban districts. The vulnerability of poor households is higher regarding their direct 
dependencies on natural resources, their living conditions and locations, and they lack skills to diversify 
their income-earning activities. Thus, improved preparedness of the poor, on-site upgrading like home 
improvement and livelihood diversification and in some cases the resettlement are planned to be included 
in adaptation strategies of HCMC, especially concerning the rural districts of Nha Be and Can Gio (ADB 
2010). Planned adaptation may include large scale activities such as planting mangroves to protect shore 
lines, but also diversifying local livelihoods to reduce dependence on natural resources, relocating 
development activities to reduce vulnerability, and establishing schemes to assist vulnerable households to 
relocate as a pre-emptive response to climate-related events (UN 2010). The improvement of local people’s 
livelihood by diversifying their income-earning activities remains a key factor in sustainable development of 
the Can Gio region.  

The main current challenge of Can Gio Biosphere Reserve and its mangrove forest management is the 
sustainable linkage of the reforestation program with fishery and aquaculture. The conflict between 
economic utilization and environmental protection as well as the empowerment of local communities are 
key elements. By achieving a well integrative management, Can Gio would become an example region for 
sustainable economic development and could operate as a demonstration site for sustainable mangrove 
reforestation projects elsewhere in Viet Nam and the World.  

 
Figure 1-10: a) Execoecaria agallocha, b) thunder storms affecting shoreline Avicennia, c) Rhizophora 

apiculata, d) canal in Can Gio area 
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2. Can Gio Socio-Economic Household Survey 

2.1. Household Survey Design and Campaign 

A socio-economic household survey was performed in Can Gio district in November 2011, interviewing 289 
households with a team of four additional students plus supporters (boat drivers, car drivers etc.). Sample 
households we chosen as depicted in figure 2-1. A grid cell raster of 1km grid cells was superimposed on 
the Can Gio area. In each inhabited grid cell one household was interviewed to reach a spatial 
representativeness. The survey questionnaire was designed in English and translated to Vietnamese, and 
contained over 85 questions from 8 different categories. (The questionnaire is supplied to the IUCN jointly 
with this report. 

 

Figure 2-1: Sampling scheme of the socio-economic household survey 

 

This study used the following formula (Yamane 1973) to calculate the size of the sampling set according to 
the following equation, where: n: sample size; N: population size (about 5000 households); e: sampling 
error (10%) 
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According to this equation, a total of 204 samples is required, but we interviewed a total of 289 households 
to fit the sampling scheme presented in figure 2-1 as well. Therefore the survey results are representative 
for the region. Main goal of the questionnaire based interviews was to gain an understanding of local 
people’s experiences and attitudes towards the ecosystem services provided by the mangrove forest. The 
questionnaire contained eight sections which were: 

• Section I: Geo-demographic information including location, date, age, sex, occupation, experience 
of mangrove management, as well as education of the households.  

• Section II: Information about land use, including total area, size of mangrove area, percentage of 
mangrove per total owned area. 

• Section III: Information about general uses of mangrove forest including utilization of mangroves for 
firewood, and construction wood. 

• Section IV: Information about mangrove-related income, including income and investment from/for 
fisheries products 

• Section V: Information about the understanding and knowledge of local people on mangrove 
forests. This section contained some open questions on mangrove definition, mangrove species, 
mangrove functions as well as the role of mangrove forests for the people’s livelihoods. 

• Section VI: Information on the attitude of the local people towards mangrove forest protection; 
existing programmes, involvement etc. 

• Section VII: Information about climate change, investigation of how climate change affects local 
people in Can Gio 

• Section VIII: Information about future outlooks of the locals. This section contains several questions 
what should be done (and how) in order to protect the mangrove forest in a sustainable way. 

 

All collected household data and information were analyzed using PASW (Predictive Analysis Software, 
formerly known as SPSS). The valuation of the direct use value (income from wood and wood related 
products, as well as crab and fishery products) was undertaken according to the following formula using the 
market price method. 

( )∑ −= iii IQPA  

Where: A = Net benefit (VND/ha/year); iP : Price of products; iQ : Quantity of products; iI : Investment of 

products; i : Product 
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Figure 2-2: Excerpt of the socio-economic questionnaire for household surveying 

2.1. Results of Can Gio Statistical Household Survey Analyses 

The results of household survey analyses will be presented on the following pages. For some questions, 
advanced analyses approaches (correlation, cross-correlation-analysis) were required in order to better 
explain the results. Furthermore, not every of the 85 questions asked will be presented as graphic results, 
as that would not be in the scope of this report; but all numbers will be mentioned. 

Several hypothesis derived on the basis of other reports were also tested. According to the Environmental 
Justice Foundation (2003:29) “there appears to be a general lack of awareness of the benefits of 
…mangrove forests. Many farmers believe leaves falling into ponds lead to pollution and disease and that 
the trees take up land that could be used for profitable shrimp ponds. Farmers and landless people collect 
fuel wood from dead trees in the forest, but this is not viewed as having any monetary value and therefore 
is not viewed as important”. Tang Phuong Gian (2011) observed a relationship between education and 
knowledge about mangrove values and the need for protection. He also observed that goods, which are 
provided ‘by nature’ (for free) are not valued as highly as goods that must be paid for. 
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2.1.1. Demographic Characteristics of Can Gio Households 

More than 300 households were sampled in Can Gio district, of which 289 samples were valid for analyses. 
Figure 2-3 presents the demographic information of the 289 households samples. The ‘head’ of the 
household was usually selected for the interview. Over 80% of interviewees were male; and the group of 
35-50 year olds dominated. Most interviewees had a primary or secondary school education; less than 15% 
went to high school or even college. About 10 % of interviewees had not received school education. Asked 
for the ‘experience with mangrove management’, about 40% of households indicated to have no 
experience, while about 60% articulated experience ranging between one to over 30 years. Nearly 40% 
indicate that they have experience in managing mangroves for 1-10 years. This clearly shows that the 
‘management’ of mangroves for most has only started to play a role in recent years. Household size varies 
between one to 12 members, with the average being 4-5 members. 90% (!) of interviewed people grew up 
in Can Gio district, only 10% stemmed from the outside. 

When asked for the main occupation nearly 50% indicated to be ‘forest managers’ (persons, who are taking 
care of the forest and receive a monthly salary from the Forest Management Board). Figure 2-4 on the next 
page depicts the major job of the interviewee with respect to education level. It is obvious that the largest 
proportion of ‘secondary school’ as well as ‘high school’ education can be found in the ‘forest manager’ 
group, whereas ‘no education’ interviewees are only 3%. The ‘no education group is relatively much larger 
(about on fifth to one quarter) amongst  ‘fishermen’ and ‘shrimp farmers’. ‘other farming’ included salt 
farmers and clam farmers, as well as service jobs for which the educational split is not explicitly shown 
here, as these persons usually have little contact with mangrove management. 

 
Figure 2-3: Demographic characteristics of interviewed households and mangrove management experience 

in Can Gio  
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Figure 2-4: Major job of the interviewee with respect to education level; also representative distribution of 
employment patterns / pattern of major ‘profession’, and distribution of education levels in Can 
Gio. 

 

It must be mentioned that mainly ‘farmers’ (so forest managers, shrimp farmers, fishermen, salt farmers, 
clam cultivators, or small service job people where interviewed in Can Gio. Interviews were not led with 
high ranking government officials or owners of agro-industrial enterprises (but also not representative for 
this rural area). 

2.1.2. Land Ownership of Can Gio Households 

Looking at the land ownership of the households a clear dominance of people who rent their land can be 
observed (see figure 2-5). About 40% of farmers who own their own land cultivate this land (most of them 
are fisherman and shrimp farmers) while the other 60% take care of state owned forest land receiving a 
monthly salary for forest protection. Such forest managers protect the current forest stands and hinder 
other people to cut trees or to perform other illegal activities. A forest manager’s area usually comprises 
more than 20 ha. Shrimp farmers and fishermen usually own spaces of less than 10 ha. The area that can 
be managed by a shrimp farmer is automatically restricted through the large amount of investment that is 
needed. Fishermen are the majority of the 10% group of people who were not born in Can Gio. They often 
come from neighbouring provinces, such as Tien Giang, Long An or even Ben Tre, where they have 
additional land for other cultivation. Fishermen in Vietnam are relatively flexible people (comparable to 
nomads, but with a fixed major seat of living). The are a few months here and a few months there; so some 
of the fishermen interviewed in Can Gio do not originally stem from Can Gio, but this group makes up < 
10% of the respondents.  

The average land size for forest managers is 75 ha, for shrimp farmers 8 ha, for fishermen 5 ha. The 
average land size is of all households interviewed is 40-45 ha. 
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Figure 2-5: Cultivated or managed land size (owned or rented) with respect to ‘profession’ 

2.1.3. Income and Investment Levels of Can Gio Households 

Interviewees were asked their average income for one year, completely independent of income source. 
This question was posed to all households and is independent of land size, profession or household size. 
Answers were translated from VND to USD (November 2011) and categorized into four classes, ranging 
from less than $1000 to more than $5000 a year. In general, over 90% of households in Can Gio have an 
income far exceeding $1000 a year and average household income is 4148 USD per year. This below the 
average income per capita of Viet Nam (approximately $1168 according to the General Statistics Office-
GSO) when considering that Can Gio household size averages 4+ persons. However, if we include two 
very high outliers (530.000 USD/a & 150.000 USD) the average income would be 6683 USD. 

 
Figure 2-6: Average household in Can Gio for one year, according to four different income classes 
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Figure 2-7: Income distribution according to job (‘professional) in Can Gio 

 

Figure 2-7 depicts that over half of the forest manager households have a very good income exceeding 
3000 USD per year. However, 2% of them also seem to have less than 1000 USD per year (these are 
forest managers households which have an area below 20 ha). Fishermen have overall rather low incomes, 
with 59% in the 1000 to 3000 USD range, but 35% of fishermen can also earn significantly over 3000 USD. 
A very interesting group is the ‘shrimp farmers’ group. Here 30% earn well above 5000 USD, but at the 
same time nearly the same proportion (26%) falls into the lowest income category. These are most likely 
shrimp farmers who have just invested and are not earning yet, or which – due to stock 
decline/diseases/pests etc. – have lost a large part of their catch, or experienced some other damage to 
their farm. It shows that shrimp farming holds the potential to get – with respect to Can Gio average – 
above-average rich, but at the same time also holds the potential to meet financially difficult situations. High 
incomes are also reported by 32% of the ‘other farmers’, which are salt farmers, or clam cultivators, but 
also few selected people from the service sector. 

Investment wise, people mainly invest in materials for shrimp farming, fishing, and other aquatic collection. 
Shrimp farmers need to invest in the construction of ponds, technical equipment, shrimp stock, fodder, 
medicine and hormones, staff, etc.; while fisherman mainly invest in boating and catch related equipment. 
Investment per year is usually below 1000 USD, as presented in figure 2-8, only about 25% of respondents 
invest more. If looking at investment with respect to job group (figure 2-9) it is striking that forest managers 
have no private investments at all, while nearly half of the shrimp farmers and the ‘other farmers’ (including 
mainly salt farmers) undertake annual investments exceeding 5000 USD. Also a large proportion of 
fishermen invest up to 3000 USD. However, proportions of job-groups with respect to the overall sampling 
household number, as it can be seen in most graphics as a grey bar chart backdrop must be kept in mind. 
About 50% of interviewed household were forest managers. Without 2-3 very extreme outliers average 
investment/year is 1791 USD. 
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Figure 2-8: Annual investment for shrimp farming, fishing, and other cultivation (four different classes) 

 
Figure 2-9: Annual investment depending on major job of the interviewee. 

2.1.4. Mangrove Understanding of the Households 

Based on several questions we assessed the general understanding of the interviewees on the topic of 
mangroves. Questions that were asked included: What do you understand by the term ‘mangrove’?, Which 
mangrove species do you know on your land? Do you think mangroves have a particular function ? Have 
you been taught about the function and value of mangroves? If yes by whom? Do you think mangroves 
have an economic value? Are mangroves important for your livelihood?, and Do you think your income 
would decrease if all mangroves were deforested?. Results of the understandings can be found on the next 
two pages. Most people have a relatively good understanding of what a mangrove is, although there are 
still 30% whose answer remained shady (see figure 2-10, left). Rhizophora apiculata and Avicennia alba 
are the dominating species, but also Nypa and Phoenix palludosa occur on peoples land. 
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Figure 2-10: Mangrove ‘Understanding’ (mangrove definition by farmer) and species occurring on 
interviewee’s land 

 

Fractions of Rhizophora apiculata (32.3%) and Avicennia alba (23.3%) sum up to about over 50% of the 
forested area in Can Gio . Nypa fruitcans and Pheonix Paludosa both also occupy large areas covering 
more than 20% each. Other minor species are Avicennia marina and Aviennia officinalis. 

 

Figure 2-11: Knowledge about mangroves functions 

 

People’s knowledge on mangrove functions (see figure 2-11 above, multiple answers were possible) show 
the limited ecologic understanding with respect to the value or functions of this ecosystem. Only 20% are 
aware of mangroves water cleansing or general buffering functions, and also the functions of biodiversity 
habitats and microclimatic impacts are underestimated (all below 50%). The majority (nearly 80% of all 
people) underlines the relevance of mangroves for the provision of resources and is aware of the mangrove 
capacity to diminish erosion or to protect against storms. However, there are 20% of people, who are also 
not aware of these very obvious functions. 

When asked if they were taught about mangroves by parents or teachers in the past, 37% responded yes, 
and 63% responded no (the majority of interviewed people was between 30 to 50 years old). 
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76% state that mangroves have an economic value, while the rest does not consider them to have an 
economic value. However, when asked if mangroves are important for their livelihood, only 15% state that 
they have no importance at all, while 65% considered them very important for their livelihood. The rest 
considered them of little importance. If 24% state that mangroves have no economic value, but only 15% 
state that they are not at all important for their livelihood, this means that there are some people, who see 
no economic (monetary) value bit still rely on mangrove in one way or the other. 

2.1.5. Mangrove Utilization of Can Gio Households 

A large part of the questionnaire dealt with the perception of mangroves, knowledge about mangroves, and 
the utilization of mangroves. Always two questions asked were analysed in combination in order to show 
different patterns in respondent’s answers in relation to their major ‘profession’. 

When asked if mangroves were used in any way or not used (figure 2-12) 95% of forest managers stated 
that the use mangrove forest, which is obvious as they receive their monthly salary with regard to forest 
protection from the forest management board. So they majorly depend on the mangroves for their living, 
and partially also use mangroves for other purposes, as will be shown later. Shrimp farmers claim to mostly 
not use mangroves, which seems logical as they are mainly dealing with their shrimp ponds, or shrimp 
farming offshore. Unless in other provinces of the South – e.g. in Ca Mau province of the Mekong Delta – 
shrimp farming in Can Gio is not associated to a healthy mix of mangrove plots and shrimp ponds. 
However, still 14% claim to make some use of the mangroves. Fishermen – opposite to monoculture 
shrimp farmers – utilize the mangroves much more; nearly 60% claim to make some (so far not specified) 
use of the mangroves. It can be hypothesised that fisherman (more dependent on natural catch and fish 
variety, compared to shrimp farmers) are more aware of the mangrove’s benefits, and in their livelihood are 
also more dependent on it. 39% of the group of ‘other farmers’ consisting of crab and clam collectors, salt 
farmers and other jobs utilize mangroves for different purposes. 

Figure 2-13 presents the answers to the question ‘What are the positive aspects of mangroves?’, which is 
closely related to the assessment of mangrove utilization before. Interviewees could supply multiple 
answers. Forest managers mainly underline the positive aspects of storm protection (90%), erosion control 
(87%), fire wood provision (75%), and income generation (71%). The fishery and recreation value is not 
mentioned. 82% of shrimp farmers also lists storm protection as a major positive asset, followed by the 
provision of fire wood (58%). Very few (below10%) of shrimp farmers mentions erosion control, or the 
fishery and recreation option. None of them states that mangroves increase their income. For the fishermen 
group, 89% value storm protection, and 86% mention the positive aspect of mangroves as a habitat for 
fisheries. 61% furthermore mention firewood provision as an asset. 

 
Figure 2-12: Utilization of mangroves (yes / no) with relation to job / profession 
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Figure 2-13: Respondent’s answers on the question which positive aspects mangroves have for them (this 
graphic as bar charts because the interviewees could give several responses, so answers did 
not sum up to 100%). 

