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Abstract 

Waterlogging hazard is a significant environmental issue closely linked to land use for 
sustainable urbanization. NDWI is widely and effectively used in identifying and visualizing 
surface water distribution based on satellite imagery. Landsat 7 ETM+ and Landsat 8 OLI 
TIRS images of pre and post-monsoon (2002, 2019) have been used. The main objective of 
this study is to detect the seasonal variation of waterlogging in Rangpur City Corporation 
(RPCC) in 2002 and 2019. In the present study, we used an integrated procedure by using 
ArcGIS raster analysis. For pre and post-monsoon, almost 93% accuracy was obtained from 
image analysis. Results show that in 2002 during the pre and post-monsoon period, 
waterlogged areas were about 159.58 km2 and 32.32 km2, respectively, wherein in 2019, the 
changes in waterlogged areas are reversed than 2002. In 2019, during pre-monsoon, 
waterlogged area areas were 122.79 km2, and during post-monsoon, it increased to 127.05 
km2. The research also depicts that the trend of the waterlogging situation largely depends on 
seasonal rainfall and a flawed drainage system.  

Keywords : Seasonal variation; Waterlogging; Remote sensing; GIS; Rangpur City 

Corporation 

1. Introduction 

Waterlogging is considered a global concern, affecting 10-15 million hectares of 

wheat land annually and causes 20% - 50% of total global yield loss. Loss of grain crops such 

as field peas, canola, barley, lentils, lupins, and chickpeas also get affected due to severe 

waterlogging worldwide. In the USA, 16% of soil, in Russia 10% of agricultural croplands 

and irrigated crop production in Bangladesh, India, China, and Pakistan get harmed just 

because of waterlogging (Bakker et al., 2007; Hossain & Uddin, 2011; Romina et al., 2018; 

Solaiman et al., 2007; Yaduvanshi et al., 2012). 
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Water does not usually penetrate deep into the flat terrain, which increases the depth 

of groundwater since the subsurface land is filled. It is indeed a significant environmental 

hazard and is found worldwide (Bowonder et al., 1986), such as in Bangladesh (Minar et al., 

2013), India (Choubey, 1998; Chowdary et al., 2008; Sahu, 2014), China (Quan et al., 2010), 

Pakistan (Qureshi et al., 2008) and others. Northern Bangladesh is exceptionally susceptible 

to environmental and quasi-natural potential hazards, such as waterlogging.  

Siltation has become one of the key reasons for waterlogging that blocks the river 

water flow and causes congestion by the upstream drainage. In Southern Bangladesh, 

thousands of speople have lost their ability to make a proper living just because of 

waterlogging, particularly poor and landless farmers, share-holders, daily wage laborers, 

small traders, and others (Shaibur et al., 2019). Various previous studies have shown that GIS 

and RS techniques are useful for detecting and mapping waterlogged areas for different study 

areas (Guha et al., 2020; Hassan & Mahmud-ul-islam, 2014; Khine et al., 2018; Mahmud et 

al., 2017; Sar et al., 2015).  

Few authors mentioned adaptation strategies of waterlogging in some districts of 

Southern Bangladesh which have been described in the following literature (Islam et al., 

2020; Shaibur et al., 2019). The causes and consequences of waterlogging have been shown 

in (Awal & Islam, 2020) after analyzing using GIS and RS image analysis. Visualization of 

waterlogged areas was carried out using traditional methods, as well as the land survey. Still, 

these methods are time-consuming for regional studies and not even economically feasible. 

The combination of GIS with RS is an incredible alternative to the conventional method and 

assessment strategies in the degree of spatiotemporal differences in waterlogged regions 

(Chowdary et al., 2008).  

A very few research papers have been found about the detection of waterlogging areas 

in different areas of Bangladesh, especially focusing on seasonal variation of waterlogging. 

Most importantly, found researches were focusing on some southern districts of Bangladesh. 

To date, no researches have been found which is focusing on any part of Northern 

Bangladesh. This paper is could be the pioneer of its category of novelty for evaluating the 

seasonal variation of waterlogging area detection for Northern Bangladesh using GIS and RS, 

especially for emerging cities like Rangpur City Corporation (RPCC).  

