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Flash floods are important hazards in water resource 

and  environmental  management. This study aimed  to identify flash  flood-prone areas 

in the Khiaochay  watershed and investigate  the relationship between  spectral indices 

and flood risk. In  this  regard, the MFFPI model was used as the main tool 

to  determine flood-prone  areas. The parameters used included  slope, flow density, 

slope curvature, rock type,  soil texture, and  land  use, which were extracted from 

sources such as  digital  elevation models (DEM), geological maps, and 

remote  sensing  data. After  classification and weighting based on the 

modified  version of the MFFPI model,  these  parameters were processed  in a GIS 

environment, and a final flood hazard  map was  produced. To evaluate the  model's 

performance, two floods  recorded in   2020 were examined, and ROC analysis 

was  performed to measure  the accuracy of  the model. In addition,  the relationship 

between the spectral indices MNDWI,  NDMI,  AWEI, and LSM   and the MFFPI 

values was examined using  Spearman's  correlation test. The results showed that 

the  northern  areas, parts of the center, and  some southern areas of  the basin have the 

highest risk of flooding. The  evaluation  of the  parameters showed that factors such 

as low slope, high  flow  density, low-permeability clay soils, concave  slopes, urban 

land  use, and hard  igneous rocks are effective in increasing runoff  and flooding. The 

analysis of  the  spectral indices also showed  that the LSM index has a positive and 

significant  relationship  with the MFFPI  model and can be effectively used to 

identify  flood-prone areas. The AUC values for the two floods  studied  were 0.73 and 

0.72,  respectively, which indicates the  acceptable performance of the model in 

predicting  flood  risk. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Flooding is a phenomenon that occurs owing to a sudden increase in river water volume or rapid water 
flow owing to heavy rainfall, causing extensive damage to the environment and infrastructure. Iran is 
particularly exposed to devastating floods in its northern regions, and factors such as heavy rainfall, 
improper watershed management, and inadequate flood-control infrastructure increase the severity of 
the damage. Various methods have been proposed for flood risk assessment, including numerical and 
data-driven models based on GIS and remote sensing (RS). This study used the modified MFFPI index 
and remote sensing spectral data analysis to identify vulnerable areas in the Khiaochay watershed. 

 

DATA AND METHODOLOGY  

In this study, the MFFPI model was used to simulate flash flood-prone areas in the Khiawchay 
watershed. Figure 1 shows the location of the Khiawchay watershed in Bhutan. 

 

 
Figure 1: Location of the Khiawchay watershed in Ardabil province and Iran. Source: Authors 

 

The key parameters of the MFFPI model, including slope, flow density, slope curvature, rock type, 
and land use, were extracted from various sources, such as DEM, geological maps, and remote sensing 
data, processed in a GIS environment, and weighted according to Table 1. 
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Table 1: How to score the parameters of the MFFPI model (Tincu et al., 2018). 
Parameter Parameter Weight Class Class Weight Final Score 

Slope (degrees) 3 

10–60 

8–10 

6–8 

3–6 

0–3 

1 

2 

3 

4 

5 

3 

6 

9 

12 

15 

Flow Density 2.5 

0–1 

1–2 

2–3 

3–4 

4–5 

1 

2 

3 

4 

5 

2.5 

5 

7.5 

10 

12.5 

Slope Curvature 2 

(-49)–(-18) 

(-9)–(-0.5) 

(-0.5)–(0.5) 

0.5–1.5 

1.5–23 

1 

2 

3 

4 

5 

2 

4 

6 

8 

10 

Soil Texture 1 

Sand–Clay 

Sandy–Loamy–Clayey 

Various Textures 

Clay 

Clayey–Silty–Clayey Materials 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Rock Permeability 1 

Alluvial Deposits 

Sandstone, Conglomerate Formations 

Marly Formations 

Limestone Formations 

Igneous Rocks 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

Land Cover/Use 0.5 

Forest 

Dense and Semi-Dense Pastures 

Agricultural Land 

Low-Density Pastures 

Water Surfaces 

1 

2 

3 

4 

5 

0.5 

1 

1.5 

2 

2.5 

 

The accuracy of the MFFPI model was evaluated using real flood data and an ROC curve. In addition, 
the relationships between the spectral indices MNDWI, NDMI, AWEI, LSM, and NDVI and the 
MFFPI model were investigated using the Spearman correlation test. 
 

RESULTS AND DISCUSSION 

This study investigated the factors affecting the occurrence of floods in the Khiaochay watershed 
using the MFFPI model. The findings show that the slope of the land plays a key role in the formation 
of runoff, such that low-slope areas are prone to runoff accumulation owing to their high water 
retention capacity, whereas in steep areas, the water flow becomes more intense. In addition, the 
density of flow in waterways significantly increased the volume of runoff, particularly in the northern 
parts of the basin, where the main waterways were concentrated. The results of the soil type study 
showed that clay soils with low permeability had the highest potential for flood production. In 
addition, the curvature of the slopes affects the runoff pattern, such that concave slopes are prone to 
water accumulation and increase the risk of flooding. Land cover and human activities also play an 
important role; urban areas and wastelands have the highest flood risk scores in the model owing to 
reduced infiltration. Finally, flood risk zoning showed that the northern areas and parts of the central 
and southern basins had the highest flood potential. Examining the accuracy of the model using the 
ROC curve showed that the model has a good ability to identify flood-prone areas. 
 

