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Abstract 

Recently, the heavy precipitation occurred across the north of Iran 
caused an unprecedented flood. Due to the topographic 
conditions of the study area, not paying attention to the regular 
dredging of the river has caused a lot of problems for the local 
people. On the other hand, due to the frequent rainfall, the 
occurrence of flooding for a long time was another major problem. 
The combination of Remote Sensing and GIS can make a 
substantial contribution to flood assessment and management. In 
the present study, a fuzzy method is developed to show the 
hidden potential of Landsat satellite images for flood mapping. 
This paper presents the process of rapid access to water level 
information, which can provide valuable data for decision makers. 
The overall accuracy obtained for the flooded and damaged area 
is 87.23% and 46% respectively, and Root Mean Square Error 
(RMSE) of 27.68 cm is obtained for water-level based in the 
proposed algorithm. 

Keywords: GIS, water-level, flood mapping, Fuzzy, 
Landsat 

Rezumat. Cartografierea inundațiilor și 
estimarea nivelului apei în cadrul acestora 
utilizând teledetecția și metoda Fuzzy (Studiu de 
caz: provincia Golestan, Iran) 

Recent, precipitațiile abundente din nordul Iranului au provocat o 
inundație fără precedent. Datorită condițiilor topografice din zona 
de studiu, neacordarea atenției la dragarea regulată a râului a 
cauzat o mulțime de probleme pentru localnici. Pe de altă parte, 
din cauza precipitațiilor frecvente, apariția inundațiilor pentru o 
lungă perioadă de timp a reprezentat o altă problemă majoră. 
Combinația dintre teledetecție și SIG poate aduce o contribuție 
substanțială la evaluarea și gestionarea inundațiilor. Studiul de față 
prezintă o metodă fuzzy pentru a arăta potențialul ascuns al 
imaginilor din satelit Landsat pentru cartografierea inundațiilor. SE 
evidențiază accesul rapid la informațiile privind nivelul apei, care 
poate oferi date valoroase pentru factorii de decizie. Precizia 
generală obținută pentru zona inundată și deteriorată este de 
87,23% și respectiv 46%, iar eroarea pătrată medie a rădăcinii 
(RMSE) de 27,68 cm este obținută pentru nivelul apei pe baza 
algoritmului propus. 

Cuvinte-cheie: SIG, nivelul apei, cartografierea inundațiilor, 
Fuzzy, Landsat  

Introduction 

Floods are one of the costliest natural disasters 
that have caused severe economic, social and 

environmental damage to humans and nature. Loss 

of natural vegetation and crops, animals and human 
life are also the other negative effect of this disaster 

(Haq et.al, 2012; Jeyaseelan, 2003; Pantaleoni, 
Engel, & Johannsen, 2007). These effects are the 

same in developing and advanced countries, it is 

therefore important that some efforts be made to 
manage this issue. 

Large-scale heavy spring rains occurred for more 
than two weeks, during the first part of March 2019, 

throughout Iran and they had a serious impact on the 
lives of the people dwelling along the rivers and 

streams. This is one of the biggest damages caused 

by natural disasters in Iran in the last decade. 
According to the news agency  near twenty-five 

provinces, and more than 4,400 villages were 

affected by floods, with 53 people dead and nearly 
600 people injured. The financial damage was 

estimated at least 3 billion dollars. This included 

damage to agriculture, transportation, 
telecommunications, housing, and monuments. 

Damage to the agricultural sector is estimated at 
about 40% of total damage. The development of 

reliable and accurate models to assess economic flood 

impact and effective management is important for  
several users, such as government agencies, 

policymakers, researchers, insurance companies, 
farmers, and traders (Pantaleoni et al., 2007; 

Shrestha, Sawano, Ohara, Yamazaki, & Tokunaga, 
2018). Providing damage estimation and adequate 

assistance to farmers is essential to compensate the 

effects of floods in risk management (Domeneghetti, 
Schumann, & Tarpanelli, 2019; Tapia-Silva, Itzerott, 

Foerster, Kuhlmann, & Kreibich, 2011).  
Agriculture is the main source of income for 

Iranian people, which is directly affected by flood; 

therefore, assessing the damage caused by this type 
of event to the agricultural sector is definitely very 
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important  (Behzadi, Mousavi, & Norouzi, 2019; 

Majumder et al., 2019; Shrestha et al., 2018). The 

ponding and standing water, observed in several cities 
after precipitation, also made people's lives difficult 

for a while; for example, most people had to use 
boats for daily commuting for several days. 

