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Abstract: Due to the increasing impact of global climate change and human activities on ecosystems, land degradation is
becoming more serious in arid and semi-arid areas. The United Nations Convention to Combat Desertification (UNCCD) has
put forward the goal of land degradation neutrality (LDN) to avoid, reduce and reverse land degradation. In this paper, we
introduced the development of the concept and assessment method of LDN. Then, the Mongolian Plateau (MP) was taken
as an example to evaluate the performance of the LDN goal using three key indicators; land cover, land productivity and soil
organic carbon from 2001 to 2020. The results showed that compared with the ecosystem state in the baseline period
(2001—2010) , the area of newly restored area (10.83x10*km”) in the reporting period (2011—2020) was larger than
that of newly degraded area (7.77x10"'km’) , indicating that the LDN goal had been achieved in the Mongolian Plateau in
2020. During the past two decades, the restored area exceeded the degraded area by 6.87x10°km’(2001—2010) and
9.44x10°km*(2011—2020) , respectively. However, there are some problems when using LDN assessment methods, like
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uncertain data, simple grading, insufficient indicators and lack of quantitative description. Therefore, we propose that future
research need to further optimize and develop assessment indicators and methods. In addition, there are relatively few
empirical studies based on the LDN conceptual framework up to now. The regional assessments can help to judge the status
of regional land degradation and identify critical areas, which lead us to formulate spatially explicit ecological restoration
strategies. We conduct this study in a typical area of arid and semi-arid regions, and aim to provide a scientific basis for
formulating land management measures and coordinating sustainable development goals in the MP and other arid and semi-

arid regions.

Key Words: land degradation neutrality; Mongolian Plateau; land degradation; ecological restoration; sustainable

development

F R SEAE [ AR AN I R R, A PR R PR R Y A EBIR T A Y
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T AR R K 5 E B AR Y M, 4R AN X B B R E T TR B AR AIAB I 2015
AR 9 H L BA EIR2iE i 1 (2030 AF AT RESE & IR ) 42 (1 T 17 D RpSl k' H bR, b T 52k & H bR
(SDG) 15.3 BAfZE H T «“ 8% Sy — AR B MR AL A 5L 9 363A , B/, UNCCD 2 4« iR fe &3
£ (LDN) A2 (BipR o bR b)) o LDN B9 SUR  fE— B2 RE S5AESRFEWREN, REAS R
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—IREGA H AR, LDN B0 A 2030 4F AT 22 % S8 HAR™ |, RIE] 2030 4R, SEE0 ARk - iR M Z gl K

[ AP BREETT B T 56T LDN & 8RR 2 FPRAE 5 i AR SEHF 22 L 243l LDN #F 58 Ko 2
HR T M A HE A RIS PR R 1958 32 , BE X R X B LDN SCIERF ST 80002 30 B IEAS 4N Dengiz'"® & T
LDN HEZZ/3HF T 2001—2015 4F- MV I 353t 22 Il e dak (O 3 il B 25 R 40 ) 19 L3 A= 7= s (LPD) 25 R 3
B2 X S o+t S R AR BRI B 4 . Kapovie 55 PFAE T 2000—2010 4F W i35 17 4 4
FE P REAERRG) 19 LDN RS M F 20K 8 F 23R, FF48 HZ XA R A WK A TR S i a9 4 X 3,
LDN M S g A0 R KR A B ST E T R IX PR AR 3 B = A BIBF5E HA 55T LDN #f
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AR TRE (A% - R ) s LA B

