543 B 6 W) K - P 3 4 Vol.43, No.6
2023 4F 12 H Bulletin of Soil and Water Conservation Dec., 2023

ErSRMX I MBSRENRNZETRE
I g, RETY, E A, R A, F R, EAW

(LG AR R o BEIRIRIE S Be . BRI iR 7121005 2.0 [E Bk B K F#
K L ARAFRT I . BRPY % 7121005 3. UT K% BRI BE . AR IR YT 276000)

OE: LA A s i R B R 09 B 55 B0 4 xR X 20012020 4F 4 b B 35 1
AF 28 4% JR 3E AT 4 A, OF R iz b XA A B R AP R AT R 2 kR SR LRl 2 Ak . [0k ] I 20 2 0 B L i
T it A M TR AT R A I R A O FH 4% Bk 3R 51 % (Google Earth Engine, GEE) - & Hl B #l 7%
PRAT ZEAE T A BB 4 0 JR M X+ M % 35 (land cover of Loess Plateau, LCLP) (#E4E . 7E b Feaih [, @ 1d 25
(] 43 A7 1 — 50 S e Tl DA A5 700 %ok 3% - s Dt X - i B 5 2 T ) i s AR R EAT A0 A . (4SS SR T L ZR AR
HEEE Y 245 3 B 7R . LCLP 7™ i (9 S 1 KG B2 R kappa R B F 9026 . 3k 2l 57 30 1iF 4 RS 3 30 iE 45 21 |8
7% s LCLP B RS BE B804 72 B BT 7 0.58%6~20.23% . [RI B, A 4t b | B2 b L 7S 25 7K T AR 1 4
FAEE BB T T, (450 ] R ER LCLP £ 4 /0 FO0 A T HAb 7= &oa 7 W47, 8
T e A o X B S AR . 20012020 4R, B A v Tt DXOBE b 0 R S BT R A T bR
TR RIS 325 K TH 52 0 g i 0 3 0 TR A, D b B 5 09 AR R B 0 Ok, B b A b R i - B 25

T 7 184 (1) = R R,
KR : PEVLARA: HHES; KR BEEE
XERARIRAG: A XEHS: 1000-288X(2023)06-0358-11 FESES: F301.2

XEABH . DE, B BB, FOR LR X & 5 2R A s A% R [T ]0K & AR iR 2023, 43
(6):358-368.D0O1:10.13961/j.cnki.stbeth.2023.06.041; Ma Hui, Zhao Hongfei, Yue Chao, et al. Spatio-
temporal pattern of land cover types on Loess Plateau [ J]. Bulletin of Soil and Water Conservation, 2023,43

(6):358-368.
Spatiotemporal Pattern of Land Cover Types on Loess Plateau

Ma Hui', Zhao Hongfei', Yue Chao''*, Zhao Jie’, Li Yu', Wang Mengyu'
(1.College of Natural Resources and Environment s Northwest A& F University s Yangling s Shaanxi 712100, China ;
2.Institute of Soil and Water Conservation s Chinese Academy of Sciences and Ministry of Water Resources, Yangling

Shaanxi 712100, China ; 3.School of Resources and Environment , Linyi University, Linyi, Shandong 276000, China)

Abstract; [ Objective ] A long-term and high-precision land cover dataset was constructed for the Loess
Plateau. The spatiotemporal pattern of land cover in 2001 and 2020 was analyzed in order to provide a
scientific underpinning for initiatives concerning ecological environmental preservation and sustainable
development within the region. [ Methods] Training samples were constructed using multiple sources of land
cover products and ground feature data from various time periods. The Google Earth Engine (GEE) platform
and a random forest classification model were used to generate the land cover of Loess Plateau (LCLP)
dataset. Spatial analysis and a univariate linear regression model were then used to analyze the spatiotemporal
pattern of land cover types on the Loess Plateau. [ Results] According to the validation set built using random
forest, LCLP exhibited an overall accuracy and kappa coefficient greater than 90%. Moreover, based on the
independent verification set, LCLP demonstrated an overall accuracy ranging from 0.58% to 20.23% higher
than existing products. Additionally, the accuracy of the classification of various land cover types, including

