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Abstract 

Mangroves provide numerous ecological and biophysical services in the tropics and subtropics that support 

flood regulation, carbon sequestration, and reducing erosion from storm surges. Remote sensing satellite 

imagery provides valuable information for mangrove mapping and monitoring.  The objective of this study is 

to detect the spatio-temporal changes in mangroves in Ampara District from 2004 to 2019 based on Landsat 

data. A semi-automated image classification technique was used to delineate and detect changes of mangrove 

vegetation in the Ampara District from 2004, 2009 and 2019 using Landsat 5 and 8 images. The multi-index 

approach was constructed using: (i) water masking using Normalized Difference Water Index (NDWI), (ii) 

mangrove detection using red and shortwave infrared (SWIR), SWIR and near-infrared (NIR) band ratios, 

Normalized Difference Vegetation Index (NDVI), (iii) mangrove classification using Principle Components 

Analysis (PCA) and an unsupervised classification. The historic Google Earth imagery was used to validate 

the classified mangrove habitats. The results estimated the total mangroves in Ampara District were 424 ha in 

2004, 355 ha in 2009, and 569 ha in 2019. The total mangrove habitat which was estimated through available 

land-use/cover maps was 770 ha. In addition, habitat suitability of mangroves for current and future (year 2050) 

climate change scenarios was mapped using a maximum entropy (MaxEnt) model and bioclimatic variables. 

The current MaxEnt was resulted in 11% area in high habitat suitability (H) and a moderately suitable (M) class 

in each. While the suitable habitat projection for the year 2050 was 11% (H) and 16% (M).  In conclusion, a 

loss of mangrove was observed five years later in tsunami, and a gain of mangrove was occurred after 15 years 

resulting in best land management practices. 
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1. Introduction  
Mangroves are the most productive ecosystem within the coastal and estuarine ecosystems in the tropical 

areas that provide ecological and social benefits to its coastal environment and people. Mangroves can 

sequestrate greater amounts of carbon in coastal ecosystems, hence, it called as blue carbon hotspots 

(Twilley et al., 2018). Mangrove forests play a vital role in protecting marine areas from sea level rise, 

tsunamis, hurricanes, and erosions. A small island like Sri Lanka is vulnerable to such water-related impacts 

within the coastal areas, where mangroves can mitigate a degree of coastal impacts acting as a natural 

barrier. However, disturbance of mangrove forests remains alarming in Sri Lanka. The leading causes for 

mangrove loss in Sri Lanka are reported as agriculture activities (Dellysse & Madurapperuma, 2018), 

coastal development (Madurapperuma et al., 2017a), and shrimp farming (Bournazel et al., 2015). 

 

The multi-temporal earth observation satellite data (i.e. Landsat data) is widely used for change detection 

of mangroves. For example, Dan et al. (2016) analyzed the deforestation of Sundarbans mangrove forest, 

the largest mangrove forest in the world using time-series Landsat data. Dellysse and Madurapperuma 
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(2018) examined the land-use changes along the south-eastern coastal areas before and after tsunami. 

Moreover, Satyanarayana et al. (2017) developed a coastal vulnerability index map, which observed more 

than 60% vulnerability in the north and east coast in Sri Lanka. Therefore, understanding multi-scale 

changes of mangroves are important to make better management and conservation of coastal habitats. The 

objectives of this study are: (1) to detect the changes of mangroves from 2004 to 2019 in Ampara District 

and (ii) modeling current and future distribution (year 2050) of mangroves using a maximum entropy model 

(MaxEnt). 

    

  2. Literature Review 

The mangrove extent in Sri Lanka is about 15,970 ha where Puttalam, Trincomalee, Jaffna, and Batticaloa Districts 

cover 72% of the total acreage of mangroves (CCD, 1986, de Silva & de Silva, 1998, Edirisinghe et al., 2012). 

Mangroves provide ecological functions, such as physical barrier against tidal and ocean influences (Dahdouh-

Guebas et al., 2005), carbon sequestration (Perera, & Amarasinghe, 2019.), and breeding/nursery habitats for fish 

and human wellbeing (Braat & De Groot, 2012). The major factors causing degradation of mangroves were 

reported as shrimp farming, land-use/cover changes, agriculture, coastal development, and extraction of mangrove 

forest products (Harkes et al., 2015; Dellysse and Madurapperuma, 2018).  