 

It is obvious that none of the groups really considers the mangroves as a place for resting or relaxation 
(according to our observation they do rest in the forest, but the are not actually really self-aware of this or 
associate it with a value). Furthermore, it is striking, that – even though the storm protection function is 
recognized as a positive aspect – hardly any farmer is aware of the mangrove’s function to control erosion. 
An increase in salary is only reported by forest managers, while others seem to benefit from positive 
aspects of mangroves but do not seem to see a direct economic profit. This is partially contradictory to 
section 2.1.6., where e.g. quite a large fraction of the fishermen state that their household income is directly 
related to the mangroves. 

Concerning the utilization of mangroves about 90% of forest managers as well as fishermen utilize 
mangrove wood as fire wood. 76% of forest managers and 89% of fishermen respond that mangroves are a 
place to catch fish. 63% of forest managers see the mangroves as a place for recreation (probably of 
others), while only 32% of the fishermen see this potential. The group of shrimp farmers depicts a slightly 
different profile. Here 50% mainly value mangroves for the provision of construction wood, while 42% 
acknowledge the recreation option and 27% also recognize mangroves as an area to catch fish. However, 
the rankings tell mainly something about the awareness or knowledge of these functions, but do not 
necessarily have meaning with respect to the individual ranking of the importance of these uses. This is 
depicted on the next pages from figure 2-15 onwards. It can be seen, how important (for their personal 
livelihood) the four job groups consider the four uses of mangroves for fish catching, recreation, 
construction wood or fire wood supply (fodder for animals is omitted as it was not mentioned by anyone in 
figure 2-14. 
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Figure 2-14: Respondent’s answers (multiple answers possible) when asked about the main uses of 

mangroves, here presented separated according to job group.(this graphic is presented as a 
bar chart because the interviewees could give several responses, so answers did not sum up 
to 100%). 

 

 
Figure 2-15: Importance of mangroves as a source for construction material for the different job groups 

Importance of mangroves for construction 
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Figure 2-16: Importance of mangroves as a source for firewood for the different job groups 

 

 
Figure 2-17: Importance of mangroves as a place for catching fish for the different job groups 

 

Importance of mangrove as firewood 

Importance of mangroves as place for catching fish 



 
 

41

 
Figure 2-18: Importance of mangroves as a place for resting for the different job groups 

 

Figures 2-15 to 2-18 depict the following: Mangroves as a source for ‘construction’ are considered only 
slightly important by fishermen (57%), shrimp farmers (39%), other farmers (35%), and forest managers 
(6%). Actually 89% of forest managers consider mangroves as not important for construction. This might be 
also attributed to the fact that ‘construction’ does not happen frequently, but only a few times per year or 
even less, when some parts of the self-built house are broken. It has been observed several times that 
mangrove wood was utilized for the repair of self built wooden houses; but this act does not occur often. 
However, when interviewees were asked for the relevance of fire wood supply (see figure 2-16) 64% of 
forest managers and also 58% of fishermen consider it extremely important. Officially, dead dry wood from 
the forest floor may be collected for fire wood supply, but interviewees admitted during interviews that they 
also harvest fresh wood to stack up a longer lasting fire wood supply. This means that the subsistence 
oriented harvest of mangrove wood is mainly motivated to fill the need for fire making (mainly cooking). The 
(illegal, see later in this chapter) harvest of mangrove wood could therefore probably be much diminished if 
people were supplied alternative means to cook or make fire. One option could be solar heaters / cookers, 
which would work well in the dry season (most houses are located under a patch of open sky, not under 
closed forest canopy) might not work in the rainy season, but this would be an alternative that has to be 
evaluated. Another option would be to freely supply gas stoves to the families in the reserve as well as to 
fishermen (but here the ‘nomadic’ behaviour of fishermen poses a challenge), or, in the long run, electricity. 
Shrimp farmers do not utilize mangrove wood for fire making – 98% rely on other sources (probably 
because shrimp farmers usually live in solid homes with access to electricity and gas). However, still 30% 
claim to find mangrove wood for construction slightly important – the same applies for 35% of the ‘other’ job 
group.  

Mangrove areas as a place to catch fish are considered of extreme to very big importance by 92% of the 
fishermen (as to be expected, the other 8% are probably involved in offshore or non-mangrove related 
fishing, or the ecological understanding is low), as well as by 39% of forest managers. Only 24% of forest 
managers consider them as not important as a place for catching fish, but 76% range between slightly to 
extremely important. Most forest managers are also involved in fishing activities for subsistence purposes 
or even additional income generation. Only 17 % of shrimp farmers considered fish resources to be slightly 
to moderately important. 

Mangrove areas as a place for resting are considered as moderately important by a large share of forest 
managers (74%), by 59% of other ‘professions’, and by 30% of fishermen. Shrimp farmers consider them 

The importance of use mangrove as resting 
place 
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only slightly or moderately important (78%) and the rest not at all. In general, there seems to be a vague 
understanding that mangroves areas are a good area to rest (due to shadow, cooler temperatures, fresh air 
etc.), but ‘resting’ (away from home) in itself usually does not play an extremely large role in people’s life. 

Despite the questions and charts presented before, interviewees were also again very explicitly asked: Do 
you personally use mangrove wood from your land for construction? 65% of forest managers, 50% of 
shrimp farmers, 27% of fishermen and 30% of the other people confirmed this positive. Furthermore, 79% 
of forest managers, 64% of fishermen, and 61% of shrimp farmers responded that they cut mangrove wood 
from their land for firewood. This means, interviewees could regularly be involved in the use of the 
mangrove wood for above purposes, but still not consider that to be worth mentioning or to be “very 
important”. This means that also the way a question is asked can strongly influence the survey outcome. 

At the same time the farmers were asked if they think that harvesting construction wood or firewood is 
legal. 82% responded that they were fully aware that this is illegal (not allowed), only 5% thought that is 
was allowed, and about 3 % did not know. This means that mangrove wood is harvested for construction 
and firewood generation, even though the farmers are fully aware of the fact that this is not allowed. This is 
justified with a saving in spending. 

When asked how much more they would have to spend per year for construction wood if mangroves were 
not ‘freely’ available answers ranged from 25 USD to 9000 USD, with the mean being 1,252 USD. For 
firewood or charcoal generation about 100 USD minimum to 400 USD maximum would have to be spent 
(average 205 USD) if mangrove wood would not be available. This would jointly (1457 USD) make 35 % of 
the annual average household income. 

All respondents were furthermore asked, which type of wood they preferred for construction. 92% stated 
that Rhizophora would be their first choice, and 8% named Avicenna. Furthermore, all respondents were 
asked which species the preferred for fireweed or the generation of charcoal. 86% prefer Rhizophora, while 
only 14% would favour Avicennia. 

 
2.1.6. Mangrove related Income of the Households and estimated Value 

This subsection deals with the analyses of mangrove related income within the households. Again this 
strongly depends on the job-group interviewed. When asked if mangrove related products are a major part 
of their income (figure 2-19 below), 88% of forest managers and 68% of fisherman confirmed this. For other 
farmers, 10% claim to have a major part of their income due to mangrove existence (probably not the salt 
farmers, but the clam cultivators). Obvious is that 100% of shrimp farmers state that mangroves are not a 
major part of their income. At the same time, as presented before, even shrimp farmers seem to profit from 
some direct and indirect values of the mangroves (but not income related). 

 
Figure 2-19: Question, if mangrove related products are a major part of the interviewee’s income  
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The next figure 2-20 below presents the proportion of mangrove related income with respect to the overall 
household income. Respondents could chose between the four categories, if all of their household income, 
more than 50%, between 30-50% or non of their household income can be attributed to mangroves. 63% of 
forest managers claimed that almost all of their income can be attributed to mangroves. This means that 
there are 37% of forest managers, who have major income sources in other fields even though 88% 
claimed (see above) that mangroves make a major share (this means 88%-62% = 26% mangrove income 
is a major share, but even these have other sources). Shrimp farmer’s answer is consistent with the figure 
above; 100% say that none of their household income is attributed to mangroves. Nearly the same pattern 
applies for ‘other farmers’. 65% of Fishermen claim that almost all of their income is related to mangroves; 
only 30% see no contribution. This means that fishermen either profit from the sales of mangrove related 
products like wood etc. directly, or that they are very capable to see the direct link between mangroves and 
fish catch, as well as breeding space protection. Fishermen live directly in and with nature and seem to 
have a very good understanding of the value of mangrove resources and their benefit thereof. 

Interviewees were asked how much they guess 1 ha full of mangrove is worth. Respondents had a free 
choice to answer – no range was pre-defined. Answers ranged from 3,500 USD to 40,000 USD (of course 
the question was asked in VND, and later converted). The mean amount was 18,239 USD. However, as 
presented in figure 2-21 it becomes obvious that it is especially people with secondary school and college 
education, which rank the price of 1 ha highest. In the group of people estimating the price above 30,000 
USD there are not people without education – opposite to the other value-range classes. The proportions of 
educational fractions in the lower three value ranges are more or less the same. The lowest values 
mentioned were 3,500 USD in the ‘no education’ group, 5,000 USD in the ‘primary school’ education group, 
7,500 USD in the ‘secondary school education group, 7,500 USD in the high school group, and 17,500 
USD in the ‘college / university’ group. For this valuation exercise there was no big difference between the 
job groups of forest managers, shrimp farmers, and fishermen: the mean (average) forest manager 
deciphered a value of 17,009 USD, the average fishermen of 18,195 USD and the average shrimp farmer 
of 19,500 USD. The other occupation group held an average value of 15,882 USD for realistic. The person 
who ranked the value the highest (40,000 USD) was a shrimp farmer with a university degree. 

When asked if people think that the cutting down of mangroves will reduce their income 71% agreed and 29 
% disagreed. 

 
Figure 2-20: Question, how much of the household income can be attributed to mangroves  

Household income 
depending on mangroves? 
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Figure 2-21: Question on the price estimate for one ha full of mangroves. People could rank into four 

classes as shown on the X-axis. It is obvious that of the group ranking the value the highest, 
20% has a college degree (already rare in Can Gio, compare with figure 2-4) 

2.1.7. Perception on Protection of Mangroves in Can Gio 

Interviewees were asked, if they think that mangroves should be protected (see figure 2-22). Actually 
overwhelming 100% of forest managers agreed, 97% of fishermen agreed, by only 68% of shrimp farmers 
agreed. 20% of shrimp farmers stated very clearly that mangrove protection is not needed, and 13% could 
not decide and answered with ‘don’t know’. This means that there is quite a large group within the shrimp 
farmer group (about 30%) who do not acknowledge the protection value of mangroves. This is not very 
astonishing, as shrimp farming and mangrove cultivation can be seen as two conflicting land cover types – 
however, the response is still alarming. If coming back to the questions on mangrove utilization, where even 
most of the forest managers (despite 100% conviction that mangroves should be protected) admit that they 
illegally extract mangrove wood for construction and fire making, and given the fact that also a lot of shrimp 
farmers admitted to use mangrove wood for construction, it is likely that this group (even though smaller in 
number) is probably the most willing to exploit / deforest mangroves for the expansion of shrimp cultivation 
land 



 
 

45

.  

Figure 2-22: Responses to the question if mangroves should be protected or not 

 

Some interesting statements were also given as presented in table 2-1 below. When asked if it will be 
better if more mangroves are cut down, so that there is more space for aquaculture nearly 21 % of 
respondents agreed. While also some 82% mentioned that it would be good if more mangroves were 
planted, only 76 % really want that to happen in and around of their village. Nearly 40% of households in 
Can Gio consider ecotourism not to play a role in their region. Even though local people are aware of the 
positive benefits of the mangroves (questions on fish variety or erosion) 40% claim that despite this 
knowledge of a protection value they cannot make money with mangroves. 22% openly admit that actually 
they do not care about mangroves. This is a relatively high number for a question posed towards of the end 
of a about 1.5 hour interview held by environmental students that was all focussing on mangrove values, 
and under different conditions this number might have even been larger. Furthermore very shocking is the 
results presented in the chart below (figure 2-23). 65% of shrimp farmers agreed that it would have no 
effect at all if ALL mangroves in Can Gio would disappear. Even 6% of the forest managers and 15% of 
fishermen agree to the statement. 

 

Table 2-1: Agreements and Disagreements to a selection of questions 

 Agree Disagree

It will be better in my area if more mangroves are cut down and we have 
more space for aquacultures 

20.8 % 67.8 %

I will be better if more mangroves will be planted 82.2 % 32.2 %

I would love to have more mangroves in and around of my village 76.0 % 24.0 %

Eco-Tourism plays a role in my region 63.0 % 37.0 %

I observed that  a decrease in mangroves led to more coastal erosion 78.5 % 16.6 %

Fish variety in mangrove areas is larger than in areas without 72.0 % 23.5 %

Without  mangroves, there will be more erosion, but I do not mind 24.2 % 67.1%

I know about their protection value, but can’t make money w. them 40.8 % 55.4 %
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Actually, I do not care about mangroves 22.1 % 73.5 %

 

Figure 2-23: Expected effect if all mangroves in Can Gio would disappear 

 

Some more detailed tables on the first, as well as the last question of table 2-1 are presented below for in 
depth assessment. 

 
Table 2-2: Answers to the statement: “It will be better in my area if more mangroves are cut down and we 
have more space for aquaculture” (left) and “Actually, I do not care about mangroves” (right) 
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Furthermore, we assessed how many persons interviewed have taken part in a mangrove management / 
conservation program (see figure 2-24 below). 65% have participated, 35% did not participate. Most of the 
participants of the mangrove management program are forest managers. When we asked persons if the 
like to participate in a mangrove conservation program overall 68% agreed and 32% disagreed. However, it 
is obvious that of the smaller group of 35% of non participants (and taking this group as 100%) 13% of this 
group would like to be involved in a mangrove conservation program, but are not. This means, there is still 
the potential to involve more people into the program. Furthermore, 73% claimed that are satisfied with the 
local government’s mangrove management programme, while 20% are just somewhat satisfied, and 7% 
not at all. 
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Figure 2-24: Experience with mangrove management programs and will to contribute (left) as well as 
satisfaction with the governmental mangrove management program 

 

Figure 2-25 below is very crucial. When participants in interviews were asked, why they take part in the 
mangrove management programs and had to choose, which was their main motivation, for 82% the main 
motivation was to earn money. Some 6% were more or less forced to participate in the program by the 
forest management board. A very small amount of interviewees put environmental protection as their main 
motivation. Based on all the interviews and qualitative talks that often followed the interviews in a more lose 
atmosphere it got furthermore very clear that – if the forest manager program with quite good salaries 
would not exist in Can Gio and if people has free land use choice – the mangroves would most likely also 
not exist anymore. Actually, many people personally do not care about the mangroves in Can Gio, but 
simply take the opportunistic advantage to be assigned a ranger (forest manager job) with a monthly salary, 
while at the same time being involved in illegal income generation from the mangroves on top of this salary. 

 
Figure 2-25: Main motivation for interviewees to participate in the forest management program 

 
2.1.8. Future Outlook on Can Gio Mangrove Development 

Interviewees were asked several climate change related questions (which cannot all be presented in this 
report, as this would go beyond scope), as well as questions on their future outlook. When asked on the 
occurrence of large storms in the region, peoples answers were in the range of 0 to 6 major storms per year 
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– the average storm rate per year (according to perception) is 2.09 storms / year. 22% of all asked 
households reported that they had lost property due wind damage from large storms in the area and 20% 
reported to have lost property due to wave related damage associated to such storms. 

 
Figure 2-26: Households who have lost property due to wind (left) or wave (right) damage in the context of 

larger storms. 

 

Interviewees were then asked if the have observed some general trends in their area with respect to 
mangrove development (figure 2-27 left). 62% claim that forest health has improved, 22% see no changes, 
but 17% also report about the observation of forest degradation which – when asked for the reason – is 
seen in wave erosion due to big ships. 

 
Figure 2-27: Households response to the question on general trends in mangrove development and the 

reasons therefore 

 

Respondents were furthermore asked, how they foresee the mangrove area’s development in the future 10 
years. Most forest managers hope for an expansion, but even here one quarter (26%) sees stagnation or 
even decline ahead. The proportional cuts for fishermen are nearly the same as for forest managers – 
however, fishermen are a bit more pessimistic, and 36% claim here that the mangrove area will stagnate or 
get smaller. While the majority of forest rangers and fishermen see the mangrove area increase (72% and 
65% respectively) shrimp farmers foresee a stagnation and decrease of the area as most likely (52%). This 
is very crucial information. As shrimp farmers belong to the richer (an therefore probably also politically 
more influential) group within Can Gio (next to people not involved in primary sector activities, such as 
service providers, sales, or tourist entrepreneurs) it is important to educate especially this group about the 
ecosystem values of mangroves – and be it with the focus on providing an environment worth to live in for 
their children. 
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Figure 2-28: Answers on question: Given the knowledge about past mangrove development in Can Gio: 

What will happen with the mangrove area in Can Gio in the next 10 years? 