cultivated land, forest land, grassland, impervious surface, and bare land, was increased. [ Conclusion |
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Compared with other datasets, LCLP significantly improved classification accuracy and is suitable for

accurately reflecting land cover changes for the Loess Plateau region. During 2001-—2020, there has been a

decreasing trend in cultivated land and shrubs in the Loess Plateau region, while forest land, water bodies,

and impervious surfaces have shown a significant increasing trend. From the perspective of land cover

changes, cultivated land and grassland were the primary sources of newly added land cover types.
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Table 1 Comparison of classification accuracy based on field samples
EwEEAE O RBEAT H/% Mib/Y% EH/Y O EAR/UN KIE/Y% REKE/ Y% MM/ Y BERKE/Y% kappa ZE/ %
AEERE 68.07 79.06 46.61 0.00 85.00 56.49 50.00
GLC_FCS30  H K& 82.43 78.78 19.43 0.00 85.00 94.57 12.20 62.35 51.05
TR 75.25 78.92 33.02 0.00 85.00 75.53 31.10
AEEREE 9235 18.77 35.59 25.71 60.00 63.64 20.00
CNLUCC F RS B 74.15 70.27 18.34 26.87 52.17 88.29 3.85 55.84 42.21
S K FE 83.25 44.52 26.97 26.29 56.09 75.96 11.92
HFEHREE 96.04 77.98 79.66 1.43 75.00 55.19 10.00
CLCD PR 84.65 88.89 40.00 33.33 100.00 93.41 9.09 75.49 66.96
- RS 90.35 83.43 59.83 17.38 87.50 74.30 9.55
EFEEREE 93.40 80.51 55.93 1.43 90.00 64.94 30.00
AGLC liilakii s 82.71 79.93 39.76 5.56 81.82 94.34 33.33 74.42 65.32
- K5 B 88.06 80.22 47.85 3.49 85.91 79.64 31.67
AFEERE 9156 81.95 83.05 8.57 90.00 51.30 70.00
LCLP F PR 91.08 87.64 37.40 35.29 100.00 100.00 58.33 76.07 68.23
TR 91.32 84.80 60.23 21.93 95.00 75.65 64.17
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Table 2 Comparison of classification accuracy based on third-party verification samples

LB BRI HEEAT M/ M/ Y% b/ 0 EAR/Y% KR/ AEKE/ % B/ SRR/ kappa REL/ %
EEERE 6104 76.12 70.87 13.51 0.00 40,00 10.64

CLCD liilaki 1 73.08 53.13 27.34 29.41 0.00 60.00 88.24 48.87 33.35
YR B 67.06 64.62 49.11 21.46 0.00 50.00 49.44
EFEERE 61.85 68.66 79.61 0.00 0.00 46.67 10.64

AGLC FH PR B2 78.57 64.79 26.03 0.00 0.00 53.85 75.00 49.19 33.74
1K BE 70.21 66.72 52.82 0.00 0.00 50.26 42.82
EERE 56.63 73.13 93.20 2.70 0.00 40.00 11.35

LCLP JH P RS 92.76 70.00 26.97 7.14 0.00 75.00 94.12 50.00 36.28
Y 74.69 71.57 60.09 4.92 0.00 57.50 52.73
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Table 3 Average area proportion of different land cover types from 2001 to 2020 on Loess Plateau