Sty e A TN ZR IR, DX S 4 ¢ v HL48 RKER 43 b XA FH R sk T8 IX, H 20 tH22 90 4E/CL
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H [ G [ R T B S0 — 2R 9] A 5 A TR, 52y g JBth X %) 4 3B Ak 75 21038 1, 3B 1k i AUZ i /N
St R A AR 5 A A 2 A g I AT 4 R J 1Y) O, AR SCTE S 43 LDN S 9 & J& D R 5 1A, T
2,3 FORASE S B RO B LDN B X ITAG 5 20 A 52 v JEL AL 250K 52 Y B R 500 B0 o B A7 A g 1]
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SRR RS & R H AR B BB K LDN AR — i B FAE e H Tk &R 1k 4 H 4] = R 3 et
e TR XS LR A AT TR A TR A . LND H bR — 7 1 2K b G ol s 2 + MR Ak, 55— O T 2SR Kk
52 R - (5 4 bR A0 - MK S 0 TR, e 26 H B2k i 2 IR AR 7 ) A A Ve
REPIRAT TS [ R0 DX s A ek e | 7 [ 5 — 54T LDN PRAS SR A7 AR B R A PR AR, T IX s A 4 Bk
TE BRI B e AR AL - R AL A O B AN — B

1.2 PR

F UNCCD Fl2= SEUEREK R 75 (SPL) 42 1 %) LDN B}2= & HE SR ( LDN-SCF ) F 2 A4E 3 M 03545, Bl
b 1 i b YA S R 1 w2 I 1 AN B [ < o e e 1 4 2~ 22 1 B | WA [ G O DRt F e B K e
Hi AR Ak s S 1 AR R R TR, IR TTSE LDN 2R AR br . R0 LDN BARIEAG 2% 1A, JLZ 0 1 3£
AT LA E LDN BARTEAG S % HME, LDN 25535 b5 91T E “ one out all out (10A0) ™ [ JEL I, RIAF 5T 5
TG —FAE PR RN IRAL , WA IZ X S A7 A IR AR KU > PG LDN 38 % 4% 3 A0 5% .

(1) B2 FEZI (T,) A RS 3l SR LDN ZE S8 bk ik, — Mok B3 MEAE Z /Y 10 4F A2 4
BN SEHE

(2) B PEATIA (T, ) 19 MR ES . Sl L PP LDN £ A 98 haok b, — Mk B IEEZ 51 4 4200 1
YER AL

(3) % FEITAG AAR X T 2 A - IR AR i A8, BT 5 SR 2 AR LE, P4 0 PB4 AR A - 2 1 1o FRURD
Bk e + AU AR/ R AT E K TG W LDN H AR AR SZ8E, 765 ) 32 1% X 3 B 4528 T LDN
Hir.,

121 7SS,
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Hi' P UNCCD JETFA AR B, X BRA M 2 AN 75 il - i 7 55 200 (bR o it Rl T 3t 368 3 3ni e A
ML) Z R A T S, BT A B G AR 2R 0 o iR Ak R RIS 3 Bl - M 25 A0 R A DAL 2P IR
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(1) 5 A 1 7 5 B0 FE T R o0 S AR R ARl FH b Vb A M K AR 7 2
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(3) MG B AT FR RS X N IS L2 % UNCCD X 44 28 2 6] 5 Ak 6 2R B8 S, 1 58 AN ) - i i 5
Eef 5 - MRS GRAE e FIIR ) Z SRR (R 1) .

F1 DHBSRBEASIHRTZENXER

Table 1 The relationship between land use/cover change and land state

FEIiN i Ak He b, W M IS

Forest Grassland Cropland Wetland Settlement Bare land Water
FRM Forest 0 - - - - - 0
Fih Grassland + 0 - - - - 0
Al I Cropland + + 0 - - - 0
1BH Wetland - - - 0 - - 0
IRAH Settlement + + ¥ + 0 + 0
R H Bare land + + + + - 0 0
K& Water 0 0 0 0 0 0 0

