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6. Exploring the use of Sentinel-2 datasets and environmental variables to model

wheat crop yield in smallholder arid and semi-arid farming systems



Y8 % : Sarchil Hama Qader, Chigozie Edson Utazi, Rhorom Priyatikanto,
Peshawa Najmaddin, Emad  Omer Hama-Ali, Nabaz = R. Khwarahm, Andrew
J. Tatem, Jadu Dash

L #KJR : Science of The Total Environment, 2023

#%: Low levels of agricultural productivity are associated with the persistence of
food insecurity, poverty, and other socio-economic stresses. Mapping and monitoring
agricultural dynamics and production in real-time at high spatial resolution are essential
for ensuring food security and shaping policy interventions. However, an accurate yield
estimation might be challenging in some arid and semi-arid regions since input datasets
are generally scarce, and access is restricted due to security challenges. This work
examines how well Sentinel-2 satellite sensor-derived data, topographic and climatic
variables, can be used as covariates to accurately model and predict wheat crop yield at
the farm level using statistical models in low data settings of arid and semi-arid regions,
using Sulaimani governorate in Iraq as an example. We developed a covariate selection
procedure that assessed the correlations between the covariates and their relationships
with wheat crop yield. Potential non-linear relationships were investigated in the latter
case using regression splines. In the absence of substantial non-linear relationships
between the covariates and crop yield, and residual spatial autocorrelation, we fitted a
Bayesian multiple linear regression model to model and predict crop yield at 10 m
resolution. Out of the covariates tested, our results showed significant relationships
between crop yield and mean cumulative NDVI during the growing season, mean
elevation, mean end of the season, mean maximum temperature and mean the start of
the season at the farm level. For in-sample prediction, we estimated an R2 value of 51 %
for the model, whereas for out-of-sample prediction, this was 41 %, both of which
indicate reasonable predictive performance. The calculated root-mean-square error for
out-of-sample prediction was 69.80, which is less than the standard deviation of 89.23
for crop yield, further showing that the model performed well by reducing prediction
variability. Besides crop yield estimates, the model produced uncertainty metrics at 10
m resolution. Overall, this study showed that Sentinel-2 data can be valuable for

upscaling field measurement of crop yield in arid and semi-arid regions. In addition,



the environmental covariates can strengthen the model predictive power. The method
may be applicable in other areas with similar environments, particularly in conflict

zones, to increase the availability of agricultural statistics.

7. Sustainable application of GF-6 WFV satellite data in desert steppe: A village-
scale grazing study in China

YE% : Yuxun Zhang, Lei Wang, Xinguo Yang, Yuan Sun, Naiping Song
SC#KJR : Frontiers in Environmental Science, 2023

%% : This study investigated the vegetation growth and forage-livestock balance of
desert grasslands at the village scale. This study was chosen to be conducted in the
Ningxia Hui Autonomous Region, where desert grasslands are widely distributed and
fragility of the environment. This paper establishes a model for estimating time series
changes of above-ground biomass (AGB) in the study area based on remote sensing
images from the Gaofen-6 satellite, combined with canopy spectra and AGB data of
vegetated desert steppe areas. Next, the ecological carrying capacity and load of the
desert steppe area were analyzed based on the number of sheep raised in different
enclosures and the grazing methods employed. The status of the forage-livestock
balance in the study area was assessed after measuring the crop yield of farmland.
Finally, data and case support for grazing management in desert steppe were provided
in combination with the research results. The study concluded that Gaofen-6 satellite
images could quickly and accurately obtain information on vegetation growth and
changes in desert grassland areas at a village scale. The available grazing time in a
single year in the study area is inadequate to support current stocking levels. When
ecological stability is the primary consideration, natural forage obtained through natural
conditions cannot meet the needs of farmers for normal grazing and production
activities. The suitable grazing time in the study area is limited in any year. The suitable
maximum grazing intensity among all plots ranged from 0.334 to 2.541 sheep/ha. In
the case of the balance between grass and livestock, the forage obtained from natural
pastures could only satistfy 41.71% of the current stocking levels for sheep. Rotational

grazing and subsidies for farmers help desert steppe to recover and achieve a forage-



livestock balance.
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