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SUMMARY  

 

Mangrove forests provide critical ecosystem services and support the livelihoods of many 

coastal communities. They can store more carbon than rainforests, and provide crucial 

shoreline protection by reducing the impacts of storms and tidal surges on coastal villages.  

Spatial planning in the early 19th Century resulted in the creation of new administrative areas 

seaward, including Kim Son district in northern Vietnam, and ultimately the establishment of 

new communities along the coastline.  In this study we investigate the influence of changes in 

land use and sea dyke construction on mangrove forest in Kim Son district following the 

establishment of two coastal villages over the last 2 decades. The results show that 3 dykes 

have been constructed over this time period and a 4th dyke is being planned. As a result of 

mangrove planting the mangrove forest is moving seawards and its extent varied rapidly. The 

dykes have also led to fragmentation of the mangrove forest and land use change as land is 

incorporated behind the dyke system. In other words, the mudflat where the mangroves 

growing are disturbed and blocked by the dykes and shrimp ponds. These changes in 

mangrove forests and livelihoods will have implications for the future trajectories of 

mangrove socio-ecological systems of Kim Son. 

 

TÓM TẮT 

 

Rừng ngập mặn cung cấp những dịch vụ quan trọng về hệ sinh thái và hỗ 

trợ nguồn thu nhập cho các cộng đồng sống quanh khu vực bờ biển. Rừng 

ngập mặn có thể lưu trữ lượng các bon lớn hơn rừng nhiệt đới và có chức 

năng bảo vệ và làm suy giảm tác động của bão, ảnh hưởng của sóng và thủy 

triều tới các làng mạc ở khu vực ven biển. Đầu thế kỷ 19 quy hoạch phát 

triển quai đê lấn biển đã tạo nên những vùng đất mới, đồng thời thành lập 

lên những cộng đồng dân cư theo hướng lấn ra biển ở huyện Kim Trung 

tỉnh Ninh Bình. Trong nghiên cứu này chúng tôi điều tra ảnh hưởng của 

thay đổi sử dụng đất và xây dựng những con đê tới rừng ngập mặn ở huyện 

Kim Sơn đã tạo lên các vùng đất ven biển trong 2 thập kỷ qua. Kết quả 
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nghiên cứu đã cho thấy có 3 con đê đã được xây dựng và đê thứ 4 đang 

được triển khai. Mặc dù rừng ngập mặn không phát triển được trong khu 

vực trong đê nhưng do có việc trồng rừng được thực hiện thường xuyên, 

dẫn đến rừng ngập mặn thay đổi về diện tích, được phát triển theo hướng 

ra biển và dẫn tới việc thay đổi sử dụng đất khu vực trong đê. Nói một cách 

khác, khu vực có bồi tụ bởi sông nơi rừng ngập mặn phát triển bị “bao vây” 

bởi các con đê và đầm nuôi tôm bị suy thoái dần và thay vào đó là rừng 

trồng mới ngoài đê. Sự thay đổi về rừng ngập mặn và sinh kế tại Kim 

Trung sẽ có ảnh hưởng tới sự biến đổi hệ sinh thái rừng ngập mặn tại Kim 

Trung.
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1. INTRODUCTION 

Mangrove forests deliver numerous provisioning, regulating, cultural and supporting services 

which provide coastal and inland communities with wide-ranging benefits (Cummings & 

Shah, 2018).  They act as nurseries that support global coastal and marine fisheries 

(Nagelkerken et al., 2008), and contribute resources that are of critical importance to local 

subsistence and cash economies (Orchard et al., 2015). Mangrove root systems promote 

sedimentation and can contribute to land expansion, and their above- and below-ground 

structures can reduce coastal erosion and damage caused by storms by attenuating wave or 

buffering wind energy (Lee et al., 2014). As the most carbon-dense of tropical forest 

ecosystems (Donato et al., 2011), mangroves also sequester and store significant quantities of 

carbon that otherwise has potential to worsen climate change (Cummings & Shah, 2018).  As 

a result of these and other benefits that mangrove forests provide, their rehabilitation and 

restoration can form a key component of coastal zone planning, often supporting the role and 

reducing the maintenance costs of man-made coastal protection structures, including sea 

dykes. This is the case for Vietnam, where there is high dependence on services derived from 

marine and coastal ecosystems (Veettil et al., 2019), and where low-lying land, rapid coastline 

development and the prevalence of typhoon events leaves coastal livelihoods and 

infrastructure particularly vulnerable to extreme weather events (Veettil et al., 2019). 