 

When asked, which action should be undertaken by the forest management boards and the government in 
the future, 49% did not have any suggestions, 15% recommended to plant more forest and prohibit the 
cutting of mangroves, and 32% mentioned that the most important issue would be to improve the 
awareness of the local people (see figure 2-28 upper right additional diagram). 

Participants were furthermore asked which of the provided (pre-defined) effects and consequences they 
would see – so to which of these consequences they would agree or disagree (or undecided) if the would 
occur. Figure 2-29 below presents the results. The pr-defined consequences were: 

• Q76-1. Fish variety (production) would decrease 
• Q76-2. The effects of storms would become stronger 
• Q76-3. Water for shrimp cultivation would be polluted 
• Q76-4. Coastal erosion will increase  
• Q76-5. Tourism services would not developed 
• Q76-6. Local climate will get warmer 
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Figure 2-29: Interviewees judgement of mangrove deforestation consequences (if completely all mangroves 

were cut) 
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Chapter 3:…
Remote Sensing Based Mapping…
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3. Earth Observation based Mapping and Change Detection 

3.1. Data and Methods 

Data that was acquired and generated for this study included: 

• One multispectral SPOT satellite image at 10m resolution of February 24, 2011 

• One TerraSAR-X Stripmap radar image at 2.75 m resolution from July 21st 2011 

• One multispectral SPOT satellite image at 20 m resolution from March 30th, 2000 for later change 
detection (in comparison with the 2011 SPOT image) of mangrove areas 

• A ‘stitch’ product (optical jpg images – one layer – extracted from Google Earth and then 
mosaicked and georectified) of the high resolution data (Quickbird, Ikonos) available in Google 
Earth (different dates from 2007 to 2012) 

• Digitized vector data of the classes ‘aquaculture’, ‘bare land’, grassland’, ‘inland water bodies’, 
‘mangroves’, ‘mudflats’, ‘rivers’, ‘roads’, ‘salt pans’, and ‘settlements’ based on the ‘stitch product’ 
(considered of high accuracy, but not most up to date) 

• Vector data on mangrove species from the Forest Inventory and Planning Institute, FIPI, for the 
mangrove reserve area for 2008 (this data is considered erroneous, which will be described in 
more detail below) 

• Mapped ground truth points in Can Gio collected during the household surveying campaign in 
November 2011 – especially for major mangrove species Avicennia, Rhiziophora and mixed 
mangroves, as well as for other land use classes 

All multispectral satellite data was georectified based on GPS derived ground truth (road network, ground 
control points etc.), as well as highly precise TerraSAR-X radar data (UTM, zone 48N, WGS84), and was 
atmospherically corrected to work with reflectance values using the atmospheric correction software 
ATCOR-3. Supervised image classification employing an iterative approach was then used to generate up 
to date land use maps of Can Gio area. The classification approach included consecutive steps of image 
masking, decision tree - as well as maximum likelihood based pixel assignment. Focus was not a fully 
automatic, scientific remote sensing approach, which might yield intermediate results, but a procedure to 
grant the outcome of map with highest possible accuracy. A complete review of remote sensing based 
mangrove mapping methods can be found in Kuenzer et al. (2011). 

3.2. Results: Mapping Can Gio District 

Figure 3-1 below presents the mapping of Can Gio District based on the digitization of Google Earth high 
resolution data (not image classification). However, high resolution scenes within Google Earth in the Can 
Gio region stem from the years 2006, 2008, 2009 and 2011 – therefore, this map can only give a rough 
indication of the spatial location and distribution of land cover and land use classes. Aquaculture areas are 
mainly located in the North and Northwest of Can Gio district, which is also the region where the major 
settlements are located. Salt ponds occur close to the seashore in the southern parts of the district. Some 
patches of grassland exist in the West. Mudflats at low tide occur along the seashore. 
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Figure 3-1: Landover/land use map of Can Gio area as digitized from high resolution satellite data.  

In the ‘Aquaculture areas’ a mix of aquaculture, subsistence agriculture, and individual houses (not 
extractable from the satellite data) dominates. In the ‘Salt ponds, salt farming area’ salt farming in large 
evaporation ponds dominates – also dissected by subsistence agriculture and individual buildings. The 
superimposed ground truth points (Rhizophora dominance, Avicennia dominance, mixed mangroves) stem 
from the November 2011 ground truthing campaign 

 

N

1 km 

Source of Digitization: 
Google Earth Stitch   
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Figure 3-2: Original SPOT scene of February 24 2011 (left). Ho Chi Minh City is located at the central North 

of the image. Can Gio district is dominated by forest cover (dark red) in the Southeast of the 
image. Haze (which can still be seen in this original scene) was removed through atmospheric 
correction and did not occur over Can Gio District. The left figure shows the coverage of the 
TerraSAR-X dataset. 

 

Salt farming is mainly confined to the south-western and southern parts of the district, where the ocean 
water influence is most accentuated, and where also the groundwater is highly saline. The road network is 
well developed in the aquaculture dominated areas only. 

To retrieve an impression of the current up-to-date situation SPOT data of February 2011, as well as 
TerraSAR-X data of July 2011 was used to generate a recent land cover map. Figure 3-2 above shows the 
original data, Figure 3-3 below the result of this land cover/land use mapping based on consecutive image 
classification to reach the best possible result. Even though radar data is usually helpful for the 
differentiation of forest stands, the forest area of Can Gio is so homogeneous that the TSX data could only 
support the differentiation of different forest classes to some extent (Fig. 3-3). 

The SPOT scene subset for Can Gio was classified into the classes ‘mangroves’, ‘water surfaces’, ‘shallow 
water’, ‘grassland’, ‘open soil’, ‘mudflats’, ‘salt farming’, and ‘settlement’. The result is shown below. It must 
be mentioned here that remote sensing derived image classification is never 100% accurate, but the 
accuracy of this classification map is well above 95% as tested based on ground truth data. When 
comparing this classification result presented in figure 3-3 below with the digitized map shown in figure 3-1 
we can see that the classification contains much more detail (see 3-3 bottom). With on screen digitization 
as presented in figure 3-1 it was not possible to digitize every single tree line. They occur especially 
occurring in the North of the district (see zoom ‘a’ in figure 3-3), and also the ‘shallow water areas’ (very 
shallow water, closed off inland shallow water bodies, aquaculture) cannot be digitized at that spatial detail 
as they are derived with image classification (possibly could, but then the digitization would have taken 
several months). The individual class’ areal coverage in square kilometers and hectares within Can Gio 
district, are presented in table 3-1a few pages further. 

We then extracted the mangrove-only area from the SPOT dataset (see figure 3-4) and differentiated the 
mangrove area further according to species and density. 
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Figure 3-3: Image classification result of supervised (maximum likelihood) image classification of the SPOT 
data set from 24.02.2011. The lower triplet shows the very high accuracy of the classification 
even in settled areas (right) when compared with the original data (middle), as well as when 
compared with the digitization derived from Google Earth Stitch high resolution data 

Mangrove 
Water surfaces 
Shallow water
Aquaculture area

Grassland 
Open soil 
Mudflats 
Salt farming 
Settlement 

a

a: digitized a: SPOTsatellite data a: classification 
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Figure 3-4: Mangrove area extracted from the original SPOT data, based on a mask of the classified 
mangrove area as presented in figure 3-3. As the color space is not well stretched for the 
mangrove region only, different area characteristics become visible. 

 

In the figure above it can be well seen that the mangrove area in Can Gio district is not purely 
homogeneous. However, color differences do not necessarily occur due to different species, but can also 
result from different stand densities, and disturbances. Very clearly one can see areas, where mangroves 
have been cut and replanted so that ‘scars’ in the undisturbed mangrove cover become visible (yellow 
areas in the center, as well as pinkish areas in the Northeast). Figure 3-5 on the next page depicts very 
clearly that there are different types of ‘scars’ or disturbances (yellow, pinkish, or brownish, figure 3-5 d and 
e) in the otherwise undisturbed mangrove cover (green, figure 3-5 a). Such ‘scars’ can result from (illegal) 
thinning or former deforestation, as well as from new plantations with different stand height than the 
surrounding mangroves. The very pink areas in the settled North represent tree patches along aquaculture 
ponds and roads – it is not clear, if these are mangroves or other types of trees as well as Nypa palms 
(figure 5-3 6). Figure 5-3 b and c might represent species borders of coastal mangroves (Avicennia) and 
the inland Rhizophora mangroves. 
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Figure 3-5: Differentiation of mangroves within the ‘mangroves-only’ area of the classification result. Black 
areas are ‘non mangrove’ classes, which were masked out (here mainly water) 

 

The TerraSAR-X data cannot help to differentiate different species. However, radar data contains a lot of 
information on the structural characteristics if the stands. Disturbances can clearly be seen due to a 
different backscattering behavior of the radar beams depending on stand height and orientation. Figure 3-6 
below represents this impressively. While figure 3-6a’ (same area as figure 3-5a) depicts an undisturbed 
region in the center of Can Gio Biosphere Reserve, in figure 3-6d’ (same area as figure 3-5d) the scars 
(representing lower vegetation cover or stands due to logging or thinning) can be seen as darker areas. 
Figure 3-6 on the right side is an area outside of Can Gio district (close to the northeastern border). Here 
reforestation activities must have taken place, visible in the linear structures. 

 

Figure 3-6: Mangrove structural information contained in TerraSAR-X radar data 

a: undisturbed 

d:scars 

b: coastal species

e: scars

c: coastal species 

f: roadside tress 

a’: TSX undisturbed d’: TSX scars TSX: Reforestation 
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Figure 3-7: Differentiation of tree types / mangrove types as derived from the SPOT data of 24.02.2011. A 
clear zoning of mangroves becomes visible. 

 

The mangrove species shape files acquired from the FIPI for the year 2008 can actually not be used as 
valid information on the proportion of the individual mangrove types. Shape files contained the classes 
‘Rhizophora’, ‘natural Avicennia’, ‘Nypa palms’, and ‘mixed forest’. However, when taking a close look at 
the provided shape files it becomes obvious that the shapes were generated through a vectorization of 
image raster data of 30m pixel size (probably Landsat data). In SPOT data, and especially in 30m Landsat 
data it is impossible to distinguish these different species based on their spectral characteristics - especially 
if they occur in a mixed state as it is the case in Can Gio (different e.g. in Ca Mau). It is assumed that the 
results of an unsupervised image classification were vectorized. Thus, species distribution and proportions 
have to be handled with care. Mangrove species were assigned in areas which are absolutely inaccessible 

Natural Rhizophora 
Mixed mangroves (mainly Rhizophora)

Avicennia and mixed 
Replanted (Rhizophora, Phoenix, Nypa)

Mixed tree lines and patches 
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for humans, and different species depicted in such inaccessible areas look completely identical in the 
satellite data. Therefore we only consider the overall mangrove covered area derived by FIPI as a third 
variable to be compared with the digitized Google Earth data, as well as with the SPOT 2011 derived land 
cover/land use classification (see table 3-1). However, here one must take into consideration that the FIPI 
data only covers the tree areas within the reserve and not all tree cover in all of Can Gio district. 
Furthermore, the FIPI data shows a strong geographic displacement of up to 60 meters with respect to all 
other data available to us. We assume that the data was derived from Landsat data, which has not been 
geometrically corrected. Another important factor concerning the overall mangrove area of Can Gio is the 
question if Nypa palms are considered to belong to the overall mangrove area or not. The FIPI includes 
Nypa palms as a ‘type of mangrove’ in their reports and geodata. 

 

Figure 3-8: This figure presents an excerpt of the vector data of the FIPI, which we consider not trust-
worthy. Our SPOT data (backdrop) is georeferenced based on high precision TerraSAR-X data 
as well as own ground truth, and geolocation is absolutely exact. The FIPI vector data shows a 
very strong displacement. Furthermore, it can be seen that the data is not manually digitized 
data, but shows a ‘stair pattern’ of exactly 30metres – so it is likely that the data was derived 
from a low quality Landsat classification. Yellow polygons shall represent Rhizophora, while red 
polygons are supposed to be Avicennia – however: it can be seen here that Avicennia occurs 
in area, where it is not reasonable (in the hinterland further away from the rivers/canals) and 
that many Rhizophora and Avicennia polygons distinguished in this FIPI dataset look exactly 
the same in the SPOT data. 
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Figure 3-9: Complete land cover/land use classification for Can Gio district derived from the SPOT data of 

24.02.2011. 12 classes could be differentiated. Overall classification accuracy well exceeds 
90%. Only the settlement class is slightly overestimated in the South of the district directly on 
the seashore (confusion with bare ground) 

 

 

Water
Shallow

Grassland
Open soil
Mudflats
Salt
Settlement

Natural Rhizophora
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Table 3-1: Mangrove coverage and land cover / land use information as derived from three different 
sources in square kilometers and hectares. 

 

 Source 1: 
Digitized data from 
Google Earth high 
resolution Quickbird 
data for Can Gio 
District (2006-2009) 

Source 2 
Remote Sensing 
derived land cover/land 
use information for 
Can Gio District (2011) 

Source 3: FIPI 
mangrove cover 
information (2008) for 
Can Gio Reserve 
(origin unclear) 

Mangrove 
forest 

365.98km²
(36,598 ha)

Here all the individual 
little tree patches and 
tree-lines along roads 

are missing

382.93 km²
(38,293 ha)

without the class 
‘mixed tree lines and 

patches’
35.26 km²

(35,265 ha)

366.42 km²
(36,642 ha)

(all mangroves and also 
including Nypa palms)

Rhizophora: 227,6 km²
Mixed forest: 100,75 km²

Avicennia: 33,07 km²
Nypa: 4,7 km²

Aquaculture 
(for source 2: 
shallow water) 

94.92 km²
(9492 ha)

100.28 km²
(10028 ha)

(shallow water areas in 
the ocean and canals 
have been deducted, 

30km²)

/

Grassland 2.93km²
(293 ha)

5.63 km²
(563 ha) 

/

Open soil / bare 8.77 km²
(877 ha)

2,59 km²
(259 ha)

/

Salt ponds 24.83km²
(2483 ha)

5.639 km²
(5639 ha)

/

Settlement 8.13km²
(813 ha)

18.77 km²
(1877 ha)

/

Mudflats 21.89km²
(2189 ha)

3.58 km²
(358 ha)

(image acquired during 
high tide, so hardly any 

mudflats)

/

Water (Ocean, 
Canal) 

rest rest

 

Our finding of a mangrove coverage of 38,293 ha including the ‘pink’ class ‘mixed tree lines and patches’ 
(see figure 3-9) and 35,265 ha excluding this class seems very reasonable, given that the Can Gio Forest 
Mangrove Management Board (Tri Nguyen, 2011) released a call for Internship Placements, in which the 
mangrove area is described, and the total area of the mangrove forest is deciphered to be 36,000 ha. Our 
higher value probably includes too many trees (as also roadside trees etc. are included), the lower value 
underestimates a bit – however, for all further calculations (chapter 4) we will stick with 38,293 and 35,265 
ha respectively.  
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3.2. Results: Can Gio District Change Detection from 2000 to 2011 

When comparing the original data of the year 2000 with the year 2011 the following changes already 
visually some change can be observed. In some regions mangrove and tree covered areas in Can Gio 
district have decreased at costs of an increase of settled areas and aquaculture areas. 

 
Figure 3-10: Changes in tree coverage in Can Gio district between the years 2000 and 2011, as depicted in 

20m resolution (30.03.2000) and 10m (24.02.2011) SPOT satellite data. 
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Figure 3-11 below depicts a classification into water (dark turquoise) mangrove (or tree covered) areas 
(green), non mangrove or tree covered areas (grey) and clouds. Unfortunately the SPOT scene of the year 
2000 was slightly cloud contaminated – especially in the East of the reserve and also some other areas of 
the forest are obscured by clouds. The mangrove area currently visible covers an area of 34,640 ha. 
However, the mangrove area is larger than this, as some mangroves are located underneath clouds or 
were also classified as ‘non mangrove area’ as the were located under darker cloud shadows. The tree 
covered area of Can Gio in the year 2000 is estimated to cover roughly 37,500 to 38,000 ha (including tree 
lines etc.). 

 

 

Figure 3-11: Mangrove area of Can Gio in 2000  (left, dark green), and in 2011 (right, light green). Red 
areas on the right side show regions, which were covered by mangroves in 2000, but are not 
covered by mangroves anymore in 2011.  