Consequently, understanding the water-level of the 

flooded area is one of the most important tasks that 
help people and decision-makers to manage this 

problem.  
Since ground-based methods cannot provide an 

appropriate assessment of the damage for big-scale 
areas, the combination of Geographical Information 

System (GIS) and Remote Sensing (RS) can be used 

for flood disaster assessment (Ojo, Abegunrin, & 
Lasisi, 2018; Samela, Albano, Sole, & Manfreda, 

2018). In addition, Digital Elevation Models (DEMs) 
provide a useful tool for monitoring and assessing 

flood disasters. (Ali & Alandjani, 2019; Brivio et.al, 

2002; Haq et al., 2012; Konadu & Fosu, 2009). 
Land cover maps derived from earth observation 

images can be used to collect an enormous amount 
of data even over inaccessible areas; it also provides 

a quick assessment for detecting the damage into 
agriculture sectors. This data is often available 

through satellite imagery (Behzadi & 

Memarimoghadan, 2019; Pantaleoni et al., 2007; 
Shrestha et al., 2018; Van der Sande, De Jong, & De 

Roo, 2003).  
Different kinds of models have been developed by 

researchers to calculate the volume of the flood as 

well as assess its damage (Ahmed & Akter, 2017; 
Dutta, Herath, & Musiake, 2003; Tapia-Silva et al., 

2011; Van Westen, 2013). Moreover, Ahmed and 
Akter (2017), Gianinetto, Villa, and Lechi (2005) and 

Pantaleoni et al. (2007)  used the Landsat images to 

identify and detect flood damage in agricultural fields. 
Some reviews are conducted by Huang, Chen, 

Zhang, and Wu (2018) and Wang and Xie (2018) to 
compare and analyze the existing methods. Flood 

modelling and prediction are the other important, and 
favourite topics are conducted by Demirkesen, et.al. 

(2007), Gianinetto et al. (2005), Konadu and Fosu 

(2009) and Van der Sande et al. (2003) to detect risky 
areas during heavy rains. Estimating the water-level 

is another issue that can be useful for users and 
decision-makers. Recently different methods have 

been developed and introduced for estimating water-

level (Neal et al., 2009; Rakwatin et.al., 2013; Yan  
et.al., 2015). 

According to recent studies, many existing 
research areas are focused on modelling and 

prediction of the flood to estimate the flood water-

level (Kwak et.al., 2012; Tanaka et.al., 2019; Tapia-

Silva et al., 2011). The performance of these methods 
has been proven and applicable. These methods and 

data are often defined based on the purpose of the 
model (Hiroi et.al., 2019; Jongman et al., 2012).  

In this paper, four images are used to investigate 

the damaged vegetation lands and flooded areas. 
Since flood occurred in a period of time when water 

was accumulated in the study area, a rapid method is 
proposed to calculate the water level. In this method, 

the water level is calculated using DEM data and 
Landsat image. The remainder of this paper is 

organized as follows: in the next section, the study 

area and data are described. Then the proposed 
method is developed to calculate the volume along 

with the flood damage to the vegetation field. Finally, 
the conclusions are drawn in the last section. 

Study area  

Golestan province is located in the north part of 

Iran, in which the flood occurred from 20 March 2019 
to 8 April 2019. The geographical location of the study 

area is 36° 51′ N to 37° 26′ N latitude, and 54° 04′ E 
to 54° 56′ E longitude. According to the 2011 census, 

the population of Golestan province is more than 
1,777,000 peoples. The area of this province is 20367 

square kilometres, of which more than two million 

hectares are under rain-fed and irrigated land. More 
than 50% of the cotton and 10% of the wheat of Iran 

are obtained from this province. About 18% and 50% 
of the province are covered by forests and rangelands 