In a new city like RPCC, waterlogging is one of the most severe problems because of 

improper drainage systems and narrow drains in the city area. This research is unique in a 

way that will help respective authorities and planners to realize the actual situation and 

develop a proper and planned drainage system to avoid waterlogging. NDWI application has 

significant importance in classifying waterlogged areas and determining waterlogged risk 
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assessment and hazard mapping quickly, efficiently, and accurately. Therefore, the main 

objective of this study is to assess waterlogged areas in RPCC for both pre-monsoon and 

post-monsoon seasons in 2002 and 2019 where a reasonable attempt using GIS and RS has 

been undertaken. 

2. Methods 

Rangpur is one of the new city corporations in Bangladesh, with an area of 203 km2. 

Rangpur City Corporation is located on the banks of the river Ghaghat. This river serves as 

the natural drainage of the city. The human-made Shyamasundari Canal is the leading 

wastewater channel in the city. RPCC is located at the coordinate of 25°37ʹ to 25°54ʹ North 

latitude and 89°09ʹ to 89°21ʹ East latitude. Rangpur is classified as a high-temperature 

climatic zone because of its tropical wet and dry climatic phenomena (Islam & Sarker, 2016). 

In the RPCC, permanent water sources such as rivers, lakes, ponds, and reservoirs cover 2235 

ha, while seasonal water sources such as floods, swamps, and marshy areas cover 2032 ha. 

Furthermore, in the research area, planted trees, cultivated land, uncultivated soil, and built-

up area each contributed 1016, 4267, 3251, and 7518 ha, respectively (Islam & Sarker, 2016). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Study area with physical features  (Rangpur City Corporation). Source: Adopted, 

modified and regenerated from Islam & Sarker (2016) 
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The research was carried out with satellite multitemporal Landsat 7 and Landsat8 

images collected from the US Geological Survey (https:/earthexplorer.usgs.gov/). However, 

the path and row were selected 138 and 042 for image acquisition (Table 1) for 2002 and 

2019. Depending on the April and November months of the valued year, the collected 

satellite images representing the pre-monsoon and post-monsoon seasons. The cloud-free 

environment for preparing the NDWI classification was ensured by obtained images (Chen & 

Zhu, 2020). NDWI mapping, image classification, image processing, and change detection 

were performed through ArcMap10.6. To show a comparison of the average rainfall of 

Bangladesh and RPCC and more rainfall in April 2002 (Figure 4) data has been collected 

from Bangladesh Meteorological Department (2019) and Origin Pro 8.5 has been used to 

prepare the figure. 

 

Figure 2. Methodological flow chart of waterlogging in RPCC 
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Table 1. Landsat images 

Season 
Satellite 

image 
Date of acquisition Sensor 

Path/ 

row 

Spectral 

resolution 
Projection 

Pre-monsoon Landsat 7 April 13, 2002 ETM+  

138/42 

 

 
 

Landsat 8 April 20, 2019 OLI TIRS 

Post-monsoon Landsat 7 November 7, 2002 ETM+  

138/42 

 

 
 

Landsat 8 November 30, 2019 OLI TIRS 

 

3.2 Classification and accuracy assessment of Normalize Difference Water Index (NDWI) 

Normalize Difference Water Index(NDWI) was developed to detect water bodies' 

changes (McFeeters, 1996). In this study, NDWI is used (Mahmud et al., 2017) to analyze the 

seasonal waterlogged area in RPCC. The index can be seen in Eq.1 :  

NDWI = pG - pNIR/pG + pNIR        (1) 

Where spectral reflectance is pG in the Green band, and spectral reflectance in NIR is 

indicating pNIR.  

The classified method could be more specified for Landsat 7 and Landsat 8 derivation 

method, can be seen in Eq.2 : 

NDWI for Landsat 7: 

Band 2 (Green) – Band 4 (NIR)/ Band 2 (Green) + Band 4 (NIR)    (2) 

NDWI for Landsat 8 can be seen in Eq.3 : 

Band 3 (Green) – Band 5 (NIR)/ Band 3 (Green) + Band 5 (NIR)    (3) 

In these methods’ positive high reflectance of NI Rand Green band is the indication of 

water bodies. Furthermore, positive and negative NDWI value demonstrates water and 

vegetation range from -1 to +1 value (Özelkan, 2020). Later, accuracy evaluation was applied 

to obtain the NDWI 's transparent pixel value. In addition, validation of the kappa coefficient, 

overall precision, and accuracy was carried out (Guha et al., 2020; Khine et al., 2018). 

