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Abstract
This study focuses on researching flood inundation and vulnerable areas in Delhi NCT using Remote
Sensing (RS) and GIS techniques during flood from July 8 to July 15, 2023, with the entire analysis
conducted through satellite and cloud-based processing methods, specifically employing the Google Earth
Engine (GEE). Leveraging high-temporal satellites that gather data enables the identification of flooded
zones in real-time, during floods, and in the aftermath. Analyzing data collected at different stages of a
flood provides valuable insights for pinpointing affected areas. Water naturally flows from high to low
elevation areas, and based on elevation data, lowest elevation regions, particularly along the Yamuna
riverbank under Delhi NCT, are highly susceptible to flooding, are considered flood-prone areas and flood
water inundated. A thorough comprehension and flood-prone area mapping, along with a map illustrating
highly inundated zones. After obtaining flood inundation maps and overlaying them with Land Use and
Land Cover (LULC) classified maps, the study identified specific areas that experienced flood inundation.
The analysis generated a flood zone map, indicating that the flooded area encompasses approximately
110 km², within a total study area of 1488.4 km². The affected areas have elevations ranging from 200 to
210 meters, whereas the maximum elevation in the study area is approximately 326 meters. The GEE
platform is employed for processing, utilizing a Supervised classification algorithm for LULC mapping,
and an Inverse Distance Weight method for mapping temperature and rainfall. This study utilized the
GEE platform to create pre- and post-flood maps based on Sentinel 1 satellite datasets. Generated DEM,
and employed it to create various surface estimation maps, including a stream order map. The GIS is
employed to enhance the efficiency of monitoring and managing flood disasters, with the high temporal
and spatial resolution data playing a pivotal role in flood monitoring.
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1. Introduction
Flooding represents a widespread occurrence that presents a significant challenge for urban planners
globally. Flooding happens rapidly due to the swift flow rates. In densely populated urban areas,
inhabitants in vulnerable zones frequently face the threat of floods, impacting a range of proper-
ties, including commercial, industrial, agricultural, and institutional structures. These challenges
occasionally lead to loss of life, underscoring the importance of resilience across social, economic,
institutional, infrastructure, and community capital dimensions [1], [2].

Indian metropolitan cities such as Delhi, Mumbai, Pune, Ahmedabad, Surat, Chennai, Kolkata,
Bangalore, and Hyderabad face severe flood inundation issues during heavy rainfall. The swift growth
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of urban cities, coupled with industrial expansion and unplanned development, results in significant
challenges when confronted with natural hazards or disasters. The examination of the flood zoning
pattern indicates that high-risk zones are typically areas previously indicated the unstructured and
unplanned areas [3]. That areas are characterized by isolated buildings and populations. The Yamuna
River, a primary freshwater source for Delhi, has been adversely affected by the city’s high-water
demand and subsequent wastewater release [4]. The Yamuna River, special in heavy rainfall during
monsoons has a destructive impact on the daily lives, and property, farmer, and municipality areas,
especially those living in close to river banks [5]–[7]. Floods are immensely destructive phenomena
intense of climate due to rapid urbanization and rainfall results in rapid runoff due to the reduction
of water absorption caused by extensive concrete surfaces, land use patterns. This, in turn, hampers
groundwater table recharge, public and private assets, local landscape, cattle and exacerbates drought-
related issues etc [8]–[11] The connection between land use and flooding is complex; urbanization
in catchment areas can potentially trigger floods, leading to substantial economic losses [12], [13].
Additionally, it is influenced by drainage basin conditions, including pre-existing water levels in
rivers [14], [15]. The repercussions of floods extend beyond compromised land use, disrupting
community life, damaging properties, and affecting road transport, agricultural, thereby disturbing
the environmental sustainability [6], [16]–[19]. Every year, approximately 7.5 million hectares
of land are impacted, causing damages worth Rs. 1805 crores to crops, houses and public utilities
due to flooding and also an average of 140 million people affects annually (https://ndma.gov.in/).
Rapidly growing / changing of land use pattern and environment, the inevitability of rising flood
disaster underscores the crucial requirement for meticulous monitoring, assessment and delineation
of highly vulnerable flood risk area to ensure effective flood mitigation in the future [20]–[22].
The extent of devastating urban floods depends on factors like heavy rainfall, flood depth, velocity,
and duration. Urban flooding is a result of intense rainfall caused by impermeable surfaces and
obstructed or insufficient sewage and drainage systems, consistently impacting the flow dynamics
[23]–[27]. Additionally, rapid land use pattern change, causes significant sedimentation and solid
water accumulation along riverbanks. This diminishes the river’s water-carrying capacity, leading to
increased flood susceptibility, in urban areas near rivers may experience overbank flow, exacerbated
by excessive water loads, high tides at river mouths, and other contributing factors [28], [29]. In
the past few decades, the use of remotely sensed imagery and GIS-based multi-criteria methods has
proven highly effective in pinpointing real-time monitoring of the spatial aspects of floods, aiding in
the identification of vulnerable areas for efficient flood management [30]–[34]. The role of Remote
sensing earth observation data and GIS powerful tools, high-resolution satellite images, land use
data, DEM elevation, slope, watershed, and drainage details are vital for flood hazard mapping, risk
assessment, and monitoring. Determining flood depth, and structural measures relies on hydrological
or remotely sensed data [35]–[39].