Horfr + 2R IR, -RRiB ML, 0 FnFasE

1.2.2 A= J1iPAh
AR R I PR A A P S RSB 3 A TR R R BRI O W 1, AR i
ST WL P T E R [R) AR AR ) R B AE RO il it Thiel-Sen’ BRI A 72 1 % AR AR A Y X 88, 1507
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Mann-Kendall £ 55728 {019 2 0% . 24 P<0.05 B9 SO B 284k, B —0.05<P<0 B A 7EIR 1L (D) ,0<P<
0.05 B A AEMK S (1), BIEAARE (S) o A= JPIRASE Heds ST ET 5 Dy st i AR 7= 00 i A8 4k, FL 5 A
R (1) 8 SCTT S — MR T 5 4F 5 (2) 8 AN« Ay b 6 S0 45 e 1 ) A B gl B, — A 3 475 (3) 3
ATy S B TR A 7 D B () FIBRUEZE (8) 5 (4) T FE AN A A 72 J1 35948 x5 (5) 5 Z {8 % BE Ig 52 i 91
FERSI A A P2 oA Horp Z<—1.96 I TRTEIR L (D) , Z>1.96 HIAEMRE (1) , BN hFaE (S) . Are h#
PRI Y RIS SR oe S A A ST 7 K 25 5 38R R AU | 8 AR R S A Ak e T
D3k, BAARTHRCA . (1) 2 SOFRI U AE SR TT; (2) $REE AN A SRy A 77 B I A4 L — A 3 53
A K55 90 B 43 A 7 B (R B BUCR F e KA, DAl S i T 53 B (A7 AR T AR iR 22 ) 8 SO AE S BT N
M RAR ; (3) TR TT I AE 7= 3B -5 X A9 AR A BRIT N I S KA A L 385 A SR LSRN T 50% , A R %
BOCRIBTEIRAL (D) , BNAFEE (S) .
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Fig.1 The calculation method of land productivity indicator
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1.2.3  HEAHLERITAL

TG HLAK (SOC) S B T 52 WA A= 4 o3k 19 22 A b A 3o S aod it ] s o) 5 o b, = 98 LA 22 1)
25 o M TFREFRFES] KRR SOC B xE LASRE, 7EPEA SOC AR fbist ] 225 Bk & [ BUR 1R S As b % 1 1%
B12:(IPCC) 165, BV 2R 4 b5 o5 A8 10 AN - 3847 MLAR i A B SR IE Al SOC 1 228 Ak I 1 i VB 7E i 1R Ak Xk,
HAE BT .

(1) B8 HIHEADLRI S IRE . BFFETT R SoilGrids FUHEIF 2 h 22 30 em BYRREE SAE 2 IR1E .,

(2) R - 1R F AR A e 4 RECR AT T fif £ 19284k . SR TPCC Fll UNCCD 7 9 45 A it 11 sk
BT, E AV 2 Ml DX A A BRI AN RS A0 A BH A A 25 el 4 SR AR MESIIRUAY , TR HL AR F 4 3t A1 A
FEgR R BORAT T = 1 AR L2 (K 2)

(3) T A WU AR X AR T3 W55 30 P9 R A ALAR 35 2K 10% B2 LA b iy X Il ff o2 A v AE IR Ak IX.
3, A HLERIG N 10% B2 LA 1 0 DX 3508 R A e Ik A 1) DX 3

x2 ETiItBSTUNTEANBRERFZYRITFNIRE

Table 2 SOC conversion coefficient and evaluation method based on land use/cover change

ARk Hh Al Wi b Kk

Forest Grassland Cropland Settlement Bare land Water
FEMK Forest 1 1 S 0.1 0.1 1
B i Grassland 1 1 f 0.1 0.1 1
Al i Cropland /f /f 1 0.1 0.1 1
PR Settlement 2 2 2 1 1 1
L Bare land 2 2 2 1 1 1
IR Water 1 1 1 1 1 1

SRRV S DX e e R 5, JE IR TR IX = 0.80, IRAFRIE X £=0.69 , i TR IX f= 0.58, HRIEIX f=0.4

1.2.4 LDN ZEHH6hn
LDN PFAG 87 e SEE E B2 0 AL AN J7 18T, 231368 i T SR L A PEA DT B9 LDN 285 48 ok i LA
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[l AR AL S KA A TR . LDN ZR-G 8 bn 97150 4% L B o5 | b M A= 7 R A LA 3 > T 48 AR i)
ZEATTAL AEBOTAKOT [ 2 b 1 48R iR Ak, I LDN 255 48 05 iR 1k 27 3 AN Fr R 3L b AR, W
LDN ZE S 48P AAEE s 4 3 MEbR A faE FIPK A, I LDN 545 IR .

