
 
Assessment of natural recovery of mangrove from anthropogenic disturbance 

using neural network based classification of satellite images  
 

学⡠␒号 47-186848 
Ặ 名 Win Sithu Maung 
指導ᩍ員   佐々ᮌ῟ 

 

1. IQWURdXcWiRQ 

Since mangroYe foresWs aroXnd Whe Zorld are 

declining dXe Wo hXman disWXrbances sXch as 

shrimp farming, agricXlWXral e[pansion, 

Xrbani]aWion, and oYer-harYesWing for fXelZood, 

rehabiliWaWion programs shoXld be acceleraWed 

for mangroYe conserYaWion XrgenWl\. To 

compensaWe for mangroYe loss, resWoraWion 

programs haYe been implemenWed primaril\ b\ 

means of arWificial planWaWion. Man\ sWXdies 

poinWed oXW WhaW planWaWion projecWs ma\ lead Wo 

XnsaWisfied resXlWs ZiWh loZ sXrYiYal raWes Zhen 

a replanWed mono-species is inappropriaWe Wo a 

selecWed siWe. KnoZledge aboXW naWXral recoYer\ 

of mangroYe is Wherefore needed for sXccessfXl 

rehabiliWaWion.  E[cepW for a feZ sWXdies 

focXsing on comparison of naWXral recoYer\ and 

planWed mangroYe, Where is limiWed informaWion 

aboXW spaWial disWribXWion and species diYersiW\ of 

naWXrall\ recoYering mangroYe aW abandoned 

siWes. 

WiWh Whe deYelopmenW of remoWe sensing 

and classificaWion meWhodolog\, man\ sWXdies 

haYe anal\]ed mangroYe e[WenW and species b\ 

appl\ing differenW classifiers and saWelliWe 

images. Freel\ aYailabiliW\ of SenWinel-2 

imageries since 2015 provided research 

 

opporWXniWies in remoWe sensing field ZiWh Whe 

advantages of higher temporal and spectral 

resolXWion compared Wo oWher pXblicl\ accessible 

saWelliWe imageries. ArWificial NeXral NeWZork 

(ANN), Whe cXWWing-edge machine learning 

approach has become popXlar in YarioXs 

disciplines becaXse of high accXrac\ and 

XncomplicaWed creaWion of a robXsW model. 

HoZeYer, no informaWion aboXW ANN meWhod 

Xsing SenWinel-2 image is aYailable for 

mangroYe classificaWion. 

 WXnbaik MangroYe ForesW (WMF), 

Zhich is locaWed in Rakhine SWaWe, M\anmar, 

pla\s a YiWal role in proYiding ecological, 

enYironmenWal, and socio-economic goods and 

serYices Wo local commXniW\. HoZeYer, dXe Wo 

aqXacXlWXre and agricXlWXral e[pansions, WMF 

and iWs sXrroXnding mangroYe foresW haYe been 

highl\ degraded since 1990s. DXe Wo Whe facW WhaW  

WMF possesses a high capaciW\ of recoYer\ dXe 

Wo abXndanW seed prodXcWiYiW\ and high 

germinaWion raWes of mangroYe species [1], Whe 

sWXd\ area is a sXiWable region Wo e[plore naWXral 

recoYer\ of mangroYe from hXman disWXrbances.  

This sWXd\ aims (1) Wo e[plore mangroYe 

classificaWion b\ Xsing SenWinel-2 imager\ and 

ANN classifier, (2) Wo fXlfill informaWion aboXW 



mangroYe changes of WMF beWZeen 2015 and 

2020, and (3) Wo assess naWXral recoYering 

mangroYe from hXman disWXrbances in Werms of 

spaWial and species anal\sis. 

2. MaWeUialV aQd MeWhRdV 

2.1. SaWelliWe iPage aQd WRSRgUaSh\ 

For mangroYe classificaWion, SenWinel-2 saWelliWe 

images, Zhich are freel\ proYided b\ EXropean 

Space Agenc\ (ESA), Zere collecWed. 

AWmospheric correcWion and resampling Zere 

condXcWed Xsing Semi-aXWomaWic ClassificaWion 

PlXgin (SCP) in QGIS. GroXnd WrXWh images 

Zere creaWed manXall\ in ArcGIS Yerif\ing ZiWh 

Google EarWh Image. Normali]ed Difference 

VegeWaWion Inde[ (NDVI), Normali]ed 

Difference WaWer Inde[ (NDWI) and Combine 

MangroYe RecogniWion Inde[ (CMRI) Zere 

calcXlaWed Xsing saWelliWe bands of SenWinel-2. 

For Wopographic informaWion, NASA's ShXWWle 

Radar Topograph\ Mission (SRTM) and MXlWi-

Error-RemoYed-ImproYed-Terrain (MERIT) 

Zere collecWed from USGS EarWh e[plorer. 

Canop\ heighW model (CHM) Zas deriYed from 

differenWiaWion beWZeen SRTM and MERIT. 