Following the Google Earth photos, 350 points were randomly selected for the application of 

precision assessment. Study region means rainfall data were compared to country mean 

rainfall data to provide a clear overview between rainfall and waterlogging based on the 

month from 2002 to 2019. Furthermore, rainfall data were collected from Bangladesh 

Meteorological Department (2019). 

  138/42 

  138/42 

30 m 

30 m 

UTM/WGS 84 

UTM/WGS 84 
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4. Results and Discussion 

Table 2 illustrates the overall accuracy and Kappa coefficient. The demonstration also 

shows overall accuracy is higher than 89% in each period of 2002 and 2019. In addition, we 

observed the kappa coefficient more than 0.83 in all images. A measurement of comparison 

was taken between sampling points (350 points) and google earth images for the same period 

to validate NDWI classifications. Besides, more than 90% validation values are counted for 

each period. Author opinions here as good accuracy was identified for Kappa statistics, 

overall accuracy, and validation.  

               Table 2. Accuracy assessment 

User Accuracy Producer Accuracy 

Classification 
Accuracy 

 

Kappa 
Statistics 

 Period 

Vegetation 

and Built-

Up Area 

Waterlogged 

Area 

Vegetation 

and Built-

Up Area 

Waterlogged 

Area 

Pre-
monsoon 

2002 
85 100 75.84 100 91.00% 0.899 

Post-
monsoon 

2002 
96 89 90 100 89.57% 0.835 

Pre-
monsoon 

2019 
100 90 100 95 93.95% 0.900 

Post-
monsoon 

2019 
90 100 83.33 100 96.88% 0.937 

 

In the years 2002 and 2019, waterlogged areas during pre-monsoon and post-monsoon 

periods in the study site were defined by GIS and RS techniques. The areas where 

waterlogged condition remains all-around year are perpetual waterlogged areas. Satellite 

images of April have been considered for pre-monsoon (most dry season) after excerpting 

areas under small lakes and ponds. In opposite, throughout the monsoon period, excessive 

rainfall causes seasonal inundation. Therefore, satellite images of water bodies for November 

have been considered (after the monsoon period) to detect the change of waterlogged areas 

(seasonal). 

   For the year 2002, Figure 3(a) shows that mostly the Northwestern part is 

waterlogged during pre-monsoon (early monsoon), but those areas are not permanently 

waterlogged. Because Figure 3(b) shows only a very few areas across RPCC are waterlogged, 

which is noticeable. However for the year 2019, in Figure 4(a) it is found that the North-west 

central part of RPCC is mostly waterlogged, not other parts, North-east central and South-

central part of RPCC is less waterlogged during pre-monsoon. After the monsoon, Figure 
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4(b) defines more areas than pre-monsoon area waterlogged, which means that estimated 

waterlogged areas increased. 

 

Figure 3. (a) Map showing waterlogged areas in RPCC during pre-monsoon in 2002 (left), (b) 

Map showing waterlogged areas in RPCC during post-monsoon in 2002 (right). 

Monsoon in 2002 was early (Figure 5a), especially in April rainfall was third highest 

of 2002 (in mm). Therefore, during the pre-monsoon period in 2002 waterlogging areas in 

RPCC was more than comparatively in 2019 pre-monsoon (Figure 4a). 
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Figure 4. (a) Map showing waterlogged areas in RPCC during pre-monsoon in 2019 (left), (b) 

Map showing waterlogged areas in RPCC during post-monsoon in 2019 (right). 

 

 

 

 

 

 

 

 

Figure 5. (a) Showing average rainfall of the year 2002. Where in April RPCC containing 

heavy average rainfall. (b) Comparison of average rainfall in Bangladesh and RPCC 

(Bangladesh Meteorological Department, 2019) 
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Based on image analysis of the GIS environment, in RPCC, waterlogged areas 

changes have been considered (Table 3). It is found that in 2002 during the pre and post-

monsoon period, waterlogged areas were about 159.58 km2 and 32.32 km2, respectively, 

which is 49.35% and 9.99% of the total area of RPCC. The result clearly shows decreased 

waterlogged area during post-monsoon than pre-monsoon 127.26 km2  by area (39.36%). For 

the year 2019, the changes in waterlogged areas are reversed than in 2002. In 2019, during 

pre-monsoon, waterlogged area areas were 122.79 km2 (37.98%), and during post-monsoon, 

it increased to 127.05 km2, where the increase rate is 1.31%. 