CONCLUSION  

The results of this study showed that flood risk in the Khiaochai watershed varies under the influence 
of factors such as land slope, flow density, soil type, land use, and geology. Low-slope areas with clay 
soils in the center and north of the basin had the highest runoff potential, whereas higher areas had a 
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lower risk owing to the high flow velocity. The spectral indices also confirmed the direct effects of 
soil moisture and vegetation on flood occurrence. The evaluation of the MFFPI model using the ROC 
curve showed that this model performed well in predicting flood-prone areas. 
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) �&�� (�� *��I�� ��);# �W= P/�, ��
� ��=� c��C� �@"��"UNDRR P�R @,  *��-� �# �TUNISDR  @�=�-.

�� �� *�!" (�. X�� �� (�� @, �/�  ��/1995  �T2015  ���"I �#3/2  @# �+-� � @�.�x� ��dvT �>" �������

 y��157�000  �*��� �/ � 0�%�)) J�� ��. �>"2020@��" � q!= G��V� �# ���!, *��)� .(  @, J�� q!=

@# @# ��= �	��. $��-� �� �Q)� (�� z��� �� ���'�!D ��� @# .���� ���V �'"��)� ��/  O�# �@"��" *��-�25  b���

 �T8 ()��1 2019 I� P�# ����M� ���� �25  U��+� I� *����31  H�. .��� ���V ��dvT J&T �� ��!, *����

H��M=��/ �I�B Z��-��" J)�)�� ��)�. ���"��# *�e�/ ������ I� �.�" J=���)I �C�?#1 ��/  X��-, �
�,�" ��/

G�M�� ���" � 0;�� @!%" .�. �)�!T (�� ���!/ ��1��, ��/  @, (�� �W= ��/X�� b��� �#  � )C�
 ��/L%
 

P�R �� `�� �#� �� �-�# ��� ��D� J�� O �� ��--, (#�V ��W= � J��WV X�� �O)� �# ��;� .�-.�# �F��T  ��/

���� I� ���)I G+B @# ���� *1 @�FT @, �"��� I��" U�-�� ��/ @���T X�B �� ��/��!, �� �/  *��)� �-"�� ��

@# *� �� ����� �F.) JM�" �)xR �*��� �/ � �#2020 �>��?� ��)�R (���� (���T @+��" 0;�� ��/���=� .(

 � ����V� H�����T �t��T � ��?�T ��/�-)1�
 �]�= ��)xRi�>" *�C�� �0�"��� � c��# H�. @��� I� ��-�M/

0;�� �O)� �# ��;� .�A��� ��#��, ��/�'	� �� �"����� JM)I ��/����R I� �/ ��dvT �"���"�� �W�&� ��  .�"�)xR

����&� O���T � �#�)I�� �O)��#�-# @# 0;�� (�M"��R ����� ��/ ��� q) *��-� �����=�# �)h�# J��/� I� @"���'!�R ��,

���V� I� � ) � ���#��/ @��"�# � J)�)�� �� ����� �� 0�M&� *��&# I��# I� P�R �C)�  �*��� �/ � ���) ��.

2020c�� .( )I�� ���# �>��?� ��/c�� .J�� ��. @
��� (�� �W= (��&T � �#�  �-"�� ��WV ��/1HEC-HMS  �

HEC-RAS2 @��. ���# 0;�� �I�� ���� @# �/ @-)C/ � $�V� ��/ @A�B @# � �"��� I��" h�# ��/  ���&� qD�, ��/

c�� �(#�%� �� .�-�M/ ���� � q)������R ��/ ���� I� ���>��� �# ��&� ����/�� ��/  � ��GIS  L)��. � y�C# b��%� ��

) �)��
���� H��;�� G�M�� I� *�%%&� I� ����M# �O)� �# ��;� .�"�dj� ���� ����,GIS (�M"��R <=�. �# �-��� (

J�Y�w= b��� �# �"�F��" (����/ X��-, (���� � O��I0;�� @���T ��--,  @��� �#�)I�� ���# �"�F��" ��/

0;�� @# J���MB  �� �"�F��" ��/���, ���>��� {�= sW� q)  �*��� �/ � ��	�T) �"�2024 .( O)� �# @�	�W�

��F# a;Y� <=�. I� ����  ��.3MFFPI� Z��1 $��-� �)���-. @#  ��D���= C�?#1 @A�B �� (�� �#��# �� �)xR

�� J)���&� @# @��T �# .�I���R c�� ��/  ��)�C� � ���� ��/GIS ���� � P+-� ��/I����>��� ���� <=�. I�  ��/

                                                      
1 - Hydrologic Engineering Center - Hydrologic Modeling System 
2 - HEC-RAS: Hydrologic Engineering Center - River Analysis System 
3 - Modified Flash Flood Potential Index 
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�� ���,�T (��&T JV� �"��T a;Y� @?M" I� ���>��� �� P/�QR O)� ���1�" .�/� P)�C
� �� �/  ��.MFFPI  �����# 

<=�. �# *1 S��T�� P+-� �>�� ��/@�
�� ���V @��T ���� ���, @-��I O)� �� *�-,�T @, J�� ���I�  Z�,�T .�"�

��M� �B��" �)���-. JV� ��� )�� �� O)� 0;�� �W= J)�)�� ���# ��1��, �#�D��D � ���!?# ���F# �� 0;�� �

�� @
��� .�/�  

 @��� I� @�
�� ��+"� *��)� � ��"� �� @-��I O)� �� �T��	�W��T� - ) *��� �/ �2018 <=�. @���T �# (MFFPI  ��

"���� c�T��T @"�=��� @A�B�  �@# ���,��� �&T�( �����*� �, (��� @� �@"���-D��� ���-. �� �dj��)  @, �"��,

6/91 �Y�� )���\"� A�T �� X���s �� �����" .)g *1 � @, ��� *�!" �/)O h�# $#�WT <=�.�) � �W= @!%" �#�0; 

C#� � ������� R �� �dj��P #�-� � $��-��( =�C .J�� ) *��� �/ � @,����,2019,�T �# (�Z 1AHP ��'	� �)G� �/� 
2KNN  �K-Star ��F# � ���� ���� I� �/� P+-� � ���I�10  <=�. ��dj� (���3FFPI ��" .�"��, @���&� ��)g 

,�B� �T�# I�� ,�T X����� KNN–AHP X�� @# J�M" �/� " *1 JV� @, ��# (%�M��C -&-� �#� 4ROC  �5AUC 

vT�)� .�. ) *��� �/ � �R�R2020 <=�. I� ���>��� �# (FFPI X�� � I��� %� �� �dj� (������b 30 ����� 

�1�Z xR)�� ��0; I�� ����	�� @A�B �� ��)#�� *1 .�"��, dvT �/�� ('-� ��I�) " ���C ���#�  @, �"��� *�!" � ���,

FFPI � $#��� �#�0; � � J�� *��?�/� �"��T � U�
� �V�
 $��-� �����=��� ��C#�� FT �� (� ��@ @!%" �/�  �W=

) *��� �/ � @>V��. .�.�#2020��F# �# ( ����  <=�. I�FFPI  �GIS"��&# $��-� �� ��0; "�F��"�  @A�B �� ��

*��� - ���-. �V�I�) *1 .�"��, �C
� @, �"��� *�!" �/)P . *I��Z �#��, �� �I�O # P%"@�C��) �!T ��)�  �W=

��0; (#�V P?# � ���� F��T� M# �T L���� a�W� �� @%W-� I���� h�# .���� ���V �W= �u" I� ��,���)|  *��� �/ �

)2021 <=�. I� ���>��� �# (FFPI �&T ��( �, (��� ��FD���� � �W=�0; ��-T� ���� �# �/�  � 0�"�� @A�B

���# �� qR� ��" .�"��,)g  @, ��� *�!"5/33 �Y�� I� $��-� M# �W= z��� ����� � h�# 68 �Y�� �� sW� �W= 

L���� ���V ��"��� @, *�!" ��-/� ��1Z xR)�� (#�V @��T I)J=��� �/ �J�. D�,�\ ) *��� �/ �2022 �# (

@# ���,���  <=�.FFPI  �15 &� �� �dj� (����L GIS�1 @!%" ��Z xR)�� ��0; 	�� @A�B ����
�� FT ���@ 

��" .�"��,)g  ��� *�!"43 �Y�� I� @%W-� �� sW� ��1Z xR)�� M# �T h�#��� R c�� � ���� ���V h�#���F-!�� 

"��?�/� h�#�) ���� �# �/� ��T)?� ��@�. ��# �� ��)�)J �)qM Y�T�@ ) *��� �/ � X���" .J�� ��.2023 �# (

 <=�. I� ���>���FFPI �, (��� ��FD ���� .)��Z �#��,� �I��O  � ]�= U�"6NDVIM"��R �(�( ��0; "�F��"� 

C	�� G	�� ��. �� ��� I��)#�� *1 .�"��, �� �/)�-�
�  @%W-� @,��!�# ��-� � ���� ���V L���� �W= sW� ��)��  ���

 X���B� �#71 �Y�� U�V� ��0; �.)�� ��F# �� ���� �� @# J�M")� ��-�)�/� .J.�� ) *��� �/ � ��	�T2024 �# (

��F# ���� ���-
 I�� P+-� <=�. � ���I�MFFPI �� �W=�0; ��T @A�B �� ��� I�� �-/)#�� *1 .�"��,  �/

@%�� �W= sW� g-R �� �� @%W-� �-#� ��" � ���,)g  c�� �# ��AHP +-�������� '�M��/ @, �"���"� h�#�)  �#

