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Various indicators exist for monitoring and managing agricultural water
resources in arid and semi-arid countries like Iran. Some of these can
be extracted directly in situ, while others can be retrieved using remote
sensing technology and satellite images. The aim of this study is to
propose the most appropriate and efficient indicators for agricultural
water resource management to achieve maximum production and water
efficiency using remote sensing technology. Therefore, the Crop Water
Stress Index (CWSI) and the Surface Energy Balance Algorithm for
Land (SEBAL) were employed to estimate Evapotranspiration (ET). In
the first step, the ET rate was calculated using the SEBAL algorithm
for six Landsat 8 satellite images related to the wheat growth period.
Then, this index was zoned into four categories: very low, low,
medium, and high (ranging from zero to one), which respectively
indicate the lowest to the highest amount of ET. In the next step, CWSI
was calculated based on the Idso equation, and its results show varying
changes in both cold and warm months. A comparison of ET and CWSI
reveals a significant relationship between these two indices in warm
months, whereas no significant relationship is observed in cold months.
These findings, along with the established relationship between ET and
CWSI, can inform water management strategies in arid environments
for sustainable crop production.
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Introduction
Evapotranspiration and crop water stress index (CWSI) are important components in land
surface energy balance and water resources management. Ebrahimi and Yazdani (2012)

calculated the rate of evapotranspiration of green spaces using SEBAL algorithm. Results
showed that CWSI can be effectively used based on approach proposed in this study for
monitoring water stress and irrigation planning in sugarcane fields using satellite images
without using ground-based data. Costa-Filho et al. (2020) used a new method to calculate

CWSI based on SEBAL algorithm, and results showed that evaluation of aforementioned
indices help irrigation management and water resources protection. By considering water

status as well as plant water, developing a power index is necessary to improve irrigation
management that reduces CWSI and also reduces the underestimation of soil water.

Considering the importance of above-mentioned, main aim of this research is to investigate
relationship between CWSI and evapotranspiration using Landsat satellite images and also
to investigate efficiency of these two commonly used indices in this field.

Material and Methods

In order to monitor irrigation stress and optimal management of wheat water consumption,
Landsat-8 images were received in 1400 winter and spring of 1401 at same time as plant
growth period. First, evapotranspiration was calculated using SEBAL for six images related
to wheat growth period. Then, zoning of this index was done in four classes of very low,
low, medium and high, in range of zero to one, which indicates lowest to highest amount of
evapotranspiration, respectively. Then, CWSI was calculated based on Idso equation and this
index zoning showed changes in cold season and in hot months. Areas with low LST and
NDVI higher than 0.9 were selected as cold pixels, which are usually seen in areas well
irrigated and haveing dense vegetation. Hot pixels were selected from areas having high LST
and NDVI between 0.1 and 0.3. Hot pixel was selected from uncultivated or harvested dry
agricultural area, where it can be assumed that evapotranspiration is zero in that pixel. The
most precision should be used to select cold and hot pixels in order to estimate the acceptable
results of CWSI based on cold and hot pixel temperature.

Results and Discussion

Text Vegetation indices, albedo, emissivity, pure radiation were evaluated that play an
important role in estimating CWSI and evapotranspiration. Albedo value in early growing
season is higher than late growing season, which is also confirmed by values of NDVI and
LALI Due to different types of objects, their emissivity is very effective in amount of emitted
electromagnetic waves, so it has a direct effect on land surface temperature and amount of
evapotranspiration. By evaluating land cover and surface temperature, it was observed that
surface temperature of vegetation cover is lower than bare soil. Hot pixels have high albedo
and surface temperature, and, low NDVI and pure radiation, on the other hand, cold pixels
have low albedo and surface temperature, and, high NDVI and pure radiation. Main factor
of increasing evapotranspiration from agricultural fields in early spring is maximum
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vegetation cover and high temperature compared to other months. The lowest amount of
evapotranspiration indicates very low vegetation cover. CWSI value for vegetation cover
varies between zero and one, and values greater than one indicate barren land or no
vegetation. Finally, areas that need irrigation (low evapotranspiration) and areas without
water stress (high evapotranspiration) were separated. Investigating relationship between
evapotranspiration and CWSI can provide a suitable perspective for water managment and
crop irrigation timing. The highest evapotranspiration and the lowest CWSI indicate a good
condition of vegetation cover and optimal plant irrigation, otherwise, the vegetation is weak
or the irrigation condition is inappropriate. And in opposite case, vegetation is weak or
irrigation situation is inappropriate. Relationship between evapotranspiration and CWSI in
early 1400 shows the best vegetation status. Evaluating correlation between NDVI and
CWSI is helpful for obtaining optimal decisions and better management of agricultural
irrigation. And, amount of CWSI reached its lowest level at beginning of year, which
indicates inverse relationship between vegetation density and amount of CWSI.

Conclusion

Evapotranspiration and CWSI are used in agricultural water resources management and
assessment of plant water requirement. The highest amount of evapotranspiration (beginning
of year) is due to maximum density of wheat and increasing temperature compared to other
months. The lowest amount of evapotranspiration was at beginning of wheat greenness and
low air temperature, and, the highest value of CWSI corresponds to mid-spring. In January,
due to this fact that wheat is in initial stage of greenness or land is still without vegetation,
CWSI value has shown the highest value. In April, when last irrigation of wheat was done
and crop gradually lost its water due to increasing air temperature and wheat became dry,
CWSI showed the highest value. The lowest amount of CWSI can be observed in both cold
and hot seasons and generally when land has good vegetation and irrigated, plant has the
lowest CWSI. Generally, evapotranspiration does not show significant results in cold season,

but in hot season and when vegetation has the highest density, it shows significant results
regarding plant water status. CWSI in both cold and hot seasons can well show the plant
water requirement. There is no significant relationship between evapotranspiration and
CWSI, in the cold season. But, when density of vegetation increases (in hot season), this
relationship is significant.
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