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Abstract; To explicitly understand the spatio-temporal pattern change of desertification and its driving mechanism in China-
Mongolia-Russia economic corridor proposed by the “Belt and Road Initiative” , the classification and regression tree
(CART) , support vector machine (SVM) , random forest (RF) and Albedo-NDVI model were compared to better monitor
desertification on Google Earth Engine platform. Furthermore, the climate and human factors were introduced into the linear
trend method to quantitatively measure the driving effect of each factor on the desertification process. The results show that
1) the classification regression tree model combined with multi-source data can better monitor desertification in the study
area. The overall accuracy and kappa coefficient are 85% and 0.754, respectively. 2) From 2000 to 2015, although the

area of land degradation and strong degradation was 17,800 km’more than the area recovered and significantly restored, the
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area of exiremely severe, severe and moderate desertification was decreased by 73,100 km*, 43,200 km® and 13,900 km*,
respectively. In addition, the desertification area in China has recovered significantly, with a net restoration area of 151,800
km’. The desertification in Mongolia and Russia is worsening. 3) During the study period, climate change not only played a
major role in desertification restoration in the study area, but also played a major role in desertification restoration in various
countries. The regions with the main driving force of climate change, accounted for 68.8% of the total desert restoration
areas in the study area. In areas where desertification is increasing, human activity is driving more than climate change,

accounted for 69.68% of the total desert restoration areas in the China-Mongolia-Russia economic corridor.
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Table 1 Classification criterion of desertification degree level
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Table 2 The vegetation and soil parameters for identifying the desertification degree level
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Table 3 Classification models of desertification grade
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Table 4 Accuracy evaluation of various classification algorithms

Kappa =

Pt Bl R REEAL ENLSiRIL PR FEIEAL
Non Low Medium High Severe N

INHAEAR desertification/ % desertification/ % desertification/ % desertification/ % desertification/%  p4 fAcks g Kappa 74
S Kappa
Classification model e HFH Hepr Jiilal Herrd Jiilal Ak ilal B H AP 04/% coefficient

ME ORE RE RE RE O WME MK WmE RmE BE

PA UA PA UA PA UA PA UA PA UA

CART 95.7 95.5 58.6 71.5 70 71.5 75 37.5 83.4 85.7 85 0.754
SVM 82.2 86.3 17.1 21.2 40 75 75 18.1 10 75 58.75 0.396
RF 88.5 92 342 39.3 50 62.5 100 41.4 90 100 75 0.602
Albedo-NDVI 87.5 91.9 0 0 100 50 100 100 100 100 85 0.722

PA: Producer’s Accuracy; UA: User's Accuracy; OA: Overall Accuracy
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Table 5 Quantitative assessment models of climate change and human activities
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Fig.1 The spatiotemporal distribution pattern of desertification in the study area
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Table 6 The area of desertification types in the study area

43X AEA TR LB EN: HEE i B EISiniLla
Region Year Area/Percent Severe High Medium Low Non
WFFEIX 2000 T AL/ 10*km? 53.84 44.17 16.81 71.97 455.76
Total study area B/ % 8.24 6.76 2.57 11.01 69.73
2015 T FL/10*km? 46.53 39.85 15.42 94.80 443.19
B/ % 7.12 6.10 2.36 14.50 67.81
] X3, 2000 ALY/ 104 km? 36.29 19.68 12.44 31.10 17.07
China study area B8/ % 30.41 16.49 10.42 26.06 14.30
2015 16/ 10*km? 27.22 19.31 9.59 40.14 17.21
B/ % 22.81 16.18 8.04 33.64 14.42
54 ity [ DX 4 2000 i F/10%km? 17.19 22.69 4.29 30.19 36.34
Mongolia study area H il % 15.50 20.46 3.87 27.22 32.78
2015 161/ 10*km? 19.09 19.05 5.49 40.08 26.96
et/ % 17.22 17.18 4.95 36.14 24.32
2 0 DX 4 2000 T F1/10*km? 0.36 1.80 0.08 10.68 402.35
Russia study area et/ % 0.08 0.42 0.02 2.52 95.03
2015 16 F4/10*km? 0.22 1.49 0.34 14.58 399.02
et/ % 0.05 0.35 0.08 3.44 94.25
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(FREBEAL AR A SR —% ) i E WK (TR WAL AR S LD 1) o &S [ SR i 45 3R 8o |, 76 2000—2015 4
[i1] , Hh 552 A 2 5 A TG 114 S A A B P A A %) DX 3 B2 40 A 7 o [0 AR 3 DX A 4 28 307 IX 3l 2R Ak i e R 4k
X BB AR S ol [ A AR A ] X 5ty ] DX ) W S Ak R A A R AR DX 3 A A A P S
IR IX RIS R ERHLIX 5340 7E 2000—2015 4F[H], v 52 AR 28 T 7 TR ISR 43 DX T A R 88 AR A A= 1L
A5 (IS X AR Y 80.91% ) , 1M Fi 185 A0 8 B8 fin o DX Sl R A2 DX 358 53 3] o S TRT BRI 9.68% F 9.41% , Horp 7€
R ] X3, S TRA K A DX 3 T A L S B AR N o X SR A T FR 22 1518 U7 ke, T 7 552 vy ] X3RN AR 2 371X
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AR FE WK S R R SR, 7 ] X3, 552 vy o) X sl R A 2 30 DX 8 331 o5 e R AR IXC T ALY 77 % . 58% Nl
38%., 34h,TE 2000—2015 4[], 76 v 552 R 28 U5 25 AR 9 i 1B Ak A P 2 DX, A 20 Bl X 3R sl s g U o 32
YERE, Horb | AN 283 h 3K s I > 50% 14 3 S Ak Jin 2 X 5 A e Ak fin o X3l AL ) B 61 72 K 69.68% , 32 %243
A AESE T A A5 350 A PN 22t G b IX

