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and  Nayband, Bushehr Province (Area1), Sirik, Hormozgan Province (Area2)Mangrove sites in . Figure 1
and the training samples used in each areaBaluchestan Province (Area3)  & Govatr, Sistan 

.2 images-The color composites were obtained from bands 3, 4 and 8 of Sentinel  
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  �(�1- �
M��� !�$���2  #,�� ��_�� �� ,# +#
-!$� #,��6����  
images used in each study site 2-Sentinel. Table 1 

) ���M� �$
�%Tile ID(   ���M� B�,
�)Date(  ) ���M�Image(  ��_��  
Study area 

T39RXL 
23  �U!A�2021  

)2021Oct.  23(  
2A-Sentinel 

 ��_��1  .(�U�
� T��K) 
!$�(�;%��  
)Province Area1 (Nayband, Bushehr 

T40REQ 
15  �U!A�2021  

)2021Oct.  15(  
2B-Sentinel  

 ��_��2  .?���$) 
!$�(
7V���  
)Province Area2 (Sirik, Hormozgan 

T41RLH 
29  �U!A�2021  

)2021Oct.  29(  
2A-Sentinel 

 ��_��3  .����7 T��K) 
!$�(
!9W��� � 
!9�$  
)Province Baluchestan & Area3 (Govatr, Sistan 

  

  �(�2- JK
%
�I 7 6%����
� 5,� ����
� ���
�+(%  6���� ,#6���, 

in the present studywithand Mangrove indices investigated  -Vegetation. Table 2 

fU��  
Reference 

�_��,  
Equation 

JK
%  
Index 

+,
�%  
.No 

(2018) et al.Gupta  

Red)/(NIR+Red)−(NIR 
NDVI 

)Normalized Difference Vegetation Index( 
1 

Red)(1+L))/(NIR+Red+L)−((NIR 
SAVI 

)Soil Adjusted Vegetation Index(  2 

NIR)/(Green+NIR)−(Green 
NDWI  

)Difference Water IndexNormalized (  3 

(2000) et al.Daughtry  
 ×R550)−0.2(R700−R670)−(R700[

)]R700/R670( 

MCARI 
Modified Chlorophyll Absorption in Reflectance (

)Index  
4 

(2019) et al.Diniz  MIR)/(Green+MIR)−(Green 
MNDWI  

)Modified Normalized Difference Water Index( 
5 

(2019) et al.Jia  
 ρ1240)×−[ρ1240+(ρ660−ρ860{

)]}660−1240)/(860−1240( 
FAI 

)Floating Algae Index( 
6 

(2014) et al.Winarso  (NIR−SWIR/NIR×SWIR)×10000 
MI 

)Mangrove Index(  
7 

(2018) et al.Gupta  NDWI –NDVI  
CMRI 

)Combined Mangrove Recognition Index(  8 

(2018) et al.Wang  
SWIR1)/SWIR1–(NIR 

MDI 
)Mangrove Discrimination Index(  9 

Red)/SWIR2−(NIR 
WFI 

)Wetland Forest Index( 
10 

(2019) et al.Diniz  
|NDVI|)/(|MNDWI| +  −(|MNDWI| 

|)NDVI| 
MMRI 

)Modular Mangrove Recognition Index(  11 

(2019) et al.Jia  
 ρBλ3)+−ρBλ2)+(ρλ3−ρBλ1)+(ρλ2−(ρλ1[

ρBλ4)]/4−(ρλ4 
MFI 

)Mangrove Forest Index( 
12 

(2020)et al. Baloloy  Green−NIR−Green/SWIR1 
MVI 

)Mangrove Vegetation Index( 
13 

  

JK
%I
� 7 6%����
� � ����
�  

�����6���� ��) Z���� I
�; 2019, et al.Jia 

2021, et al.; Baloloy 2019, et al.Mondal  .(

JK
%�� ��
�7 6%�� #��,
A�� I
� ���� ��;� ,�Q��
+#�# I�, 
�����
� (�(% h
S!�� ,�# 5� 6"�$ I
�

�_��,) I
�1  
�6  �(� .2 .($,��� ������  
� 6����
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�JK
% 5� +#
-!I
� #�# 
�� ����
� �A  6% ��A
�

��� JK
%I ����I,�#�� ����
�I �, ����
�I �
M��� 
!�$���2 �,��d m� �(�� +(%(�� �_��,)I
� 8  
�13   �(� ,#
2 .(Xia ) �,
>�� �2022(  ���,
A ��
�5,� �� V��MI  I�,