It is especially the aquaculture area in the North and West of Can Gio district, which has expanded into the 
mangrove areas. Furthermore, the settlement region along the very southern seashore has expanded at 
costs of the mangroves. However, there are also areas, where tree cover has increased from 2000 to 2011 
– especially the ‘pink’ class (tree lines and individual tree patches’ has increased in the North and 
Northwest – however overall, the mangrove covers between 2000 and 2011 has stayed more of less the 
same; it probably even decreased a bit. 

Nguyen Viet Luong (2011) also used SPOT data of 1999, 2004 and 2009 to assess changes in mangrove 
cover. He classified the data into the classes ‘dense mangroves’, ‘open mangroves’, ‘young forest and 
scrub’, ‘agricultural land’, ‘water bodies’, and ‘barren land’. He therefore differentiated two mangrove 
classes: dense and open mangroves. A species differentiation based on the remote sensing data was not 
possible. During fieldwork the following dominant species were defined: Rhizophoraapiculata for the dense 
forest, and a mix of Rhizophoraapiculata and Avicennia alba for the open forest. Young forest and scrub 
was dominated by Ceriops species, Avicennia alba, and Lumnitzera racemosa. Between 2004 and 2009 an 
increase in dense forest for 4,150 ha, and increase in open forest in 1,864 ha, a decrease in young forest 
by 2,729 ha, and increase in agricultural land in 159ha, a decrease in barren land for 1076 ha and a 
decrease in water bodies for 2,368ha were reported. Combining the analyses periods of 1999 to 2004 and 
2004 to 2009 an increase in dense forest by 14,606 ha, and a decrease in all other classes was observed. 
Water surfaces are reported to have decreased by 3,862 ha. This result only partially coincides with our 
findings above. It seems very likely that different tidal situations (low tide, high tide etc.) during image 
acquisition, as well as difficult separability of classes have influenced the classification result. However, 



 
 

65

qualitatively speaking an increase in dense forest after the establishment of the reserve (and as younger, 
replanted stand grow up) seems reasonable – at the same time all other forest classes have decreased. 

The structure of the mangrove forest in Can Gio has changed from 2000 to 2011. There are more dense 
mangrove areas than in the year 2000 as replanted mangroves have grown up. However, the overall forest 
covered area has not changed significantly within that decade. Despite large reforestation efforts also a lot 
of further mangrove forest has disappeared – especially in the transition zone of the reserve. 
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Chapter 4:…
Ecosystem Services and PES…
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4. Services 

According to the Millennium Ecosystem Assessment (2005), ecosystem services are “defined as the 
benefits people obtain from ecosystems. These include provisioning services such as food and water, 
regulating services such as the regulation of floods, drought, land degradation and disease; supporting 
services such as soil formation, and nutrient cycling; and cultural services, such as recreation, spiritual, 
religious, and other nonmaterial benefits”. 

Ecosystem Service values can be differentiated into direct use values, DUV (direct benefits for the 
ecosystem, for mangroves e.g. timber, medicine, chemicals), indirect ecosystem use values, IUV (e.g. 
values for carbon sequestration, water cleansing, shoreline protection or tourism), and existence values 
(cultural, spiritual, values for the existence of rare species etc.). The total economic value, TEV, of an 
ecosystem is usually the sum of DUVs plus IUVs, plus option values; OV, (a value representing the 
information gain and knowledge of the utilisation of the resource given its preservation), as well as so called 
existence values, EV, (values independent of current or future uses, such as e.g. the value of a species 
existing and not going extinct, they can be measured for example via donations that go to conservation 
organizations etc.). Many of these values can be derived by a set combination of market prices (e.g. DUV 
for 1 t of mangrove wood as timber would be the price per ton of wood if it would have to be purchased on 
the market). However, there are also other ways to value direct, indirect or existence economic services. 
According to Costanza et al. (2006) non market economic valuation techniques include: 

• Avoided Cost, AC, (services, which allow society to avoid costs, e.g. flood control, which would 
have to be installed if the mangroves were not there) 

• Replacement costs, RC, (costs that would occur if services would have to be replaced by man-
made systems, e.g. heavy sea dykes instead of deep mangrove forests) 

• Factor incomes, FI, (e.g. water quality improvements through the (mangrove’s) service, which lead 
to improved fish catch) 

• Travel cost, TC (if recreation areas attract distant visitors, whose value placed on that area must be 
at least what they are willing to pay to travel there and back, including the value of their time 

• Hedonic pricing, HP (e.g. will to pay more for a certain good, housing prices along the coastline 
tend to exceed the prices of inland homes) 

• Contingent valuation, CV, (service demand based in hypothetical scenarios, e.g. people stating that 
they are willing to pay for an increased preservation of beaches and coastlines) 

• Group valuation, GV, (based on the principle that public decision making is not the result of 
separately measured and aggregated personal preferences, but a democratic result of open public 
debate) 

 

To spatially map ecosystem services values of bio-geographic entities (such as mangrove forests), 
according to Troy and Wilson (2006) at least six steps (the last being optional) are mandatory. These are 
the following: 

1) Study area definition and description (see our chapter 1 on Can Gio District) 

2) Typology development, e.g. development of a relevant legend or mapping scheme (undertaken in 
our chapters 1 and 3) 

3) Literature search and analyses of comparable empirical studies, preferably from a similar context  
(to transfer ecosystem service values, solely or complementary next to primary analyses; to follow 
below) 

4) Mapping (Map creation based on geospatial data, such as presented on chapter 3) 

5) Total value calculation (to follow below) 

6) Geographic summary (combination of the results from 3) and 4); to follow below) 

7) Scenario Analyses (optional historic change analyses and future prediction based on 4) and 5)) 
(will not be conducted here) 

Except for point 7) in this study we follow exactly this procedure. In the following subchapter 4.1. Step 3 
(analyses of comparable empirical studies in addition to the primary analyses data we presented in chapter 
2) is undertaken. 
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4.1. Ecosystem Service Values for Can Gio 

“Value transfer involves the adaptation of existing valuation information to new policy contexts where 
valuation is absent or limited. For ESVs this involves searching literature for valuation studies of ES 
associated with ecological resource types comparable to the one of the policy site” (Troy & Wilson, 
2006:436). Value estimates are then transferred from the other study sites to the planned policy site. This is 
especially useful when own primary data collection is not feasible. Of course value transfer does not work 
well if values are drawn from study sites with completely different characteristic than the one of the own 
site. 

“Primary valuation research will always be the ‘first-best strategy for gathering information.” (Troy & Wilson, 
2006). In this present study we do have a large amount of primary valuation data available (Chapter 2, the 
socio economic household survey analyses of Can Gio district provides this data). However, additional 
value data derived from literature research of comparable studies sites (mangrove sites, as well as 
mangrove sites in Viet Nam itself) can complement this data. Therefore, we present some sources which 
we included in our considerations to set up a detailed ecosystem service value table for Can Gio district’s 
mangroves. 

4.1.1. Our own Can Gio Baseline Definitions 

According to the management board’s statistics Can Gio District in 2010 had 67,272 inhabitants, distributed 
to 17,471 households. Average household size therefore would be 3.85 persons; so round about four 
persons. This goes in line with our sampling of 289 households, where the average household size a bit 
more than 4 persons. 

According to statistical sources we had available from 1997 Can Gio district population was only 56,403 
people living in 8,489 households, which made an average household size of 6,6 family members. This 
means household size has shrunk over the last years. (in these statistics the size of Can Gio district was 
defined as 71,300 ha) 

To assess the ESVs of Can Gio District’s mangroves with respect to the year 2011 we consider the 
following baseline numbers as valid for our calculation: 

• Inhabitants Can Gio: 67,272 

• Households in Can Gio: 17,471 

• Average household income: 4,148 USD (derived from chapter 2, without two outliers of annually 
530.000 USD and 150.000 USD; however, de facto household income is probably higher, as a lot 
of non-mangrove dependant households were not interviewed, if we include the two outliers as well 
as potential richer households average household income in Can Gio will be well above 6,000 USD 
and also above the Vietnamese average household income) 

• Area of Can Gio District: 71,964 ha (including large parts of ocean and rivers) 

• Protection fee for forest managers 725,000 VND = 35 USD (Nov. 2011) per month 

• Remote sensing derived forested (mangrove) area (see chapter 3)including the ‘pink’ ‘tree lines 
and tree patches’ class: 38,293 ha 

• Remote sensing derived forested (mangrove) area (see chapter 3) excluding the ‘pink’ ‘tree lines 
and tree patches’ class: 35,265 ha 

In chapter 2 it was presented that we had asked people how much they consider one ha full of mangroves 
to be worth. The average answer was 17,656 USD/ha. Multiplied by a tree covered area in Can Gio of 
38,293 ha this would be an overall value of 676,101,208 USD, so 676.10 million USD. Assuming the 
smaller area of 35,265 ha this would be 622,638,840 USD; so 622.63 million USD. 

Furthermore, we know that the annual protection cost for the Can Gio mangroves at our deciphered forest 
area of 38,293 ha is then 38293 times 725.000 VND, which equals 27,762,425,000 VND (27.76 billion 
VND) or 1.31 Million USD (conversion rate 11/2011); or – when calculated with an area of 35,265 ha it 
would be 25,567,125,000 VND or 1.20 million USD. 

 

 



 
 

69

4.1.2. Possible Value Transfer Information from related Studies and own Calculations 
 
4.1.2.1. Multi Value Studies: Soc Trang Study by Tang Phuong Gian (2011) 

In a study close to Can Gio Tang Phuong Gian (2011)  assessed EVs in Soc Trang province in the Mekong 
Delta. Average household income in his study area was 98.26 million VND (about 4,706 USD in 2011, 
about 1000 USD per capita). Of this 100% household income on average 6.52% stemmed from direct 
mangrove products (not including fish or shrimp) (306 USD), while 61.34% came from shrimp farming, 
1.58% came from fishing, 0,03% came from crab collection (all indirectly mangrove related) and the 
remaining income fraction came from the growth or capture of rice, fruit, vegetable, dairy, chicken, ducks, 
manual labour, middle trade, and service. Table 4-1below (Tang Phuong Gian, 2011) shows how the 
average mangrove product values in the households of the individual villages are distributed. Manual 
labourers and fishermen (not shrimp farmers) were the main users of mangroves. 

However, there is also a clear correlation between household income and mangrove utilization rate. 
Furthermore, it was found that the lower the household income (incomes < 50 Mio VND, usage rate 78% ) 
the higher the mangrove utilization rate, and the higher the household income (group > 200 Mio VND with a 
mangrove utilization rate of 3%), the less the dependency on mangroves. Tang Phuong Gian (2011) states 
it clear: “This means, the richer, the less dependent respondents were on mangrove resources for their 
livelihoods, whereas the poor mainly collected natural resources for their living.”. Fish and shrimp catch 
contributes with an average of 85.9% to the mangrove-related individual household (20.93 million VND = 
1002 USD), crabs with 11.27% (2.75 million VND = 131 USD), Nypa palm benefits with 2.46% (0.6 million 
VND = 28.7 USD). The others are can be neglected (about 5 USD) – so mangrove-related benefits in the 
households are about 1,167 USD per household per year, plus the direct 306 USD, plus the indirect value 
of the firewood, which does not have to be purchased. (1,473 USD mangrove benefits per household per 
year). With an average household income of 4,706 USD this means the direct and indirect mangrove 
related goods (without firewood!) contribute to 31% to the household income. Would one now include the 
benefit of firewood (which the author did not do), as well as indirect benefits with respect to the cleansing of 
water, soil, the protection from storms etc., without even considering national or global benefits of e.g. 
carbon sequestration, this number would be even higher. 

 

Table 4-1 : Average mangrove product values per household by villages. Units are in million VND. Source : 
Tang Phuong Gian (2011) 

Products Thanh The 
Thuan 

Lich Hoi 
Thuong 

Trung Binh Dai An 2 Total Percent (%) 

Firewood 16 self-
supply 
(53%) 

19 self-
supply 
(48%) 

31 self-
supply 
(78%) 

15 self-
supply 
(50%) 

81 self-
supply 
(58%) 

Not 
accounted in 

VND 

Fish and 
shrimp 5.14 0.27 13.16 2.36 20.93 85.90
Crab 0.20 0.00 2.55 0.00 2.75 11.27
shellfish 0.00 0.00 0.08 0.00 0.08 0.33
Nipa Palm 0.12 0.00 0.48 0.00 0.60 2.46
Others 0.00 0.00 0.01 0.00 0.01 0.04
Total 5.46 0.27 16.28 2.36 24.37 100.00

 
4.1.2.2. Multi Value Studies: Can Gio Study by UNESCO/MAB (2000) 

In the year 2000 UNESCO/MAB undertook a study to value the mangrove ecosystem in Can Gio mangrove 
biosphere reserve in Viet Nam (not the whole district). Their findings were based on statistical data supplied 
from the Management Board of Protected Forests in Can Gio and the data book of Can Gio district. They 
claimed that such data was available from the year 1985 until 1999. Based on this data they calculated the 
net benefit of direct benefits of all mangroves in Can Gio reserve (see table 4-2). According to this table the 
values in USD in 1999 at that years conversion rates were 41,407 USD for thinning, 1,784 USD for 
charcoal, 192 USD for Nypa thatching, 34,125 USD for fishing, 28,271 USD for trade benefit, and 483,401 
USD for recreation. This means that recreation (actually an indirect use value according to our 
understanding) created the biggest benefit followed by thinning (timber), and fishing. We consider these 
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values to be partially very low (34.125 USD for fishing, with – at that time – around 9000 households would 
only make a benefit of 3,7 USD per household, or (if we assume and underestimate that only 10% of the 
people are fishing, 37 USD per household for the whole year). So we question the validity of the statistical 
data. 

 

Table 4-2: Net benefit analyses of direct benefits from mangrove forests in Can Gio. Source: 
UNESCO/MAB (2000) [numbers subject to criticism, see below] 

 
 

The authors of the study estimate that at that time the cost for the planting of 1 ha of mangroves (including 
the expenses for propagule collection, boating costs, water supply, planting fees (labour), site preparation, 
site design and also the care-taking and gaffing for three consecutive years was estimated at 3,401,102 
VND, which equalled 243 USD at 1999 conversion rates. 

 

Figure 4-1: Net present value of mangroves in the 
biosphere reserve including indirect use values 
(UNESCO/MAB, 2000) (Discount rate describes the 
decrease in value of money). 

 

Also this figure we consider questionable – according 
to table 4-2 above in 1999 a ESV of the mangroves of 
8.253 billion VND equalling 591.18 million USD was 
achieved in 1999. However, the line plots at 5 million 
USD (maybe wrong conversion rates), and according 
to our understanding if including the indirect values a 
much, much higher level should be achieved. 

 

Discount rate 
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4.1.2.3. Multi Value Studies: PhD Thesis of Le Duc Tuan (2006) 

This thesis (only in Vietnamese) assessed the ecosystem service of the Can Gio district based on statistical 
data available from the years 1999 and 2005. The following table 4-3 depicts the values, which were 
derived in VND and USD (conversion rate of the respective year) for the individual services, which he 
derived based on data he received from the statistical office of Viet Nam. He assumed a mangrove area of 
30,385 ha (see cultural and existence value) and based his calculations on market price information he had 
available for the respective years. However, several calculation pathways were not laid out openly, so it 
was very difficult for us to trace back the numbers, and most numbers Le Duc Tuan (2006) comes up with 
are magnitudes smaller than the numbers we calculate (presented hereafter). According to Le Duc Tuan 
(2006) the overall value of Can Gio district’s ecosystem is 400.52 Million USD in 2005. Astonishing is that 
all the services (timber, agriculture, animals, salt, tourism etc., only make a fraction of this number. Without 
the existence value of 380 Mio USD the other services do not even reach 20 Mio USD. 