�V���J �/� ��"��� .��� *�!" ��R)O )1398 X�� I� ���>��� �# (MFFPI �/������R �� 
�C)
������ � �W=�0; 

�F��""� �;�� @A�B �� �� @-FR 0�} ��#1 �-#� ��" .��,)g  ��� *�!"45 �Y�� I� @%W-� �� @-FR �W= )I��  � ���� ���V

                                                      
1 - Analytic Hierarchy Process 
2 - K-Nearest Neighbors 
3 - Flash Flood Potential Index 
4 - Receiver Operating Characteristic 
5 - Area Under the Curve 
6 - Normalized Difference Vegetation Index 
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�B� �/������R NxB �#� G, �;�� J.� ��d�  �W= z��� �� *�-e�/ 0�} ��#1���� ���V h�#. /��#���� )1399 �# (

��'	� I� ���>���)G� 
��wT ('-�� ���# �� 9 . �c��# (��. <=�.��Z �#��, � U�>T��� A����� !%"~ ��)�)J 

� H����?��0; A�B �� ��~ ?#1�C FT H�"����	�@ ��" .��,)g GF� c��# ��� *�!" �T)O � U�V� (����0;  � J��

#�P " I���� @# @%W-� I� �)�Q P?# �� �/� 	��.� #�} �� @-FR �� �/� ��R .�"��� ���V ]�"�W=)O )1399 �# (

 X�� I� ���>���MFFPI � �W= ��W= @��� @���&� c�� ��0; �/� "�F��"� . �wV @A�B��)O I�� ��)#��  .��,

��")g  @, ��� *�!"93 �Y�� I� JB�M� @A�B $�� c�� @��� �W= �� z��� �W= )I�� 	�B�� �J��� X�� @,

MFFPI  ���B60 �Y�� @%W-� �� �� @-FR ��/  ��� ���V �W=�R ��# 
 (���� �# C,��T�C)
������ �Th�# JV��  ��

���-.�) ����� .J.�� b�MB $��-���� �/�� �� )1401��F# �# ( ���� I�
 c�� I�� ���� � �/� . �U�>T����Z 

	 �c��# �@"�=��� I� @�Y�
���	��� �#��, �� A����� � �W=�0; �R ���)O J�� @-FR �� � " @A�B �-#�  @!%" .�"��,

�F"�) <=�. �# �/� ROC �R�, �� +-������� O/�,�  @, ��� *�!" � �.7/15 �Y�� I� JB�M� �@%W-� (��. 30 

�Y�� I� $��-� ��F. ����� ��)� @-FR �� �/� I �W=)�� M# ���� I)�� ��� @-'"I � *���FV .���� ���V� )1401 �# (

��wT I� ���>���)� ������ Sentinel-1 @"���1 c�� � ��x�� Otsu� ���M� $��-� ��0;  *����	 *� !, @"�=��� ��

���-. ���) ��" .�"��,)g  c��# ��� *�!"47/46 ���� ��� � U�V� ���#�0;  ��6/51 �Y�� I� @%W-� �. � 

�R*�e ��� @#  *��-�) � "��&# $��-� I�� 
���� ���)�� .)O !?#�d� �@�	�W�� ��wT)� ������ ���-. �� ���) 

��0; �/� @u&	 �� vT�)� �A� .��,�) ��%� ) *��� �/ �1402 X�� I� ���>��� �# (MFFPI� �W= ��0; "�F��"�  ��

�#1 @A�B ��)C *���� �D� I��)#�� *1 .�"��, . �/��Z �� G,��T)�*� �#��, � ]�= J
�#� A���� ��# ��� *I� /�� 

h)@ �/ @# �� � �"��# ��,)�-�
� . @,��Z �#��,� �I�O # ]�= J
�# ��!��)O dvT�� ��" .�"��� ��)g  �# $��-� ��� *�!"

I �W=)�� ��!�# J.� � @"�=��� ��M# �� �/� #���� M# �W= �# $��-� ���M� � �"C,������� �C
� G,)P )@�
� 

) *��� �/ � a;
 .J��1402 X�� I� ���>��� �# (EBF1� ���M� $��-� ��( � J.����=; ���-. �� *����	�) 

� .�"��,)O @# �# @�	�W� ���,��� ���� �/� ��( �/� . �U�>T�� �-"�� �dj� (���� � @�.x���Z  � @"�=��� I� @�Y�


! /I G,��T�� � ������� @!%"�( FT ���@ ��" .���")g  JV� �#76 �Y�� �X�� ��/�J  � @"�=��� I� @�Y�
 �U�>T��

! /I G,��T� @# �� �, (���� *��-���� R ���P #�-� ��( =�C� vT�)� �#�� .��,)-� ) *��� �/ �1403 ���>��� �# (

 X�� I�MFFPI �&T ��( 6 �Y� ������R�� @-FR �-#� � �W=�0; � ����>. @A�B�*; FT b;, g-R �� ���@  .�"��,

��")g P?# ��� *�!" �/� #�-�� 0�-� � #�}� I �W= z��� �� @A�B)�� = ���� I)�� �� ��"��� ���V	�B� @,

 $��-�C,��� ����� W=� .�-�M/ G, �T L���� 

R H��	�W� �����!�O � *�!"� �/�  <=�. @,MFFPI M# ������ @A�B I� �/� ?#1�C @# ��C#� *��-��  JF� ��1��,

���-.�)  ���M� $��-�0;�� @# � �dj� P%" ���� �# .J�� ��. @�
�� ��,)O �%T�� �� <=�.� X�� JV� I��� �/ 

���0; ���,� �/�) �/*�e ���# *��%
� <=�. K��� �/� ��> �P/�QR Z�}� ��  .J�� ��F!� �/ O)� �# P/�QR

� *��, �R N�/)O >�T @# ��=�$  <=�.MFFPI <=�. �# �/� ��>� �� � @�=���R)�� � �")O ��#�  JV� ���F#

���-.�) � $��-��( =�C � @
���� �/�.  

  

  

                                                      
1 - Evidence-Based Framework 
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���� �
 D�� � �
    

 ��;�S� ��3� ���,�� 

 @A�B ���B �� ��B�M� �# ��D���= C�?#113000  *����F. 0�-� � *;�� ��, �#�} @�.�B �� ��� /

O�'!� �� 0�M&� (�#��� *���� I� �!?# @%W-� O)� ����!, H���M%T �u" I� .J�� ��. KV�� �F.  I� � ��.

@A�B�)I ���I �� ��)��
���� ����)� .���� ���V �C= y�C# C�?#1 ��/ �� @A�B�)I O)�  �)��
���� z�� ����&�38 

 � @���11  �T @%�V�38  � @���28 @%�V�  �)��
���� X�� � �	��.47  � @���37  �T @%�V�47  � @���48  @%�V�

 �@%W-� O)� U�>T�� O)��!�# .J�� ��. ����M� �V�.4560  �#�-� H���>T�� �� ��M, @�V �� �)�� sW� I� ���

 *1 U�>T�� O)���, � @A�B1375 ���  ���� ���V �"�W�� (R ��������/ ��'�M)� ����&� �� �@A�B ����= ��

 �*��� �/ � �d��})1396 ( . .(1 *�!" *��)� � *���� sW� �� �� ��D���= C�?#1 @A�B �)��
���� J��V�� �

�� .�/�  

 
 :)�1:  A��T3�M��KN �O3P U��7� � :�K��� U�E*� �� '�>���L. P/�QR *���"��'" :K�-�  

D�� B
��
 �*�6� 

@��. ��u-� @# �P/�QR O)� ��  X�� I� ���D���= C�?#1 @A�B �� �"�F��" 0;�� �B��" �I��MFFPI  .�. ���>���

@-��� ��-&"� �*�)�� G,��T �Z�. (��. X�� ��Y� ��/������R ���#� ���u-� O)� ���#  ���>T�� ���V� X�� I�1DEM 

30 ��� [-� \-� �@!%" I� O��I ��/ ���-.1:100000 .�. ���>���   @!%" ��� (��� ��M# �� C�" ]�= J
�#

 ���� ��')�R I� O�+"�USDA  J,����R I� O�-e�/ �GLC-FCS30D @# @�	�W� ���� @A�B �A��� ��#��, J��A�-

a;Y� @?M" $�� �/������R O)� .��1 J��  X�� ��.MFFPI  X�� �� *��� �/ � � -�T L��T @,2018  �
���

��.@%�� ���?� b;, g-R @# �  I� ���>��� �# �\f� .�. @�
�� �u" �� �Y�= *I� ���,�/ ���# � �"�. ��-#

 ��/��C#�Raster Calculator �� ��"  ��C
�GIS @���&� �T��;�� @)h �/ �)�F" I����� � Z�,�T �/������R O)� �)��%� �

?#1 @A�B �� 0;�� �W= (�M"��R @!%" �J)�F" �� .�)��� X�� I� ���>��� �# ��D���= C�MFFPI  ��/������R �

                                                      
1 - Digital Elevation Model 
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*I� �/� 0;�� I� ���� �� �X�� JV� �#�)I�� ���# .�. ��	�T ��. �� ��/ �)��T �� ����  ��/14/07/2020  �

06/06/2020  �-&-� I� ���>��� �# X�� �� ��� � J
�� ���V ����# ����ROC <=�. �O�-e�/ .�. �#�)I��  ��/

 �-"�� �>��1MNDWI �2NDMI �3AWEI� 4LSM  �NDVI *�!" @, ]�= J#��� � �#1 K#�-� ��-/� *�/��� � 

����/�� �)��wT I� ��-�M/  J��-	 ��8 <=�. O)� I� .�"�. (��&T � `��?��� O�+"� ��� (��� ��M# ��  �� �/

) *��� �/ � �'-�� H��	�W�2024) *��� �/ � �-�T��	1 �(2022) *��� �/ � �"��,�, � (1403 �)���-. ���# (

���� *���" X���" I� *�-���� I� \R .J�� ��. ���>��� �#;�� �B��" ������, *��I1 I� ���>��� �# �/N  - 

<=�. I� q) �/ O�# S��T�� �N�"�����  X�� � �>�� ��/MFFPI  ���� O���f�� �'�M��/ *��I1 I� ���>��� �#

.J
�� ���V ����#  

2,� MFFPI   

 X��MFFPIa;Y� @?M" �  X�� ��.FFPI ) *��� �/ � � -�T L��T @, J��2018 X�� O)� .J�� @�
�) @���T (

 �Z�. ����, ������R P. (��.G,��T  ��#��,/O��I P.�R � [-� ��)xRi�>" �]�= J
�# �@-��� ��-&"� �*�)��

�A��� �� @# @, �.�#@# �"�F��" 0;�� (�M"��R �#�)I�� ���# �w=�. *��-��� ��, a;Y� �)�F" @?M" �� .���  ���.

@%�� b;, g-R �� � ���# ��= {�w?� *I� ����� ������R �/ �� ��-# *I� .��.  ��/1  �5 *�!" Z�T�T @#  ��-/�

 �*��� �/ � � -�T) �-�M/ �"�F��" 0;�� U�V� (�M"��R @+��" �� � 01 J.��"� �# ��dvT O)��!�# � O)���,2018 .(

 X��� ��1" �������R �/�I����� ��&  X�� ��/MFFPI .J�� ��. @
���  

 2�,V1:  2,� '�
�E����
 �
�J��E�� �3�(MFFPI  �U���)�
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1 - Modified Normalized Difference Water Index 
2 - Normalized Difference Moisture Index 
3 - Automated Wetland Ecosystem Index 
4 - Land Surface Model 



78   J��7K�� 5(�E
�: *�: L�M' �KN �O3P�M L��>��' 2,� J� ���QE*� �K  MFFPI...  

[6* '�7C
\3Q(  1  

 @�!F"��
�#1  

�����'-, �[-� @��� ��/�"I��  

�"��� ��/�"I��  

� /1 ��/�"I��  

[-� O)�i1 ��/  

1  

2  

3  

4  

5  

1  

2  

3  

4  

5  

.��J '�K��G/B�3
  5/0  

('-�  

G,���� @��" � G,���� KT���  

����I O��I  

G,��T G, KT���  

�#1 a�W�  

1  

2  

3  

4  

5  

5/0  

1  

5/1  

2  

5/2  

 

 ^L��MNDWI  

a;Y� <=�.  ��A�>T 01 ��.X���" ) ��.MNDWI@# �"��� C��V *���� �"�# �-)C')�� �# (  C��V *���� �"�# ���

 <=�. �� q)�C"NDWI @-FR �)���-. �� <=�. O)� .�. �
��� ��Q)� � �#1 ��/  �#��W� �� ��� ]�= ��/

(M �R ���# <=�. O)� ���%� .����  I� ���, �"� M� $��-� � �/��� P.�R �O��I �-"�� �#1��} ��/ �>Y

)MNDWI<0�	�B�� �J�� ( (M �R @, ) �>Y I� ��!�# ���%� ����� ��/MNDWI>0@# (  �)���-. �#1 $��-� *��-�

�� ��+"� H�B;Y� .�"�. @"���1 ����)�R P)�C
� ���# <=�. O)� �� ��.  �# @M)�%� �� �/NDWI  JV� � ��.

�� @
��� 01 J�>�, H�����T <�?!T �� �� ��Th�# �/�   �����) �*��� �/ �1400.(   b��� �# <=�. O)� X���


 @W#��1@# ��� J�� .�)1  

)1 (  MNDWI =
��		
��
�

��		
��
�
  

 �@W#�� O)� ��Green *�!"  � C�� �"�# 0�TI�# ��-/�MIR .J�� ��T�, `�� X�� �# C��V *���� �"�# 0�TI�# �'"��# 

  

^L�� AWEI  

Feyisa ) *��� �/ �2014 ��,��= `��?��� <=�. () 01AWEI NxB � �#1 a�W� �)���-. ���F# ���# �� (

(M �R (M �R ��k,��B q� >T �<=�. O)� ��Y� N�/ .�"��, �
��� ���T ��/  I� ���>��� �# 01��} I� 01 ��/

 ���%� @, �%��-� �� �<=�. O)� b��� �# .J�� �>�� ��/�"�# (A�>TAWEI<0 @# (M �R ��.�#  �� 01��} *��-�

�� @�
�� �u" .�	�B�� ���  @, �%��-� �� @,AWEI>0 *�!" ��.�# @-FR ���B ��-/�  J�� �#1 ��/ � �����)

 �*��� �/1400.( @# <=�. O)�  @W#�� H��Y2�� @���&� � .��.  