���!�$ ���
M�2 ,# V�� JK
% Z�� �A (�!%�# (�Am� 
6�� 6���� �_��,) (% �!<�7 �Q� ,# �,7  �(� .2.(  

  

,��	�Y!� ��U[I(��  
��
"�L5��A  6����6���,  ��
�
$ ,#GEE  .(% X
"��

�
M��� 13 JK
% $,�� #,���  �$ �� ��
�
$ 
�� ,#
��U[ ����
� � y
K .hL ��U[(��I  ��
�
$ ,# .(�(%GEE 

����!  5�15 ��U[ F�,(��I @$� O�!$# ,#.  ,#
6����Z���� I
� F�, 5�
�I I��7#
� %
�Z� (��
� 

<#
M� ����� %
� �Z� #��,� !��
U� )SVM��� (I 
��U[(��I �, 
�����
�I �
M��� !�$���2  @$� +(% +#
-!$�

)2022, et al.Xia  .(�������� 5I#
� ����5� 
Heumann )2011(  �Xia ) �,
>�� �2022 +,
%� (

,��	� �A (�#�AY!� SVM �� ����?�  F�,I��7#
� 
%
�Z� �$f� (�L,
A �. ���I ��U[(��I  j$
�� 
�����
�

h
S!�� .@$� ?� ,��	�Y!�  Z�%
� I��7#
� j$
��O
$��� 
������ @$� ,��%# 6����. 5��� ,��	� ��Y!�  �,�� ��� ��

 #
�!$��	
��Z���� I
� m�(�� 
�� .#�A ����A,�[  �
������� 
6���� I
�X
"��+(% ����� @-7 ,��	� �AY!�I
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I��7#
� %
�Z� ���I 
$
�%��  �# 5� ����
� ��U[��U[ 
# R(����  ,#6�� 6�����, (hL .y
K). �,
A��  X5i �,

(�,�# )2021, et al. Baloloy; 2019, et al.Mondal  .(
$,��� ,��	� #�>��� +���Y!� ��U[(��I V��  R�(��

 6����6���, #�U�.  O
$��� Z�� ���� R(�.6���� 
���K� JK
% ���
�I ��% ,# �Q� #,��r�  
�) ��
��

?� �	�Y!�,� ��U[(��I ����� �
�I �]���� 
9>�
�� (�9� 
(�(%  ��
-� 
�+(�
�� +(%
!� ,#T� ��U[(��I r�<  t����
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A ���� JK
%(%
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� Z����
�� . 6���� ,#6���,  5�
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� ���� ��U[) �Q� #,�� a[
�� +#�(�� X
��1170 
�.�9>�  y
K ��U[1430 �.�9>�  hL ��U[1000 ��9>� (

�,I �
M��� GoogleEarth ��,�[  �<#
M�(�(% h
S!�� 
 �>%)1(P�� �� X5i .^�  �A @$� ���
M�13  JK
%

 ��_�� �� ,# �$,�� #,���]	
_� #,��  ����"� ?� 
� �����
�]���� ��U[ @�
}I(�� (%(� 5� .70 ����� (�,#
� I��� 

,��	� F5��LY!�  5� �30  (�,#�c
�+(�
� ���I 5,���
� 

!� @��T� ) (% +#
-!$�2020, et al.Baloloy  .(  

  

5,���
� @��  
��,�Q�� @��"�$� JK
%I
� 7 6%����
�  �

]� 5� ����
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����� ROC ��!�� ��U[ @�� .(%
�(��I  ,�AG� ��U[
��!�� +�\� .@$����.Z� 5 ^_$�� ����� )AUC� (V� ���I 


���9� 
!�T� ��+#�� ,
A (% ,�(�� .AUC �� ��]� ,�[ �Z� 
5/0 rK) ?���?� ��,�#� 
�  
� (
�U� rK?� =!��� @$�. 

 �A ,(c ��AUC ?�  �� ��U[?� #V�?���  ��U[ .(%
�
� @�� 
� �Q� #,��I�!�� ��U[(��I ) @$� +(%Alatorre 

2011, et al. .( ,�(��AUC  Z��5/0  �6/0  ���
��

��U[��
c��g I(�� . �Uc6/0  
�7/0 ��
c . �Uc7/0  
�8/0 
 .r$�!�8/0  
�9/0  5� �!��� � h�K9/0 
�� +(��#

��U[ I(�� �	
�(�!9� )2020Polo & Miot,  .( 6���� ,#
6��+�\� �, ��
�
$ ��GEE  ��� I����U$
��
�. 
X��
�,�V<�I 10.8ArcGIS   �2013Excel   V�� Y$, I���

���� 
�,�#��� � 
�(% +#
-!$�(�.  