Table 4-3: Net benefit analyses for Can Gio district. Source: Le Duc Tuan (2006); USD conversion was 
calculated by the authors of this report 

 
 
4.1.2.4. Fishery related Value Quotes and own Calculations 

• In Thailand it was estimated that for every kg of shrimp produced 434g of fisheries are lost due to 
habitat conversion alone. Fishermen in Malaysia reported a drop in income of 1/6th within 2-3 years 
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of large scale mangrove clearance; fishermen in Bangladesh reported even an 80% decline in 
catches since mangrove destruction and the creation of sea dykes for shrimp farming 
(Environmental Justice Foundation, 2003). [quote not relevant for calculation, but remains here, as 
generally interesting] 

• A family can earn VND 7 million (at that time USD 466) in one season collecting tiny crabs, which 
are sold to local consumers (Environmental Justice Foundation, 2003), [quote not relevant for 
calculation, but remains here, as generally interesting] 

• De Graaf and Xuan (1998) developed a model for the Mekong Delta to approximate the relation 
between total fish catch (t/year), the mangrove area (ha), the engine capacity of the fishing fleet, 
and the social incentive for fishing. As a general rule of thumb they found out that one hectare of 
mangroves supports a marine catch if 450kg / year, ranging between 100 to 1000 kg/year of marine 
fish and shrimp catch (in 1998). This is in good consistency with numerous previous studies quoted 
by De Graaf and Xuan (1998).[quote relevant for calculation] 

• A positive correlation exists between extent of a mangrove area and marine production. According 
to this source one ha of mangrove forest supports a marine catch of 450 kg/ year. In some Mekong 
Delta districts 330kg to 730 kg of shellfish are collected from intertidal areas each 
year.(Environmental Justice Foundation, 2003) [quote relevant for calculation] 

• Own calculation: According to our own observations (authors of this report) we know from primary 
data (see chapter 2) that 50% of forest managers consider ‘catching fish in mangrove areas’ as 
moderately to extremely important. 90% of fisherman underline the same. Even though we did 
assess the income from fishery products in the questionnaire, these included also aquaculture 
farmers, which are (unlike Ca Mau) not depending on mangroves. So the values derived from this 
part of the questionnaire cannot really give a good estimation. However, from the 289 households 
interviewed about 50% overall stated that they receive their protein intake from mangrove area 
related fish catch. The value of the fish, which is caught, is deciphered to be 200,000 VND about 
every 2nd day per family (about 15 times per month). This equals a fish catch value of 3,000,000 
VND per month or 141 USD. If we assume that half of Can Gio households (just like half of the 
interviewed households) receive their fish catch in a subsistence manner from the mangrove area, 
this would be [17,471 / 2] * [141 USD] = 1,231,705 USD for one month, equalling 14,780,466 USD 
per year. This is only the fish directly caught in the mangrove area, and does not include indirect 
benefits of mangroves as breeding places for fish later caught in the ocean. However, as stated 
above by De Graff and Xuan (1998) 1 ha supports 450 kg of marine (ocean) catch. Assuming a 
price of 100,000 VND per kg of fish, and a mangrove area in Can Gio of 38,293 ha this would make 
1,723,185,000,000 VND or 81,344,100 USD. Calculating with a mangrove area of 35,265 ha, this 
would be 1,586,925,000,000 VND, = 74,911,900 USD (conversion rates of Nov. 20111). Therefore 
mangrove related fish catch values for Can Gio range between 74.91 million USD and 81.349 
Million USD plus the direct annual catch within the mangrove area directly of 14.78 Million USD 
(see table 4-4). 

Table 4-4: Fish catch values of Can Gio Mangroves based on primary and secondary data 
Source Info (for own 

derivation) 
Value in VND 
(USD) per kg 

For Can Gio forest 
area of 38,293 ha  

For Can Gio forest 
area of 35,265 ha  

Environmental 
Justice 
Foundation, 
2003 and De 
Graaf and Xuan 
(1998) 

450kg of fish 
marine fish 
catch related 
per ha of 
mangrove 

100.000 VND
(4.72 USD)

1,723,185,000,000 
VND 

(81,344,100 USD)

1,586,925,000,000 
VND 

(74,911,900 USD)

Primary data Direct catch 
directly IN 
mangrove 
area 

14.78 Million USD 14.78 Million USD

 
4.1.2.5. Timber related Value Quotes and own Calculations 

• Tang Phuong Gian (2011) state that firewood from mangroves supports each household with about 
2m³/year or 0.5 m³ per person.[quote not relevant for calculation, but remains here, as generally 
interesting] 
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• Own calculation: we know from our own primary source survey (see chapter 2) that construction 
wood supply and fire wood supply by mangroves averages 1,457 USD per year if it would have to 
be bought at the market and could not be retrieved from the forest. This is nearly 35% of the 
average annual household income. Unless forest manager salaries and other salaries would be 
elevated it is therefore out of question that people can rely on market sources (which would anyway 
also be collected from the forest, if not replace by solar energy or gas; furthermore several 
Vietnamese stated that “a meal cooked on a fire simply tastes different from one cooked on gas”). 
Knowing that Can Gio has 17,471 households, of which we assume at least 50% are dependent on 
these forest resources for construction and fire wood, this is a direct timber value of 12,727,623 
USD, so rounded 12.72 million USD. 

 
4.1.2.6. Honey related Value Quotes 

• In some parts of the Mekong Delta honey produced from the hives in the mangroves leads to a 
yield of 18kg per year and hive. The Melaleuca forests of the Mekong Delta account for half the 
honey brought to the market in Viet Nam (Environmental Justice Foundation, 2003). In Can Gio 
none of the interviewees reported about the harvest of honey or hives in the trees, so we do not 
consider this direct value in Can Gio. [quote not relevant for calculation, but remains here, as 
generally interesting] 

 
4.1.2.7. Plantation / Reforestation related Value Quotes and own Calculations 

• Phan Nguyen Hong (2007) described the plantation practises involving local families of Can Gio in 
“Turning mangroves into riches”. “In 1978 management responsibility of Can Gio forest was 
transferred to HCMC. The area was degraded heavily with 4,500 ha of Phoenix paludosa (a prickly 
wild plant species), 10,000 ha of barren cracky, muddy soil and only 5,600 ha of cultivable land. 
The remaining area was covered with unproductive shrubs. In 1991 Can Gio was designated a 
coastal protection forest in line with the prime Ministerial Decision 173/CT, and in 2000 designated 
as Viet Nam’s first Biosphere Reserve under the MABP.”…Interviewed Ms. Hoang “found it very 
difficult. Without any boat, my children and I patrolled by wading all day through the forest. There 
was no choice as the trees were no longer the state’s assets – but mine’. Due to exhaustion and 
poor efficiency she often felt discouraged”….”With so few people protecting the forest, how can you 
stop the forest encroaches?”she inquired …..”To date 167 households have been allocated 14,198 
ha of forest land in 18 forestry units. As of 1999 further thinning was prohibited …and the city 
government has increased the annual protection fee to USD 20 per hectare. …The living standards 
of the forest-protecting households are, however, still quite low.  ….Improved livelihoods for the 
people mean reduced pressure on the mangrove forests. …For example, the use of tidal flats of the 
mangroves for clam and blood oyster farming had significantly reduced poverty in Can Gio. 
Elsewhere the HCMC city government has granted interest free loans for planting Nypa palms. 
…..But, to be frank, the wage paid by the government is only enough for daily needs. Our family is 
now involved in many other activities (such as rearing crabs in river cages, rearing pigs, chickens 
and ducks, which do not destroy the surroundings) …and “I’ve also been farming shrimps….but 
unlike people in other areas …we have not cut down the mangrove forest. My shrimp pond is 2,000 
m², dug in an area, where there were no mangroves.” Recently she also earned USD 200 from 
harvesting Nypa palm leaves for thatching roofs. …..The city has subsequently purchased 
additional 988 ha for USD 3.6 million, to expand the CGBR. (Phan Nguyen Hong, 2007: 53-57) 
[quote not relevant for calculation, but remains here, as generally interesting] 

• Mangrove planting: VNRC mobilized locals and paid them cash for planting (400,000 VND – at that 
time about 27 USD) for 1 ha of mangrove area, which is about 1 week of work for 5-6 people. 
Benefits of mangrove rehabilitation included:  

                         Timber: Thinning, VND 180 per tree, extraction of a mature tree VND 5,000 

                         Fish: VND 12,500 per kg/yield, 50kg yield per ha mangrove 

                         Honey: 0.21 kg/ha (Environmental Justice Foundation, 2003) 

[quote not relevant for calculation, but remains here, as generally interesting] 

• In a similar report to the International Federation of Red Cross and Red Crescent Societies (2011a) 
the International Federation of Red Cross and Red Crescent Societies (2001b) on ‘Planting 
Protection’ the costs for 1 ha of mangrove reforestation is deciphered with 777 USD / ha and based 
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on household survey results a 500% increase in local household income per ha income from 
mangroves on a mudflat is reported. [quote not relevant for calculation, but remains here, as 
generally interesting] 

• Own calculation: We (authors of this report) know that the annual protection cost for the Can Gio 
mangroves at our deciphered forest area of 38,293 ha is then 38293 times 725.000 VND, which 
equals 27,762,425,000 VND (27.76 billion VND) or 1.31 Million USD (conversion rate 11/2011); or 
– when calculated with an area of 35,265 ha it would be 25,567,125,000 VND or 1.20 million USD. 

 
4.1.2.8. Tourism related Value Quotes and own Calculations 

Le Kim Tho (2003) undertook an investigative survey in October 2002 to assess the economic distribution 
and institutions surrounding recreation/tourism development in CGMBR. Based on numerous interviews 
and local statistics he reports that tourism has significantly increased in past years – from 27,200 visitors in 
1997 to 240,000 in 2001. The CGMBR tourism growth rate therefore outgrows the one of Viet Nam, which 
was 30% in the late 90s. Infrastructure and services have quickly developed and highlights of the park at 
that time included large monkey troupes, a semi-natural crocodile pool, a historical museum, bird and bat 
sanctuaries, as well as the April 30th beach. Two big companies – Saigon Tours and Can Gio Eco Tourist 
Company – operate(d) the area at that time. Further parties involved in tourism include average local 
people, who buy seafood from fishermen or cool drinks and sell it to visitors, locals who rent away sun 
chairs, poor fishermen, who create a ‘second leg’ selling ready to eat seafood, while the richer part of the 
society get involved in running private guesthouses or restaurants. Furthermore, outsiders – rich people 
from HCMC – have bought up most of the shoreline land; either for own projects or for re-sale to Saigon 
Tourist after profitable land value speculation. The value of land increased tenfold from 1993 to 2003. 
Losers of the increase in tourism are – according to Le Kim Tho (2003) – poor fishermen. The tight control 
of forest access and fishing techniques, and the continuous decline of natural fish stock reduced the 
income of this sample group. In 2003 Li Kim Tho suggested that an appropriate proportion of the entrance 
fee of the Biosphere Reserve should be re-invested in conservation. Furthermore, he remarked that tourism 
must be kept within limits in the reserve. Tourism also brings with it the accumulation of solid waste, fluid 
waste, noise- and light pollution, as well as increased danger of land speculation. The area has only a 
limited carrying capacity. 

 

Table 4-5: Tourist numbers of Can Gio reserve from 2003 to 6/2011 as provided to us by the forest 
management board in 2011. 
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When looking at table 4-5 one might think that CGBR very accurately tracks how many international and 
how many domestic visitors visit the district every year. However, when looking at the data closely, you can 
see that the number of domestic visitors is always 85% of the sum of visitors, and the international visitor’s 
fraction is always 15%. We therefore cannot say if this data is correct, as we assume that the visitor 
proportion should change over time. However, this is the only data available to us, so we have to use it for 
calculation. 

For the first half year of 2011 258.504 visitors were reported in CGBR. For the whole year 2011 the number 
would then be 517,008 visitors. We assume that 15% of the visitors are international visitors, and 85% are 
domestic. For travel cost value estimation we assume the following relationships: 

Table 4-6: Travel Cost Value (TCV) estimates for Can Gio District as calculated by the authors 
 Travel 

price to 
come and 
go back 

Average 
number of 
days to 
visit 

Value of 
manpower 
during stay 

Spending per 
day (without 
ticket) 

Ticket 
spending 

Travel Coast 
Value 

Domestic 
from HCMC 
or the ‘South’ 
(85%) 

20 USD 2 48 USD
(assuming 

an average 
net salary of 

10 Mio 
VND/m)

71 USD
(hotel, food, 

tours)

4.3 USD 143.3 USD

International 
from Asia 
(1/3 of 15%) 

500 USD 
(:5) 

(plane and 
local 

transport) 

2 60 USD 90 USD
(hotel, food, 

tours)

4.3 USD 654.3 USD

(254.3 USD)

International 
from non-
Asia 
(2/3 of 15% 

1,500 USD 
(:5) 

(plane and 
local 

transport) 

2 288 USD
(assuming 

an average 
net salary of 
4320 USD)

90 USD
(hotel, food, 

tours)

4.3 USD 1882.3 USD

(682.3 USD)

 

According to table 4-6 we calculate two travel cost values: one TCV including the full fare of the travel costs 
of the tourists arriving by plane, and one where we divide this number by 4, as we assume that tourists, 
who come to Vietnam from Asia or even further (mainly USA and Europe) do not come exclusively for Can 
Gio, but will visit about 5 major destinations within the country (e.g. Can Gio, HCMC, Na Trang, Hue, Hanoi 
..) – this calculation then substantially reduces the tourism related ecosystem service value.  

With 517,008 tourists in 2011, of which 15% (77,551) are international tourists, and assuming that of these 
international tourists 1/3rd is from within Asia and 2/3rd are from outside of Asia, we have a travel value of: 

TCV = [51183(non Asia) * 1882.3 USD] + [25591(Asia) * 654.3 USD] + [439456(VN) * 143.3 USD] = 96,341,761 
USD(nonAsia) + 16,744,191 USD(Asia) + 62,974,045(VN) = 176,059,997 USD = 176.06 Mio USD; or when 
dividing the airfare by 5: 

TCV = [51183(non Asia) * 682.3 USD] + [25591(Asia) * 254.3 USD] + [439456(VN) * 143.3 USD] = 34,922,161.3 
USD(nonAsia) + 6,507,791.3 USD(Asia) + 62,974,045(VN) = 104,403,997 USD =104.40 Mio USD 

Based on table 4-5 and table 4-6 the tourism based ecosystem service value for Can Gio district ranges 
between 104.40 million USD and 176.06 million USD, depending on if one calculated international airfare 
with only one fifth or fully. Furthermore, we are confident that the number of international tourists has not 
remained at 15% as defined by table 4-5 – however, we have no better valid numbers from the reserve. 
Tourism value is probably even a bit higher, if we assume that since 2003 the international tourist fraction 
has increased. 

 
4.1.2.9. Carbon Sequestration related Value Quotes and own Calculations 

• According to Donato et al. 2011 mangroves are among the most carbon rich forests in the tropic, 
containing on average 1,023 t of carbon per hectare. Mangrove related soils are organically rich, 
ranging from 0.5m to 3m in depth and accounting for 49% to 98% of carbon storage in these 
systems. Even though mangroves contribute with only 0,7% to the overall tropical forest area, 
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Donato et al. assume that mangrove deforestation globally generated emission of 0.02-0.12 Pg 
carbon annually. [quote not relevant for calculation, but remains here, as it is interesting] 

• Tang Phuong Gian (2011) quotes sources according to which 22 year old Rhizophora apiculata can 
synthesize 155 kg C per day. [quote not relevant for calculation, but remains here, as it is 
interesting] 

• Carbon sequestration is worth 86 USD / ha / year in Thailand (Sathiratai, 1998) [quote relevant for 
calculation] 

• According to McNally et al. (2010) the REDD+ importance of mangroves is still underestimated. 
Mangroves have a very high GHG removal capacity, and thus a high potential to earn carbon 
revenues. How-ever, they underline that for such mangrove projects to be successful the benefits 
to the individual households must outweigh other opportunity costs. The low price and quantity of 
timber pre-destines this type of forest for protection. However, currently not enough scientific, 
species-specific data is yet available to calculate the GHG removal capacity of mangrove species 
in Viet Nam. However, based on a lot of compiled generalized knowledge the assumed costs and 
benefits if a mangrove carbon project in Viet Nam could be calculated (see table 4-8). 