 

This study takes advantages of time-series Landsat images acquired over the last three 

decades to analyze mainly changes of dyke and mangrove in some coastal communes in Kim 

Son district, Ninh Binh province, Vietnam. In order to classify land use patterns, there have 

been two broaden used methods of supervised and unsupervised classifications using remote 

sensing data (Bocco et al., 2001). Although, both methods have their own advantages and 

disadvantages in specific uses, supervised classification is based on training data, therefore 

correct classification is assigned (Sathya and Abraham, 2013). In this study, a supervised 

classification of Support vector machines method (SVMM) and GIS spatial analysis are 

applied. The SVMM classification is a robust and reliable tool applied in remote sensing used 

and described in studies of (Melgani and Bruzzone, 2004, Shrestha and Shukla, 2015). Spatial 

analysis of multi-temporal Landsat imageries from 2 to 8 revealed some interesting 

information of both dykes and mangrove extent varied sharply in the study site.  

  

Vietnam has a long coastline and is region of many estuaries where rivers discharge to the sea 

(Thanh et al., 2004) and dominant hydrodynamic processes on the banks of an estuary baring 

mudflats grade into mangrove zones (Janssen-Stelder et al., 2002). Beside, human activities 

such as changes in the supply and distribution of water, sediments (Thanh et al., 2004, Pham 

and Yoshino, 2016), dike buildings and aquaculture have had great influences on the changes 
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of mangrove distribution and extent. A typical example is the Xuan Hai dyke constructed 

from 1981 to 1985 in Thai Binh Province destroyed 600 ha of mangroves, wasting 70 billion 

VND (Phan N. H, 1998).  Although, Pham and Yoshino (2016) introduced to the loss of 

mangrove due to the human impacts like over exploitation of mangrove forests, conversion 

into agriculture. The area of mangrove extent in Kim Son district is reserved mostly thanks to 

mangrove plantation. From 1990 to 1997, funded by the Japanese Red Cross, 150 ha of 

mangroves in Kim Son district were planted while the number for the North Vietnam was 

1500 ha (Phan 1998). The mangrove area planted here from 1997 to 2002 was 650 ha (Phan 

and Dao 2003). From 2001 to 2010 approximately 1000 ha of mangrove forest were inter-

planted or diversely planted (Mai 2010).  

 

Since early 19s, Nguyen Cong Tru, a famous Vietnamese military leader, economist and a 

poet who was very actively in land reclamation and Kim Son district established as his 

achievement (Bao Bien Phong 2013). The process of seaward land reclamation has been 

retaining recently with slogan ““Rice expanding to seagrass, seagrass expanding to mangrove 

and mangrove expanding to the sea”. The keys of the land reclamation success of Nguyen 

Cong Tru were building dykes, improving irrigation system and soil enrichment.  Economic 

reforms (doi moi) introduced in 1986 in Vietnam, promoted to mitigate resource degradation 

and overexploitation including mangrove forest (Le, 2008). The REDD+ has become a 

reference framework for national forest governance across many forest countries (Pamela et 

al., 2016). In order to protect the land, aquaculture ponds and facilities from tides and waves, 

they have been building dykes and also used for transport. Altogether, it is resulted of whole 

Kim Son district established and some other new lands in neighbor provinces of Thai Binh 

and Nam Dinh and an increase of mangrove areas seaward.  

 

Many previous studies have shown the advantages of remote sensing in time-series, large area 

and monitoring land use changes (Thu and Populus, 2007, Seto and Fragkias, 2007), 

vegetation study (Kappas et al., 2015), even aquatic vegetation (William et al., 2003) and 

many more. With the fast space technology in many nations, the remote sensing data have 

become widely (time and space) available for many users (Simons et al., 2016) and the 

computing platform, algorithm development could help set the agenda for environmental 

negotiations, and provide information for monitoring, facilitating, and enforcing compliance 

(Seto and Fragkias, 2007). In addition, remote sensing together with GIS applications could 

support for land-use planning in terms of providing spatial and temporal supportive data. 