respectively. Therefore, Golestan is an important 

province in terms of agriculture and forestry for Iran, 
which this flood caused a lot of damage to the 

agricultural sector. 
The amount of rainfall in the Golestan province 

was about 300 mm in 18 and 19 March 2019, which 

was about 50%-70% of the annual rainfall of the 
area. Gonbad-e Kavus, Bandar Torkaman, Aq Qala 

and other cities located along the river were 
significantly damaged. Most of these damages were 

in the construction sector, urban infrastructure and 
especially the agricultural sector. Aq Qala was one of 

the first cities to attract public attention due to the 

severe flooding of the river. The water collected in this 
city had caused serious problems for the locals for 

nearly 30 days. Figure 1 shows the study area. 
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Fig. 1: Location of the Study Area 

Datasets 

Landsat 8 satellite images are selected as 

datasets; its bands are used to extract features of the 

area after appropriate radiometric and geometric 
corrections. The DEM data used in this paper is also 

derived from the Shuttle Radar Topography Mission 
(SRTM). All processing occurred at 1 arc-second 

(about 30-meter spatial resolution). 1 arc-second and 

3 arc-second (about 90 meters) are available with 
worldwide coverage. The SRTM DEM used in this 

study has 30-meter spatial resolution. In table 1, 
details of Landsat 8 bands are presented. 

Table 1 Landsat 8 properties 

Bands 
Wavelength 

(micrometers) 

Resolution 

(meters) 

Band 1 - coastal 0.435 - 0.451 30 
Band 2 - Blue 0.452 - 0.512 30 

Band 3 - Green 0.533 - 0.590 30 
Band 4 - Red 0.636 - 0.673 30 

Band 5 - Near Infrared (NIR) 0.851 - 0.879 30 
Band 6 - Shortwave Infrared (SWIR) 1 1.566 - 1.651 30 
Band 7 - Shortwave Infrared (SWIR) 2 2.107 - 2.294 30 

Band 8 - Panchromatic 0.503 - 0.676 15 
Band 9 - Cirrus 1.363 - 1.384 30 

Band 10 - Thermal Infrared (TIRS) 1 10.60 - 11.19 100 * (30) 
Band 11 - Thermal Infrared (TIRS) 2 11.50 - 12.51 100 * (30) 

 

In this research, four Landsat 8 images are used 
to assess the flood damage. The first and the second 

images are acquired in about the same month and 
one year before the flood in 2018/03/15 and 

2018/05/02 respectively. The third image is acquired 

in 2019/03/02 exactly before the flood, and the fourth 
image is acquired after a flood in 2019/04/03 (Table 

2). 

Table 2 Images used 

Image Type 
Acquired 

date 

Spatial 

resolution 

Size of 

study area 

1 Landsat8 2018/03/15 

30mx30
m 

4803.9264 
km² 

2 Landsat8 2018/05/02 

3 Landsat8 2019/03/02 

4 Landsat8 2019/04/03 
5 SRTM - 

 

There are 110 control points collected by ground 

observations and in-situ data which were acquired in 
2019/04/03. These data are collected in two classes: 

47 sample points for flooded areas, and the rest of 
the sample points are for damaged areas. The flooded 

sample points also have depth information. These 
points are shown in figure 1. 

Methodology 

The proposed methodology consists of two 

processing methods: Level-1 flood mapping and 
Level-2 volume calculation. The workflow of the 

proposed methodology is presented in figure 2. 
Level-1. Flood Mapping 

In Level-1, the flooded and damaged areas are 

calculated; as a result, a flood mapping is produced. 
This map is then used in level-2. To assess damages 

of the vegetation sector, it is essential to analyze and 
detect changes in the vegetation and water features 

before and after the disaster. Since flood happened in 
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the early spring, there are some problems for 

detecting flood if only two images are used. On the 

one hand, the before-flood image is acquired in 
winter, thus the vegetation is not yet grown in some 

areas. On the other hand, the after-flood image is in 

the middle of the spring, so there is a possibility to 

miss affected areas. Therefore, the images of the 

previous year can provide valuable data to analyze 
the flood damage.  

