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ABSTRACT
The calculation of water consumption for irrigation is critical in maintaining the water supplies for cultivation
in tropical catchments. These water withdrawals change seasonally, depending on the rainy and dry seasons. A
land-use map is one of the inputs required by hydrological models used to estimate water withdrawals in the
basin. However, land-use maps usually offer stagnant details without reflecting the hydrological seasons,
associated crop seasons and activities during the year. This research, therefore, assesses the importance of
seasonal land-use maps for measuring water withdrawals in the basin. We have developed a crop calendar for
the two main seasons (rainy and dry) for the semi-arid Mohgaon basin, Madhya Pradesh, India. Further, two
Landsat 8 images from 2016 (March and December) were used to develop seasonal land-use and land-cover
(LULC) maps (March: the non-monsoon season, December: the monsoon season). Classifications for land use
were made using 10 land-use and land-cover classes for images from both seasons, which were dependent on
the crop calendar. In addition, water withdrawals for irrigation were estimated using LULC maps. There were
clear variations in land usage between dry and rainy seasons in rain-fed and irrigated areas. The maximum
water withdrawal obtained for irrigating paddy crops was calculated at an average of 800 million m3/year (i.e.,
56.2 cm/year). This research concluded that accurate seasonal land-use maps are important for quantifying the
annual water use for irrigation in catchment areas with distinct dry and rainy seasons.
KEYWORDS: Crop calendar, Irrigation, Land-use maps, Water withdrawal.

INTRODUCTION

like water movement and climate change (Yesuph and
Dagnew, 2019). Topsoil protection refers to woodlands
and man-made structures surrounding the land. Landcover changes do not take place in a single year; they
gradually change and correlate with expansions and land
use in the area (Alawamy et al., 2020). Land usage, on
the other hand, refers to man-made structures and landmanaging activities. Human actions can cause
transformation, mainly on cultivated soil, over a year
based on the season (Singh and Singh, 2017). Hence,
data on land-use change is required to measure the usage
and withdrawal of water in irrigated areas (Lu et al.,
2019) and water loss in terms of evapotranspiration
(Morlin Carneiro et al., 2020). These aspects may be
measured using Spatial Tools for River Basin
Environmental Analysis and Management (STREAM)
(Aerts, Kriek and Schepel, 1999), GIS software with a
hydrological model tool such as Soil and Water
Assessment Tool (SWAT) (Cambien et al., 2020) or via

Several emerging and even developed countries
around the world have suffered from water shortages.
These shortages may be exacerbated if no organizational
activities are undertaken. In responding to this crisis,
administrations and water experts have shifted from
supply-side to demand-side policies (Thneibat, 2019).
Demands for water supply, such as for drinking,
irrigation and industrial usage, form a principal basis for
the development of societies (Adib and Ahmadeanfar,
2018). Therefore, authorities are required to take
corrective actions to maintain the demand and supply
ratio in places where rainfall is the major water source.
Knowledge of land use and land cover (LULC) is
required to consider the hydrological processes of basinReceived on 6/1/2021.
Accepted for Publication on 18/3/2021.
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of reliable land-use maps still faces a variety of
difficulties, some of which have been highlighted in this
research; specifically, the restriction in image analysis
during the monsoon season because of cloud cover,
hindering the detection of constant changes in land use
during the year.

water balance or water accounting techniques that use
remote sensing data was used (Mishra, Rai and Rai,
2020; Karimi et al., 2013). For instance, the water used
for various crops can be calculated by the
evapotranspiration-precipitation (ET-P) method in the
watershed (Pereira and Pires, 2011).
A land-use map is required to classify areas for
determining their particular water requirements
(Cheema and Bastiaanssen, 2010). Classifying the
periodic changes in LULC will assist in improving the
estimation of water withdrawals (Talib, 2014). In much
of the research, the periodic changes in land use were
calculated based on the Normalized Difference
Vegetation Index (NDVI) (Xue and Su, 2017; Viana et
al., 2019). Altered crops may have equal NDVI
standards and outcomes and may fall into the equal
NDVI classes, which makes it hard to differentiate
between crops that have different water requirements
and consumptions (Naser et al., 2020; Sultana et al.,
2014). Most of these studies have created land-use maps
that lack comprehensive details on seasonal land-use
changes (Thomas et al., 2015). An average to the higher
resolution of land-use map is required to show a high
variation in agricultural land use and water management
practices in the Mohgaon basin (Dhawan, 2017). At
present, there are regional land-use maps with a
resolution of 30 m (Kumar Gaur et al., 2015; Singh and
Dubey, 2012).
In this research, we have created the periodical landuse maps to quantify water withdrawals in the Mohgaon
basin; a sub-basin of the Upper Narmada river using
Landsat 8 images of 30 m resolution as well as the crop
calendar for the Mohgaon basin. This study answers the
subsequent queries: 1. What are the main land-use
classes that vary periodically in the Mohgaon basin? 2.
What is the amount of water required for irrigating crops
in the Mohgaon basin in different seasons?
This research also includes data that can support
decision-makers and river basin management agencies
in recommending the issuance of seasonal water-use
permits. This would involve considering the diverse
volumes of water collected during the monsoon and
non-monsoon seasons. The distribution of crop-based
water, rather than only volumetric allocation, should be
considered by the authorities. However, the production

