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Abstract

The present study was conducted to estimate ET, in the Karkheh Basin
(Khuzestan Province) for the rice cultivation period in the 2023-24 crop year.
Four rice farms were selected using the traditional method and 4 other farms
using Khoshkeh-kari technolog%. In farm monitoring, important indicators
such as irrigation water depth, biomass, crop yield, field water efficiency,
ET,, irrigation water productivity, and actual water use productivity (WPer)
were measured and estimated. Then, using remote sensing technologies,
ETLOOK and SEBAL algorithms in the Google Earth Engine %GEE)
platform environment, ET, was estimated for each of the 8 monitored farms.
A rice crop map (RCM) was prepared using a machine learning model
(MLM) and a random forest (RF) algorithm in the GEE for the study sub-
basin to separate traditional and Khoshkeh-kari rice fields, and the spatial
changes of ET, and WPer at the basin level were determined. Based on the
results of this study, the overall accuracy of rice field separation according to
cultivation method was 99.65% and the Kappa coefficient was 0.87. In
evaluating remote sensing technology, ET. results showed that the SEBAL
algorithm had a very consistent estimate with a difference of about 3% less
than field data. Regarding ETLOOK, although this algorithm showed ETa
rates 32% and 26% lower than the field data for Khoshkeh-kari technology
and traditional method, respectively, it had a good agreement in estimating
WPer with a difference of less than 5%. Accordingly, at the basin level, the
Khoshkeh-kari method was able to reduce water resources withdrawal (about
40%) and increased ET, and WPet by 13% and 19%, respectively, compared
to the traditional method. In examining spatial maps, the results showed that
the weighted average ET, of rice in the Karkheh sub-basin was 8,500 cubic
m?/ha, which, with a cultivated area of over 34,000 hectares, the actual water
consumption (ET.) and withdrawal from water resources (with an averaﬁe
irrigation efficiency of 28%) were 300 and 1,071 Mm?, respectively, for the
rice cultivation period at the basin level. This study quantitatively
demonstrated that remote sensing technology can provide accurate
information about the spatial distribution of crops, planting area, production,
and water resource consumption for decision-makers at different levels.
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6 - Overall Accuracy

7- Kappa Coefficient

8 - Land Surface Temperature
9 -Crop Mapping
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2 - Machine Learning Models
3 -Support Vector Machine

4- Random Forest

5 - Extreme Gradient Boosting
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17 - Google Earth Engine
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Table 1 — Indicators used for the classification and identification of rice compared to other crops
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Indices Satellite Type Bands Spatial Resolution (meters)
LAI Sentinel2 B8,B4,B2 10
EVI Sentinel2 B8,B4,B2 10
LSWI Sentinel2 B8AB11 20
ST B10 Landsat9 B10 30
SWIR2 Sentinel2 B12 20
Composite ‘VV’ &'VH’ Sentinell VV,VH 10
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Table 2 — Indicators used for disaggregating rice products based on cultivation method and irrigation management
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LSWI Sentinel2 B8A,B11 20
AWEInsh™ Sentinel2 B3,B8,B11,B12 10&20
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Table 3 — Explanatory Relationships for Selected Indicators
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*NIR: Band 8A Sentinel-2, RED: Band 4 Sentinel-2, BLUE: Band 2 Sentinel-2, Green: Band 3 Sentinel-2, SWIR1: Short-Wavelength Infrared
(Band11 Sentinel-2, 1610 nm), SWIR2: Short-Wavelength Infrared (Band12 Sentinel-2, 2190 nm)
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Figure 3 - Land use/land cover map of the Karkheh Basin (Khuzestan section)
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Figure 4 — Map showing the location of rice cultivation, distinguished from other crops, in the Karkheh Basin
(Khuzestan sector)
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Table 4 — Rice cultivation area (hectares) by cultivation system and irrigation management

i 15 b Sl So 00 9 S Aol adp
Cultivated Area _Cultivation and Irrigation Management System Basin
il cuiS o) b golaw ggeme bl oglite Copde b (g 5SS e Gy L g cuiS
Total Area under Various Dry Seeding with Intermittent Traditional Cultivation with
Cultivation Methods Irrigation Management Continuous Flooding
Oliwjgs 45
34745 10613 24132 Karkheh

(Khuzestan)

5 Ele KA L AS At .
_{“5 -
= Olw395 Az 5,5 aSea 25 4

W

(Ol (idu) 455 adgs 13 (5 ylal Cu e 5 CdlS Bilob s 2 2 €170 CupnBgo Al - JS5
Figure 5 — Map showing the location of rice fields based on cultivation system and irrigation management in the
Karkheh Basin (Khuzestan sector)
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Table 5 - Location of meteorological stations in the Karkheh Basin (Khuzestan section)
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o> g jlsal slag i e 313 48.6 S5yl Slgal
Ahvaz and Hamidieh Counties Ahvaz Agriculture
0jgd g Q\f:l)‘]&.&m dhdbo).g(f} 317 48.01 L
Dasht-e Azadegan and Hoveyzeh Counties Bostan




VY /VF0 /Y oyl / Fr Wi / o/ (65u0lES 5 Ol ey 4 s

(w0 ide) 4655 adgs —gliin (5, lul Cu e 9 (5SS (555U L 5 CuudS gl €515 53 599 51 i (S 9, (e 9 (ABly gWo213 51 Juols ETa - Jgu
Table 6 — ETa derived from actual data and estimated via remote sensing methods in pilot rice fields utilizing dry-seeding technology and alternate wetting and drying (AWD)

irrigation management —Karkheh Basin (Khuzestan region)
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Table 7 — ETa derived from actual data and estimated via remote sensing methods in pilot rice fields cultivated using the traditional method of continuous flooding — Karkheh Basin
(Khuzestan region)
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Table 8 — Biomass and actual water productivity (WPEeT) derived from observed data and WaPOR-based estimates in pilot rice fields utilizing dry-seeding technology and alternate
wetting and drying (AWD) irrigation management —Karkheh Basin (Khuzestan region)
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Table 9 — Biomass and actual water productivity (WPEeT) derived from observed data and WaPOR-based estimates in pilot rice fields cultivated using the traditional method of

continuous flooding — Karkheh Basin (Khuzestan sector)
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Figure 6 - Map of spatial variations in ETa for dry-seeded rice cultivation, using the SEBAL algorithm, across the
Karkheh River Basin (Khuzestan region)
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