 

Mapping mangrove habitats precisely are valuable for detecting spatio-temporal changes of mangroves especially 

before and after destruction to implement best conservation practices (Dellysse & Madurapperuma, 2018). 

Remote sensing data are widely used for distribution mapping, deforestation, change detection, and classification 

of mangroves (Lam-Dao et al., 2011, Kanniah et al., 2015; Madurapperuma et al., 2017b). Although there are 

numerous remote sensing data available for various spatial and spectral resolutions, moderately resolution (30 m) 

Landsat data are widely used for mapping and monitor mangroves over the large area (Giri et al., 2011, Dellysse 

& Madurapperuma, 2018). There is ample literature on various topics of mangroves in Sri Lanka. For example, 

Pathmanandakumar (2019) surveyed the mangrove forest cover change in Trincomalee District over 20 years, 

historic biogeography survey of Sri Lankan mangroves (Amarasinghe & Perera, 2017), vulnerable index mapping 

(Satyanarayana et al., 2017) and mangrove tree classification using IKONOS in Galle-Unawatuna areas 

(Satyanarayana, 2011).  

 

Mangroves have studied merely in Ampara District since the area unreachable for researchers due to civil war in 

the past (Prasanna et al., 2019). However, a few studies conducted on mangroves in the post-war in this area, which 

needs further research to make better conservation plans for mitigating climatic vulnerabilities such as tsunami and 

sea level rise. According to the floristic study of  Prasanna et al. (2017), twelve true mangrove species were recorded 

in Ampara District, while Madurapperuma et al., (2017) classified mangrove habitats in Pottuvil using kite aerial 

photographs, and Kaleel (2013) stated the growing scarcity of mangroves in Pottuvil. Therefore, evaluating past 

mangrove changes, monitoring and mapping current status of mangrove forest, and future forecasting modeling of 

mangroves along the coastline of Ampara would be valuable for preparing our coastal zones for sustainable land 

management practices.   

 

3. Materials and Methods  

Study Area 

The study conducted in the east coast of Sri Lanka from Karativu to Panama coastal belt in Ampara District. 

The mangroves ecosystems have been distributed discontinuously along the shoreline and Pottuvil and Panama 

are the major lagoons supported by well-grown mangrove ecosystem (Prasanna et al., 2019). The mangrove 

habitats in this region are largely associated with wetlands, agriculture and water bodies. The coastal belt is 

dominated by dry mixed evergreen forests and sand dunes (Jayasingham, 2008). The study area is located in 

the dry zone and it receives 1200-1500 mm annual rainfall, where the north east monsoon is the prominent 

seasonal rains. The mean annual temperature falls between 30-32 °C.  

 

Data collection and Analysis 

The Landsat images in 2004, 2009, and 2019 covering Ampara District were collected from USGS Earth 

Explore web portal (https://earthexplorer.usgs.gov/). The Landsat images were acquired on 20-12-2004, 09-

06-2009, and 04-05-2019 using path 140 and raw 55 scenes. These images reflected between pre-tsunami 

(2004) and post-tsunami (2009 & 2019) states. The images were pre-processed for radiometric correction 

and then digital numbers were converted to Top of Atmosphere (ToA) reflectance values using ENVI. A 

semi-automated image classification technique was used to delineate and detect changes of mangrove 

https://earthexplorer.usgs.gov/
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vegetation in Ampara District from 2004, 2009 and 2019 using Landsat 5 and Landsat 8 images. An 

integrated method on PCA and unsupervised classification was used for mapping mangroves. The water 

masking was performed using the Normalized Difference Water Index. Red, shortwave infrared (SWIR), 

SWIR and near-infrared (NIR) band ratios, and Normalized Difference Vegetation Index (NDVI) were 

stacked into one composite file. Then Principle Components Analysis (PCA) was performed using a 

composite image and unsupervised classification was used to classify mangroves (Shapiro et al., 2015). 