_— - bR 2 R
Bt/ ¥ M/ % T/ %% WA/ % K/ % ANifs K TE /Yo i/ %
2001 23.59 12.19 54.47 3.35 0.34 0.94 5.12
2002 23.63 12.20 55.41 3.12 0.39 1.00 4.25
2003 24.04 12.99 54.47 2.68 0.41 1.03 4.38
2004 22.78 12.18 56.78 3.28 0.45 1.01 3.51
2005 22.77 12.66 55.15 3.54 0.44 1.07 4,38
2006 23.09 12.69 54.26 3.60 0.47 1.23 4.66
2007 22.54 12.58 57.07 2.79 0.44 1.13 3.46
2008 22.44 12.71 55.38 3.17 0.45 1.43 4.43
2009 22.72 12.67 54.85 4.38 0.44 1.30 3.64
2010 22.33 14.04 56.03 2.46 0.44 1.32 3.39
2011 22.35 14.26 56.22 1.94 0.46 1.35 3.41
2012 23.50 13.86 55.63 1.72 0.49 1.40 3.39
2013 24.28 13.40 54.86 2.11 0.51 1.59 3.26
2014 22.82 13.70 55.24 1.95 0.53 1.65 4.11
2015 21.83 14.22 54.79 2.87 0.48 1.66 4.16
2016 22.38 13.93 55.24 2.81 0.55 1.75 3.34
2017 22.63 14.77 53.46 3.02 0.52 1.86 3.75
2018 21.89 13.77 56.49 2.16 0.55 1.89 3.24
2019 21.97 13.67 54.96 3.00 0.60 2.02 3.79
2020 21.96 13.61 55.26 1.97 0.56 2.01 4.63
WA I/ % 22.7840.71  13.30£0.78  55.3040.89  2.7940.68 0.4840.06 1.4340.35 3.9240.56
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Fig.2 Spatial distribution of land cover types on Loess Plateau from 2001 to 2020
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Table 4 Conversion of different land cover types on Loess Plateau from 2001 to 2020

2001 4F
o i/ % it/ % AR/ % b/ % M/ % Kk % ANiFE K/ Y
i 88.28 6.46 1.41 1.39 2.37 0.07 0.02
B 13.82 85.07 0.09 0.41 0.35 0.22 0.03
A B /N 20.54 0.73 68.17 10.55 0.00 0.00 0.00
§ e 13.49 1.98 2.82 81.70 0.00 0.01 0.00
h B 27.69 0.59 0.00 0.00 71.56 0.06 0.09
K 15.40 26.66 0.09 0.56 1.33 55.12 0.85
AN K T 15.43 33.76 0.01 0.11 0.53 0.53 49.64

AT 2001, 2020 4F B o Jt b DX B 1 s 20>
) DX 3 = 2 4R v U R L AR B R B S H R
5L P AR R 40 X3 A B eV O X R, Bk
N X35 2 A rp R A D b DX P S R R
LT T E APV, A T RIS Y X8R
HY C A AR 1] AP SE A, 7 064 b DX b b L P 352 A D8
D L1 PG A AE B o PR B 46 S Al A i A R SR, R
b 14 o ) DX 38R S AR v T B s R L DX P S R AR
AL AE TR AR L B PG O v R L G S 43 SR X I R
b9/ 1 DX 38R B b 38 0 A XA AE R R A
THERCHEG o R sl 2 ) DX 3 AR A G s B S A TE AR
N I O e o0 N O RS S

AN 325 K THT HE A X3 T T ) A R A, K AR
TR L 1) 1X 38, 3 AR AT 3L 4 A (& 5)
33 BErXEFEMBEXIE 2001—2020 £ L EBEEE
R LE 51 15 8 70 35 4 45 1E
T 04 1l X 2 ) A b B 5 2 Y Sy bR b R
20012020 4F B Hiy A1 5 1 1w A EE B 5 248 43 0 R
55.11% F1 30.97% (£ 5), 20012020 4F A [A] £ Hb
B JE R 32 B A 5 X O b e S b | R e
IF 1R b, % Sy Rl R R B S R (1] 62) , L R
b 26 g PR 7 T AR R K (857,55 km?) (B 6), BB E
Yol i A B A b T 28 AU Sy B Hb RN AR M, 2001
2020 AF ARk AT M 1A LY ) 09 35 4E 4 5 Sk 81.23 %
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Table 6 Transition matrix area of main land cover types in typical areas of Loess Plateau from 2001 to 2020
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