 

Fig. 2: General workflow 

 

First of all, detection and classification of the 
target objects are needed. The features of the map 

are classified into three classes: Vegetation, Water, 
and AFEWAV (Any Feature except Water and 

Vegetation). Normalized Difference Vegetation Index 

(NDVI) (Rouse Jr, Haas, Schell, & Deering, 1974) and 
Water Ratio Index (WRI) (Fang-fang et al., 2011)  are 

used to identify the dominant features of the area. 
NDVI quantifies vegetation, which ranges from -1 to 

+1. The range from 0.2 to 1 is considered as 

vegetation; AFEWAV features are also in the range 
from 0 to 0.2 (Eq.1). 

𝐍𝐃𝐕𝐈 =  
𝐍𝐈𝐑−𝐑𝐞𝐝

𝐍𝐈𝐑 +𝐑𝐞𝐝
                           Equation 1 

Finally, the WRI is used to show water area; the 
range bigger than 1 is considered as water in WRI 

(Eq.2). 

𝐖𝐑𝐈 =  
𝐆𝐫𝐞𝐞𝐧+𝐑𝐞𝐝

𝐍𝐈𝐑+𝐌𝐈𝐑
                       Equation 2 

Detecting damaged area is developed as follow: 
there are two pairs of images (Table 2), first pair one 

contains images 1 and 2, and the second pair includes 

images 3 and 4.  
These images are used to probe the 

transformations behaviour of the features in these 
two pairs of images (before and after flood). Each 

pixel presents one of the features: 1- Water 2- 

Vegetation 3- AFEWAV. 
In this step, a set of rules is specified on the set 

of image pairs. These rules are shown in Table 3. For 
example, if the pixel in the first image pair changes 

from AFEWAV to the Vegetation and the same process 

occurs in the second image pair, the pixel is 
considered as a normal class. Or if the pixel in the 

first image pair changes from Vegetation state to a 

state AFEWAV than Water, but in the second image 
pair, the same pixel changes to a Water state, this 

pixel is considered as a flood class. 
In addition to these rules, a series of simple rules 

is also specified based on only one image pair (second 

image pair). For example, in the second image pair, if 
the pixel in the first image is in the Vegetation or 

AFEWAV type and this pixel changes to Water in the 
second image, this pixel belongs to the flood class. 

Also, if the pixel changes from the Vegetation or 

Water state to the AFEWAV state, this pixel belongs 
to the damaged class.  

Table 3 Fuzzy rules for generating flood map 

1.  If (NDVI1 is low) and (NDVI2 is high) and (NDVI3 is low) 
and (NDVI4 is high) and then (output1 is normal) 

2.  If (NDVI1 is low) and (NDVI3 is low) and (WRI2 is high) 
and (WRI4 is high) and then (output1 is normal) 

3.  If (NDVI1 is high) and (NDVI3 is high) and (WRI2 is high) 
and (WRI4 is high) and then (output1 is normal) 

4.  If (NDVI1 is high) and (NDVI2 is low) and (NDVI3 is high) 
and (NDVI4 is low) and then (output1 is normal) 

5.  If (NDVI2 is high) and (NDVI4 is high) and (WRI1 is high) 
and (WRI3 is high) and then (output1 is normal) 

6.  If (NDVI2 is low) and (NDVI4 is low) and (WRI1 is high) 
and (WRI3 is high) and then (output1 is normal) 

7.  If (NDVI1 is high) and (NDVI3 is low) and (WRI2 is not 
high) and (WRI4 is high) and then (output1 is Flood) 

8.  If (NDVI1 is low) and (NDVI3 is low) and (WRI2 is not 
high) and (WRI4 is high) and then (output1 is Flood) 

9.  If (NDVI1 is high) and (NDVI2 is not low) and (NDVI3 is 
high) and (NDVI4 is low) and then (output1 is Damaged) 

10.  If (NDVI2 is not low) and (NDVI4 is low) and (WRI1 is 
high) and (WRI3 is high) and then (output1 is Damaged) 

 

These rules are considered as the core of the fuzzy 
set (table 4). A membership function is defined as 