The historic Google Earth imagery was used to validate the classified mangrove habitats. The potential 

suitable habitats for mangroves were mapped using the maximum entropy (MaxEnt) model for current and 

future (year 2050) scenarios. The model required two data inputs such as occurrence data and 

environmental data. The mangrove occurrence data was obtained using the recorded mangrove sites and 

current land cover map in Ampara. The bioclimatic data were acquired from worldclim web portal 

(https://www.worldclim.org/bioclim). We used seven bioclimatic data (bio 2 to bio 8) covering current 

(1960-1990) and future (year 2050) climate projection data. 

    

4. Results and Discussion 

The mangroves were located in close proximity to coastal habitats, however they expanded up to six 

kilometers, when the coast connected to estuaries. The total estimated mangrove coverage in Ampara 

District was 424 ha in 2004 followed by 355 ha in 2009 and 569 ha in 2019 (Fig. 1). The total mangrove 

area, which was estimated through available land-use/cover maps, was 770 ha. According to Legg and 

Jewell (1995) study, the mangrove extend in Ampara was 292 ha in 1992. Prasanna et al. (2017) recorded 

618 ha of mangroves in the Ampara District. According to our study, the mangroves coverage was slightly 

declined from 2004 to 2009, which could be a reason of land-use cover change and tsunami wave impacts. 

Similarly, Dellysse and Madurapperuma (2018) reported a significant decrease in vegetation in Ampara 

from 2004 to 2005 resulting in post-tsunami impact. Furthermore, they found a large extent of agricultural 

lands (i.e. paddy) changed after the tsunami compared to the dense forest within coastline. An increase 

mangrove coverage in 2019 could be regeneration of mangrove forests after the tsunami disaster. Moreover, 

sea water inundated agricultural lands transformed to natural vegetation like mangroves due to saline 

contamination. Mangroves act as a barrier against coastal erosion, tsunami and sea level rise, therefore, 

mapping mangrove areas would be valuable to land managers to implement best coastal management 

practices for mitigating climatic vulnerabilities. Spatial distribution of mangroves along the coast were 

fragmented (Fig. 1) and thus links mangroves and dunes using coastal vegetation corridors would be 

valuable. As Madurapperuma et al. (2017a) reported a lack of rock barriers in Oluvil beach in Ampara and 

degradation of coastal vegetation due to harbor construction has caused severe coastal erosion. Therefore, 

rehabilitation of those degraded coastal habitats with mangrove corridors is useful.   
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Figure 1. Comparison of mangrove distribution along the coastal habitats in Ampara in 2004 (A), 2009 (B) 

and 2019 (C). 

 

To evaluate the changes of mangrove habitats in Ampara, we selected Panama Lagoon area to visualize the 

changes using historical Google Earth   images (Fig. 2). The results showed that the mangrove extent in Panama 

was 85 ha in 2004 and 91ha in 2009.  Our results are comparable with Ellepola and Ranawana (2015) findings, 

where they estimated approximately 83 ha of mangroves bordering the Panama lagoon. 

 
Figure 2. Google Earth imagery of mangroves in Panama in 2004 (left) and 2009 (right) derived from 

remote sensed data. 

 

It is important to assess how mangrove vegetation is vulnerable to climate change. The MaxEnt model 

predicts the habitat suitability of mangroves based on the climatic data and mangrove occurrence data. 

Figure 3 depicts the potential distribution of mangroves under current and future (year 2050). Of the total 

area, 11% of coastal habitats are highly suitable for mangroves for both scenarios. However, moderately 

suitable mangrove habitats are marginally higher for 2050 than current scenario. According to the MaxEnt 

model, there is a high degree of mangrove habitats shift towards the northern part in year 2050 in Ampara. 
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The environment factor contribution for MaxEnt is therefore important to understand ecosystem resilience 

for climate change. Although 19 bioclimatic variables available for MaxEnt modeling, we had to limit to 

seven variables since 2050 data only available for those seven variables covering the region of interest. Of 

the environmental variables, minimum temperature of the coldest month (bio 6) recorded 61% and 67% 

contribution for the MaxEnt for current and for the year 2050 respectively. The next important variable 

was the mean temperature of wettest quarter (bio 8), which contributed 32 % in current and 13% in 2050 

(Table 1). The habitat suitability model is important to better preparation of our coastal lands in future 

climate change scenario. For example, human induced land-uses (i.e. agriculture), that close proximity to 

the coast can be transformed to mangroves within the mangrove gap areas while providing incentives for 

the land owners.  