STUDY AREA
The Mohgaon basin is a sub-basin of the Upper
Narmada river, having a catchment area of 4067 km2
(Figure 1). Figure 2 shows rainfall across the basin with
heavy precipitation from June to August and short
periods of rainfall in September and October. As per
Central Water Commission (CWC), June to October are
considered as the monsoon season, while November to
May are considered as the non-monsoon season. As
shown in Figure 1, four rain gauge stations were used to
estimate the monthly rainfall in the area. The data used
was provided by the Indian Meteorological Department
(IMD), Central Water Commission (CWC) and
Narmada Control Authority (NCA). The average yearly
precipitation varies between 40 and 70 cm/year in the
internal area of the basin and between 100 and 120
cm/year in the basin's uplands. Mixed commercial and
urban areas are found mainly in the lower part of the
basin, where rain-fed agriculture is dominant. In
addition, barren lands and dense forests are mainly
found in the upper part of the basin; i.e., the highlands.
The main crops in the area are soya bean, rice or paddy,
wheat, maize and other cereals and pulses.
METHODOLOGY
Water consumption in the Mohgaon basin depends
on three factors: farming activities, types of crops and
available water, briefed in a crop calendar (Wichelns,
2016; Table 1) of the basin, which was created using the
data gathered by the Government of Madhya Pradesh.
These information sources and the administration’s
performance helped create the crop calendar for the
Mohgaon basin. Land-use maps of the area were
digitized and 10 land-use types were taken into
consideration, including paddy, soya bean and wheat,
which consume a significant amount of water.
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Figure (1): Study area

Land-use Images
Two images (Landsat 8 OLI/TIRS) of the Mohgaon
basin for March and December (2016) were designated
and taken from the US Geological Survey website.
These images were then processed (composite, mosaic
and mask) and prepared for analysis.

Image Classification and Seasonal Land-use Change
Two images of the area were used for maximum
likelihood supervised classification, a technique that
uses a prepared identity with a known identity to classify
pixels with an unidentified identity (Egorov et al., 2015),
which helps calculate the number of pixels to assess the
increase and decrease in the area for each class (Liu,
2003). This tool was widely used to identify changes in
land use in the area. In this research, land use has been
classified into main 6 types; grasslands, shrublands,
dance forests, agricultural land, barren land and water
bodies. Agriculture land is further classified into the
main 5 major crops; soya bean, paddy, wheat, cereals
and maize.

Normalized Difference Vegetation Index (NDVI)
NDVI maps were formed from band 4 (RED) and
near-infrared band 5 (NIR) of the images (Xu, 2014;
Jiang et al., 2006; Maglana et al., 2020). The NDVI was
calculated using Equation (1).
NDVI

(1)
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Figure (2): Average rainfall in the area
Statistical Accuracy
The percentage of seasonal changes in LULC and
NDVI was equated to check whether there is a similar
change in pattern with the seasons. The Kappa
coefficient (Tang et al., 2015) was found to be 0.84 for
the area.

product was created from the ET monitor at a 250 m
resolution. We then equated the water balance ET
(WBET), which was obtained from Equation (2) (Stella,
2019), with the available observed ET:

Water Requirement Using Land-use Maps
A water balance approach was used to calculate the
volume of water used for irrigation (water withdrawals)
with help of precipitation as well as evapotranspiration
(Foster, Mieno and Brozović, 2020). Moreover, the
precipitation map of the study area and the monthly and
annual precipitation were examined. The Nash–Sutcliffe
efficiency coefficient (NSE) and coefficient of
determination (R2) were calculated to measure the
alignment between them. The station’s results showed
strong alignment with a cumulative NSE and R2 of 0.81
and 0.79, respectively.
Evapotranspiration (ET) data was collected from the
Indian Meteorological Department (IMD) and the ET

P, Q and ∆S are the average yearly rainfall, discharge
and variation in storage. The variation in storage was
assumed to be negligible (∆S = 0).

