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Dynamic monitoring of cultivated land expansion in the middle reaches of the
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Abstract: Oases are non-zonal ecological landscapes in arid and semi-arid regions, supporting approximately 90% of the
population and 95% of the economic activities in these areas. Cultivated land, as the primary component of oases,
significantly influences the ecological environment. While the expansion of cultivated land has driven socio-economic

development, it has also intensified the challenge of water resource scarcity. Therefore, real-time dynamic monitoring of
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cultivated land expansion is essential for ensuring the sustainable and stable development of oases. Prior research on the
dynamics of cultivated land changes has primarily relied on the interpretation of discrete multi-temporal remote sensing
imagery, which can be constrained by the selected time periods. This approach often fails to capture the continuous and
dynamic nature of land use changes, particularly in rapidly developing regions. The Heihe River Basin ( HRB) is the
second-largest inland river basin in China. The middle reaches of the HRB contain approximately 80% of the total oasis
area, 91% of the population, and 95% of the cultivated land. Agricultural expansion intensified desertification and
degradation of forest and grasslands, posing serious challenges to the sustainability of the region. In this study, the Landsat-
based Detection of Trends in Disturbance and Recovery ( LandTrendr) algorithm on the Google Earth Engine ( GEE)
platform was employed to monitor and analyze the spatio-temporal dynamics of cultivated land expansion in the midstream
basin of the HRB from 1990 to 2020. The Normalized Difference Vegetation Index ( NDVI) was used to identify and
quantify the transitions from bare land to cultivated land. LandTrendr is a powerful tool for detecting gradual and abrupt
changes in land cover over extended periods, making it suitable for long-term monitoring studies. The results showed that
over the study period, the area of cultivated land expanded by 560.72 km®, with an accelerating annual growth rate since
2010. Notably, the newly added area from 2011—2020 comprised 63% of the total expansion, indicating a significant
intensification of agricultural activities in recent years. Cultivated land expansion was mainly concentrated in Jinta County,
Ganzhou District, and Suzhou District. Compared with traditional land use products, the annual changes in bare land
converted to cultivated land identified by the LandTrendr algorithm were highly consistent with the bare-to-cultivated land
area obtained from existing land use data (R*=0.61). The rapid expansion of cultivated land in the midstream basin of the
HRB had profound implications for land resource management and ecological environments. The conversion of bareland to
cultivated land can lead to soil erosion, loss of biodiversity, and reduced water availability, exacerbating existing
environmental issues. Long-term continuous monitoring using advanced remote sensing techniques, such as LandTrendr,
provided essential data support for understanding and assessing the potential impacts of cultivated land expansion. Through
comprehensive and continuous monitoring, we can gain valuable insights into the dynamics of land use changes and their
ecological consequences. This information was crucial for formulating scientific land use planning and ecological conservation
strategies. By integrating remote sensing data with ground-based observations and modeling, policymakers can develop
effective measures to balance socio-economic development with environmental sustainability, ensuring the long-term health

and productivity of oases in such areas.
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