 

 
Figure 3. Potential distribution of mangrove habitats in Ampara for current and 2050 scenarios. 

 

Table 1. MaxEnt model contributions of the environmental variables 

 

Climatic 

variable

% 

Contribution 

Current

% 

Contribution 

2050

bio6 61 67

bio8 31.7 12.5

bio4 4 9.2

bio2 3.3 7.8

bio5 0 2.9

bio3 0 0.6

bio7 0 0

bio2 = mean diurnal range 

bio3 = isothermality 

bio4 = temperature seasonality 

bio5 = max temperature of warmest month

bio6 = min temperature of coldest month

bio7 = temperature annual range 

bio8 = mean temperature of wettest quarter
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5. Conclusion 

This study provides the historic changes of mangroves in the past 15 years (from 2004 to 2019) and the 

potential suitable habitats for mangroves in next 30 years (reference to 2050). The results showed a slight 

decline of mangroves within five years (from 2004 to 2009) post-tsunami and then the mangrove coverage 

was increased to a certain extent within the next 10 years (from 2009 to 2019). These results are important 

to understand the degree of resilience of mangroves to tsunami disturbance in the short timescale between 

2004-2009. Therefore recovery is resulting from natural regeneration and human influence planting the 

mangroves. The habitat suitability model of mangroves is important to implement best land management 

practices to prepare for climate change. 

 

References 

Amarasinghe, M. D., & Perera, K. A. R. S. (2017). Historical biogeography of Sri Lankan mangroves. 

Ceylon Journal of Science, 46(5). 

Bournazel J., Kumara M. P., Jayatissa L. P., Viergever K. , Morel V., Huxham, M. (2015). The impacts 

of shrimp farming on land-use and carbon storage around Puttalam lagoon, Sri Lanka. Ocean and 

Coastal Management, 113, 18–28. 

Braat, L. C., & De Groot, R. (2012). The ecosystem services agenda: bridging the worlds of natural 

science and economics, conservation and development, and public and private policy. Ecosystem 

services, 1(1), 4-15. 

CCD. (1986). Master plan on Coastal erosion management. Coastal conversion department and Danish 

Hydraulic Institute, Colombo.1: 142. 

Dahdouh-Guebas, F., Jayatissa, L. P., Di Nitto, D., Bosire, J. O., Seen, D. L., & Koedam, N. (2005). 

How effective were mangroves as a defence against the recent tsunami?. Current biology, 15(12), R443-

R447. 

Dan, T. T., Chen, C. F., Chiang, S. H., & Ogawa, S. (2016). Mapping and change analysis in mangrove 

forest by using Landsat imagery. ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial 

Information Sciences, 3, 109. 

de Silva, M., & de Silva, P. K. (1998). Status, diversity and conservation of the mangrove forests of Sri 

Lanka. Journal of South Asian Natural History, 3(1), 79-102.  

Dellysse, J. E., & Madurapperuma, B. D. (2018). Developing a Coastal GIS Model of Sri Lanka to 

Pinpoint Areas at Risk of Tsunamis. IdeaFest: Interdisciplinary Journal of Creative Works and 

Research from Humboldt State University, 2(1), 7. 

Edirisinghe, E. A. P. N., Ariyadasa, K. P. & Chandani, R. P. D. S. (2012). Forest Cover Assessment of 

Sri Lanka, The Sri Lankan Forester, 34, 1-12. 

Ellepola, G., & Ranawana, K. B. (2015). Panama Lagoon: A unique mangrove ecosystem in the east 

coast of Sri Lanka. WETLANDS SRI LANKA, 10.  

Giri, C., Ochieng, E., Tieszen, L. L. , Zhu,  Z., Singh, A., et al. (2011) Status and distribution of 

mangrove forests of the world using earth observation satellite data: Status and distributions of global 

mangroves. Global Ecology and Biogeography, 20, 154-159. 

Harkes, I. H. T., Drengstig, A., Kumara, M. P., Jayasinghe, J. M. P. K. & Huxham, M. (2015). Shrimp 

aquaculture as a vehicle for Climate Compatible Development in Sri Lanka. The case of Puttalam 

Lagoon. Marine Policy, 61, 273–283. 