B2 HRETELHZEEEL
Fig.2 Changes of spatiotemporal pattern of desertification in the

study area

®7 HERWEAXHZEETLEREIT

Table 7 The change area of spatiotemporal pattern of desertification in the study area

K Y LB AL i fas W U
Region Area/Percent Severe deterioration No change restoration Obvious
deterioration restoration
F5EIX AL/ 10 km? 8.21 55.05 528.83 39.31 22.18
Total study area Ll % 1.26 8.42 80.91 6.01 3.39
rh [ X sk AL/ 10 km? 4.02 19.47 210.79 23.32 15.35
China study area LB/ % 1.47 7.13 77.23 8.54 5.62
5 ity [ DX AL/ 10*km? 3.69 28.17 60.37 12.61 6.05
Mongolia study area Lt/ % 3.33 25.40 54.44 11.37 5.46
S i DX 3 A/ 10*km? 0.50 7.42 257.68 3.38 0.78
Russia study area Lt/ % 0.19 2.75 95.52 1.25 0.29
*8 MRRTEWEBIERL/ (x10%km?)
Table 8 Desertification transfer matrix of the study area
2015

2000

W Severe ¥ High HFBEE Medium B Low AEFi i Ak Non
R Severe 27.45 14.75 2.29 8.83 0.35
T High 17.83 13.88 3.31 8.43 0.41
HE Medium 0.26 5.79 3.71 5.11 1.86
52 Low 0.80 4.78 4.24 44.67 16.13
JEFE AL Non 0.07 0.51 1.79 27.19 423.90
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2000—2015 4F[H], B 57 X575 88 Ak 5K 20 LB 25 2 v 3 A 36 43 Error” X 38k (& 3, &1 4) , Hr ik & X (1)
“Error” X3 SR AR A6 AT IS Bl AR F 3 Ak 4 Mok 52, (0 52 B b A ) 0 0 A K 1 X, gk
“Error” X I F 2 A 7EAR P Wi bg iy, o5 Fr A Wk XY 3.83% ., 54 B4 IX [ “ Error” X 8k SR S A8 Ak
NS B A AT il - Mok &2, (0 52 B ] 1 Rk AR 4 B X3, 330 26 < Ervor™ X3 (7 7 1R Ak X 3119
28.87% ., FL I, 7= A G A B R R ER B T A A AT A — R AN 1, I 3L T NPP 353K
SIHLEE, PR R AR AZ S P A M S, DR I3k S A AR Mgt B YL 5 1) o™ DX 38l LAt 6

Ry 5 EE

m Error

B 00% A fRA A

= 100% A %35 20

3 SETUMASNEREREXHENER
Fig.3 The driving strength of climate change and human factors

in desertification restoration area

IR Zh 5
mm Error

w 100%A R34k
S 100% A K32

B4 SEZUMASEZRERUROEINER
Fig.4 The driving role of climate change and human factors in

desertification degradation area

®9 SBEEUMANERERAMRER SESENERHER/(x10km*)

Table 9 The area in which climate change and human are dominant drivers of desertification deterioration area and restoration area

U NFEHE 3 “Error” [X 3
Climate change Human activities “Error” Area
s : . :
Rogion K WSz YRS Wes ALK W X
Deterioration Restoration Deterioration Restoration Deterioration Restoration
area area area area area area
S
B 8.293 381.162 396.648 151.598 164.319 21.235
Total study area
X 3,
EP[_E[: . 0.575 269.877 144.905 78.093 65.622 0.359
China study area
St [ X 38
%Idj[_“ -t 0.013 97.100 188.267 70.809 98.622 0.275
Mongolia study area
O X
BB bt 2.903 14.182 63.471 2.693 0.076 20.600