 

Table 4-7: Above ground biomass for Rhizophora apiculata. Source: McNally et al. 2010 
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Figure 4-2: Above ground biomass and average sequestration for Ca Mau Province compared to sites in 

Thailand and Malaysia. Source: McNally et al. 2010 

 

Table 4-8: Assumed costs and benefits of a mangrove carbon project in Viet Nam. Source: McNally et al. 
2010 (it is important to note that with age the sequestration rate also decreases again – 6-10 
year old mangroves seem to have the best rate 

 

• Based on a study by Nguyen Thi Honh Hanh (2010) stating that one hectare of nine year old 
Kandelia mangrove forest contained 48.02 t of carbon in trees, the equivalent of 176.26 t of CO2, 
92.18 t of carbon in the soil (which compares to 50.76 t stored in a mudflat) it could be calculated 
that the positive impact of mangroves on carbon storage in soil is thus 41.42t per hectare, the 
equivalent to 152.01 t of CO2, while the emissions from one hectare of mangroves were found to be 
minor at 1.32 t CO2. The overall CO2 equivalent accumulated in one hectare of mangroves (for 
different plantation ages) is 326.95 t – a nine year old forest can even absorb 99.59 t more per 
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year. Extrapolating from this local research to accumulated carbon and CO2 absorption capacity, 
these authors found that the 8,961 ha planted have a value of 6539 USD per ha assuming USD 20 
per t CO2. The overall value of the 8961 ha of established forest are then 58.50 Mio USD, when 
assuming the future absorption value for the next years of 17,880 USD / ha this sum increases for 
160.22 Mio USD to 218 Mio (having applied a discount rate of 7,23%) The mangroves planted by 
VNRC will have absorbed at least 16.3 million t CO2 by 2025. (International Federation of Red 
Cross and Red Crescent Societies, 2011a). [quote relevant for calculation] 

• Own calculation: We calculate the following indirect ESV of CGMBR per hectare and year based 
on the above secondary sources available: 

 

Table 4-9: Carbon sequestration related ESV of Can Gio mangroves based on existing sources 
Source Info (for own 

derivation) 
Value in USD/ha/yr For Can Gio forest 

area of 38,293 ha  
For Can Gio forest 
area of 35,265 ha  

Sathiratai 
1998 

 86 3,293,198 USD 3,032,790 USD

Nguyen Thi 
Honh Hanh 
2010 

 6,539 250,397,927 USD 230,597,835 USD

Nuoc Nam 
quoted in Le 
Duc Tuan 
(2006) 

 55 2,106,115 USD 1,939,575 USD

McNally et al. 
2010 

CO2 
sequestration 
rate of 25.85 
tons CO2/ha 
(depending on 
age, this is an 
average 
calculated 
from table4-6) 

517
(considering USD 
20 per ton of CO2)

19,797,481 USD 18,232,005 USD

Average incl. 
Nguyen Thi 
Honh Hanh 

 68,898,680.25 USD 63,450,551.25 USD

Average exc. 
Nguyen Thi 
Honh Hanh 

 8,398,931.33 USD 7,734,790 USD

 

So the carbon sequestration benefit for Can Gio district mangroves (incl. Nypa, Phoenix etc.) ranges 
between 2.10 million and 250.39 million USD (considering an 38,293 ha area). The average of the numbers 
above would be 68.89 million USD. If neglecting the outlier numbers of Nguyen Thi Honh Hoa (2010) it 
would be 8.3 million USD. Calculating with a forest area of 35,265 ha the average is 63.45 million USD; 
neglecting the source of Nguyen Thi Hong Hoa it would be 7.73 million USD. It must be underlined that this 
is a per year (!) value. The benefit of carbon sequestration for the next ten years to come would range from 
83 to 688 million USD for an area of 38,293 ha, and between 77 million USD to 632 million USD for an area 
of 35,265 ha. 

 
4.1.2.10. Disaster Risk Reduction and Erosion Control related Value Quotes and own Calculations 

• Tang Phuong Gian (2011) states that a mangrove belt with a width of 1.5 km perpendicular to the 
coast can decrease wave energy by 95% before hitting the dyke. Coastal mangrove restoration is 
considered cheap (few hundred USD per ha), whereas the economic benefit can vary between 
8,000 to 12,000 USD. There are different estimates for the value of mangroves with respect to the 
coast protection function, ranging from 120 USD per household, via 3,700 USD per hectare, up to 
4,700 USD per ha – only considering the indirect coast protection benefit (Tang Phuong Gian, 
2011).[quote relevant for calculation] 
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• The Viet Nam Red Cross, VNRC, (International Federation of Red Cross and Red Crescent 
Societies, 2011a) reforested 8,961 ha of mangroves (less than 5% of mangroves in Viet Nam 
today) in over 166 communes, protecting about 100 km of sea dyke. The average value to create 
one ha of mangroves was 843 USD. The impact of this coastal reforestation program for disaster 
risk reduction was assessed in depth in Hai Phong, Thai Binh, Nam Dinh, Ninh Binh, Nghe An, and 
Ha Tinh and their respective communes. Avoided dyke damage (comparing typhoon events before 
and after mangrove plantation) amounted between 80,000 and 295,000 USD. These numbers are 
significantly lower than the costs for mangrove planting. When furthermore taking damages to 
private properties and public infrastructure behind the dyke into account as well the numbers 
skyrocket. Alone in Thai Do commune of Thai Binh, avoided losses of 4,990,700 USD were 
identified. In Gio An commune with extensive shrimp farms between dykes and mangroves avoided 
losses even summed up to 14,875,000 USD. Cynically, here the biggest beneficiary is shrimp 
farmers, who had long opposed mangrove plantation (International Federation of Red Cross and 
Red Crescent Societies, 2010). The programme spent 8.88 Mio USD from 1994 to 2010 
(represents USD 15 Mio today) and 50% of this cost went directly or indirectly into the plantation of 
mangroves. The overall costs of mangrove forest up to 2025 were calculated adding the protection 
fees paid by the DARD since 2006 (USD 7.5 / ha) leading to overall planting costs of USD 946 to 
USD 953 depending on the year of the planting. These are low per hectare costs, as many 
government programmes calculate with 1,500 USD / ha; in some cases up to 15,000 USD/ha. 
Costs could be kept low as community planting was involved to avoid outside worker’s costs, and 
the dominating species (Kandelia candel) does not inflict nursery costs. Furthermore, the flat and 
easily accessible plantation areas lead to this efficiency. Opposed to Wold Bank supported 
government projects also no shrimp farms had to be paid out or compensated. The estimated 
benefits and costs in selected communes are shown in table 4-10 below. (International Federation 
of Red Cross and Red Crescent Societies, 2011a); [quote relevant for calculation] 

• The value of mangroves can be up to 9,000 USD per hectare for protection from typhoons in China 
(IUCN 2008) [quote relevant for calculation] 

• According to Satirathai (1998) mangroves contribute with 2,990 USD / ha / year to erosion control 
[quote relevant for calculation] 

• Studies indicate that during storms mature mangrove trees can reduce wave height and energy by 
as much as 20% for every 100 m of forest (ADB2010). The Can Gio mangrove forests reduce 
flooding risk of HCMC inner districts.[quote not relevant for calculation, but remains here, as it is 
interesting] 

Table 4-10: Estimated benefits and costs in selected communes Source: International Federation of Red 
Cross and Red Crescent Societies 2011a 
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Based on all the above we calculate the following numbers: 

 

Table 4-11: Erosion control values of Can Gio mangroves based on existing secondary sources: 
Source Info (for own 

derivation) 
Value in 
USD/ha/yr 

For Can Gio area of 
38,293 ha of 
mangroves of which 
1/3rd is considered to 
be relevant for coastal 
forefront protection 
also along major 
rivers/large canals 
(12,764 ha) 

For Can Gio area of 
35,265 ha of 
mangroves of which 
1/3rd is considered to 
be relevant for coastal 
forefront protection 
also along major 
rivers/large canals 
(11,755 ha) 

Sathiratai 
1998 

 2,990 38,164,360 USD 35,147,450 USD

Tang Phuong 
Gian (2011) 

 8,000 – 
12,000

(average 
10,000)

127,640,000 USD 117,550,000 USD

IUCN (2008)  9,000 114,876,000 USD 105,795,000 USD
International 
Federation of 
Red Cross 
and Red 
Crescent 
Societies, 
2011a 

Based on table 
4-7 above 
protective 
benefits for Dai 
Hop (and others) 
can be divided 
by the efficient 
remaining 
mangrove forest 
(450h) yielding a 
protection value 
of 1504 USD/ha  

Dai Hop: 
1,504

Thai Do: 
17,033
Gio An: 
55,779

Average: 
24,772 316,189,808 USD 291,194,860 USD

Average  Average of 
the above:

11,690 USD

Average of the above:
149,217,542 USD
= 149.21 Mio USD

Average of the above:
137,421,827 USD

137.42 Mio USD

 
4.1.2.11. Filtering and Water cleansing related Value Quotes and own Calculations 

• According to Tang Phuong Gian (2011) 22 hectares of mangroves can filter waste water for each 
hectare of intensive shrimp farming. Only 1.8 to 5.4 ha of mangroves can remove the nitrates from 
1 ha of intensive shrimp farming.[quote relevant for calculation] 

• Own calculation: Based on this information we can calculate the following: A one ha shrimp pond 
with an average water depth of maximum 1,50 m (usually the people can stand inside the water) 
hold 15 million liters of water. This means that a mangrove area of 38,293 ha can filter 1740 ha of 
shrimp farming area (38,293 was divided by 22). 1740 ha of shrimp aquaculture would hold 
26,100,000,000 = 26 billion liters of water. If we calculate with an area of 35,265 ha then it would be 
1,602 ha of shrimp aquaculture area, which could be filtered, so 24,030,000,000 = 24.03 billion 
litres of water. However, as from the Tang Phuong Gian quote no timely factor can be derived, it is 
not clear how to set the numbers we calculated in relation to the costs of water treatments plants – 
but calculations, such as the one presented here, hold the potential to be extended to derive the 
indirect ESV for water filtration. 

4.1.3. Ecosystem Service Value Table for Can Gio Mangroves 

Table 4-12 below depicts the ecosystem service value for Can Gio mangroves of Can Gio district: 
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Table 4-12: Ecosystem service values of the mangroves (incl. Nypa, Phoenix) in Can Gio 

Type of 
good / 
service 

Product / Function Type of 
value 

Value 
method 

Value (per 
year) 

at an area of: 

38,293 ha 

Value (per 
year) 

at an area of 

35,265 ha 

Wood and 
leaves 

Mangrove wood for 
construction wood 
and fire wood 

direct Market 
price 

12,727,623 
USD

12,727,623 
USD

(same, because 
depends on 

household 
number)

Fertilizer from 
Avicennia leaves (for 
fish nutrition) 

direct Market 
price 

Could not be quantified

Decorative carvings 
from roots and wood 
of Rhizophora 
(chopsticks up to 
chairs) 

direct Market 
price 

Could not be quantified
(but observed a lot)

Cork (e.g. from 
Sonneratia 
pneumatophores) 

direct Market 
price 

Not observed and not reported in 
Can Gio 

Medicine (in southern 
Viet Nam 11 species, 
which are presented 
in Environmental 
Justice Foundation 
(2003:10)) 

direct Market 
price 

Not observed and not reported in 
Can Gio 

Tannins and dyes for 
leather from the bark 
of a range of species, 
especially 
Rhizophora and 
Ceriops 

direct Market 
price 

Not observed and not reported in 
Can Gio 

Honey from hives in 
mangroves 

direct Market 
price 

Not observed and not reported in 
Can Gio  

Fish poison (from 
Derris trifolata and 
Aegicera 
corniculatum roots) 

direct Market 
price 

Not observed and not reported in 
Can Gio 

Fish-related Fish catch in 
mangrove area 
directly (primary 
source) 

direct Market 
price 

14,780,000 
USD

(same, because 
depends on 

household 
number)

14,780,000 
USD

(same, because 
depends on 

household 
number)

Marine fish catch 
cultural related to 
mangrove area 
(secondary source) 

direct Market 
price 

81.34 Mio USD 74.91 Mio USD

Aesthetic / 
Recreation 

Income from tourists indirect Surrogate 
/ travel 
cost 

176.06 Mio 
USD 

(calculating the 
full travel cost)

176.06 Mio 
USD 

(calculating the 
full travel cost)
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104.40 Mio 
USD

(calculating 
1/5th of intl. 

airfare)

104.40 Mio 
USD

(calculating 
1/5th of intl. 

airfare)

Protection Shoreline protection 
leading to the 
avoidance of 
maintenance costs 
for sea dykes 

indirect Replace
ment of 
damage 
avoidanc
e cost 

149.21 Mio  
USD

137.42 Mio 
USD

Climate 
leveling 
and GHG 
control 

Carbon sequestration indirect  8.3 million 
USD to

68.89 million 
USD (1 yr)

[83-688 million 
USD for the 

next 10 years]

7.73 million 
USD to

63.45 million 
USD (1 yr)

[77-632 million 
USD for the 

next 10 years]
Filtration, 
water and 
air 

Water treatment     
Soil purification   Could not be quantified 
Air freshening   Could not be quantified 

Ecology 
and 
Biodiversity 
Services 

Biodiversity 
maintenance 

  Could not be quantified 

Pollination   
Nutrient cycling   
Habitat   

Cultural / 
Spiritual 

 existence  Not observed 
and not 
reported in Can 
Gio 

 

 

Based on the above numbers we can sum up the ESV values simplified for the larger area and for the 
smaller area based on the lower estimates and the higher estimates respectively, as this is presented in 
table 4-13 on the next page. 

It can be noted here that the per hectare values of a smaller mangrove area are actually higher than for the 
larger area. This seems illogical and should actually not be the case – however, some values are area 
related (such as indirect fish-catch, erosion control, or carbon sequestration), while others remain identical. 
No matter if we assume a mangrove area of 38,293 ha or of 35,265 ha: the Travel Cost Value (tourism) 
remains identical, as it simply depends on the number of tourists. The same is true for direct fish catch or 
timber extraction, which depends on the number of households. 

The overall ESV we derive for Can Gio forest area ranges between 358 million USD and 503 million USD. 
These are purely the mangrove related services, which we could quantify. Mangrove related services, 
which we could not quantify (see empty fields in table 4-12) are not included. The values for filtration, 
biodiversity, as well as cultural values could not be deciphered – however, the ecosystem service value of 
Can Gio mangroves is much higher than these approximated numbers indicate. Furthermore, we did not – 
like Le Duc Tuan (2006) include an additional existence value into the calculation. Le Duc Tuan’s (2006) 
existence value is a value, which he retrieved, by asking the people how much they think one hectare of 
mangrove is worth. However, when locals answer this question they automatically have in mind – even if 
not very clear – the direct and indirect benefits they receive from the mangroves, the land price in the area 
and other influencing factors. The question on ‘how much do you think it is worth?’ is therefore not the right 
question to derive an existence value. Strictly speaking (and as elaborated before), an existence value is a 
value, which is independent of current or future uses, such as e.g. the value of a species existing and not 
going extinct, they can be measured for example via donations that go to conservation organizations etc.). 
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Table 4-13: Summarized ESVs for CGMBR as derived from primary and secondary data for different 
scenarios (larger area versus smaller area and lowest values versus highest values) 

Highest estimates Lowest estimates 

larger area 38,293 ha Larger area 38,293 ha 

timber related 12,727,623.00 12,727,623.00 
fish direct 14,780,000.00 14,780,000.00 
fish indirect 81,344,100.00 81,344,100.00 
tourism 176,059,997.00 104,403,997.00 
erosion control 149,217,542.00 149,217,542.00 
carbon sequest. 68,890,000.00 8,300,000.00 
SUM 503,019,262.00 370,773,262.00 
value per ha 13,136.06 9,682.53 

    
smaller area 35,265 ha smaller area 35,265 ha 

timber related 12,727,623.00 12,727,623.00 
fish direct 14,780,000.00 14,780,000.00 
fish indirect 74,911,900.00 81,344,100.00 
tourism 176,059,997.00 104,403,997.00 
erosion control 137,421,827.00 137,421,827.00 
carbon sequest. 63,450,000.00 7,730,000.00 
SUM 479,351,347.00 358,407,547.00 
value per ha 13,592.84 10,163.27 

 

So we did not include our survey results on ‘how much for you think a hectare of mangrove is worth?’ into 
the calculations. In chapter 2 it was already presented that we had asked people how much they consider 
one ha full of mangroves to be worth. The average answer was 17,656 USD/ha. Multiplied by a tree 
covered area in Can Gio of 38,293 ha this would be an overall value of 676,101,208 USD, so 676.10 
million USD. Assuming the smaller area of 35,265 ha this would be 622,638,840 USD; so 622.63 million 
USD. If we would add these numbers to the sums of table 4-13 (which we do not, as we also fear double 
counting), the ESV of Can Gio mangroves would range well above 1 billion USD. 

 

4.1.4. Ecosystem Service Value Map for Can Gio District 

With the following figures we present the ecosystem service value maps of the ecosystem services we 
could quantify based on spatial data for different administrative units. Figure 4-3 below presents the 
following phenomenon. We see the core zone of Can Gio district (in the center), the buffer zone around it, 
and the transition zone, which mainly extends in the North, Northwest and South of the District. On the left 
side of figure 4-3 the ESV was assigned based on the hectare of mangroves in the area. As the buffer zone 
is by far the biggest zone, it also has the largest mangrove coverage and therefore seems to be the most 
valuable zone. The ESV of the mangroves in the buffer zone is 367,900,000 USD, of the core zone it is 
76,970,403 USD, and the transition zone has a value of 58,205,692 USD. The buffer zone has the highest 
value, the core zone the second highest value, and the transition zone has the lowest value. Even though 
the transition zone (21,127 ha) is nearly three times as big as the core zone (which is 7,437 ha) the core 
zone still holds much more mangroves than the transition zone. 