Table 3. Waterlogged areas variation during pre-monsoon and post-monsoon periods in 2002 

and 2019 in RPCC 

Year 
Pre-monsoon Post-monsoon Seasonal Variation 

km2 % km2 % km2 % 

2002 159.58 49.35 32.32 9.99 127.26 39.36 
2019 122.79 37.98 127.05 39.29 4.25 1.31 

 

Lack of a proper drainage system and heavy rainfall in the monsoon period causes 

waterlogging in RPCC. Figure 5 is showing, at some points, rainfall in the RPCC area is 

more than the average rainfall of Bangladesh. The study revealed high accuracy and validated 

data, which indicates transparent and essential observation. An analyzed value of more than 

89% for overall accuracy, Kappa > 0.83 and validation value > 90 was observed where 

various investigations found kappa > 0.75 is very good for measuring accuracy (Abbas et al., 

2020; Foody, 2020; Morales-Barquero et al., 2019). Hazard and risk for waterlogging issue is 

a global problem that causes any country's impact economy (Sar et al., 2015).  

In recent times it is reported that the study area is vulnerable to waterlogging due to 

heavy rainfall (The Daily Star, 2021). After analyzing Landsat images, the waterlogging 

problem is found in the current study area during both the pre and post-monsoon periods. 

Unpsredictable monsoon rainfall has been found from this study in both 2002 and 2019, 

wherein in the year 2002 there had been early monsoon, and in 2019 it was regular monsoon 

rainfall. However, waterlogging, floods, drought, and massive life losses could be determined 

through rainfall variability (Rahman & Islam, 2019; Ullah et al., 2018).  

The present study reveals the net change of waterlogged area for pre-monsoon is 

reduced from 49.35% to 37.98% where the post-monsoon inundated area is increased largely 

which is 9.99% to 39.29%. Thus, meteorological observation in Figure 5 and Table 3 

demonstrates an increase of waterlogged area in 2002 for the pre-monsoon season which 

corresponds to 2019. Hence, in the pre-monsoon season of 2002 high land, orographic 
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rainfall, deep and low depressional behavior caused heavy rainfall as well as waterlogged 

area in the present area of study (Mannan & Karmakar, 2008). Additionally, we detected 

heavy rainfall in the post-monsoon season for the year 2019 compared with 2002.  

In recent times the geographical condition of the northern part of Bangladesh as it is 

situation closely Assam and Meghalaya hill and complex climate change pattern is the 

responsible factor for higher rainfall intensity during the post-monsoon season in RPCC 

(Montes et al., 2021; Islam et al., 2020). Furthermore, Islam et al. (2020) found an upward 

trend of rainfall, leading to an increased amount of waterlogged areas in the study area.  

The present study also demonstrates the compared rainfall data of the study area and 

the entire country, which indicates the measurement of higher rainfall trend during monsoon 

season except for the pre-monsoon period of 2002, which indicates increased rainfall during 

the mentioned pre-monsoon period. However, seasonal flooding also causes waterlogged 

areas (Huda et al., 2019; Shaibur et al., 2019). When analyzing our data, we found that the 

study area is vulnerable to seasonal flooding (Talukdar et al., 2020). About flooding study 

area getting higher waterlogged areas, which varies seasonally. Besides, rising monsoon 

rainfall, upstream river flow by human intervention, unplanned aquaculture, and 

infrastructure can be explained as causes of waterlogging in the study area (Awal & Islam, 

2020; Ayyam et al., 2019; Islam et al., 2020). 

4. Conclusion  

Waterlogging hazard, risk, and vulnerability in RPCC combined with raster modeling 

by using integrated GIS and RS techniques can be useful for developing the drainage system 

of the city and sustainable management of water resources. The current study's outcome can 

be used by city planners, engineers, local people, and policymakers to identify and locally 

develop the most waterlogged areas. Thus an advanced drainage pattern could be developed 

based on the identified location of the findings. However, this research can be done using 

substantially more data for a long period to derive a trend in progress and seasonal 

fluctuations in waterlogging. Enormous statistical analysis can enhance the subtraction of 

NDWI for a more accurate depiction. The construction, upgrading of the necessary 

infrastructure of local weld, and excavation of silted Ghaghat river beside RPCC and 

Shyamasundari canal in RPCC can also be as useful to mitigate the waterlogging problem in 

the RPCC area. 
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