  

  �(�3- @�� I
�,
�]� ,# +#
-!$� #,�� �"�$6�� 6�����,  
Accuracy assessment criteria used in the present study. Table 3  

fU��  
Reference 

�_��,  
Equation 

,
�]�  
Criteria 

+,
�%  
No.  

Congalton & Green (2019) 

	1n�n��
�

���
 ��A @��  

Overall accuracy (OA) 
1  

n		

�� 

	�� @��+(��A(�  
Producer's accuracy (PA) 

2  

n��

� 

@�� ��,
A  
User's accuracy (UA) 

3  

P� − P�
1 − P�  

j��P 
�
A  
Kappa coefficient (K) 

4  

Alatorre et al. (2011) 

TN
TN + FP �7���  

Specificity (SP) 
5  

TP
TP + FN 

@�$
9b  
Sensitivity (SE) 

6  

n � �A #�(]� =�9>�I
� ��U[(��I+(% )Number of all classified pixels(  
∑n�� � N��"� =�9>�I
� ��� �_c� ��
�~� � �A #�(]�) 
_K�9>�I
� ��U[ @$,#(��I+(%( )Sum of diagonal pixels of the error matrix(  
n		 � #�(]� =�9>�I
� ��U[ @$,#(��I+(% �, ��)I ��� �_c�( )Number of correctly classified pixels(  
n�	 � #�(]� f�� =�9>���
� �� �A%5��L ����� �����  +#
-!$� ��U[ L+(%(�� (�!$ f��) )Sum of training pixels of target class(  
n�� � �A #�(]� =�9>�I
� �Q� #,�� ��U[ )he target classTotal number of pixels of t(  

oP U9� +(�
�� a<��� =� �
� 5,���
�
� )Relative agreement between comparisons(  

cP 
�!b� =  P�<� 9�
% a<���� )Probability of chance agreement(  

TN  =��9>���
� �� �A!$,#� MS� �Q� #,�� ��U[ ��J� �(�!<
� )the target classPixels correctly not assigned to (  

FP  =��9>���
� �� �A!$,#
�� MS� �Q� #,�� ��U[ ��J� (�!<
� )Pixels uncorrectly assigned to the target class(  

TP  =��9>�I
� �� �A!$,#� MS� �Q� #,�� ��U[ ��J� (�!<
� )Pixels correctly assigned to the target class(  

FN  =��9>���
� �� �A!$,#
�� �� � �
M!K� �Q� #,�� ��U[(�!<
� )Pixels uncorrectly not assigned to the target class(  
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!�T� 5,���
� @�� 13  JK
% ,# +#
-!$� #,��
  �(�4 � 
����#�(  �A����A,�[#�>��� .  j�g�
JK
% 
�h�K  #��)8/0>AUC(� 5� .
� JK
%
�I 

7 6%��.��
� JK
%
�I MCARI  �MNDWI 
��j���� �Z��!�� �!�A �Z�  ��_�� �$ ,# �, @��

�n�� .(�!%�#Z�@�� Z��!�A � Z��!��� .  ,# Z��
JK
%
�I ����
� ���� a�]!� j���� MFI  �MI (�#�� .

� 5�
� 13 5,� JK
%��
� .+(%MFI ;�Z��!  �, #�>���

 ��_�� �$ �� ,#@%�# . ���,
A �9�
��JK
%
� 
O
$��� PA. UA  �AUC ����
� (% X
"��. 5���  R(�

�Z� .6���� ��
$
�%  .#�� 
�����
�������  . 
k�MVI 
 ��_�� ,#2 $).?��� (
7V��� 
!$�. �Z��!�� OA 

)6/97  ((�,# �K )96/0 (�� �,#�# �
M!K� #�K  �A
 ���
����
c@� �Z� >-� ,# JK
%?�  R(� ��U[ �$

.@$� �,
A (�W����  L)PA 6/93  �UA 7/99 (�,# (

$
�% ,#��  
�����
�
�� ,#�9�  
�MFI )PA 2/96  �

UA 100 (�,#(   �(�) #�� �!�A4.(  
  

  �(�4- @��"�$� JK
%
�I 7 6%����
� ��U[ ,# ����
� �I(�� ����
�I �, ����
�I �
M��� !�$���2  #,�� a[
�� ,#6����  
2 imagery -and mangrove indices in mangrove classification on Sentinel -Accuracy assessment of vegetation. Table 4

within study areas  

MVI  MFI  MMRI  WFI  MDI  CMRI  MI  FAI  MNDWI  MCARI NDWI  SAVI  NDVI 
,
�]�  

Criteria 
  

96.4  99.2  96.9 97.3  90.6  96  77.8  98.6  94.8  96.4  93.8  97.7  96.8  mangrovePA  