Despite of that, remote sensing technique has limitation as well such as dependency on the 

date of image acquisitions, uncertainties due to atmospheric effects or geometric distortion. 

 

2. STUDY SITE 

Kim Son district, a part of Red River delta, is located at the east of Ninh Binh province. It has 

a population of approximately 169,000 and covers an area of 215 km2 (statistics of 2016). The 

district includes four communes and two zones managed directly by the province (Figure 1). 

The main economy is based on agriculture (rice) and aquaculture (shrimps, clams, fish etc.). 

Other income for small households comes from collecting crabs, and clams in the mangrove 

forest.  
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Located on the same coastal zone of the North Vietnam, climatic and hydrological conditions 

are similar to those the Red River Delta such as Nam Dinh Province. Kim Son is situated in 

the tropical monsoon region with a hot season and a cold dry season. The hot season lasts 

from April to October and the cold dry season lasts from November to March. The average 

annual temperature is 24 °C. The average annual rainfall is 1760 mm, the highest rainfall can 

be seen in August and September, amounting to 395 mm. Average humidity is 85%. (Nguyen 

et al, 2000). Salinity varies greatly, 11-30 ‰, depending areas. The region has diurnal tidal 

regime with a cycle of under or over 23 hours. The mean tidal amplitude is about 150-180 cm. 

A large tidal amplitude can be seen from December to February (Phan et al, 2004). 

 

The area currently covered by the district three time larger than when it was established (Bao 

Ninh Binh 2013) with land rapidly expanding out to the sea.  This process occurs because of 

the location of the district at the mouths of the Day, Chinh Dai and Lan rivers where sediment 

continuously accumulates. Accreted land in the Red river Delta was reported to be high 

sediment accumuation, with the average rate of expansion 28 m/ year (Nguyen et al. 2011).  

Approximately 80 m of new land is created annually out to the sea (Mai 2010). 

 
  

Figure 1: Study site at Kim Son District based on a SPOT5 image acquired in 2010 with 

vegetation highlighted in red 
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3. METHODOLOGY 

3.1 Study flow of work 

A simple study flow of tasks was designed to process time series Landsat 2,5 and 8 data (due 

to missing data in Landsat 7 images they were not used). All tasks presented in the Figure 2 

are compact; some sub-tasks are hidden in that graph. As basic optical satellite processes are 

well-explained in previous literature (Mountrakis et al., 2011, Leichtle et al., 2017), we 

present only the core tasks here. 

 

 
Figure 2. Flow work to illustrate processing of Landsat images to accomplish the 

study goals 

3.2 Data used 

Landsat scenes (Landsat 2,5,8 acquired years 1975-2018) providing comprehensive coverage 

and enabling analysis of current and historical mangrove and dyke conditions were obtained 

from the U.S. Geological Survey website (https://earthexplorer.usgs.gov/) and a SPOT 5 

image is collected. Basic information about the scenes is summarized in Table 1.   

 

Table 1. Summary of remote sensing data used for this study 

 

Satellite sensor Date of 
acquisition 

Pixel size Spectral 
resolution 

Band 
used 

Landsat 
OLI_TIRS 

2018-Oct-06 
2013-Oct-08 

30 m 11 band 3, 4,5,6 

SPOT 5 HRG 2 2010-Oct-22 10 m 4 band 1,2,3,4 

Landsat TM 2008-Nov-11 
2003-Jul-9 
1998-Oct-15 
1993-Nov-02 
1988-Nov-04 

30 m 7 band 2,3,4,5 
 

Landsat MSS 1975-Aug-07 60 m 4 band 4,5,6,7 
 

To overcome seasonal changes in graphical features, particularly vegetation cover, most 

images were acquired for the same season of autumn.  However, seasonal and tidal influences 

still affected reflectance resulting in variation in water present.  The color images composited 

from bands (differently for each image) of the scenes are shown in Figure 3.   
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Figure 3. Color composition images of Landsat and SPOT data clipping for Kim Son 

District. 

 

A Land-use map produced in 2010 by photogrammetry technique using airborne photos was 

considered precise enough for reference region of interests (ROIs) of the classification SPOT 

5 satellite image. The land use of Kim Son was categorized in 14 classes (Figure 4). However, 

we would not use all of them for controlling the classifying process. We used mangrove, road, 
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water, aquaculture, and residence classes and other layers are out of this study interests hence 

useless. 