W

P

Q

∆S

(2)

Further, the coefficient of determination was found
between the water balance ET (predicted) and observed
ET, which is satisfactory (R2 = 0.8781) and presented in
Figure 3. The estimation of water withdrawal for the
irrigated crops in the Mohgaon basin was carried out
with the help of a validated precipitation map and ET
map. The procedure for estimating water withdrawals
calculated using the water requirement of the irrigated
surface is described below (Weerasinghe and Griensven,
n.d.; van Eekelen et al., 2015).
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Figure (3): Comparison of observed ET and water balanced ET

The total ET is expressed as:
ET

ET precipitation

ET incremental

Water requirement
(3)

𝐸𝑇 – 𝐹

/

∗ 𝑃

(5)

This ensures that 70% of the water removed is
diverted into rivers and lakes or evaporates and is not
consumed by active irrigation. A description of the
processes (Weerasinghe and Griensven, 2019) for
calculating water requirement for irrigation is provided
in Figure 4.
The seasonal map of December, representing the wet
season, was used to extract the ET and P values for wet
months (June, July, August, September and October),
while the map of March was used to extract the values
in the non-monsoon season.

ETprecipitation is the amount of water that evaporated
from areas where no extra water was supplied and
ETincremental is the volume of water that evaporated due to
withdrawals. The FET/R ratio is required for the
determination of precipitation, since the rainwater does
not penetrate and can be stored and accessed for uptake
by plants. Therefore, ETincremental is the difference
between the total ET and ETprecipitation (Sensing and
Water, n.d.):
𝐸𝑇

∗ Area.

(4)

RESULTS AND DISCUSSION

Here, P is the total yearly precipitation, while ET is
the total yearly water evaporated. The incremental ET
from the lands is not equal to that pulled out from the
aquifers, rivers and streams. The irrigation efficiency of
the Mohgaon basin varies from 35% to 50% (CWC,
India). In this research, 30% irrigation efficiency is
assumed as the ratio of the ET total and water
requirement (Equation (5)):

Crop Calendar
The crop calendar gives a demonstration of the
monthly managing activities, such as sowing, raising
and harvesting of crops (Table 1), which distinguishes
irrigated and rain-fed crops; this was not possible in
previous research. Crops such as paddy and wheat have
unique monthly management activities set out in their
cultivation cycle.
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Figure (4): Data analysis of water withdrawals

7 indicates the shift in the percentage of large-scale
cultivation to unused land in the Mohgaon basin from
the monsoon season to the non-monsoon season. It
further shows the percentage reduction in grasslands and
shrublands from monsoon season to non-monsoon
season. This effect demonstrates a major decline in the
ratio of rain-fed paddy to that in non-monsoon season.

NDVI Analysis for the Mohgaon Basin
NDVI tests the volume and potency of plants on the
soil. NDVI values commonly vary from -1.0 to 1.0, with
negative values showing clouds and water, while
positive values near zero show plain earth (Hashim, Abd
Latif and Adnan, 2019). The NDVI values for the
Mohgaon basin show a strong change of usage between
the two crop seasons (Figure 5). The use of periodic
land use is necessary to distinguish agricultural land-use
groups present in the region.

Water Withdrawal
If the ET value approaches P, this would mean that
an additional water supply has been used for drainages,
such as field or surface water abstraction. The annual
water requirement for irrigated land was estimated using
the land-use map for the amount of water required per
irrigated usage.
Figure 8 reveals water requirements for different
crops ranging from 50 to 800 million m3. The figure also
showed the water needs for irrigated crops in nonmonsoon seasons, since the catchment was located in a
semi-arid region.

Change in Land Use
LULC groups were plotted for monsoon and nonmonsoon in the Mohgaon basin (Figure 6). Comparing
the monsoon season (December 2016) to the nonmonsoon (March 2016), it was noted that 4.5 % of the
paddy-grown area, 2 % of the soya bean fields and 3.5
% of wheat-grown areas were transformed to bare soil.
Simultaneously, the irrigated mixed crops, such as
maize, bajra and cereals, increased by 1.5 % in March.
The detailed findings are summarized in Table 2. Figure
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Maize Rain Feed
Bazra Rain Feed
Paddy Rain Feed
Pulses Irrigated
Soya Bean Rain Feed
Wheat Irrigated
Cereals Rain Feed
Maize Irrigated
Bazra Irrigated
Paddy Irrigated
Pulses Rain Feed
Soya Bean Irrigated
Wheat Rain Feed
Cereals Irrigated
SOWING
STAGE

MID
STAGE

HARVESTING
STAGE

Table 2. Change in the area covered in in Mohgaon basin
LULC
CLASSIFICATION

AREA COVERED IN PERCENTAGE
DECEMBER

MARCH

BARREN LAND

12.51

24.02

GRAZED SHRUB LAND

0.49

0.62

CEREALS

2.41

2.45

DENSE FOREST

32.44

32.11

MAIZE

0.31

1.57

PADDY

10.34

6.61

GRASS LAND

1.34

0.94

SOYA BEAN

24.20

22.29

WATER BODIES

5.28

2.29

WHEAT

10.68

7.10

TOTAL

100

100
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DECEMBER

NOVEMBER

OCTOBER

SEPTEMBER

AUGUST

JULY

JUNE

MAY

APRIL

Crops

MARCH

JAN.