2 FEeERIMRAEFEKITMS

2.1 WA
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WS AR (43%) AL 2) , SEdE R T TR AR TR X R TR KRG, AT P LR 23R
IR 500K 1.9°C 1 233mm " ™ s B Z il , & 9808 s KERAR KR RS RV AR R AT KA T,
S R Y - M BRI 2R AR MODIS 78 35 77 i (MCD12Q1,2020) , 52 7 52 iy 5 R 68.24%
OYATEAR BB AL, AR T B AN TR R 5 R R R R A 26.36% , BT AR FESE W
FATRAI NS PEES, BLAb, BRI FATE N 58 A — 2 B0 A1, 50 50 7 4.4% 1 2.56% , EZL 5 A 78 N 52 11
AR FEGHE
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Fig.2 Location of the Mongolia Plateau and land use types derived from MCD12Q1 by the year 2020
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3 MIRER

3.1 BAERRIEAL
311 A I,

LRI (2001—2010 4F) A S R G BR R IR |, BIVR & IX S i ALK TR AL IX S m AL 3) , PR X
T FUA 7.35% 10 km? , (5 @& B ALY 2.68% , WK IX £ B AR AE NS IR AR BB AN R 50 LA S 52 vty A v
DI ACERHEIX o RS B 32 A SR S Ak R B M ( 3.74%10%km?) | EEHBFE AL K FEAK (2.60x10*km?) Al 1
LA A E L (0.98% 10 km® ), #RHBVK B A B0 b 14 X 8 7 552 7t WG i 0 PN 552 oy W 508 140 37 T T 0 e ) 5 A X
BUHA 8 A R A3, 5 i A AR R H | rp SR ) R R AR 5 PR S 8 ) W i | 1 2 A ) W L N L
FURIZRER A U RS o BRI Ry BRI DX SR T 43 A TP AR DL /R ZR 8RN 242 W A ALk b X, 76 15 5 7Y
AEHB | Hr g AR AR AR, 38 R S RARES AR T AR IR b IR AR AT — S 0 oA, Aol
HiAK 52 Ay b ) DR WA DR T ) e AR A A 5 ) B A 3 S AR 20 06 i S AR T R A v S A A
3 . BB ALR 2.28% 10 km? , 29,5 1 R AR AY 0.83% ., ABAKIX E B AE N St AL ER P R A
S AL AT DX e, 1R %) 32 BT Sy 5 M e Ak A (8,68 x 10 km? ) BACHI 5% Ak Fy B 1l (8.49 % 10°
km?®) (B AR (5.44x10°km? ), B HIRAK A AR FH A XS AE P48 DLJR o RIAR 8 40 A1 5 R 4 v, ik Ak
TEPLZR SHAL | R IR R R ARt A 20 X 5 Pk 2 A oA R i 1) DX A 7R RS DL B AL A
FEATAR AT 5 5 iR Ak A R ) X B 5 7t i S RERT R 28 | rp R BE RN AR RBEAR IR M M i 2

TEAG A (2011—2020 47) A R GLR AL FK S 10 B AR AH 2 (1 4) , PR X BT AR 5.26 %10 km?*, 4
AT AR 1.92% , RE X FEZ A TESE I TEVEHE AR BB LA B NSt AR L PG ma 5, KR 1) 2 S Al
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H(1.66x10%km*) | FHbAE A AR (0.58 % 10 km? ), ARHbAR Ak Sy Z L 1) X 7R A DR i AR B8 AN 52 1l 1) 68
P AR 5 R R A R A Ml b P DX Sk 7 A8 DL R AR 3 30 2R R 30 P s e w3 R EL 2 L R R 5 o R
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e [ R R e [ TR I RE
B3 EFIERERATEMLER(AELI,2001—2010 4F) 4 ET BB IEREITME SR GEM,2011—2020 4F)
Fig.3 The result of land cover indicator ( baseline period, 2001— Fig.4 The result of land cover indicator ( reporting period, 2011
2010) —2020)