µ(A):X → [0,1] for a fuzzy set A on the universe of 
discourse X, which element of X is mapped to a value 

between 0 and 1. Membership value or degree of 
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membership quantifies the grade of membership of 

the element in X to the fuzzy set A. Membership 

functions allow us to graphically represent a fuzzy set. 
Different membership function such as Gaussian 

membership (gaussmf) Z-shaped membership (zmf) 
and S-shaped membership (smf) are considered for 

different layers in this study. The S-shaped and Z-

shaped memberships work based on two degree 
polynomial and the Gaussian membership function 

works based on Gaussian function (see Nauck, 
Klawonn, and Kruse (1997) and Azar (2010) for more 

explanation). 
This set of rules is considered as a fuzzy inference 

engine. By applying fuzzy rules on two pairs of 

images, the class is specified for each pixel. The sum 
of the pixels in each class is then calculated. 

Table 4. Adopted parameters to model the 

fuzzy set 

Layer Sematic attribute Fuzzy set 

WRI High smf 

NDVI Low zmf 

NDVI High smf 

Product Flooded zmf 

Product Normal gaussmf 

Product Damaged smf 

The pixels of the flooded and damaged areas are 
shown in Figures 3 and 4 with different colours for 

the proposed and simple methods. Also, the 

difference between the results of the proposed and 
simple method is shown in Figure 5. Table 5 also 

shows the estimated number of pixels in the proposed 
and simple methods. 

   

Fig. 3: Flooded (red) and 

damaged (yellow) pixels 

for Proposed method 

Fig. (red) andFlooded4:

damaged (yellow)
forpixels Simple

method 

Fig. 5: Differences and 

similarities between the 
two methods based on 

table 6 

 

Table 5 Pixel numbers for each class  

Condition 
PIXEL 

Numbers 
Color 

Proposed method 

Flooded 570744 Red 

Damaged 120285 Yellow 

Simple-method 

Flooded 662995 Cyan 

Damaged 189623 Magenta 

 

The condition of the pixels is then compared to 

these two methods. For this purpose, the pixels that 

exist in different classes in simple and proposed 
methods are counted, and their results are then 

compared.  The results of this comparison are shown 
in Table 6. This table specifies the number of pixels 

that are in different classes in the simple and 
proposed methods. The colour assigned to each of 

these pixels is also specified in this table. 

Table 6 Comparison Proposed method and 

simple method 

 Simple Proposed 
Number 
pixels 

color 

1 Flooded Flooded 570744 Cyan 

2 Flooded Not Flooded 92251 Red 

3 Not Flooded Flooded 0 Black 

4 Damaged Damaged 120585 Yellow 

5 Damaged Not Damaged 69338 Magenta 

6 Not Damaged Damaged 205 Blue 
 

As seen in table 6, the simple-method covers all 

flooded pixels in the proposed method, and the 

differences in row 3 of table 6 are zero; however, 205 
pixels are considered as damaged which were not 

damaged in simple-method obviously; this is due to 
the presence of vegetation that did not exist in the 

winter (before the flood). As seen, the simple-method 
detects some areas as flooded or damaged, which is 

normal. For example, spring rainfall can cause a rise 

in water level each year; these areas can be indicated 
as flooded areas if only two images are used; 

however, these areas are considered as normal areas 
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if more than two images are used. Moreover, the 

percentage of pixels that are damaged or flooded in 

the simple-method but they are not damaged nor 
flooded in the proposed method are 38% and 15%, 

respectively. The reason for this difference is that the 
simple method does not consider seasonal variation 

while these changes are considered in the proposed 

method.  
Level-2. Depth and Volume calculation  

In this article, we tried to develop a method for 
calculating the depth of each pixel after the flood. 

Also, the tasks of finding water-level in the proposed 
method are investigated. This method is not based on 

prediction nor simulation; it is not based on knowing 

the rainfall amount either. Actually, this method gives 
the depth of each pixel based on DEM data and flood 

mapping. In the proposed method, flood mapping is 
extracted at first. Then the SRTM map is used to 

detect the elevation of each pixel.  

Figure 6 shows an example from the front view. 
There are numerous water pixels, some of which are 

interconnected to make an area. Generally, there are 
two clear rules in standing-water: First, all 

interconnected water pixels have one level. Secondly, 
every separated water-areas have different levels. 

