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Abstract

One-third of the agricultural land faces the problem of waterlogging. The water table has risen to variable depths in
different regions of Haryana, including Hisar, Fatehabad, Sirsa, Rohtak, Jhajjar, and some villages of district Charkhi Dadri.
It has transformed a large component of land barren, i.e., unfit for agricultural purposes. For this purpose, LANDSAT 4-5
TM data of different dates, and analyses were carried out on ERDAS IMAGINE 2014 software. We find the waterlogged
affected area in central Haryana with the help of geo-informatics techniques like unsupervised classification and NDWI
indices. Heavy rainfall can cause waterlogging in areas where the soil's root zone has inferior drainage ability.
Waterlogging is not necessarily the result of the water table rising. For this, the heavy rainfall years were identified by
rainfall record analysis, and two years (1995 and 2010) were selected. Satellite images of these years were analysed. The
common waterlogged area in two years was termed highly vulnerable, whereas a single year was a vulnerable zone for
waterlogging. This is beginning to affect our natural environment dramatically, reduce the viability of our agricultural

sector, and damage private and public infrastructure.
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Many environmental issues, including soil salinity,
waterlogging, air and water pollution, and air pollution, plague
us today. Water logging may occur from extremely poor soil
drainage in the rooted zone, rather than necessarily being caused
by the water table rising. The condition of waterlogging can be
managed in several ways. Agro-forestry is one of the more
affordable models and seems to provide the solution to both of
these problems [1]. The measurement and recording of
electromagnetic radiation emitted or reflected by the earth's
surface is the fundamental component of remote sensing. This
may be helpful for waterlogging and soil salinity investigations
in locations with high water tables, ponded water, saline water,
salty soil, and flora impacted by salt that gives contrasting
reflectance with other landscape elements so that they may be
clearly identified [2-3]. At present, the identification and
mapping of the waterlogged area is carried out using digital
analysis of false colour composites (FCC).

Waterlogging is a significant agricultural issue,
particularly in regions like Central Haryana, where excessive
soil moisture can negatively impact crop productivity, degrade
land quality, and alter hydrological patterns. Appraising
waterlogging using remote sensing and GIS (Geographic
Information Systems) offers an effective approach to monitor,
map, and manage the affected areas [4-6]. Using remote sensing
and GIS, continuous monitoring of waterlogged areas is
possible, leading to the development of early warning systems
that can help farmers take preventive actions before severe
damage occurs.

Many studies have been conducted by research scholars
regarding waterlogging at the district, state, national, and
international levels. Pathak [7] studies “Agro forestry: A tool
for arresting land degradation”. Almost 2.8 million Hectares of
salt-affected soils are present within the Indo-Gangetic alluvial
plain occupying parts of Punjab, Haryana, Uttar Pradesh, Delhi,
Bihar, and Rajasthan states. Delineation of salt-affected soils
and waterlogged areas in the Indo-Gangetic plains using IRS-
1C LISS-IIl data [8]. The application of remote sensing
technology in mapping and monitoring degraded lands,
especially salt-affected soils, has shown great promise of
enhanced speed, accuracy, and cost-effectiveness. Mandal and
Sharma [9] shaded the result visual interpretation of Indian
Remote Sensing data (IRS LISS I1) on a 1:50,000 scale followed
by a ground survey identified waterlogged and salt infestation
in IGNP, Rajasthan.

MATERIALS AND METHODS

The study area covers the central part of Haryana
consisting of 6 districts namely Bhiwani, Charkhi Dadri,
Jhajjar, Rohtak, Panipat, and Sonipat with 1131689.275
hectares (25.59% of the state’s geographical area) located from
28°21'23"N to 29°32'02" N latitudes and 75°28'25" E to
77°14'04" E longitudes. The state has a population of 25 million
(2% of India’s Population) as per census 2011. More than 70%
of the population of Haryana is dependent on the agricultural
sector for their livelihood. The average annual rainfall of the
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state as a whole is 573 mm and below for arid and semi-arid
regions. The net cropped area is 3.64 million hectares. About
86% of the area is arable, and of that, 96% is cultivated. About
75% of the area is irrigated through tube wells and an extensive
system of canals.

In the present research, satellite data was analyzed in
ERDAS Imagine 2014 and Arc. GIS 10.8 software. The
unsupervised classification of LANDSAT 4-5 satellite images,
(classified into 20 to 25) was done. Crop classification, crop
health and viability assessments, and agricultural practice
monitoring are all accomplished through the use of satellite and
aerial imagery as mapping tools [10]. For identifying the
classes, each class was highlighted at a time and then

determined which of the land uses it belonged to by interpreting
the original multispectral image.

(i) Primary data

The basic primary data used in this study was the USGS
website (LANDSAT 4-5) with optimum spatial and temporal
resolution. The bands in the images used were 4, 3, and 2 in
LANDSAT 4-5.

(ii) Secondary data

Rainfall year was accessed from the records available in
the Department of Meteorology, CCSHAU, and statistical
abstract. Two years (1995 and 2010) were observed to have a
high amount of rainfall in most of the districts.

Table 1 Details of satellite data used in the present work

S. No. Satellite / Sensor Path Row Date of Scene
1. LANDSAT- 4&5 147 39,40 11/11/1995
Band 2 (0.52-0.60 pm)* 03/10/2010

3 (0.63-0.69 pm)
4 (0.76-0.90 pm)
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Fig 1 Location map of study area

Unsupervised classification

Unsupervised classification is a method in which the
computer searches for natural groupings of similar pixels called
clusters [11]. In ERDAS, the lIterative Self-Organizing Data
Analysis Technique (ISODATA) algorithm is used to conduct
unsupervised categorization. The analyst enters a confidence
threshold and the desired number of clusters using this
technique. Then, the computer or software creates clusters
iteratively, which means that the clusters get better and better
with each subsequent iteration.