3.1.2 ARG

FL NP W AE B RS SRR IR, BIE KA FoE AR AL AEAEAE B XAy AR 430 R 8.00% 10
km® 9.81x10°km* | 1.13x10°km*F1 8.45x 10 km? , 53 31| 17 e LB TR Y 29.21% \35.79% \4.13% F1 30.87% ; 5 #
PURhE R TR FR 43 5918 10.64x10°km? \7.42x 10°km?* | 1.19x 10’ km? . 8.16x 10’ km? , 73 1| 15 38.82% .27.07% .
4.35% 29.77% . WRIZIXAEBEAN Gt i) iz 0 A, B 4G 5t B9 AL AR AT N St 9 AR IX R AR DT v i
IS TE V- i S i DX S IR A A, FCrh BRI E R A 2 rh s | rb S B rh R S BE P G R AR R S LA K R I Y
PEACER AR e h  AME L E B85 B 2 RBERT/RZE B R 1 R R 24 S A oA R A 5 i
PG IAE S RERT /R 28 AR 80 | L0 2 LRGSR AR rh S BE b o A B o W i (18 5 1 6)

R [ TfRe [ wE e [ Re I RE

B S BT IEFNIRRAIFE SR (L, 2001—2010 /) Bl6 T i = IEERAG IR R (FPAEIN, 20112020 4F)
Fig.5 The result of land productivity indicator ( baseline period,

2001—2010)

Fig.6 The result of land productivity indicator ( reporting period ,
2011—2020)

3.1.3  HEEHEPURIE

SRR X RR AL X A TR 23530 8 4.70% 10 km?  1.39x 10 km? , 2351 7 = JEL L T AR AY 1.71% 71 0.51%,
T IEA LR A AR 2001—2010 4EE]HE3E K 7.11x10%C/a, PRE XAEM EZE S5 563 A 75 i &k R £ dt
FAHLAT U AT — A B SR A HOR A0 5 A b S BE AR B | e RBE AL AR S RE R A S 22 A i L —
AN R R B HOIR 20 A X TERTAR DR FR R — AN 2R A X, IR IX AR S ol [ i R AR 2 i
BER /R &AL ER | U 2 R s R 2 R 0 43 A0 A B v 5 78 N 38 WP AR LR ZR 3, 242 B ZR 3 GBI AR 3R
A HR A B B (B 7).

PEAR IR A DCRIR A IX A T AR 3 02A 4.15% 10 km? (2.21x10%km? , 7351 o 5 J5L R T AR Y 1.519% 11 0.81%
T IFEAPLBRAE R TE 2011—2020 4E[A]HG I 6.04x10°tC/a, PR X S PEE I 2 2 281 55 1 AR 2 Bl AT
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ZAHERT/RAE (PSR HTHU (S BE h SRR R BE T R 220 NSRBI ARy | 5 225840 10 2 LR
HL S JE B — 2% AP 222K, A 1 140 0 A8 DR 20 A T 58 ol g IR A e B R A M ) 52 s . B AR IXAE N 5ty
WA DR B PR R AN 2R g B o A B AR b 7 %2 B AT SR | L R RN I Rt A R A s 7R 5800 1Y
H RBEFIAR SBE LA /N A3 43 A o BRI S X118 43 T AU I K TR A XA FE S8 R 5 N 5y
AR R AR TN S B ZRIUAT B B A HRREE T e A IX (81 8)

N
A
R [ Rve R R [ R R
7 ETLEANBISIRNEGLER(ELI,2001—2010 4) B8 ETIHEANBIERAITEMHEEROPMI,2011—2020 4)
Fig.7 The result of soil organic carbon indicator ( reporting Fig.8 The result of soil organic carbon indicator ( reporting
period, 2001—2010) period, 2011—2020)

3.2 ZEATHAN
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