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ABSTRACT

Investigating the area under cultivation and yield estimation of agricultural products like rice; can
greatly ensure food security, analyze the status of agricultural products and, finaly, sustainable
development of developing countries. This study used Sentinel-2 satellite images, to estimate the
area under cultivation and the yield of rice paddies in Kunduz province, Afghanistan in the 2020
crop year. Using the time series of NDVI index, the phenology stages of rice plants were obtained
and the phenology parameters (SoS and EoS) were extracted using the maximum resolution
method. Then, object-oriented classification method based on phenology was used to identify and
determine the under-cultivated area of rice fields. In this method, three types of data of reflectivity
of reflective bands, NDVI vegetation index and phenology parameters were used as auxiliary
data. Yield estimation was done using the experimental method of regression analysis between
remote sensing plant indices and the data obtained from ground harvesting. Also, the
experimental method based on the regression analysis of ground data and distance measurement
with the coefficient of determination of 0.86 and the Pearson correlation coefficient of 0.92
showed its high accuracy in estimating the yield of rice fields. The accuracy of the estimated
performance in this research was evaluated by comparing the actual performance (field harvest
data) in 27 control points. For this purpose, Pearson's correlation test was used. This test showed
that there is a positive and very strong relationship between actual performance and estimated
performance (P=0.000, N=27 and R2=0.929).
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Extended Abstract

1. Introduction

This study explores the significance of rice as a
staple grain globally, demonstrating its crucial role
in improving food security for communities. Global
consumption statistics for 2022 highlight the pivotal
role of rice among consumable grains, emphasizing

the need to increase its production. Despite rice
cultivation in some regions of Afghanistan, the
country still faces shortages of this vital crop, as
discussed in the Afghan rice production crisis.
Traditional ground-based performance assessment
methods are time-consuming, expensive, and often


mailto:hrghafarian@yazd.ac.ir
mailto:arifsadid94@gmail.com
mailto:gmozafari@yazd.ac.ir
mailto:Fahimearabi1993@gmail.com
https://doi.org/10.22111/gdij.2024.8177

Geography and Development [ 188

Vol. 22, No. 74

lack comprehensive coverage. To address these
challenges, this study employs satellite data as a
rapid and cost-effective solution to assess rice
cultivation status and estimate crop yield. Moreover,

the research underscores the importance of rice
phenological and physiological features in satellite-
based investigations, showing their effectiveness as
indicators for identifying and evaluating rice fields.

2. Methods and Materoal

The study utilizes Sentinel-2 and Google Earth
satellite data to assess rice field performance,
complemented by ground truth data for final
accuracy evaluation. In the initial phase, time series
of Normalized Difference Vegetation Index (NDVI)
are computed. NDVI is calculated for each image
during the rice growth period (from June to
October) and presented as a multi-temporal layer.
The NDVI temporal changes graph serves as an
indicator of rice phenology. The rising phase of the
NDVI graph signifies the beginning of the growth
season, the peak represents the growth climax, and
the descending phase indicates the end of the
growth  period.  Subsequently,  object-based
classification is employed to identify rice fields.

3. Resultss and Discussion

Based on the rice cultivation schedule in Kandahar
province, rice cultivation begins after wheat
harvest, starting in May and reaching its maximum
growth in June, with harvesting taking place in
October. The NDVI time series from June to
October 2020 reveals an ascending trend starting in
June, peaking in August and partially in July and
September, indicating the growth climax of rice.
Afterwards, the graphs exhibit a descending trend,
approaching the lowest point in October, indicating
the time of rice field harvesting. Using a Phenology-

based Object Classification method, rice fields in

5. References

Kunduz province are identified, resulting in three
classes: "Rice fields," "Other Vegetation excluding
Rice,” and "Non-vegetation cover." The final
accuracy, with 91.5%, and the Kappa coefficient of
0.87, demonstrate high and acceptable classification
precision. The relationship between ground-based
yield measurements and remote sensing indices,
including NDVI and LAlI, is then established,
achieving a correlation coefficient of 0.73.

4. Conclusion

This research employs novel remote sensing
methods to estimate the rice cultivation area and
performance in Kandahar province, Afghanistan, in
2020. Two different approaches (Phenology-based
Object Classification and Empirical Regression
based on ground and remote sensing data) are
investigated and evaluated. The results indicate that
the Phenology-based Object Classification method
provides the best accuracy in identifying rice fields,
with a final accuracy of 91.5% and a Kappa
coefficient of 0.87. Additionally, the empirical
method, based on ground data regression analysis
and remote sensing, demonstrates high precision in
estimating rice field performance. The study's

findings are valuable for organizations involved in
agricultural product planning and food demand in
Afghanistan. While acknowledging limitations
regarding future model use, it is recommended to
repeat this study in subsequent years, comparing
results with previous research to enhance predictive
accuracy for future years. Furthermore, the
utilization of estimated data on actual rice plant
evapotranspiration during the growth season could
serve as auxiliary data to improve the regression
model. This approach could contribute to
calculating water productivity, a crucial indicator
for water resource management and planning.
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