The novelty of the research is to find out the near real-time flood monitoring in the recent
flood occurring in the Delhi NCR using Sentinel-1-based flood inundation in the GEE platform.
Utilizing remote sensing and GIS techniques effectively enables us to discern alterations before and
after disasters, assess temporal shifts, quantify the extent of devastation, and anticipate vulnerable
areas for future occurrences.

2. Materials and Methods
2.1 Location map of the study area
The Delhi National Capital Territory (NCT) stands out as the primary commercial centre in northern
India, functioning as a significant hub for small industries. Delhi is bordered by Haryana on all
sides except the east, where it shares its border with Uttar Pradesh. Spanning an extensive area
of 1489 square kilometres, Delhi NCT is located between latitudes 28°2401500 and 28°5300000
N, and longitudes 76°5002400 and 77°2003000 E, with an average elevation varying from 229
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meters to 300 meters above sea level (https://delhi.gov.in/). According to the 2011 census, Delhi had
an approximate population of 1.68 crores, with a population density of 11,320 people per square
kilometre. Among this population, 24.90% resided in rural areas, while 75.10% lived in urban
areas (https://delhiplanning.delhi.gov.in/planning/economic-survey-delhi-2022-23). As per the
Meteorological Department, the region experiences a semi-arid climate marked by harsh summers
and winters, with June being the hottest month and January the coldest (Metrological Depart-
ment of Delhi). Delhi flood plain is divided into Flood plain with recent river deposits, Lower
alluvial plain, and Upper alluvial plain (https://icar.org.in/). Regarding Delhi’s land use pattern,
the total land area covers 147,488 hectares, with approximately 70% being rural and 30% urban
(https://delhiplanning.delhi.gov.in/). In terms of groundwater, it is relatively shallow (Fig 1). Within
the Delhi NCT, natural vegetated areas consist of trees, herbs, and shrubs. Around 25% of the total
irrigated area in Delhi receives water from three government canals: Western Yamuna Canal, Eastern
Yamuna Canal, and Agra Canal. The combined length of these canals is approximately 56 km, with
the majority of the canal-irrigated area being served by the Western Yamuna Canal. Yamuna, a
notable tributary of the Ganga River, traverses Uttarakhand, Haryana, Delhi, and Uttar Pradesh.
In Delhi, the river significantly diminishes, drying up in specific segments for around nine months
annually. The stretch from Wazirabad to Okhla, spanning 22 km within Delhi, is particularly affected
despite the river’s total length of 54 km from Palla to Badarpur (https://environment.delhi.gov.in/).
Delhi total 24,840 ha of floodplains and 68 % area under Yamuna River floodplains.