Russia study area

3 e

F 21 HEZE LI, i SR B AL JBE DX Ik i i S8 | B 38 A v B Sre e A i Bl >, R P S s Ak ren AU o
DX e VB e b 52 Z0CR . 3, 55 T ] DXCE VEE A PR 0 A ] A 285 R 5 B W AR S B, B
A SRR 28 T S B X IR A 49.12% SRy it R4 (5 14.59% , FESARAR LA AR 2h THE B JL FBK 3 T, Hdth
IR PO AR TR Y 89.949% 34 TR iR AL, (H 2 AR b T ARV /D 3T 800km® , 2 WA 0 8 g
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M= VY =i
BALIRDL 2R B,
A
W TR AE AL i/ mm AR AL/ °C
Il <-200 B 0—50 <0 1528
mm -200—150 mm 50—100 B 0—0.3 mm 2.8—3.1
[ -150—-100 = 100—150 = 0.3—0.9 m 3134
1 -100—50 W= >150 1 09—1.2 >34
m -50—0 B 1.2—1.5
500 km
AR R/ mm AHJGDPA LR /S
B <150 B -25—0 [ <1500 B 5500—8500
Bl -150—125 W 0—25 [ 1500—2500 == 8500—10500
BN -125—100 BE 25—50 1 2500—3500 == 10500—12500
3 -100—-75 Wl 50—75 [ 3500—4500 W= 12500—27000
= -75—-50 . 75—100 [ 4500—5500

/= -50—-25 . 100

Es5 WRK 2000—2015 SEMAREHEFELE
Fig.5 The change of climate and human activity factors in the study area from 2000 to 2015

R 2 R R M R BB O O A AR AL 2RI BN A S AR SR Sl P BE A AN A, 43 S SsE B RA K
TR ZE 8RB 3 R B AR K A R S RS R RE S 25 A R N SR SR A A
GDP™ X B R REMR ARG Error” X IRIEAT 40T, 25 MIGETTH 00 W7 /R | 7E 2000—2015 4F (0], SR 4 5
JHR X8 FR) AR B /K D2 29, Tmm , AESEH SR IE AN 1.57°C A28 HUA B/ 17.3mm, ALY GDP 341 6369 $ .
AERE K LD X R A AR X (B 1), U AR 2 Hir Xk i S e, DX v ] DX A 4 1 L
Sy HIX A DXOIURT S oty ] DX ) A R K R 3 X 58 = B A A e A DX G v v [ DX ) S Ak
PRGN PR XS4 K SR I KT S0mm XA 25 (] 43 A — B, JGH i B K AR 0P TR R 2% 22l
Uk X AR R Z W B (B 1L LS

5% i ] X sl < Wi o P e A R B B ST AL DX AT e K R S BN (0—50mm) ) B A, {H HL T IR R
(>2.8C) FAEZE UL S3G IMIR BE (>25mm) | JUHJEFEWL ™ E iR Ak AR Ak X A FHR IR FEAE 3.0°C L I,
PN iz DX A 34 GDP 3 ANIREE (>8500 $ ) AR T IHABIKER, Pk, i T2 X o I RN 2 1 38 e 25
] by, AR e AL AR B (JUHAE Ervor™ X ) SN #4H, [FE, 7 T Error” X 1Y 51 [ B R REA |
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TR A E T G (ARt AR R S BT s S ) R IR ZEBUE AL GDP PR K
[FIE, G T IR L . S5 8k, AR TP R XBR A A2 GDP L 52 PRSI KO- 3 By Tt FE R IR
BT AR RO B T AR SR R [ 28 8 R A A AR A S, (575 v ] DI S A 22 W A i 3,

4 it

BT GEE Wit B A M EEUE , 45 G 0, 158 S AR 55 5 B A0 AR B2 (9 0 Il 48 A s | S i
CART ,SVM RF F1 Albedo-NDVI 4 /M 5g Ak S 25 UG FEXT L 20 B i ity L, 4 38 57 A b R s AL B &5
B AT HTBEAY | S 90 Hh Sk 28 T 0 AR S T A R 1 s 22 728 A B BIR Sl 2800 34

KIS UER BT, CART 5% U Xy 552 44 28 U 28 JBR i 2 Ak 72 B {5 8 S HRUR 43 2 A RS BB %5 F SVML RF il
Albedo-NDVI #£#  H: Kappa ZREHN 0.754 , H XS 25T B A AR BE 43 S 0 FH PO B2 AR 7= 0KG B2 38 LU RR O
R Albedo-NDVI 57 [y S (40KS -t FL A &7 (E X AR T AL IR BRI A 2%

WFFE L5 R, #E 2000—2015 4F (8], 1 54 28 5% 78 R DX 3 1) 37 Vo Ak e 3 2 0l 55 R 4, e L2 A o
Ttk | T N e R ST A DXk R 0 ek R A (R B P T A DX B S ik A v X T A R R R
A IR T RRGR 15.18 U7 km?® 1M 552 vy (] DX IR 2 H0ir DX I %) 37 8 2 o e 3 | I 1 0% 3 B A 1 AR 43
514 13.2 77 km*f1 3.76 J7 km®,

T AR B At 2 A8 Ak K BRI FH A 2 B, v 552 48 42 T A TG S T A A R 0 95 8 B 3R B M W o P e L
R EFCEAL BT AR TR P RR A T Ak AR i R X3 ) Ay o R A A b
Tl ARSI P 52 AR 20 B A TR e A AR 0 55 AR B A ) 2 A D i Ry 0 e Ak fin = IX 38,
G S IR SR R L T A AR A BR S 7 H
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