Jayasingam, T. (2008). Eastern Province Biodiversity Profile and Conservation Action Plane. 

Biodiversity Secretariat, Ministry of Environment and Natural Resources, X+63. 

Kaleel, M. I. M. (2013). Growing scarcity of Mangroves: A study of Pottuvil coastal area in Sri Lanka. 

International Journal of Environmental Sciences, 3(6), 2261-2268.  



 

 

SEUIARS 2019 

336 Proceedings, South Eastern University International Arts Research Symposium -2019, 18
th
 December 2019 

 

  

Kanniah K., Sheikhi A., Cracknell A., Goh H., Tan K., Ho C. & Rasli F. (2015). Satellite images for 

monitoring mangrove cover changes in a fast growing economic region in southern Peninsular 

Malaysia. Remote Sensing, 7, 14360–14385. 

Lam-Dao N., Pham-Bach V., Nguyen-Thanh M., Pham-Thi M.T. & Hoang-Phi P. (2011). Change 

detection of land use and riverbank in Mekong delta, Vietnam using time series remotely sensed data. 

Journal of Resources and Ecology, 2, 370–374. 

Legg, C. & Jewell, N. (1995). A 1:50,000 - scale forest map of Sri Lanka: the basis for a national forest 

geographic information system. Sri Lankan Forester (special issue): 3-24. 

Madurapperuma, B. D., Dellysse, J. E., Zahir, I. L. M. & Aathamlebbe, I. (2017a). Mapping shoreline 

vulnerabilities using kite aerial photographs at Oluvil Harbour in Ampara.7th International Conference 

of South Eastern University of Sri Lanka, 197-204. 

Madurapperuma, B. D., Dellysse, J. E., Zahir, I. L. M. & Aathamlebbe, I. (2017b). Mapping coastal 

fringe community variability using high-resolution kite aerial photography. IPURSE, 24th November 

2017, University of Peradeniya, Sri Lanka.   

Pathmanandakumar, V. (2019). Mangrove forest cover change detection along the coastline of 

Trincomalee District, Sri Lanka using GIS and remote sensing techniques. Mari Scie Res Ocean, 2(1),1-

5. 

Perera, K. A. R. S., & Amarasinghe, M. D. (2019). Carbon sequestration capacity of mangrove soils in 

micro tidal estuaries and lagoons: A case study from Sri Lanka. Geoderma, 347, 80-89. 

Prasanna, M. M., Ranawana, K. B., & Jayasuriya, K. G. (2019). Species composition, abundance and 

diversity of mangroves in selected sites in Amprara District in the east coast of Sri Lanka. Ceylon 

Journal of Science, 48(2), 169-175. 

Prasanna, M. G. M., Ranawana, K. B.  Jayasuriya, K.M.G.G., Abeykoon, P., & Ranasinhe, M. (2017). 

Mangrove species distribution, diversity and present status in the north and east coast of Sri Lanka. 

Journal of Wild Lanka, of Wildlife Conservation of Sri Lanka, 90-98 

Shapiro, A., Trettin, C., Küchly, H., Alavinapanah, S., & Bandeira, S. (2015). The mangroves of the 

Zambezi Delta: increase in extent observed via satellite from 1994 to 2013. Remote Sensing, 7(12), 

16504-16518.  

Satyanarayana, B., Van der Stocken, T., Rans, G., Kodikara, K. A. S., Ronsmans, G., Jayatissa, L. P., 

... & Dahdouh-Guebas, F. (2017). Island-wide coastal vulnerability assessment of Sri Lanka reveals that 

sand dunes, planted trees and natural vegetation may play a role as potential barriers against ocean 

surges. Global Ecology and Conservation, 12, 144-157. 

Satyanarayana, B., Koedam, N., De Smet, K., Di Nitto, D., Bauwens, M., Jayatissa, L. P., ... & 

Dahdouh-Guebas, F. (2011). Long-term mangrove forest development in Sri Lanka: early predictions 

evaluated against outcomes using VHR remote sensing and VHR ground-truth data. Marine Ecology 

Progress Series, 443, 51-63. 

Twilley, R. R., Rovai, A. S., & Riul, P. (2018). Coastal morphology explains global blue carbon 

distributions. Frontiers in Ecology and the Environment, 16(9), 503-508. 

 

 

 