2.2. ANN claVVificaWiRQ aQd chaQge 

deWecWiRQ 

ANN classification was performed using mainly 

TensorFlow 2.5 on a supercomputer. A basic 

model Zas shaped b\ organi]ing mXlWi 

percepWron la\ers of an inpXW la\er ZiWh differenW 

feaWXre combinaWions, one hidden la\er ZiWh 12 

neXrons, and an oXWpXW la\ers ZiWh 2 neXrons. 

The 10 bands of SenWinel-2 images acqXired in 

JanXar\ 2020, NDVI, NDWI, CMRI, SRTM, 

MERIT and CHM Zere Xsed in differenW 

e[perimenWs of ANN classificaWion. The mosW 

sXiWable combinaWion of inpXW feaWXres, Zhich 

\ielded Whe highesW accXrac\ Zas selecWed for 

mangroYe classificaWion. The basic model Zas 

WXned ZiWh nXmbers of hidden la\ers and 

neXrons. The WXned model Zas applied Wo predicW 

a neZ daWaseW in 2015; iWs performance Zas 

eYalXaWed Xsing oYerall accXrac\ and kappa 

YalXes b\ YalidaWing high-resolXWion Google 

EarWh Imager\.  

SpaWial change in mangroYe areas beWZeen 2015 

and 2020 Zas idenWified ZiWh Whe aims of 

focXsing on deforesWaWion and recoYer\ areas 

dXring Whe period. The main ZorkfloZ of anl\sis 

is described as Figure 1. 

2.3. Field iQYeVWigaWiRQ 

Field inYesWigaWion Zas performed Wo acqXire 

informaWion aboXW cXrrenW sWaWXs of mangroYe 

foresW and local liYelihood siWXaWion in Whe sWXd\ 

area b\ inWerYieZ ZiWh WoZnship sWaff of ForesW 

DeparWmenW (FD) and local commXniW\ as Zell 

as officials of WZo Yillages. Three abandoned 

siWes Zere selecWed among disXsed shrimp ponds 

ZiWh Whe criWeria of same abandonmenW \ear, no 

anWhropogenic planWing and accessibiliW\. 

MangroYe Wree species, diameWer aW Whe breasW 

heighW (DBH), and Wree heighW Zere idenWified aW 

50 ploWs aW Whe Whree siWes. SaliniW\ and eleYaWion 

daWa Zere collecWed Wo e[plore enYironmenWal 

preference of recoYering mangroYe species. 

DominanW species composiWions and 

species diYersiW\ Zere eYalXaWed Xsing Whe 

ImporWanW ValXe Inde[ (IVI) formXla [2] and the 

Shannon index (H)[3], respectively. 

 



 

Figure 1 Workflow of ANN classification  

3. Results 

3.1. Classification Accuracy 

Of the total 15 experiments after conducting 

input feature selection, experiment 6 using 10 

bands of Sentinel-2 image, NDVI, NDWI, 

MERIT and CHM produced the highest 

accuracy of 95.85%(FigXre 2). After tuning 

numbers of hidden layers and neurons, overall 

accuracy and kappa values are 95.98% and 0.93 

for 2020 and 94.5% and 0.88 for 2015. Through 

transfer learning approach, the performance of 

the model was improved into the overall 

accuracy of 97.2% and kappa values of 0.94.  

3.2. Change Detection 
Between 2015 and 2020, mangrove forests in the 

study area were found to decline from 254.3km2 

to 249.83 km2. Using high resolution 

googleearth image, mangrove gain patches were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

found at FD plantations and natural recovered 

sites while shrimp pond and agricultural 

expansion are main drivers of mangrove loss in 

the study area.  

  
Figure 2 (a)True color image, (b) Ground truth 

image, and (c) Classified image 

3.3. Characteristics of naturally recovering 

mangrove 
Mangrove forests were found to naturally 
recover to 49..02 %, 55.93 %, and 50.00 % at 

sites 1, 2, and 3, respectively, between 2015 and 



2020 without any restoration efforts (FigXre 3). 

The number of recovering species were found to 

be 11, 5, and 3 at sites 1, 2, and 3, respectively. 

Their dominant species identified from IVI were 

Avicennia officinalis at site 1 and Avicennia 

marina at sites 2 and 3. This study confirms that 

mangrove species are naturally recovering 

depending on their preferred environmental 

condition.  

4. Discussion 
Despite a number of studies using various 

classifiers and satellite images for mangrove 

classification[4], to my knowledge, the present 

study was the first attempt to explore neural 

network-based classification of Sentinel-2 

images for mangrove distribution. The proposed 

method achieved a satisfactory accuracy for 

mangrove classification and the trained model in 

this study can be applied to any mangrove areas 

around the world. 

In case of natural recovery of mangrove, a 

few studies compared planted and natural 

mangrove species at abandoned sites [5]. This 

study contributed not only species diversity but 

also spatial information about naturally 

recovering mangrove at different abandoned 

sites. 

The finding of this study shows that 

mangroves are naturally recovering with diverse 

species at disused ponds during short period of 

abandonment. Due to the ongoing human 

pressures, protection for remnant mangrove 

should be more enhanced than restoration efforts. 

Moreover, the proposed classification of this 

study is a promising method that can be used for 

mangrove distribution in future researches. 

 

 
FigXre 3 IdenWified naWXral recoYering mangroYe 
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