Some areas have a structure as Figure 6, and the 

neighboring dry-pixels are suitable candidates for 
calculating water level. In this structure, the height of 

neighboring dry-pixel is always bigger than or equal 
to water-pixels. However, the neighboring dry-pixel is 

not always bigger than water-pixel in some area as 

seen in Figure 7.  Figure 7 shows a complex surface 
as well as its pixelated one. 

 

 

Fig. 6: A sample front view 

 

Fig. 7: Sample of a complex surface and 

pixelated view 

Obviously, the least the value of neighboring dry-
pixel is not a suitable candidate for water-level for 

some area (as shown in Figure 7). Therefore, 
Equation 3 is proposed to find the water level in the 

area. Based on Equation 3, if the smallest neighboring 

dry-pixel is smaller than the water-pixels, the greatest 

value of water pixels is considered as the water level 

in the area. 

WL (a) = max (min (neighboring dry-pixels); max 

(water-pixels in an area))   Equation 3 

Equation 3 is used to find water-level among 
neighboring pixels. So, in Figure 7 the pixel number 2 

will be considered as water level. 

 

Fig. 8: A real structure 

 

Fig. 9: An error in usual method to finding 

water level 

 

Fig. 10: A simple solution 

Another problem is the flowing water area which 

is shown in Figure 8. If only the two simple rules 

mentioned for standing water are considered for 
running water, the running water level will be equal 

to its maximum height of running water, which is not 
logical (as shown in Figure 9). To overcome this 

challenge, the depth of running water needs to be 
calculated piecewise. In this case, the behavior of 

running water is shown in Figure 10, which is close to 

reality.  Figure 11 shows the method of finding the 
depth of each pixel.  

 

Fig. 11: Proposed method  

As seen in Figure 11, the water level of each pixel 

is calculated based on the elevation of four near dry 

pixel. The value of the dry pixel is also calculated by 
Equation3. Now the mean of four obtained reference 

value is considered as the water level of sample-pixel. 
Since each pixel has depth information, the volume of 

the area is calculable. These steps are implemented 
for all water pixels in the study area. Figures 12 and 

13 show water pixels in second pairs of images 
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(image 3 and image 4 in table 2). Extracted flood 

mapping through level 1 is also shown in Figure 14. 

The water level of each pixel is then calculated and 
validated. 

Finally, contingency Table is used to present 
accuracy.  Overall accuracy and Producer’s accuracy 

of each class is calculated as: 

Overal accuracy =
∑ xii

r
i=1

N
               Equation 4 

The overall accuracy is calculated as the total 
number of correctly classified pixels (diagonal 

elements) divided by the total number of test pixels. 

𝐏𝐫𝐨𝐝𝐮𝐜𝐞𝐫’𝐬 𝐚𝐜𝐜𝐮𝐫𝐚𝐜𝐲 =
𝐍𝐂𝐜𝐨𝐫𝐫𝐞𝐜𝐭𝐥𝐲

𝐍𝐂𝐫𝐞𝐟
              Equation 5 

Where, 𝑁𝐶𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 is the number of correctly 

classified pixels, and 𝑁𝐶𝑟𝑒𝑓  𝑖𝑠 the number of ground 

reference pixels in the specified class. 

 

Table 7 Contingency Table 

Reference 
data 

Proposed  
method 

Flooded Normal Damage 
Row 
total 

Flooded 41 - 16 57 

Normal 2 - 18 20 

Damage 4 - 29 33 

Column total 47 - 63 110 

 

The obtained overall accuracy is near 63.46%, and 
the Producer’s accuracy is 87.23% and 46% 

respectively for flooded and damaged areas.  47 

sample flooded points are used to validate estimated 
water-level.