*Wavelength (micrometers)

Multispectral classification is an information extraction
process that analyzes the spectral signatures and then assigns
pixels to classes based on similar signatures [12]. For example,
all of the pixels that represent an area of forested land on a TM
image should have roughly the same spectral signature.
Classification procedures attempt to group such similar pixels.
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RESULTS AND DISCUSSION

Rainfall year was accessed from the records available in
the Department of Meteorology, CCSHAU, and statistical
abstract. Two years (1995 and 2010) were observed to have a
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high amount of rainfall in most of the districts. Therefore, these
two years were selected for analyzing the water logging area in
central Haryana.
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Fig 3 Water bodies in satellite image 1995
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Fig 4 Water bodies in satellite image 2010

Landsat 4-5 TM satellite images taken on 11 November
1995 and 03 October 2010. Water logging was analyzed in the
satellite image of November 1995, in which waterlogged area

was seen in dark form (Fig 3) and then they were classified. For
identifying the classes, each class was highlighted at a time and
then determined which of the land uses it belonged to by
interpreting the original multispectral image. Then each class
was given a color such as water blue and all other land use
features were displayed in the same color such as cream color
in the November 1995 image and grouped other classes [13-14].

The area was seen in dark form (Fig 4) and the same
method was applied in 2™ satellite image of October 2010, in
which the waterlogged then they was classified waterlogged
area as blue, and other features were in green color. November
1995 and October 2010 images are shown in (Fig 5-6)
respectively. The area was seen in dark form (Fig 4) and the
same method was applied in 2" satellite image of October 2010,
in which the waterlogged then they was classified waterlogged
area as blue, and other features were in green color [15].
November 1995 and October 2010 images are shown in (Fig 5-
6) respectively.
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Fig 5 Waterlogged prone area in central Haryana

The two-year classified images were converted into
vector format for GIS analysis. By using ArcGIS software both
images were overlaid and the common area selected which was
waterlogged in both years was coded as one, Single year
waterlogged was coded as 2, and the rest of the area was coded
as 3. The results are shown in (Fig 5).

Table 2 Waterlogged area of central Haryana in percentage

(%)
Districts Waterlogged area (%)
Bhiwani 3.23
Charkhi Dadri 10.70
Rohtak 21.02
Jhajjar 19.17
Sonipat 6.43
Panipat 3.15
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In  Bhiwani district, 10,300 hectares area was
waterlogged area, which was about 3.23%. Due to sandy soils,
there is no waterlogging in the western part but waterlogging
was more observed in North Eastern part of Bhiwani. The
common area of waterlogged in both years (1995 and 2010) was
2,478 hectares, while the single year (1995/2010) waterlogged
was 7,821 hectares in Bhiwani. Charkhi Dadri has 14,333
hectares area was waterlogged, which was about 10.7%. There
was no waterlogging in the western part of Charkhi Dadri as is
sandy soils, but waterlogging was more in its eastern part [16].

The geographical area of Rohtak district is 1, 61,622
hectares out of these 33,983 hectares of area was waterlogged
which is 21.02% of the area of this district. Data showed that
Rohtak had the highest waterlogged area in central Haryana.
Waterlogged had been observed in the western and
southwestern parts of Rohtak. The common area of waterlogged
in both years (1995 and 2010) was 8,603 hectares, whenever
there is heavy rainfall, this area will be waterlogged first. Single
year (1995/2010) waterlogged was 25,380 hectares in Rohtak
[17].

p 5/// Waterlogged area (%)
1 / hajjar

north and northwestern parts. Jhajjar district has 1, 79,882
hectares geographical area out of which 34,486 hectares area
was waterlogged area, which was about 19.17%. The common
area of waterlogged in both years (1995 and 2010) was 9,043
hectares while single year (1995/2010) waterlogged was 25,442
hectares in Jhajjar. Waterlogged areas were more concentrated
in the western part of Sonipat this was about 6.43%. The
common area waterlogged in both years (1995 and 2010) was
1,344 hectares while the single year (1995/2010) waterlogged
was 12,253 hectares in Sonipat.

The common area of waterlogged in both years (1995
and 2010) was 815 hectares, while the single year (1995/2010)
waterlogged was 3,166 hectares in Panipat. Water logging was
less in Panipat as compared to other districts. Some areas in the
central part of Panipat were waterlogged 3.15%.

Central Haryana covers 6 districts which are Bhiwani,
Charkhi Dadri, Rohtak, Jhajjar, Sonipat, and Panipat. The
geographical area of these 6 districts is 11, 77,111 hectares, out
of which 1,10,751 hectares were affected by waterlogging,
which was 9.78 % of the total area. Due to increased irrigation
facilities, there occurs a water logging problem in central parts
of the state. The problem is exaggerated in high rainfall events.
The middle area of Central Haryana was more waterlogged,
which includes Jhajjar and Rohtak districts, Rohtak had the
maximum waterlogged area, which was 21.05%. The
waterlogged area was minimal in Panipat (3%). In both years
(1995 and 2010) the common waterlogged area was 26,650
hectares and single year (1995/2010) waterlogged area was
84,101 hectares.
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