On the right side of figure -4-3 we normalized the values by dividing the value of the zone (which depends 
on the amount of mangroves in the zone) by the overall area of the zone. This now does not yield any 
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quantitative values anymore, but shows that the core zone has – with respect to its size – the densest 
mangrove cover. Mangrove cover here is higher than in the buffer zone and in the transition zone. 

 

 

Figure 4-3: Ecosystem Service Value ranking based on hectares of mangrove coverage within the three 
major administrative units of Can Gio, being the Core zone, the buffer zone, and the transition 
zone (left), as well as normalized through dividing the mangrove covered area by the overall 
area of the zone (indicating mangrove density (right). Average per ha values of the zones are 
USD 10,530 in the core-, 8,476 in the buffer-, and 2,755 in the transition zone. 

 

We will further look at the individual 33 forest compartments, which exist within the core zone and the buffer 
zone. Figure 4-4 presents these compartments, which range in size between a few hundred hectares (the 
smallest one 310 ha) and up to (the biggest) 4534 ha. In the graphic below one can see one major flaw of 
these compartment shapes: they do not only include land area but also the water areas of rivers and 
canals, as well as – in the South – quite a bit of ocean area. If we look at the most south-western 
compartment, we can see that only half of the area if covered with mangroves, as the other half or even 
more of this compartment is located in ocean waters. When normalizing the values of the compartments by 
dividing them through the area of the compartment (just as presented in 4-3, and as it will be presented in 
figure 4-6) this leads to slight distortions. However, we do not have better data available and do not want to 
artificially change compartment shapes. 

N 
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Figure 4-4: Administrative borders of the33forest compartments of CGMBR superimposed on the overall 
mangrove area of the district. 

 

Figure 4-5 below presents the ecosystem service values of mangroves for the different forest 
compartments. The33different colour represent ESVs of the compartment in USD, as depicted in the 
legend. The different compartment’s mangrove related ESV value ranges between 3,024,720 USD and 
28,140,434 USD. However, the value purely depends on the mangrove area within the compartment – also 
independent on if it is older mangroves, younger mangroves, natural or replanted mangroves, or which 
species is dominating. As the ESV values for the direct and indirect values could not be differentiated for 
the different classes, the remote sensing based differentiation of mangrove types could not be fully put into 
effect for ESV calculation, as the primary data and the secondary data for value definition did not contain 
this detail. 

N 
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Figure 4-5: Mangrove based ecosystem service values of the individual forest compartments independent 
on mangrove density and type; purely based on mangrove area in hectares within the 
compartment. ESVs in the legend are in USD. 

 

Figure 5-6 below presents the relative ESVs of the individual forest compartments after normalizing the 
values, by dividing the ESV (which was based on the mangrove area) through the area of the compartment 
(actually a measure for mangrove density). It becomes obvious now that the core zone area contains the 
compartments with the highest mangrove densities. The same applies for the reforested area in the North 
and Northwest. However, the value of several compartments if flawed due to the large water areas 
dissecting Can Gio. The mapping of ESVs – also in the spatial domain – could be driven much further than 
what is presented here. Better normalization through the masking of water areas, and even a ‘weighting’ of 
different mangrove types in the calculation of the ESV could lead to even finer values and results than the 
ones presented here. However, this is not in the scope of the present work anymore. 

N 
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Figure 4-6: Ecosystem service values of the individual forest compartments normalized via the division 
through the compartment area – a measure for mangrove density. Legend values now decipher 
an average value in USD per hectare. 

4.2. Payment for Ecosystem Services, PES 

PES is an increasingly popular market instrument to translate environmental services into financial 
incentives for the landowners or people preserving the ecosystem that provide the service (Wünscher et al. 
2008). PES policies compensate communities or individual for undertaking actions, which increase the 
provision of ecosystem service, ES, such as carbon sequestration, water purification or numerous others. 
To reach behavioral change in the target groups of interest PES schemes rely on incentives to induce such 
change. Therefore PES can be considered an incentive- or market-based mechanism for environmental 
policy (Jack et al. 2007). A PES approach basically bases on the straightforward principle that individuals or 
communities are paid to undertake actions which are in favor of the ecosystem. A widely accepted formal 
definition by Wunder (2005) is: PES is a “voluntary arrangement, where a well defined environmental 
service is being ‘bought’ by a (minimum of one) service buyer who compensates (a minimum of one) 
service provider – and does so if and only if the service provider continuously secures the provision of that 
service over time (conditionality)” (Wunder, 2005: viii). Good established service schemes can be found in 
countries such as the USA, Germany, Costa Rica, to name only a few countries. 

N 



 
 

88

Incentive based mechanisms include charges (user fees, taxes, deposit-refund systems), tradable permits 
or subsidies (e.g. including tradable development rights or markets for pollution reduction), and 
mechanisms of market friction reduction. The Kyoto based certified emission reduction markets are one 
example – one of them being for example the Clean Development Mechanism, CDM; where annex 1 
countries (industrialized countries) can reduce emission in developing or emerging countries to receive 
emission reduction certificates (Kuenzer, 2007). To proof emission reduction effectiveness as well as 
longevity (emissions need to be reduced for a predictable amount of time) a baseline for emission reduction 
will have to be established (e.g. how much emission would be released to the atmosphere, if the beneficial 
activity of XYZ (e.g. improvement/minimization of factory exhaust, or planting of trees) would not take place. 
Baseline estimation and future improvement will be closely monitored by CDM auditing service companies 
under the supervision of e.g. the TÜV. Some PES policies were already initiated before the term PES was 
used. So for any PES it is important that it is additional – this means it must be ensured that a behavioral 
change happens, which would not take place without the PES. Several countries have paid their farmers 
incentives to convert conservative agricultural land into organic agriculture, to plant permanent crops on 
sensitive agricultural land, or to retain valuable hedge or wild fruit tree biotopes (Jack et al. 2007). The PES 
schemes can be funded in multiple ways: for example via government funds derived from the national 
budget, via large scale project funds of environmental NGOs, via high entry prices for site access, via other 
types of tourist fees, via taxes (however, in that case not fully voluntary), or via private foundation funds, to 
name only a few. A very comprehensive although short overview on how to set up a PES scheme is given 
by Forest Trends et al. (2008). 

Costs included in a socially sound PES scheme include not only the costs of implementation, but also so 
called transaction costs (e.g. costs to negotiate contracts, or performing scientific baseline studies), and 
especially ‘opportunity costs’. Opportunity costs, which are foregone alternative productive uses if the 
resource were not to be protected (e.g. in areas where mangrove clearance is not forbidden a PES scheme 
aiming at the voluntary preservation of mangroves must indirectly compensate the service-provider for 
possible margins he could have received from other uses of the land – e.g. aquaculture. However, a very 
poor farmer in Viet Nam could hardly set up an aquaculture business, and therefore costs will also always 
be determined based on realistic income alternatives in case the PES scheme would not step into action. 
According to Jack et al. (2007) PES policies can even help to alleviate poverty if the poorest providers (of 
the service to protect) are also those with the lowest opportunity costs. 

However, it must also be mentioned that PES policies achieve better results in places with well-functioning 
civil institutions than in places with weak, overlapping, gapping or inconsistent legislative structures (such 
as e.g. Viet Nam). As shown in figure 4-7 a lot of unclarity (redundant legislation or gaps) exist in Vietnam, 
where the monitoring of mangrove is actually under the auspices of MONRE and MARD. According to 
Hawkins et al. (2010) “there is no clear roadmap for coordination, information sharing, or defense. Nor is it 
clear which goal take precedence when there is a conflict, for example, where aquaculture development 
under the DARD is harmful to protected wetlands under the DONRE. This confusion will undermine 
mangrove PES, which could be subject to multiple layers of inconsistent legal requirements. This can also 
create a regulatory void. The XTNP park director (director of Xuan Thuy National Park, a mangrove area in 
the North of Vietnam) commented that because XNTP falls between the jurisdiction of MARD and MONRE, 
it is not supervised or supported by either ministry (Hawkins, 2010:19). 

However, here PES schemes can be driven by- or at least framed by non-state actors, such as NGOs, 
which provide their own monitoring and enforcement capacity (Jack et al. 2007). At the same time, it must 
be noted that it “is unlikely that a PES approach will always be able to simultaneously improve livelihoods, 
increase economic services, and reduce costs (Jack et al. 2007:9469). 
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Figure 4-7: Government institutional structures responsible for mangrove management. A lot of redundant, 
conflicting, and unclear responsibilities exist. Source: McNally et al. 2010 

 

A report named “Payment is good, control is better: Why payments for forest environmental services in 
Vietnam have so far remained incipient” was published in 2005 by Wunder et al. (2005). The authors come 
to the conclusion that one can find a number of incentive schemes in Vietnam, which can be considered 
PES-like initiatives, but that a PES principle, as based on the definition given above (“voluntary 
arrangement, where a well defined environmental service is being ‘bought’ by a (minimum of one) service 
buyer who compensates (a minimum of one) service provider – and does so if and only if the service 
provider continuously secures the provision of that service over time (conditionality)” has not been 
implemented in Viet Nam so far. Reasons for this are that: 

• No real land use choice exists in Viet Nam as the state fully owns the land and completely controls 
land use choices, so payments are just “and icing on top of the command-and-control cake” 
(Wunder et al., 2005:viii). They state that in their “fieldwork [in Viet Nam’s forest] we did not find a 
single case of protection payments for land with free land use choice. The households were in 
charge of protection, but had little de facto leverage on land and resource use. Thus, in some 
cases on can think of payments as a performance based forest-range salary” (:ix). 

• True conditionality is not given: Payments are not really conditional in a way that compliance to 
service provision is monitored and payments would be withheld in the case of non-compliance (in 
chapter 2 of this document we have already learned that numerous forest managers are involved in 
illegal mangrove utilization, and it seems that these activities have no consequences. Furthermore 
forest managers refrain from reporting other illegal acts to the forest management board as own 
family clan members or friends might be involved) 

• In some cases too low payments. Wunder et al. (2005) state that sometimes payments make up 
only 1-2% of the household income (we could not confirm this, in Can Go forest managers salaries 
contribute usually with 70-90% to the overall household income). While in 2005 Wunder et al 
reported annual protection salary payments of 50.000 VND / ha, nowadays in Can Gio payments 
are 725.000 VND per ha. A forest manager with 30 ha of land would receive 21,750,000 VND per 
year, which equals 1041 USD and is about the average Vietnamese income. 

The closest Viet Nam until 2005 came to PES schemes were two programmes called 327 and 661 
programme by the United Nations World Food Programme. Under these programmes local people received 
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cash incentives through forest management contracts to reforest and protect forest land; so they protect the 
government land rather than their own land (like in Can Gio). According to Wunder et al. (2005), even 
though secure land tenure is already better than short term land tenure, it is not a sufficient condition for 
more efficient and sustainable use of natural forests. However, according to our experience in Can Gio and 
the interviews with the farmers it is actually good that most land in Can Gio is not owned! If the forest 
managers owned the land and were not restricted in its use most forest managers would definitely turn the 
land into aquaculture for shrimp farming. 

One important aspect to understand where payments are likely to work, and which payments are necessary 
“requires and understanding of local drivers of mangrove loss” (Hawkins et al. 2010). Based on our findings 
the main driver for mangrove conversion in Can Gio nowadays (see chapter 2) are the desire of many 
people to transfer mangrove land into aquaculture land (which is slowly even happening within the reserve), 
as well as the illegal logging of mangroves for subsistence purposes and income generation purposes. 
Especially the high returns available from aquaculture (and already the forest managers knowledge about 
these returns, even if they are not involved in it) make it difficult to create payments high enough that they 
can compensate for the opportunity costs or at least the desire to achieve a higher monthly income – even 
if it is at the cost of exploiting the resource under the ‘excuse’ of subsistence. Hawkins et al. (2010) confirm 
this observation stating that their “interviewees argues that high income returns from environmentally 
damaging activities, rather than the lack of understanding of the law, drive mangrove loss.” (:21). However, 
when thinking about improved management or payment schemes in Can Gio a comment of a participant in 
the group discussion of a PES conference organized by IUCN (2008) should be kept in mind: “To me, PES 
is a reward for providing an ecosystem service and a compensation for the costs you incur in providing that 
service. It is not a reward for not polluting or not degrading. … I should not be paying you not to pollute (or 
to degrade) because then I am rewarding the avoidance of illegal behaviour. To me there is a key 
difference. I am paying you to provide and ecosystem service. I am not compensation you for not carrying 
out illegal services. Legality does come into it. We should be rewarding people for voluntarily engaging in 
good services”. (IUCN, 2008:38). The question is if the ‘time is already ripe’ for fully voluntary 
environmental protection in Can Gio. 

Existence or non-existence of ‘real’ PES does not really play a role at this stage: a large amount of helpful 
work can be undertaken in Viet Nam – because first steps of environmental incentives (which, however, 
can not only be the monetary benefit but must be framed by extensive training and capacity building) are 
the right step to increase environmental awareness, combine protection with market instruments, improve 
cooperation among stakeholders and locals, and pave the way for future successful PES schemes. Paving 
the way for the PES schemes “the government must ensure that PES revenues flow to the local 
people…that are responsible for ensuring the continued provision of ecosystem services. While new 
policies have indicated the state’s willingness to direct PES money to communities and to local people, 
effective benefit sharing and enforcement mechanisms are not yet available. Emerging laws and regulation 
must ensure that a large proportion of PES revenues is channelled to local people and is not capture by 
Management boards or local elites.” (Hawkins et al. 2010:28). 
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5. Recommendations for Action in Can Gio 

The safeguarding of habitats can be achieved through educational, eco-environmental, technologic and 
political means. In the context of Can Gio mangrove habitat protection these can be: 

• Educational: general environmental change and climate change education programs for different 
groups (comprising geography, ecology, basic natural sciences, interactions of population and 
environment, strengthening awareness for the value of ecosystems, fostering information 
sharing, etc.) and specific mangrove related education (what are the direct and indirect values of 
mangroves for peoples livelihood, how do they benefit from this ecosystem; what would they 
lose if the mangroves were lost; how would mangrove disappearance impact other ecosystems 
etc.); furthermore: education on mangrove re-forestation: which species in which area; which 
reforestation techniques are useful and can lead to sustainable long term growth, which 
mangrove forest management techniques etc. 

• Eco-environmental: Environmentally adapted utilization of resources, installation of protection 
zones, nature- and national parks, mangrove re-forestation with suitable species and in suitable 
areas, avoidance of practises leading to land subsidence and degradation 

• Technologic: protection against shoreline erosion and diminishing of wave-force impacts, 
improving existing dykes and other protective construction, waste water treatment, water saving 
technology, garbage disposal facilities, sustainable ‘green community’ development. Specifically 
for mangroves: re-forestation, canal protection (no speed boats), water quality monitoring and 
improvement, etc. 

• Political: political lobby work – especially by educated stakeholders and NGOs aware of the 
situation e.g. IUCN, to lead to the conviction for urgently needed political measures (decrees, 
rules, laws) to be implemented by political decision makers. 

The first three will not be realized if no political backup is available. Thus, it is a major aspect to integrate 
stakeholder and decision makers at varying political levels into environmental protection endeavours. Here, 
studies like the one presented shall depict for the stakeholder which monetary potential is lost if the 
ecosystem is lost. Often times, decision makers (who might have studied law or business, or might not 
have studied at all) are not necessarily environmentalists – especially not in countries, where economic 
growth and an increase of the GDP seems to be the major goal. Here, the understanding that the loss of 
1ha of mangroves will not only lead to the loss of ‘some green trees’, but the loss of a large variety of direct, 
indirect, and existence values, quantified in a monetary sum per hectare, can often lead to the immediate 
understanding that this ecosystem needs to be protected by law, and that law enforcements needs to be 
secured for the benefit of all. 

Based on the findings of this report, we see the following immediate actions that should be taken in Can 
Gio: 

Training and Education: 

• Training and education especially via radio broadcasts, billboards, plays and performances by 
school children, educational materials for households for all Can Gio inhabitants should be 
strengthened. Here, especially teacher education is important, as they act as multipliers. So special 
programs should be designed to teach teachers of elementary, secondary and high schools, how to 
bring the topic of mangrove ecology, mangrove ecosystem values, and mangrove protection 
across. 

• As it showed that especially shrimp farmers have (or want to have) little understanding of the 
ecosystem services provided by mangroves, and that the positive aspects of mangroves are 
severely undervalued, there should be special educational measures for the shrimp farmer group 
specifically. 