   

Fig. 12: Water pixels before 

the flood 
Fig. 13: Water pixels after the 

flood 
Fig. 14: Flood mapping 

obtained through level-1 

Coefficient of determination (𝑹𝟐) and RMSE of 

estimated water-level is calculated as: 

𝑹𝟐 = 𝟏 − 
𝑺𝑺𝑬

𝑺𝑺𝑻

= 𝟏 −  
∑ (𝒚𝒊 − 𝑶𝒊)

𝟐𝒏
𝒊=𝟏

∑ (𝑶𝒊 − 𝝁𝒐)𝟐𝒏
𝒊=𝟏

 
Equation 6 

𝐑𝐌𝐒𝐄 = √
𝟏

𝐧
∑  (𝐲𝐢 − 𝐎𝐢)

𝟐

𝐧

𝐢=𝟏

 Equation 7 

 

Where  𝑦𝑖 is estimated values, 𝑂𝑖 is elevation in-

situ data, and 𝜇𝑜 is mean of the in-situ data.  

In fact, 𝑹𝟐 shows the correlation between the 

estimated water level height and the measured one, 
and RMSE measures the water level height estimation 

error of the measured value. These two statistical 
parameters evaluate the ability of the proposed model 

to estimate the water level height. Comparing the 
obtained results and actual observation shows 𝑅2 =
0.538 and 𝑅𝑀𝑆𝐸 =  27.68 𝑐𝑚 (Figure 15). 

 

 

Fig. 15: The obtained results and actual 

observation Compilation 
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Discussion 

The present study is divided into two phases. In 

the first phase, the area of flooded and damaged 

areas was calculated. The second phase of the study 
calculated the depth of water collected in the study 

area. In the calculation phase of flooded and 
damaged areas, intelligent fuzzy rules were used on 

the two pairs of images. The accuracy of identifying 

flooded and damaged areas was respectively 87% 
and 47%. In the second phase of the research, the 

accuracy of the water-level obtained, which was 27.68 
cm for the flooded areas. These results show that the 

proposed algorithms give a rapid estimation of water-
level and flood mapping for flooded areas. Despite the 

high accuracy for identifying flooded areas, the model 

was not able to identify the damaged areas well. 
Spring season is one of the main reasons for the low 

accuracy of the results to identify the damaged areas. 
Since the growth of some plants is not complete at 

the time of the flood, the proposed algorithm 

considers those areas as damaged. This reduces the 
accuracy of identifying damaged areas. This low 

accuracy was initially presented for flooded areas as 
well, but by adding two more images, these 

challenges were solved somewhat, and the results 
can confirm that. The results obtained for calculating 

water depth were also satisfactory. The idea of 

combining DEM with satellite images was the main 
reason of achieving this accuracy. This idea was able 

to reduce the error of altitude in the calculations. 

Conclusion 

Accurate area and depth calculation of flooded 

areas are one of the main concerns of decision-

makers in rainy areas. Flood mapping, damage 
assessment, and rapid water-level calculations are 

crucial for conducting an effective response to 
mitigate the flood disaster. In this paper, an improved 

rapid method was introduced for flood mapping and 
water-level calculations based on the combination of 

Landsat 8, SRTM, and fuzzy sets. 

The proposed method includes two levels: The 
first level provides an improved flood mapping 

method to detect flooded and damaged area by using 
two pairs of images. This method avoids detecting 

area that is routinely under the water or damaged in 

early spring. In level-2, a simple and rapid algorithm 
is developed to find the water level of the area. 

Finally, ground observation data was used for 
validation, which proved that the proposed algorithm 

can provide a rapid and time-consuming process to 

find water-level and produce flood-mapping. 
The findings of the paper showed that the 

proposed method is an efficient, accurate and cheap 
(due to the free image of the landsat8 satellite), 

which can quickly calculate the volume and area of 

the flooded area. These methods can help authorities 

to make better decisions to assess the damage, and 
decrease the consequences of the flood. Although 

there are some other data sets such as Radar and 
Altimetry, which can perform better result, they may 

not be accessible in every area, or they may need 

heavy processing. Landsat 8 data, can provide timely 
information to assess the damage and volume of the 

flooded area rapidly.  
However, there are some serious challenges, such 

as the long-time interval between images (16 days). 
Moreover, taken images can be cloudy, which makes 

the images useless. Other satellite images such as 

Sentinel images can be used, which are based on 
radar technology to overcome these challenges, then 

the proposed method can be applied to them to get 
even better results. This can be part of the future 

work, and even new algorithms can be developed for 

the calculations. 
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