)2 (  AWEI = 4 ∗ �Green − MIR� − ��0.25 ∗ NIR� + �2.75 ∗ SWIR��  

 *1 �� @,Green C�� �"�# 0�TI�#� MIR ���� `�� X�� �# C��V *���� �"�# 0�TI�#L� NIR  C��V *���� �"�# 0�TI�#

 � q)�C"SWIR @-FR �)���-. ���# .J�� ��T�, `�� X�� �# C��V *���� �"�# 0�TI�#  z���� �)�� q� >T � �#1 ��/

<=�. I� ���>��� �01 I� P+-� ��/.J�� Z��-� @"���1 �B O���T �-�I��" ���I� 

 ^L��NDMI  

 <=�.N;�=� X���" ��#��� ) ��.NDMI �# (���� I� ���>��� ) q)�C" C��V *���� �"�# ��/NIR C��V *���� � (

) �"���MIR�� @���&� ( @# � ��.  @W#�� H��Y3 �� �)��T .����  
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)3 (  NDMI =
#
���
�

#
���
�
  

 J��-	 ��-+-� ��8 �"�# Z�T�T @# �"��� C��V *���� � q)�C" C��V *���� `�� X�� @# S�#�� ��/�"�# �5  �"�# �6 

 �-�M/�-�MB)  �*��� �/ � �-�D1398.(  

  

 ^L��LSM  

@# �W�&� ��C�� X�&T L�&� P)�R H��	�W� �� ����M� ���  O)� I� � ) .J�� @�
�� ���V ���>��� ���� ��M)I

@>	j� <=�. �*1 `��?��� ���# @, J�� J#��� �/  �-"�� ������ ��/NDMI  �(�/��� P.�R J#��� �����)

NMDI  � (]�= J#��� �����)LSM ��. ��+)� (O��I sW� J#���) .�"�  J#��� `��?��� ���# �P/�QR O)� ��

 O��I sW�)LSM(  @W#�� I�4  .J�� ��. ���>���  

)4 (    

LSM = 0.1511 ρBLUE + 0.1973 ρGreen + 0.3283 ρRed + 0.3407 ρNIR − 0.7117 ρSWIR1

−  0.4559 − ρSWIR2 

 *1 �� @,Blue  ��#1 �"�#Green  �C�� �"�#Red  �C��V �"�#NIR  �q)�C" C��V *���� �"�#SWIR1  �SWIR2  ��/�"�#

 �0����, � ��+"�) �-�M/ �"��� C��V *����1399.(  

 

^L�� NDVI  

<=�. @# �/��� P.�R ��/ @# ����M� ��� @)C+T ���# �)�/����� *��-�  ���V ���>��� ���� �/��� P.�R (��&T�

�� <=�. .�"���  �-"�� �>��?� ��/RVI �NDVI �SAVI �EVI <=�. �)�� � ��Q)� @�	�W� ���# @#�!� ��/  ��/

��. �
��� �/��� P.�R .�"� X���" (A�>T <=�. ) �/��� P.�R ��.NDVI(� <=�. O)�T��#��,�R I� � )  �/

J�M" I� @, J�� �/��� P.�R H�����T P)�R ���# ) C��V �"�# ����Red) q)�C" C��V *���� �"�# � (NIR@# ( J��

��  @W#�� b��� �# <=�. O)� .�)15�� @���&� � .��.  

)5 (  NDVI =
#
���	/

#
���	/
  

 *1 �� @,NIR  � q)�C" C��V *���� �"�#Red  O�# <=�. O)� ���� �I�# .J�� C��V �"�# -1 + �T1  J�� �����

 �0����, � ��+"�)1399.(  

  

�E(7` a�K � 

Z�.� �� 0�M&� 0;�� *�)�� �� ����, (���� I� � )  ���!�# J��� �# 01 �Z�.�R � K>T�� $��-� �� .��.

�� J,�B �	�B�� ��-,G, �B��" �� @, �� P)�C
� 01 K�+T X���B� �]�= U�" @# @�M# �Z�.  �(�	� O��/ @# .�#�)

-�T �u" b��� �# ) *��� �/ � �2018G, $��-� �(  X�� �� Z�. MFFPI  .�"��� ���!�# *I� ) ( . ��2- �(�	�

K>T�� �B��" ��)�wT O)� �� .J�� ��. ���� *�!" ��D���= C�?#1 @A�B ���# @��� ZMB�# O��I Z�. J��A�  �T

0�-� � 0�} �� @,  I� P�# ���. ��"��� ���V @%W-� t�.51 �	�B�� ��"��� @��� P?# @,  �	��. � �C,�� ��/

��. �T����/ @A�B .�"� !%"*I� @ ) ( . �� ������R O)� �/�2- �@!%" O)� �� .J�� ��. @
��� b;, g-R �� (0
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�)�� �� I����� O)�Th�# @A�B C,�� � X��. �� ����/ $��-� *�!" @, �"�  01 J.��F'" �h�# J�
�� ��-/�

