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Abstract: Upgrading water use in agricultural crops requires advancements in location of crop water stress for irrigation
scheduling, at different phases of the developing season to limit crop physiological harm and yield reduction. Potential of
satellite data provide spatial and temporal dynamics of crop growth condition under water stress and analyse for suggestion of
irrigation. This study is based on real time open-source web-based Google Earth Engine (GEE) approach for irrigation
scheduling at field level based on its water stress condition. Sentinel-2 data was used for detecting water stress using the NDVI
and NDWI indices. NDVI shows the crop growth and health whereas NDWI its water stress condition, by combining both the
indices we have generated a new index, which is Crop Water Stress Index (CWSI) to schedule the irrigation. The real time
Sentinel-2 data was used extract NDVI and NDWI indices and by combining both the indices a new indice was generated for
detecting crop water stress condition to schedule the irrigation in real time. The output comes in five group of water stress
condition as; No Stress, Low stress, Moderate stress, High stress and Severe stress. Using the result of CWSI the immediate
irrigation should be given to those fields which are facing severe and high stress, delayed in moderate and low stress and no
irrigation in no-stress. The overall study indicates that, GEE provide a real time better platform for analysing Crop Water Stress
situation for scheduling proper irrigation practices for proper growth of crops to improve the production and income of farmers
as well as It helps the irrigation planner for proper management of canals and other irrigation resources to the wastage of water.
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Engine Platform to assess the Water Stress during the

1. Introduction

Detection of water stress can help farmers in taking proper
measure for reducing negative impacts on irrigation
management. Satellite based monitoring of Crop Water Stress
is very important for precision agriculture, which realise on
time of irrigation to ensure crops will not suffer from water
stress and produce maximum potential yield under limited
water condition. [1-6] Potential of satellite data provide
spatial and temporal dynamics of crop growth condition
under water stress and analyze for suggestion of irrigation.

Remote sensing and GIS data can provide a better platform
to detect crop water stress to suggest irrigation scheduling.
This research was based on the open source Google Earth

growing season of crops in Uttar Pradesh. So that better
timing can be found out to suggest irrigation scheduling.

2. Study Area & Data Sets Used

The study area was taken as whole Uttar Pradesh state of
India (Figure 1). With the total area of 2,187, 28.25 km’, and
Situated between 23°52'N and 31°28'N latitudes and 77°3'
and 84°39'E longitudes, is the fourth largest state of India. It
plays a significant role in the contribution of national food
grain stock. Agriculture is the major industry of the state and
is source of livelihood for 72 percent of its population. Uttar
Its economy is basically based on the agricultural productions.
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[1] Uttar Pradesh has good networks of canal for irrigation,
but due to lack of proper knowledge regarding irrigation
timing, a huge amount of water wasted and land degradation
was occurred which results reduction in yield.

To overcome with this problem a proper irrigation
management is required. The real-time Sentinel-2 data
provided on GEE with 10 m spatial and 5 days temporal
resolution was used to generate Crop Water Stress map of
Uttar Pradesh for irrigation management and scheduling. [2]
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Figure 1. Study area. [3]
3. Methodology

The research work conducted in Uttar Pradesh state of
India by combining NDVI and NDWI. [4] The methodology
adopted in this research work has been given in figure 2 and
described in following 3.1 to 3.4 subheads.

3.1. NDWI Estimation
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Figure 2. Methodology flow chart.

Normalized Difference Water Index (NDWI) is an
indicator of the water stress condition in the leaf of crops
canopy. Higher the NDWI values higher the water stress in
the plant and lower the NDWI value lower the water stress.

So to examine the water stress condition in the crop NDWI
has been calculated for the study area. [5]

Sentinel-2 bands 11 and 8 as; shortwave infra-red (SWIR)
and near-infra red (NIR) bands were used to generate NDWI
with the following formula:

NDWI = (Band 8 (NIR) — Band 11 (SWIR)) / (Band 8 (NIR)
+Band 11 (SWIR))

3.2. NDVI Estimation

Normalized Difference Vegetation Index (NDVI) is an
indicator of the crop growth and its health. The NIR band is
sensitive for crop chlorophyll content. [6] As the crop
growths its chlorophyll content also increases and the
reflectance in NIR is increases and decreases in Red band.
By calculating NDVI we have analyse the crop growth and
its health. [7] Higher the NDVI healthier the crop and lower
the NDVI vice-versa. [8]

Sentinel-2 bands 8 and 4 as; shortwave infra-red (NIR) and
near-infra red (RED) bands were used to generate NDVI with
the following formula:

NDVI = (Band 8 (NIR) — Band 4 (R)) / (Band 8 (NIR) +
Band 4 (R))

3.3. CWSI Estimation

Crop Water Stress Index is an index which was used to
find the crop water stress condition. [9] It is the combination
of NDVI and NDWI. As it’s known that NDVI is used to
know the health and growth of crop whereas the NDWI is for
water stress. [10] By combining both of Indices CWSI was
generated to find Crop Water Stress in crop for proper
irrigation scheduling in the study area. [8, 15, 16]