2.2 Dataset use and methodology
This study employs cloud-based remote sensing processing techniques, specifically utilizing GEE code
editor for data download, processing, masking also for information extraction. This study utilized
Sentinel-1 satellite data, specifically employing VV (Single co-polarization, vertical transmit/vertical
receive) and VH (Dual-band cross-polarization, vertical transmit/horizontal receive) bands for
mapping flood areas. Data collection occurred from July 8, 2023, to July 15, 2023, to detect the
flood event, and pre-flood data was gathered between June 25, 2023, and June 4, 2023. For the
LULC classification, the study employed a supervised image classification technique (Fig 2). This
study utilized Sentinel-2 visual data with a resolution of 10 meters in the process. To enhance data
visualization, a median filter and a 1% threshold for cloud cover pixel percentage were applied. Also,
in this study used ALOS DEM to extract elevation and slope information within the study area.
Furthermore, for delineating stream orders, this study employed the same ALOS DSM data within
the GEE code editor. In this study, Google Earth Pro was to delineate the main river channel, major
drains, and basin area. This study obtained 30s Temperature and 30s Precipitation data from the
’WorldClim’ weather and climate information website (www.worldclim.org), which is akin to IMD
climate data. To create specific map layouts, diagrams, and charts in this study, utilized ArcGIS
software v10.8, QGIS, and Microsoft Excel software.

3. Modeling Results
In this study, maps illustrating the cumulative and temporal extent of LULC, Temperature, and
Precipitation maps were generated [40], [41]. To assess surface characteristics, maps depicting
Elevation, Slope, Contour, Stream Order, Aspect, and Hillside were generated. Subsequently, by
compiling and illustrating all gathered information, a map delineating flood-inundated areas was
created.

3.1 Elevation and Surface Estimation
Topography significantly influences flood severity, with direct effects on flow size and runoff velocity,
crucial for identifying flood-prone areas [42]–[45]. Upon reviewing the results, it is evident that
the downstream section of the Yamuna River catchment area is identified as the most significant
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Figure 1: Location map of the study area.

vulnerable area, this area is characterized as a high-risk flood zone and this area under the lowest
elevation. In this study, ALOS PALSAR DEM data was employed to represent elevation information.
The highest elevation in Delhi NCT ranges from 267 to 326 m, with the overall terrain varying
between 186 to 326 m above mean sea level. The catchment area of the Yamuna River under Delhi
NCT ranges from 200 to 210 m (Fig 3). This study aims to develop a technique for simulating surface
flow paths based on a digital elevation model. The Hillshade values range from 26 (minimum) to
251 (maximum), the Aspect map spans degrees from 1 (minimum) to 359 (maximum), and the slope
map in the Delhi study area shows slopes ranging from 0 to 92 degrees. Furthermore, the contour
level in this region extends from 180 meters (lowest) to 300 meters (highest) above mean sea level
(AMSL). The stream order is divided into orders 1 to 4.

3.2 LULC
The frequency of flood occurrences is closely linked to changes in land-use patterns over time and
their dynamic evolution and modifications [46]–[48]. This study used (GEE along with Sentinel-2
satellite data at a 10 m resolution visual band for the calculation and collection of LULC signatures
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Figure 2: Adopted methodology of the study area.

(Fig 4). The area encompasses various LULC categories, including agricultural, Built-up, Open land,
and Water bodies, as well as Vegetation. The analysis of LULC data reveals that Water bodies 58.85
km2 (3.95%), Open land 341.89 km2 (21.16%), Vegetation 242.6 km2 (16.30%), Agricultural land
519.32 km2 (34.89%) and Built Up area cover 352.74 km2 (23.70%) area (Fig 5).