 
Figure 4. Land-used land cover of Kim Son in 2010 

 

3.2 Mangrove and road classification 

Support vector machines (SVMs)(Ben-Hur et al., 2001) a supervised non-parametric 

statistical learning technique was applied for classification of all images. The SVMs method 

is widely used and thoroughly reviewed by (Melgani and Bruzzone, 2004, Mountrakis et al., 

2011). Bands were selected for SVMs clustering (Table 1) after testing sensitivity of 

reflection of the bands (corresponding with wavelength) to vegetation and roads (main targets 

of this classification) and referring to previous literature. 

 

Accuracy assessment is necessary to clarify remote sensing (RS) classification precise. We 

used the 2010 land-use land cover (LULC) map (Figure 4) as ground truth data and created a 

confusion matrix to calculate produce/user and kappa ratios.  We achieved an overall 

accuracy of 98.3% and Kappa coefficient of 0.97 (Table 2). Furthermore, the SPEAR Lines of 

Communication (LOC) – Roads (Wollmer, 1970) tool in ENVI software was used to highlight 

roads to aid manual digitizing with Use the supervised spectral processing workflow (see 

more at Wollmer, (1970)). 
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Table 2: Confusion matrix and error coefficients computed for SPOT 5 image Support vector 

machines classification 

 
 

3.3 Spatial analysis and changes detection 

We use with inputs are results of the classification task and the LOC-roads performance 

describing in the section 3.3. 

ArcGIS tools including spatial spatial analyst tools, geostatistical analyst and statistics were 

used to determine correlations between dyke length (km) and mangrove extent (ha).  Inputs to 

the analysis were the outputs from the classification task, and the digitized roads. 

4. RESULTS 

4.1 Change in mangrove forest   

Mangrove extent and main roads were classified in time-series from 1975 to 2018 at time 

intervals of 5 years (except the SPOT images in 2010) shown in the Figure 5.  Time series 

classification revealed that mangrove extent increased and moved seaward approximately five 

kilometers between 1975 and 2018 (Figure 5). Although the result does not present the height 

of the mangrove forest but we could see the distribution and the density changing as well. The 

overall trend is the mangroves grow outside the dykes and blocked by new dykes and become 

degraded gradually. In the year 1998 and 2003, forest extent was minimal compared to other 

years. In contrast, mangrove extent in 1993 and 2018 was greatest.  However, the mangrove 

forest was much denser in 2018 than in 1993. 

 

4.2 Change in roads   

One dyke was present in 1975 (number 1, in Figure 5).  A second dyke (2) was completed by 

1993, a third (3) between 1998 and 2010, and a fourth (4) was under construction in 2018. 

Dyke 2 appears to have been broken within the 1993-1998 period, as it was continuous in 

1993, but fragmented in 1998. In the decade of 2008 to 2018 a number of roads were 

constructed between the dykes. 
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Figure 5: Time series maps illustrating change in mangrove and road/dyke in Kim Son 

district. 
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4.3 Correlations between dyke and mangrove changes 

The ratio of mangrove extent to dyke length declined between 1975 and 2018 and that means 

more dyke constructed and less mangrove is (Figure 6). However, when we look at the value 

the mangrove extent was slightly increasing except the year 2003 with the area of 360 ha. 

Although the classification was supervised and examined by accuracy assessment, the 

resolution of used images was quite low (30m) could led to uncertainty of the results. Hence, 

we should look at the trend rather than at the values. 

 
Figure 6: Ratios of dyke and mangrove area (if both values account for 100%) and the values 

of dyke/road length (km) and mangrove area (ha) in the bars, in Kim Son District between 

1975 and 2108 

 

Figure 7 shows trends of mangrove and road development over 1975-2018 periods with both 

rises of road network and mangrove forest area. However, the road length increased sharply 

from 11 to 79 km in total while the mangrove extent fluctuated and the general trend going up 

slightly (see the trend line in the figure 7). The drop of mangrove area in 2003 might be the 

result of dyke break in few years prior. However, that is our assumption we need more 

investigation for this statement. 
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Figure 7: Trends of mangrove and road developement from 1975 to 2018 

4.4 Spatial analysis of Mangrove changes 

Figure 8 reveals clearly the seaward movement of the mangrove forest every ten years from 

1975 to 2018. In 1975 the forest was approximately 5km further inland than the current 

coastline. The speed of mangrove development was not identical over the different time 

periods; the forest appears to have extended much faster between 1998 and 2008, than 

between 1988 and 1998, although some forest gain and loss was evident in this period. 