• Stakeholder trainings should transport knowledge on mangrove ecology, ecosystem service values, 
and the philosophy behind PES approaches. This should include trainings in community based co-
management approaches for the mangroves and wetlands for stakeholders jointly with selected 
communities. 

• Lobby work by scientists, informed stakeholders and NGOs such as IUCN to spread the findings of 
reports like this one – optimally also in highest quality local language translations, to reach a broad 
audience. 

• Strengthening the gap between social scientists and natural scientists in terms of PES 
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Political, focusing on compliance and investments: 

• At local scale: Even many forest manager’s main motivation to be a forest manager is the regular 
monthly income. Only 5% of forest managers claimed the will for environmental protection as the 
main reason for their activities. This will for protection should be strengthened within this group. 
Even though 100% of forest managers state that mangroves should be protected, two thirds 
knowingly still engage in illegal mangrove wood cutting activities to receive construction wood or 
fire wood. The forest manager seems to be a low-risk job (compared to e.g. shrimp farming), which 
enables the benefit of both: a monthly income plus the legal and illegal exploitation of resources. To 
us (via the director of CGBR) only two cases are known for all past 10 years since set up of the 
reserve where forest managers had to give up their status or quit their position as they acted 
against regulations valid within the protected area. However, fines for improper behavior within the 
reserve should exist and also the extension of contracts should be related to a monitoring of 
compliance. Development of c 

• At local scale: Illegal logging of mangroves no matter by which party should heavily be fined – 
especially if undertaken repeatedly. Under all costs it has to be avoided that the aquacultural area 
spreads further into the reserve. However, as many reserve inhabitants could not afford the high 
market costs for construction or fuel wood, which would make up over 25% of their annual income, 
alternative heating or cooking opportunities should be encouraged and subsidized (solar stoves 
e.g.) 

• At district and provincial scale: Regulatory tools to enable and force Can Gio district and reserve to 
re-invest part of the benefits of tourism and eco-tourism into the protection and maintenance of the 
forests. Furthermore, regulations of the number of outside tourists allowed within the reserve, so 
that the carrying capacity of the region is not exceed and that tourism related pollution with 
effluents, wastes, noise and light can be minimized. 

• At national scale: Clarification of responsibilities between MARD and MONRE, discarding and 
improving overlapping regulations and filling regulatory gaps in the legal framework activated with 
respect to the management of Can Gio district’s and the reserve’s mangrove forests. 

 

Political, focusing on transport restrictions: 

• Freight ships entering Viet Nam from the ocean to reach HCMC harbor should not be allowed to 
pass through the rivers dissecting the reserve, but should be confined to travel in the main channel 
defining the western border of Can Gio district. In this way shoreline erosion within the reserve can 
be diminished, and the shoreline mangrove stands can be protected. 

• Other ships within Can Gio reserve (local transport, tourist boats, and smaller ships aiming at 
HCMC etc.) should not exceed a certain maximum speed. The level of this maximum speed must 
be defined according to wave generation and shoreline effects. Shoreline erosion in the reserve’s 
canals should be prevented under all circumstances. 

• The set up of (more) ranger stations at canal entryways and at waterway intersections could help to 
control access into remote areas of the reserve and could also serve the supervision of boating 
speed. Furthermore, special rangers especially equipped with good means of transport and 
technology (similar to National park ranges) should be installed, which are able to fine against 
illegal behavior and to patrol the area more efficiently than the average forest manager. 

 

Reforestation: 

• Reforestation programs with suitable species along the southern coastline of the reserve – 
especially in the Southwest and Southeast and around channel-mouths are needed to secure the 
main canals better against storm events, wave impacts and associated mangrove loss. Despite 
slow sea level rise it should be tried to extend mangrove density and health especially along the 
southern coastline 

• Reforestation programs with suitable species along the northern border of the reserve. The 
aquaculture area in the North and Northwest of the reserve is spreading rapidly and it has to be 
ensured that ‘forefront’ mangroves are healthy and depict solid boundaries not to be threatened by 
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illegal thinning. A pro-active reforestation in these transition zones can most probably prevent 
illegal logging and the further spread of the aquaculture area. 

• In both cases species for reforestation and planting schemes have to be chosen carefully. 
Monoculture plantations encourage pest attacks – for example in a 1984 Oxfam project 40% of 
planted mangroves were lost due to pests. Increased planting diversity is crucial. At the same time 
high densities of planting intervals (closer than 0.7 m) are critical as growing plants rapidly reduce 
sunlight and thereby the leaf decomposition rates. More information exchange and communication 
on the success and failure rates of reforestation programs is needed (Environmental Justice 
Foundation, 2003). Furthermore, several authors found that natural or artificial gabs within 
plantation areas (e.g. from lightning) can positively affect the transition dynamics of plantations to 
more natural forests (Kautz et al. 2011, Vogt et al. 2011). An very good manual for mangrove 
reforestation – although site specific – can be found in Pham Trong Thinh et al. (2009) 
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6. Proposed further Scientific Assessments 

Here we propose some further possible scientific assessments, which could be delivered to the IUCN or 
other interested NGOs and stakeholder with respect to Can Gio district and the mangrove Biosphere 
Reserve: 

• High precision remote sensing based forest area mapping based on specifically acquired below-1m 
resolution Quickbird data and image segmentation approaches. Mapping of classes such as 
‘lightning gaps’, ‘illegal logging scars’, ‘thinning scars’, ‘reforestation areas’, different ‘mangrove 
density’ classes, ‘settlement’, ‘industry’, ‘salt and aquaculture pond’ differentiation and assessment 
of water quality within the reserve’s and districts canals (sedimentation load, colored dissolved 
organic matter) 

• Remote sensing based monitoring of Can Gio area’s development and land use change over the 
upcoming 3-5 years, accompanied by field validation and mapping campaigns 

• Net Primary Production derivation (NPP = annual additional carbon uptake) and biomass derivation 
based on time series of remote sensing data based on dynamic NPP derivation models, to assess 
NPP development since the year 2000 up to today. 

• Measurement campaign of Above Ground and Below Ground Carbon storage in mangroves, 
separated for green biomass (leaves and litter), woody biomass (stems and twigs), root biomass 
(below ground biomass) for the major different mangrove species in Vietnam; including installation 
of Eddy Flux Towers in Can Gio Mangrove Biosphere Reserve and other mangrove areas. 

• In depth analyses of the legal framework including the informal sector explicitly applicable in the 
Can Gio area to assess, how the enforcement of laws, rules, and regulations is happening. Such 
an assessment can pave the way for effective implementation of protection measures well 
embedded in a local, regional and national political context. 

• Development of a PES scheme for Can Gio district explicitly, depicting opportunities for funding, 
possible payment schemes, and implementation pathways 

 



 
 

97

 
 
 
 
 

Chapter 7:…
References and Links… 



 
 

98

7. References and Links 

Adger, W. N. et al.: Property rights and the social incidence of mangrove conversion in Viet Nam. In: 
CSERGE Working Paper GEC 97-21 

Asian Development Bank (2010): Ho Chi Minh City Adaptation to Climate Change. Summary Report. 
http://www.adb.org/documents/reports/hcmc-climate-change/hcmc-climate-change-summary.pdf 

Blasco, F. et al. (2001): Depletion of the mangrove of Continental Asia. In: Wetlands Ecology and 
Management 9, pp 245-256 

Can Gio Mangrove Forest Management Board (no date): Internship Placements in Can Gio, Viet Nam. 

Costanza, R. (2006): The Value of New Jersey’s Ecosystem Services and Natural Capital, Gund Institute 
for Ecological Economics, Rubenstein School of Environment and Natural Resources, University of 
Vermont, Burlington (Project supported by: Contract # SR04-075 William J. Mates, Project Officer New 
Jersey Department of Environmental Protection Division of Science, Research, and Technology PO Box 
409, Trenton, NJ 08625-0409) 

CRES/ VNU: Mangroves in Vietnam (http://library.enaca.org/mangrove/inception/vietnam-overview2.pdf) 

De Graaf, G. J. and Xuan, T. T. (1998): Extensive shrimp farming, mangrove clearance and marine 
fisheries in the southern provinces of Vietnam. In: Mangroves and Salt Marshes 2, pp 159-166 

Donato, D. C. et al. (2011): Mangroves among the most carbon-rich forests in the tropics.    Nature 
Geoscience. 4. (293–297) 

Environmental Justice Foundation (2003): Risky Business: Vietnamese shrimp aquaculture impacts & 
improvements, London, UK  

FAO (2007): The world´s mangroves 1980-2005. A thematic study prepared in the framework of the Global 
Forest Resources Assessment 2005. (ftp://ftp.fao.org/docrep/fao/011/i0196e/i0196e14.pdf.) 

Forest Trends, Katoomba Group, and United Nations Environment Programme (2008): Payments for 
Ecosystem Services: Getting Started: A Primer, In: Forest Trends, The Katoomba Group, and UNEP 

GTZ (2008): Viet Nam: Mangrove protection is coastal protection. Expansion of shrimp farming in the 
Mekong Delta increases the danger of flooding and the extinction of species 
(http://www.gtz.de/en/presse/23696.htm)   

Pham Trong Thinh, Hoang Thoi, Tran Huy Manh, Le Trong Hai and K. Schmitt (2009): Management of 
Natural Resources in the Coastal Zone of Soc Trang Province: Tool Box for Mangrove Rehabilitation and 
Management. (58 pp) 

Hawkins, S. et al. 2010.Roots in the Water: Legal Frameworks for Mangrove PES in Vietnam. Katoomba 
Group’s Legal Initiative Country Study Series. Forest Trends: Washington, DC. www.forest.trends.org (no 
ISBN, 54 pp) 

Hirose, K. (2004): Satellite data application for mangrove management. International Symposium on 
Geoinfomatics for Spatial Infrastructure Development in Earth and Allied Sciences 2004. 

Hirose, K. et al. (2011): A case study of mangrove forest monitoring in Can Gio district, Southern Vietnam. 
Tokyo, Japan. 

International Federation of Red Cross and Red Crescent Societies (2011a): Breaking the Waves: Impact 
analysis of coastal afforestation for disaster risk reduction in Viet Nam, Geneva, Switzerland 

International Federation of Red Cross and Red Crescent Societies (2011b): Planting protection: Evaluation 
of community-based reforestation and disaster preparedness programme, 2006 – 2010, Geneva, 
Switzerland 

IUCN (2008): Designing Payments for Ecosystem Services: Report from the East Asian Regional 
Workshop, Hanoi 

IUCN (2010): Mangroves in Vietnam. Rapid overview (PowerPoint-Presentation). 

IUCN (2011). IUCN Red List of Threatened Species. Version 2011.2. http://www.iucnredlist.org . 
Downloaded on 10 November 2011. 



 
 

99

Jack, B. K. et al. (2007): Designing Payments for Ecosystem Services: Lessons from previous experience 
with incentive-based mechanisms. In: Economic Science 105 (28), pp 9465-9470 

Kautz, M. et al. (2010): Desynchronizing effects of lightning strike disturbances on cyclic forest dynamics in 
mangrove plantations, Aquatic Botany 95 (2011) 173– 181 
(http://dx.doi.org/10.1016/j.aquabot.2011.05.005) 

Kuenzer, C, Bluemel, A., Gebhardt, G., Vo Quoc, T. and S. Dech (2011): Remote Sensing of Mangrove 
Ecosystems: A Review. Remote Sens. 2011, 3, 878-928; doi:10.3390/rs3050878 

Kuenzer, C., (2007): Clean Development Mechanism. In: Business Forum China, 03/07, pp. 54-56 

Le Duc Tuan, (2006): Study on human ecology of Can Gio mangrove biosphere reserve, Ho Chi Minh City, 
PhD thesis at University of Natural Sciences and Humanity, HCMC, 180 pp. 

Nguyen Viet Luong. (2011): Mangrove forest structure and coverage change analysis using remote sensing 
and geographical information system technology: A case study of Can Gio Mangrove Biosphere Reserve, 
Hi Chi Minh City, Vietnam, 40pp (Final report submitted to Rufford Small Grants Foundation) 

McNally, R. et al. (2010): The Potential for Mangrove Carbon Projects on Viet Nam. In: SNV, Netherlands 
Development Organisation 56pp 

Carpenter, S., 2005. Millennium ecosystem assessment. Science, 314: 257-258 
(http://www.maweb.org/en/index.aspx ) 

Nguyen Viet Cuong (2009): Updating Poverty Maps for Ho Chi Minh City of Vietnam using a Small Area 
Estimation Method, Economics Bulletin, Vol. 29 no.3 pp. 1971-1980. 

Phan Nguyen Hong. (2007): Can Gio: turning mangroves into riches 
(ftp://ftp.fao.org/docrep/fao/007/ae542e/ae542e03.pdf). 

Sathirathai, S., 1998. Economic valuation of mangroves and the roles of local communities in the 
conservation of natural resources: case study of Surat Thani, South of Thailand. Economic valuation of 
mangroves and the roles of local communities in the conservation of natural resources: case study of Surat 
Thani, South of Thailand. 

Spalding, M. Blasco, F. and Field, C. (1997): World Atlas of Mangroves. 
(http://www.archive.org/details/worldmangroveatl97spal) 

Swinkels, R. and Turk, C. (2007): Poverty Mapping in Vietnam. In: Bedi, T., Coudouel, A. and Simmler, K. 
(ed.):  More than a pretty picture. Using Poverty Maps to design better policies and Interventions. World 
Bank Publication, pp. 261-286. 

Tang Phuong Gian (2011) : Mangrove Ecosystem Services : a case study of Tran De district, Soc Trang – 
Vietnam. Master Thesis at the Asian Institute of Technology, 115 pp. 

Thoa, L. K.: Economic distribution and institution surrounding tourism in Can Gio Mangrove Biosphere 
Reserve, Vietnam 

Troy, A. and Wilson, M. A. (2006): Mapping ecosystem services: Practical challenges and opportunities in 
linking GIS and value transfer. In: Ecological Economics 60, pp 435-449 

Truong Thi Hoa Binh. et al. (2008): Using multi-temporal remote sensing data to manage the mangrove for 
coastal environmental protection. The International Archives of the Photogrammetry, Remote Sensing and 
Spatial Information Sciences. Vol. XXXVII. Part B8. Beijing 2008 

UNESCO (2000): Valuation of the mangrove ecosystem in Can Gio Mangrove Biosphere Reserve, 
Vietnam. Final report, Hanoi 

UNESCO /MAB Project (2000): Valuation of the Mangrove Ecosystem in Can Gio Biosphere Reserve, 
Vietnam. Final Report. Implemented by: The Vietnam MAB National Committee 

UNESCO/ MAB Project (n.d.): Biosphere Reserves – Learning Sites for Sustainable Development, in 
(http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/ 
(15.02.2012). 

United Nations (2010): Joint Country Analysis of Viet Nam. 
(http://www.un.org.vn/en/publications/publications-by-agency/doc_details/184-joint-country-analysis-of-viet-
nam.html) 



 
 

100

Vo Quoc Tuan. (2011): Economic Evaluation of the Mangrove Ecosystems along the Coast of the Mekong 
Delta in Vietnam - an approach combining socio-economic and remote sensing methods (Presentation 
notes)  

Vogt, J. et al. (2011): Do canopy disturbances drive forest plantations into more natural conditions? - A 
case study from Can Gio Biosphere Reserve, Vietnam. In: Global and Planetary Change 
(http://dx.doi.org/10.1016/j.gloplacha.2011.09.002). 

World Bank (2008): Vietnam's Mangrove Forests Fight Erosion, Improve Livelihoods. Coastal Wetlands 
Protection and Development Project (1999-2007), Last updated: Jun 09, 2008 
(http://go.worldbank.org/ESSCPGOGU0) 

Wuenscher, T. et al. (2008): Spatial targeting of payments for environmental services: A tool for boosting 
conservation benefits. In: Ecological Economics 65, pp 822-833 

Wunder, S. et al. (2005): Payment is good, control is better: Why payments for forest environmental 
services in Vietnam have so far remained incipient, Indonesia 

Yamane, T. 1967. Statistics, An Introductory Analysis, 2nd Ed., New York: Harper and Row 

ZMT (2004): Can Gio Project description. 

 

 



INTERNATIONAL UNION 
FOR CONSERVATION OF 
NATURE 

VIETNAM COUNTRY 
OFFICE
1st Floor, 2A Building, Van 
Phuc Diplomatic Compound, 
298 Kim Ma St.
Hanoi city, Viet Nam
Tel: ++844-7261575
Fax: ++844-7261561
www.iucn.org/vietnam


