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Abstract: Background, aim, and scope Vegetation change reflects regional environmental conditions to a large
extent, and land use change is the specific manifestation of human activities on natural ecosystems. To assess
ecological environmental effects, we need to clarify the scope, magnitude and attribution of changes in land-use
types and vegetation cover. However, similar studies at the county level on the Loess Plateau have been rarely
reported. Remote sensing can be used to quickly evaluate the effectiveness of economic policies and ecological
environmental governance. For the sustainable development of ecosystems, it helps to study spatiotemporal
changes in vegetation and land use types and their responses to human activities. Materials and methods To
understand the ecological effects of planting economic forests under the Grain for Green Project, we analyzed
the regional land use and vegetation changes in Luochuan County, Shaanxi Province, using long-term data

series of the normalized difference vegetation index (NDVI) and land use. Results The results showed that the
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vegetation coverage increased from 0.6 (2000) to 0.9 (2020) in the study area. By 2020, the area of croplands
had decreased by 481.8 km’, which included 231.3 km’ croplands with slopes of <X15° that were converted to
apple orchards in response to local government promotion. The area of forest converted from sloping croplands
(accounts for 1.5% of the total area) was much smaller than the increasing area of apple orchards (accounted
for 20.0% of the total area). Discussion In this study, the vegetation cover increased the most in the early stage
of ecological project, and the land transfer status showed that the forest area in the study area did not change
much, and the increase in the apple orchard area was mainly due to the transformation of grasslands. Thanks
to the popularization of apple planting in a large area of Luochuan County, the vegetation coverage has been
improved in a large area, which not only accelerates economic development but also strengthens environmental
protection and improvement. As the local government has vigorously supported and promoted the transformation
of agricultural land into apple orchards, the local economy has greatly developed. The economic benefits and
the increase in vegetation coverage induced by land use change in Luochuan County are the results of both the
regional vegetation restoration and characteristic economic demand. The results of this study can provide basic
data and a scientific reference for planting economic forests on the Loess Plateau. The development model of
this area will help to clarify the relationship between socioeconomic development and ecological environmental
protection. Conclusions During the ecological project, the vegetation coverage of Luochuan County significantly
increased. The areas of vegetation improvement were concentrated in western and northern of Luochuan County,
and the main vegetation cover change in these areas was the conversion of cultivated land into apple orchards
and forests. From 2000 to 2020, the land use changes in Luochuan County were mainly manifested as the
development of apple orchards in suitable arable areas, the conversion of sloping grasslands into apple orchards,
and the restoration of sloping farmlands into forests and grass. The main vegetation cover structure was greater in
the forests than in apple orchards or grasslands. Our results indicated that the increase in vegetation coverage in
Luochuan County was mainly caused by the vigorous promotion of apple tree planting. Recommendations and
perspectives In future vegetation restoration on the Loess Plateau, the ecological benefits of different vegetation
types at the typical county scale should be further studied, and quantitative analysis should include climate and
other factors to formulate corresponding ecological restoration plans and strategies and realize the coordinated
development of the economy and environment.

Key words: land use; vegetation coverage; apple orchard; Grain for Green Project; Luochuan County
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A 2R PRl Bt P S Fiil Hofth it e NTHITR
Land use type Apple orchard ~ Cropland Forest Grassland Other Total Transfer in area
SESE  Apple orchard 42.05 317.52 2.39 37.06 2.95 401.97 359.92
HEHL  Cropland 10.75 69.69 0.92 14.27 1.06 96.69 27.00
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Fig. 2 Classified images of study area in 2000 (a) and 2020 (b)
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Tab.2 The area of apple orchards in Luochuan County varies under different slopes
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Fig. 7 Proportion of major vegetation types and vegetation coverage in 2000 (a) and 2020 (b)
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Tab. 3 The area of cropland varies under different slopes in 2000 and 2020
Wz SN AL 2000 2020
Slope/(°) Area proportion/% M Area/km’  (5F Proportion/%  Tif! Area/km®  fiH  Proportion/%
<2 5.62 145.54 25.16 20.88 21.59
(2, 6] 20.59 163.07 28.19 25.22 26.08
(6, 15] 39.82 109.85 18.99 20.49 21.19
(15, 25] 28.37 94.06 16.26 19.20 19.86
(25, 35] 5.31 59.29 10.25 9.88 10.22
>35 0.29 6.65 1.15 1.02 1.06
Hit Total 100.00 578.46 100.00 96.69 100.00
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Tab. 4 Topographic classification of vegetation types change and vegetation coverage change in Luochuan County

, WL 5 L T T
B BT o , o
. 5 Proportion of classification of slope/% Vegetation coverage/ %
Vegetation change Area/km
<2° (2°, 6°] (6°, 15°] (15°,25°]  (25°,35°] >35° 2000 2020
Bt 35.35 16.55 26.05 21.46 23.09 11.82 1.03 0.57 0.87
Cropland to forest
it —hit 28.82 16.53 25.60 21.15 24.49 11.38 0.85 0.56 0.85
Cropland to grassland
A 201.90 16.93 29.40 19.47 19.80 12.98 1.42 0.53 0.90
Grassland to forest
B — R 317.52 26.54 26.41 19.89 16.40 9.72 1.04 0.48 0.84
Cropland to apple orchard
_
RS — R 2.39 9.75 21.52 27.86 27.72 12.25 0.90 0.58 0.95
Forest to apple orchard
FH R 37.06 17.37 25.00 22.15 22.62 11.74 1.12 0.55 0.86
Grassland to apple orchard
FERE I 35.56 14.79 26.28 21.69 23.37 12.86 1.01 0.53 0.91
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