3.3 Temperature and Precipitation
The temperature changes play a significant role in altering rainfall patterns, and the disparity in
extreme precipitation is almost linearly related to variation in temperature [49]. The rise in rainfall
levels is leading to heightened flooding intensity [50]. The map displaying rainfall and temperature
patterns was generated through the Inverse Distance Weight (IDW) method, integrating verified
historical WorldClim climate data arranged in a gridded format (the 30s and 2.5m) (Fig 6). The
research area’s rainfall was categorized into five groups according to their impact on flood risk.
Notably, the lowest category raged from 54-66 mm, while the highest category spanned from
62-63 mm. After computing the index, it was observed that the areas with the highest precipitation
were notably in the northwest, north-central, east, and north-eastern parts of Delhi NCT (Fig
7). Conversely, the areas with the lowest precipitation were notably in the southwest, south, and
certain parts of the northeast. The continuous rise in population due to rapid urbanization has
led to escalating population and increasing temperatures in various areas. In Delhi NCT average
temperature (30s) grided data, notable the highest temperature was 25 degrees Celsius. However, in
the year 2021, Delhi NCT experienced significant temperature variation, with a notable maximum
of 32.50 degree Celsius and a minimum of 19.10 degree Celsius at a height of 2.5m. Upon examining
historical precipitation and temperature data, it is noteworthy that in 2010, the highest average
precipitation was recorded at 70.99 mm, while in 2015, it was 53.60 mm, and in 2021, it reached
89.80 mm. Regarding temperatures, the highest average temperature in 2010 was 33.25°C, in 2015
it was 32.40°C, and in 2021, it was again notable at 32.25°C (Fig 8). It is worth mentioning that
the southwestern and middle-western district portions of Delhi NCT consistently experienced the
highest temperatures throughout these years.

3.4 Validation for flood inundation area
Typically, land bordering rivers has a gentle slope and vice versa, so even a slight rise in the river’s
water level can lead to flooding in these areas (Fig 9). Floods happen when land is submerged,
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Figure 3: Criteria of the selected study area.

influenced by surface topography and lower elevations face increased flooding frequency, making
them more vulnerable to inundation [51]. The study demonstrates the application of Remote Sensing
and GIS techniques [52], utilizing Sentinel-1’s VV and VH bands along with the GEE platform
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Figure 4: Derived Spatio-temporal pattern LULC map over study area.

Figure 5: Details about the LULC classes.
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Figure 6: Spatial variation of average Temperature and Precipitation (30s) Map of the study area. (a)Average
Temperature, (b) Average Precipitation.

[53], to accurately map flood-prone and inundated areas. The study primarily highlights that the
riverbank areas of the Yamuna River in Delhi NCT are extensively inundated during floods and
highly susceptible to flooding. After analyzing the data and performing calculations, it is evident
that out of the total 1488.4 km2 area in Delhi NCT, 110 km2 is prone to flood inundation from
July 8, 2023, to 15 July 2023. In this study, the prominently affected and flood-submerged area
is the northeastern district portion of Delhi NCT. On both sides of the riverbank, an extensive
area of over 3.5 km is significantly inundated by floods. The primary flood-prone area is situated
along the banks of the Yamuna River, characterized by low elevation (201 m to 206 m). The urban
developments in this region are highly vulnerable to flooding, particularly during the rainy season,
leading to significant and destructive consequences (Fig 10). In these areas, floods disrupt roads,
construction activities, metro services, and daily life. Once the floodwaters recede, significant soil
erosion, damage to roads, and impact on private properties are observed. Additionally, during flood
times, waterlogged areas are found in almost all districts of Delhi NCT, varying from place to place.
The northeastern, eastern, and lower elevated southern regions of Delhi are particularly prone to
flooding and inundation (Fig 11).

4. Limitations and Recommendations
The primary constraint in urban flood monitoring lies in real-time field data collection and prepara-
tion, which is essential for effective flood management. Real-time flood forecasting aims to mitigate
the impact of floods and identify damages, especially in areas where physical presence is challenging.
The main hurdles include the inability to access the location, limited data availability, and a crucial
need for expertise in developing such systems. Timely acquisition of dynamic field data is crucial
for making informed decisions and identifying optimal sites to mitigate disasters in vulnerable areas.
Occasionally, satellite images may lack clarity due to cloudy and hazy weather conditions, and urban
areas exhibit varying climatic conditions influenced by factors such as infrastructure and industrial
development. As a result, weather conditions can rapidly shift across different areas. Significantly,
this study utilized rapid temporal satellite data, elevation data, and statistical interpolation techniques
to interpolate precipitation and temperature conditions in the study areas. Conducting a household
survey during a flood is challenging, making it difficult to assess mental health issues at that time and
to gather information on post-flood conditions, including the family’s well-being, health, medical
needs, access to food, transportation challenges, infrastructure issues, and property concerns in low-
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Figure 7: Derived Spatial-temporal variation map of 2.5m average maximum and minimum Temperature
(°C) from 2010 to 2021 in 5 years gap. (a)Minimum average temp of 2010, (b)Maximum average temp of
2010, (c) Minimum average temp of 2015, (d) Maximum average temp of 2015, (e) Minimum average temp
of 2021, ( f) Maximum average temp of 2021.
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Figure 8: Derived Spatial-temporal variation map of 2.5m average precipitation (mm) from 2010 to 2021
in 5 years gap. (a) Average precipitation map of 2010, (b) Average precipitation map of 2015, ©(a) Average
precipitation map of 2021.