FEBRUARY

Table 1. Crop calendar for Mohgaon basin
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Figure (5): Distribution of NDVI for March 2016 and December 2016 for Mohgaon basin

Figure (6): Distribution of LULC class of March and December 2016
For this land use, separate zones were used for each
season to forecast water requirements; Figure 8 shows
the various water requirements for individually irrigated
land uses. The outcome showed that a considerable
volume of water was removed in March. The water
requirements for irrigated paddy and soya bean are up to
800 million m3/year (56.2 cm/year), (including water

used in germination, raising seedlings, transplanting,
vegetative growth, flowering and beginning maturity to
harvest), followed by wheat, which uses up to 520
million m3 / year (45.3 cm/year).
The grouping of the images and changes in the crop
calendar have confirmed the benefits in the study of
land-use transition and the emergence of a systematic
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classification of land uses in the Mohgaon basin. The
observations also emphasized the importance of the use
of data for land-use classification. However, there are
major geographical differences in the distribution of
shrublands in the area. NDVI helps recognize unusual

plant occurrences and their relationship to periodic
differences. More variations between NIR (high) and
RED (low) mean a greater vegetation response at a given
site. The NDVI map shows intermittent differences
between the dry and rainy seasons.

Figure (7): Seasonal change in the Mohgaon basin
Land-use charts used in this study have been used to
measure water withdrawals for irrigation purposes. The
precise estimation of water requirements is important for
the catchment authority. The calculation of the water
amount using instruments such as flow meters is costly

and not suitable in the long term, although no such
instruments were installed in the Mohgaon basin region.
Remote sensing is a cost-effective option to direct
measurements.

Figure (8): Water withdrawal for irrigated crops
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December 2016. The critical varying land uses included
the cultivation of irrigated and mixed irrigated crops.
The ground cover in the catchment area is changing
rapidly. The measure of irrigated areas for paddy ranged
from 6.61 percent in March (non-monsoon season) to
10.34 percent in December (monsoon season), whereas
the percentage of irrigated areas for wheat ranged from
7.1 % in March (non-monsoon season) to 10.68 % in
December (monsoon season). The percentage of
irrigated areas for soya beans ranged from 22.3 % in
March (non-monsoon season) to 24.2% in December
(monsoon season) and land use for maize ranged from
1.5% in March (non-monsoon season) to 0.37% in
December (monsoon season).
The estimates of water requirement are expressively
changed by using LULC maps based on the estimated
maximum irrigated paddy withdrawals of 800 million
m3 per year (56.2 cm/year); however, using LULC maps
could overestimate the water requirement for irrigation
in the catchment area. However, the opposite is also
valid. Unfortunately, there are no tests or measured
values for each irrigated agricultural land use in this
catchment area to authenticate our results.
However, this research demonstrates that the use of
land-use maps would increase the quantification of
water requirement based on the reflection of the varying
area of irrigated land over the year by surveys and site
visits. Additionally, detailed research on LULC maps
offers valuable information on hydrological models,
water accounting schemes, land-use policies and policy
decisions. The seasonal distribution of water in the basin
can also be measured with the help of detailed seasonal
land-use maps.

Furthermore, the area of irrigated crops rises from
the rainy season to the dry season, which is clearly
explained in land-use maps. The increase in the irrigated
areas during the dry season increases the use of surface
and groundwater. The crop will take six months to
harvest; thus, during the dry seasons, there will be fewer
areas for agriculture. In this research, the irrigated crops
demonstrated variations in the amount of water
withdrawn between the two seasons.
A land-use map is the precise estimation of irrigation
requirements in an area. However, it can be difficult to
read and analyze due to cloud cover, especially if it is
for the rainy season. As the rainy season is from June to
September, the water estimation cannot be precisely
explained, due to the cloud cover. The pictorial
representation of the rainy season may also contribute to
errors, which may delay sowing and consequently, crops
mature later in the rainy season. This can also justify the
lack of precision in the classification of irrigated mixed
crops.
There are several disadvantages of using the crop
calendar developed in this research. The harvesting
dates for crops, such as irrigated paddy, vary from
lowlands to highlands. Therefore, farmers and higher
authorities need a wide range of interviewees to
minimize errors and suspicions. This research must
involve field verification during the dry seasons and the
gathering of details about the rainy season from farmers
in each agricultural land-use class. For more precise
outcomes, soil verification must be carried out in both
seasons. In the same way, the examination of water
intake must be conducted for one year. Besides, the
irrigation efficiency of 30 percent assumed in this
research may lead to errors, as the irrigation efficiency
may vary based on soil type and crop type.
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CONCLUSIONS
In this research, land-use groups were plotted out
using two images of Landsat 8 from March 2016 and
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