K>T�� $��-� J�� @# J,�B �# �(#�%� �� .J�� �B��" O)� �� b;, O)� I����� ��T �/ .J�� @�
�) P/�, ��")g 

@# J��  �# ���1)@�
� �/� "��'!/�QR� �#�� �-"��)-� ) *��� �/ �1404�A� � (�) ��%� ) *��� �/ �1400 (

G/ � .J������)O # *��'!/�QR�*� ���, �C
� 0�"��� H�. �K>T�� � ����/�" $��-� �� @, �"�)P �� )��#� 	�B��� @,

B��" ��� # 01 K�+T �����/���! �� ��..  

  

    
 :)�2:  (b;�M��KN �O3P W�� �	<( (c �'�>���L M��KN �O3P W�� �(J� �	<( '�>���L .  :K�-�)@�
� �/P/�QR �  

  

 �� *�)�� G,��T@/��#1 �/ *1 I� @�Y�
 � (#�V ��dvT �/  ( . $#�W� .���� 0�"��� G+B � 0;�� U�V� �# �F��T)3 �

*��/ .J�� ��. ���� P)��" ��D���= C�?#1 @A�B ���# ������R O)� J��A� �(�	� �� ��/�!� @,���  �# ���.

@/��#1 ���-,��R �@A�B X��. @# 0�-� I� U�>T�� P/�,  � *�)�� K��+T @# �+-� �#�-� H���>T�� �� ���
 ��/

( .  @/��#1 ������Y� .J�� ��. �	��. P?# �� *I� g)��"  �/��� *�!" @/��#1 @, �/�  I����� O)���, ���
 ��/

�	�B�� ��"��� 0;�� U�V� �� �� �� ��u�"� .���� �� ��dvT O)��!�# @A�B X��. �� ��Y� @/��#1 @,  ��'-/ �� @, ���

c��# @/��#1 �h�# G,��T �# �B��" ��)�. ��/ K�� �� 0�"��� I� ���!�# G+B �/ J�� O �� @, �--, J)��/ � ���1 

�� O�-e�/ J��A� O)� .��. *�)�� *�. C)��� @# �+-� ��B .�"C# O��� ]�= ��!�# P)���
 @# �"��T  �(#�%� ��

 �� � ���� ]�= �� i�>" ���# ���!�# JY�
 01 ��-�M/ @/��#1 �V�
 @, @A�B �#�} � �V�. ��#�-� $��-� ��
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� �# �/)P � � J�� ����/ 0�"���)O �� I� ���)$ �%T)J 

�� H��V)*� @/��#1 �� �/� �R�)O �J�� �C
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 ( .) J�� ��. �)���-. ��D���= C�?#1 @A�B ��4.(�	� �  X��� �/�I����� $��1 ��/�!� (0) ( . �� �

�� ]�= @, ��. �/� ��� 	��. P?# �� @,� @# ��-�M/ Z	�} @A�B	��( � H��i O�.��)C  ����!
 ���=�� �

�Th�#)O ����I� I�� �� ��)#�� ���, ZM, C,�� P?# �� .�"�� ,�T �@A�B��� J
�# I� �/�  ��/�!� ]�= U�-��

�� ��. ��� ��u" b��� �# @,�/�I��� ]�= I� \R �/� ��� 
�� ���V ��� @�T� ��@� �"��# .�)OB��" �� �X�B� #�-�� 

]�= �@A�B �/� @��� ��� ��	� �� �� ����M� I�� #���!� �"�����=�#. �)O ]�= @# �/	��( �)�Q� �/� ���=��� 

J
�# I� \R ���= �/� C,�� U�-���� ����I� h�#�) ���� {�w�=� ��= @# �� ]�= �(#�%� �� .�"� �/� @��� ����  @#

	��( 
���J ����L ���F'"� dvT � 01�� �� �# ���,)*� &W��� ���,)O ����I� @# ������1 J�� @# � �"�  H��Y

#�} $��-� �� ��-,��R� V�. �� � @A�B)�� �� �"�.� �# .)O � �b���� *��T 	��. P?# @, ��, S��-����  @A�B

?#1�C =��D���� @#	��( �)�Q� �/� 	�T ���M� �Z	�} ]�=�� � U�V� � 0�"����0; � .J��)O ��")g  �#)@�
� �/� 

�A��) ��%� ) *��� �/ �1402G/ ( J������. �)*�! "�C ]�= �/� @��� �� ���� @��� �� ��	� ���� J
�# �/�  U�-��
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 :)�4:  (b;�M��KN �O3P Z�L A/�K �	<(  (c �'�>���LM��KN �O3P Z�L A/�K �(J� �	<( '�>���L.    :K�-�)@�
� �/� P/�QR  
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