Figure 9: Derived information map about major Drain, Barrage Flood Vulnerable areas.
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Figure 10: Map depicting Flood Inundation area under Delhi NCT on July 8, 2023 in between July 15,
2023: (a) Before Flood in Delhi NCT, (b) Superimposed image of before and after flood in Delhi NCT, (c)
After flood in Delhi NCT areas, with flood inundated areas and Water-logged areas (d) Capture Only flood
inundated and water-logged areas.

lying areas. This study leverages the GEE cloud platform to address data collection and assessment
challenges. Urban areas are undergoing swift expansion, and alterations in land use, infrastructure,
and climate contribute to evolving flood patterns over time. It is advisable for upcoming research to
assess the extent of flood damage and employ monitoring techniques in flooded areas to identify
key measures for mitigating future flood impacts. Daily life in urban areas encounters substantial
disruptions caused by the catastrophic threat of floods, leading to a vulnerability in critical infrastruc-
ture like roads, bridges, and buildings, electricity, trade, telecommunication, etc. These components
are frequently at risk of damage when confronted with flood-related challenges. Consequently,
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Figure 11: Diagram showing amount Flood Inundation Area.

roads become impassable, and large portions of the city quickly succumb to flooding. The SOP
department of the Public Works Department (PWD) should oversee the maintenance of urban drains
and canals ensuring they are clean and free from sedimentation. Moving forward, no areas must
be developed without meticulous planning and lithological truthing to avoid potential issues. The
Climate and Disaster Management Authority can leverage remote sensing and GIS techniques, along
with advanced Hydraulic modeling and monitoring methods, to accurately assess affected areas and
flood return period prediction. For swift disaster management and monitoring, the utilization of
UAV (Unmanned aerial vehicle) and ML (Machine Learning) techniques is highly recommended.

5. Conclusions

This research introduces a novel approach focused on precisely delineating flood-inundated areas.
The study utilizes multi-band, high spectral, and temporal resolution satellite data, employing the
GEE cloud processing technique and error reduction algorithm to mitigate data noise. The method
includes filtering and delineating pre- and post-flood inundated areas. The use of cloud processing
facilitates obtaining accurate information swiftly, without bias and eliminates the need for field
surveys. The comprehensive processing of flood-inundated zones involves utilizing Sentinel-1 VV
and VH bands. The findings emphasize the heightened flood vulnerability of lower elevation areas,
particularly noteworthy along the Yamuna River bank in the northeast and east-northwest districts of
Delhi. Prominent flood-affected areas include Wazirabad, Rajghat Road, Panchayara (Uttar Pradesh),
and various other waterlogged locations in Delhi. The Yamuna River banks’ lower elevation areas
are particularly susceptible to flooding during the rainy season due to sedimentation, resulting in
a diminishing water-carrying capacity. This leads to rapid and effective backing up of the river,
rendering the surrounding areas highly vulnerable to flooding. Additionally, upstream drainage
systems tend to overflow their banks following heavy rainfall, contributing to the heightened flood
risk in these regions. The adverse consequences of flooding encompass the loss of both private
and government property, agricultural land, harm to farmers and the economy, and destruction of
buildings, settlements, and shelters. Furthermore, there is a detrimental impact on the quality of raw
water in flooded areas, particularly affecting drinking water sources.
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