Spatial Planning Influences Mangrove Forest Development in Kim Son District of Ninh Binh Province (9862)

Hong Quang Nguyen, Thi Van Hue Le, Claire Quinn, Rachael Carrie, Thi Thanh Nga Pham, Lindsay Stringer (United

Kingdom) and Van Tan Dao (Vietnam)

FIG Working Week 2019

Geospatial information for a smarter life and environmental resilience

Hanoi, Vietnam, April 22–26, 2019



 

 
Figure 8. Maps of mangrove forest in Kim Son 

5 DISCUSSION 

The most flagrant trend is the fast dyke end roads (on dyke or in resident) which is agreed 

with our study hypothesis and also with information we gained in a field survey at Kim Son 

district. The reasons for this trend is originated from the “Khai hoang” plan of Nguyen Cong 

Tru in early 19s and continued until recent Bao Binh Minh (2009). Further reasons could be a 

need of protection the aquaculture from the damages of waves and tide, high dykes are an 

effective barrier (Wickramanayake, 1994).  

 

In 1980s, using soil for the construction of dykes, mangroves were cut down.  Due to the 

development of aquaculture, a number of mangroves were cleared for dyke construction in the 

mangrove areas. After the construction of dykes, tidal exchange between ponds and outside 

areas is restricted, causing pollution. Many mangrove species inside the ponds die due to lack 
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of oxygen in the soil. In the anaerobic condition, litters are decomposed by microorganisms in 

the soil. In such condition, many toxic substances such as H2S, Fe(OH)3 are formed. This 

will make aquaculture species die, therefore the productivity of fish and shrimp greatly 

decreases after several year of pond construction.  

 

Both dykes and mangrove have a function of facilities, aquaculture etc. (Pham and Yoshino, 

2016). In addition, Pham and Yoshino (2016) concluded that dyke systems, especially 

concrete sea dykes near coastline can reduce mangrove deforestation.  However, we discuss 

other point of view that dykes are blocking mangroves and reduced sedimentation and tide in 

the mangrove stand hence gradually blighting the mangrove forest as the mangrove pieces 

there cannot live without tide and sediment. 

 

Undoubtedly, mangrove bring benefits to local households and generally to the region (Pham 

and Yoshino, 2016, Le 2008). Hence, any changes in the mangrove system, land use planning 

could affect them in terms of livelihoods, economy and environment protection. In Kim Son 

district, mangrove moving seaward and dyke construction generates large areas for 

aquaculture such as shrimp and clam ponds, which is pushing up the economy of the region, 

but not all people can benefit from that. Many poor people must collect natural craps and clam 

manually outside the dyke, or they have to work on resources owned by someone else, while 

the rich work on their own resources.  

 

This study could not complete without remote sensing data and in many cases remote sensing 

plays indispensable roles for the remote study areas where the in situ measurement could not 

conduct (Nguyen, 2016). It is the fact that the remote sensing technology is developing 

quickly and that means more and quality data are increasingly available. Time-series data 

were sometimes very costly, however nowadays they are reasonable and freely access 

occasionally. Despite of that, with the low standing and small size of mangrove pieces of Kim 

Son, the medium resolution remote sensing images limit us study more inside the forest such 

as mangrove structure or classify pieces accurately. Better spatial, spectral resolution data 

could promise better results. 

6 CONCLUSION 

The case of Kim Son district, Ninh Binh province shows that mangrove forests provide 

critical ecosystem services and support the livelihoods of the coastal communities. The 

findings demonstrate dyke development since the early 19th Century resulted in the 

establishment of new communities along the coastline on the one hand. One the other hand, 

dyke development changed land use and adversely affected mangrove forest in Kim Son 

district. These changes in the mangrove system, land use planning could affect the mangroves 

in terms of livelihoods, economy and environment protection.  
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