The CWSI was extracted using NDVI and NDWTI values
following that formula;

CWSI= NDVI+NDWI

The output generated by using it has been grouped in five
categories on the basis of its health and water stress condition,
which is described in the following points; [17, 18]

CWSI >1 - group 1 and class 1 -which represents the
normal condition, where No water stress with dense
vegetation and low temperature and sufficient water

Group 2 and class 2 when CWSI > 0.8 & < 1 - represents
low water stress condition and slightly low surface
temperature with sparse vegetation and moderate water
content

Group 3 and class 3 when CWSI < 0.8 & > 0.5 — which
represents the moderate water stress condition due to sparser
vegetation and low water stress

Group 4 and class 4 when CWSI < 0.5 & > 0.35 — which
represents, high stress condition, when crop is under high
water stress due to higher surface temperature and very low
water content with sparse vegetation

Group 5 and class 5 when CWSI < 0.35 — which represents,
severe stress condition, when crop is under high water stress
due to higher surface temperature and very low water content
with very low density of vegetation.
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3.4. Cropped Area Extraction

Since study was focused crop water stress condition, using
NDVI data the study has been done only on the cropped area
using the NDVI values of crop. As well as the non-
agricultural area has been masked out using the LULC mask
and study has been conducted only on those areas where
NDVI is greater than 0.25 [19].

4. Results & Discussions

This study is an attempt to evaluate the performance of
water stress condition of crops to suggest irrigation in the
study area. The output was generated in five groups or
classes. Which has been defined as; group 1-No water stress,
group 2-low water stress, group 3-moderate water stress,

group 4-high stress condition and group S5-severe stress
condition.

It was also observed by this research work that; The
Normalized Difference Vegetation Index (NDVI) and the
Normalized Difference Water Index (NDWI), these two
vegetation indices were integrated for evaluating the
vegetation growth, health and water status condition, to
analyse the Crop Water Stress Index (CWSI) in the study
area for proper irrigation scheduling and management.

The Google Earth Engine (GEE) code editor platform has
been used for real time analysis for CWSI in the study area.
Using the GEE code editor platform user friendly CWSI app
has been created for proper time selection for irrigation
scheduling. Figures 3, 4 and 5 shows; how the CWSI app
works.

Earth Engine Apps “*"™™ Q_  Search places
CWSI Status of e~V E Moradabad e o
Uttar Pradesh DELHI $
* New Delhi B "
ew Deihi . om
The status of Crop % Reeeht °
Water Stress in Uttar Aligarh
Pradesh (Districtwise) 3 5 lr{ T g? 2 . -
can be seen in the RADES : ;
Hardo:
maps e
Agra i
SR Spnca
2020 = Select-Date 5 k\ o I v Mg
Selw datedw e Faizabad G
el [+) X
Select Uttar Pradesh District $ 2 Kanpur
Sawali Gwalior o Raebareli
Calculate "“;d"f:ou mej?lr? J:r:’o.‘-\l‘ Azar
AU Fatehpur Ay
e 3 BB Jaunpur
Reset IC
Shivpur Jhansi Baﬁnda Ay Prayagraj
fagd bl PRSI Varana
o o o ZHZTU'.!#

=T

Legend

o

Chhatarpur Map data ©2021 S0k

Figure 3. CWSI date selection panel for real time crop water stress monitoring.
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Figure 4. CWSI district selection panel for real time monitoring.
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Figure 5. Real time CWSI result for irrigation Management.

By the above figures 3, 4 and 5 we can understand the
working process of CWSI app. Figure 3 shows, when we
open the app there is an Crop water stress panel is opened,
when we click on it there is another panel on the left side of
app is opened which is for date selection (figure 4), where
you can enter start date and end date, it is notable that
Sentinel-2 data is available at 5 days interval. So you have
to give start date just before five days back of your end date
to get full image of Uttar Pradesh for CWSI to schedule the
irrigation on the basis of it stress as; No water stress- No
irrigation, Low water stress- irrigation can be delayed,
Moderate water stress- irrigation is required but can be
delayed for few days, High stress condition- irrigation is
required and can’t be delayed otherwise plant will dried and
produce low yield, and Severe stress condition- - immediate
irrigation is required and can’t be delayed because plant is
in dry condition and losing their yield capacity (figure 5).

5. Conclusion

Through this research work it was concluded that; there is
a negative correlation between CWSI and crop yield. CWSI
is an easy and reliable method for proper irrigation
scheduling. The overall study results that the irrigation
management to the crop in study area can be done through
this method and GEE provides a very good platform to

operationalize this research work.

By this research work the best timing for irrigation
scheduling has been results as; when crop has under severe or
high water stress condition as well as if we provide irrigation
during moderate water stress condition the production per
hectare will be increases. This research work will be helpful
to the farmers as well as the planner for planning proper
irrigation scheduling.
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