��_
��

 1 )
1

A
re

a
(  

95.6  98.4  80.4  89.3  78.2  93.1  73.2  95.7  63.3  96.3  97.7  97.8  83.5  UAmangrove  
93.9  94.4  76.7  92.2  69.4  92.6  87  93.8  74.5  88.4  93.2  93.2  90.1  OA 

0.9  0.91  0.64  0.87  0.53  0.88  0.79  0.9  0.57  0.82  0.89  0.89  0.85  K  
0.92  0.95  0.91  0.92  0.9  0.92  0.83  0.88  0.65  0.92  0.91  0.92  0.92  AUCmangrove  
93.6  96.2  85.8  74.6  82.7  71.2  44.3  93.9  59.6  86.8  90.9  92.7  87.7  PAmangrove  
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99.7  100  69.6  98.5  98.6  87.9  93.7  100  85.9  99.3  99.3  99  99  UAmangrove  
97.6  84  63.6  69.5  82.5  71.8  24.1  72.3  83  73.4  57.5  95.1  92.5  OA 

0.96  0.76  0.46  0.55  0.74  0.58  0.16  0.59  0.74  0.61  0.4  0.92  0.88  K  
0.9  0.93  0.89  0.8  0.91  0.85  0.58  0.91  0.85  0.91  0.86  0.89  0.88  AUCmangrove  
91  97.5  91  94.1  83.7  92.2  85.7  87.9  47.9  93.3  91.8  92.7  93.3  PAmangrove  
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97.6  98.1  92.3  96  71.4  97.6  84  73.7  84.6  96.5  96.1  93.8  97.1  UAmangrove  
91.6  91.4  85.9  92.5  58.9  92.2  69.6  75.8  74.3  87.1  92  91.7  92.2  OA 

0.87  0.88  0.79  0.89  0.38  0.88  0.54  0.64  0.61  0.81  0.88  0.87  0.88  K  
0.86 0.94  0.89  0.91 0.89  0.76 0.88 0.89 0.74  0.91 0.76  0.88  0.89  AUCmangrove  

(b�� +5�(��I��7 PA  .����
�UA  � ����
�OA  (�,#.Z��n�� .@$� K  �AUC � ����
�Z�  � �-�?� �� ���=�(��A. 

.and AUCmangrove are between zero and one K. Also, PAmangrove, UAmangrove and OA are in percent 
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(Nayband, Bushehr (a) 2 imagery in Area1 -RCO curve of mangrove classification using MFI on Sentinel. Figure 2
(c) Baluchestan Province) & Govatr, SistanArea3 (and  (b) Sirik, Hormozgan Province)( Area2 Province),  

.The grey line is the AUC base line 
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2 imagery in in Area1 (a) (Nayband, Bushehr Province), Area2 -Mangrove maps using MFI on Sentinel. Figure 3
Baluchestan Province) & (Sirik, Hormozgan Province) (b) and Area3 (Govatr, Sistan 

.tationColourful imaeges are obtained from GoogleEarth for visual interpre  
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Abstract 

     Effective mangrove mapping needs reliable indices that can characterize mangroves from 

other land cover types on remote sensing data. Currently, a variety of vegetation- and mangrove 

indices are available, while a comparative assessment of their efficiency seems essential. The 

aim of this study was to evaluate six vegetation indices and seven mangrove indices developed 

for Sentinel-2 imagery to obtain a robust approach in mangrove mapping within Google Earth 

Engine (GEE) cloud computing platform. The rasterized indices were classified by support 

vector machine. The final maps were evaluated by area under curve (AUC) of receiver 

operating characteristic (ROC) in addition to common accuracy assessment criteria. Results 

showed that mangrove indices were more reliable than vegetation indices. Amongst the 

vegetation indices, Modified Chlorophyll Absorption in Reflectance Index (MCARI) 

(AUCmangrove from 0.91 to 0.92) achieved the highest AUC values, while MFI (Mangrove 

Forest Index) returned the highest values amongst the mangrove indices (AUCmangrove from 

0.93 to 0.95). All in all, results revealed that MFI on Sentinel-2 imagery in GEE was efficient in 

mangrove mapping within the study sites. 

 

Keywords: Avicennia marina, Google Earth, mangrove index, receiver operating characteristic, 

support vector machine. 


