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Remote sensing monitoring and soil and water conservation effects of abandoned

farmland in core black soil protection area of Jilin Province from 2000 to 2023

Feng Xinhui, Jiang Hailing, Yu Hailin, Sun Xihao, Wang Jingyi, Fu Jianing
(College of Geographic Science and Tourism, Jilin Normal University, Siping, Jilin 136000, China)

Abstract: [ Objective ] The spatiotemporal distribution of abandoned farmland in the core black soil protection area
of Jilin Province from 2000 to 2023 was analyzed, the main driving factors of farmland abandonment were
clarified, and the soil and water conservation effects of abandoned farmland are evaluated, in order to provide a
theoretical basis for remote sensing monitoring of abandoned farmland and research on soil and water conservation
effects in similar regions. [ Methods] Based on the Google Earth Engine (GEE) platform and l.andsat long-term
time-series imagery, this study integrated multidimensional characteristics and combined random forest with
LandTrendr change detection method to map the spatiotemporal distribution of abandoned farmland in the study
area. Additionally, the key driving factors were analyzed using the geodetector. Finally, a comprehensive

evaluation of the soil and water conservation effects of abandoned farmland was conducted using a combination
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weighting method based on AHP-EM-product normalization. [Results] @ The RF-LT model achieved an
overall accuracy greater than 85% and a Kappa coefficient of at least 0.8, indicating high classification accuracy
and good overall performance. @ The area of abandoned farmland initially increased and then experienced a
fluctuating decline after peaking at 459 km” in 2013. Spatially, it first increased then decreased, and finally showed
local increases, with relatively scattered distribution of abandoned farmland. ® Night-time light intensity, average
parcel area, and elevation had high explanatory power for farmland abandonment, with q-values all exceeding 0.4.
Furthermore, the interaction between slope and average parcel area was the most significant, with a gq-value of
0.997. @ The comprehensive scores of soil and water conservation effects for abandoned farmland in the study
area with abandonment durations of 5, 10, 15, 20, and over 20 years were 0.388 6, 0.477 3, 0.801 4, 0.604 4,
and 0.443 8, respectively, showing an initial increase followed by a decrease. [Conclusion] The moderate
abandonment within a certain period has a positive impact on soil and water conservation, specifically reflected in
the improvement of ecological diversity and soil properties.

Keywords: abandoned farmland; core black soil protection area; random forest; LandTrendr; soil and

water conservation effects
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Table 1 Vegetation characteristic formulas and explanations
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Table 2 Feature selection results

s R E 44 B A P FRIE 44 B A P R R 44 B A
1 Blue _max 205 13 Swirl _max 182 25 MNDWI_max 194
2 Blue_min 175 14 Swirl _min 194 26 MNDWI _min 219
3 Blue Mean 198 15 Swirl Mean 202 27 MNDWI Mean 208
4 Green_max 187 16 Swir2_max 185 28 MSAVI_max 175
5 Green_min 178 17 Swir2_min 177 29 MSAVI _min 176
6 Green_Mean 195 18 Swir2_Mean 202 30 MSAVI Mean 184
7 Red _max 180 19 NDVI max 214 31 Corr 206
8 Red_min 191 20 NDVI _min 183 32 Savg 211
9 Red Mean 200 21 NDVI Mean 207 33 Shade 183
10 Nir_max 168 22 EVI_max 190 34 Slope 278
11 Nir_min 195 23 EVI _min 168 35 Elevation 282
12 Nir_Mean 194 24 EVI Mean 171
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Table 3 Design of LandTrendr parameters
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Table 4 Indicator system for influencing factors of
farmland abandonment

Y i — gf T
%*%(Xl) km
98 2
g Wi (X,) )
I GDP(X,) 5t
WL (X,) %
Ty
HESFRE L sz %
RLRLET e B (X)) Lm/m?
FA L F (X)) Fi kW
ol 72 2 1
TR MM TR T BL(X,) hm?

x5 KEIRBYUETFMNIEIRERER
Table 5 Construction of evaluation indicator system for
soil and water conservation effects
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Table 6 Judgment matrix for AHP indicators
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Table 7 Weight values of soil and water conservation effect
indicator system for abandoned farmland
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Fig.3 Classification results of farmland probability at study area during 2000—2023
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Table 8 Transition matrix of abandoned farmland (2023)
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Fig.5 Spatial distribution of abandoned farmland (2000—2023)
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Fig.6 Time-series algorithm fitting results of abandoned farmland pixels and stable farmland pixels
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Table 9 Confusion matrix accuracy evaluation

A OA PA UA kappa AR OA PA UA kappa
2000 0.92 0.86 0.93 0.89 2012 0.88 0.86 0.94 0.85
2001 0.87 0.75 0.91 0.82 2013 0.88 0.77 0.94 0.84
2002 0.90 0.77 0.94 0.86 2014 0.89 0.84 0.91 0.85
2003 0.91 0.86 0.93 0.87 2015 0.90 0.91 0.92 0.86
2004 0.91 0.84 0.90 0.88 2016 0.89 0.81 0.92 0.85
2005 0.90 0.85 0.91 0.87 2017 0.88 0.80 0.93 0.84
2006 0.89 0.79 0.88 0.85 2018 0.88 0.78 0.93 0.84
2007 0.89 0.88 0.93 0.85 2019 0.87 0.73 0.93 0.83
2008 0.90 0.79 0.91 0.87 2020 0.87 0.79 0.93 0.83
2009 0.90 0.83 0.92 0.87 2021 0.88 0.76 0.92 0.84
2010 0.88 0.89 0.92 0.84 2022 0.89 0.78 0.93 0.85
2011 0.90 0.86 0.91 0.86 2023 0.90 0.83 0.92 0.86
FR10 2000—2023 £ HIB T IR 3 B RHK ML R
Table 10 Detection results of driving factors of farmland abandonment (2000—2023)
HHE WK T 71
2000 4 2005 4 2010 4F 2015 4F 2020 4 2023 4F
e A 0.494 0.781 0.639 0.683 0.777 0.571
AR
e g 0.889 0.668 0.422 0.137 0.639 0.914
A¥GDP 0.965 0.784 0.277 0.101 0.122 0.084
NP iﬁk%ﬁﬂc% | 0'39,1 0.376 0.435 o.?72 0.463 0.1360
NSRS T 0.063 0.094 0.029 0.321 0.222 0.311
PR TH] T i B2 0.678 0.559 0.909 0.988 0.961 0.917
Sl 7 AL AL B ) 0.279 0.369 0.383 0.348 0.497 0.194
by H - 3 17 AR 0.984 0.985 0.974 0.459 0.629 0.717
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Fig.7 Heatmaps of factor interaction detection
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Table 11 Evaluation results of soil and water conservation effects of abandoned farmland
. . AR S A BR K AR FERL
RAEELTD
5a 10 a 15a 20a 20all |
+ M R 0.293 4 0.3820 0.3254 0.402 3 0.000 4
TS 0.024 7 0.074 1 0.1219 0.009 2 0.208 7
R Z R 0.070 6 0.021 2 0.354 1 0.192 9 0.234 6
i A 0.388 6 0.477 3 0.801 4 0.604 4 0.443 8
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