B32% HTH
20184F7 H

[+ b B

China Land Science

Vol.32 No.7
Jul.,2018

doi: 10.11994/zgtdkx.20180622.104942

BT SR it F U EHE R MR

AT TR G AR KA

(1. B AR K F R IFFT R, B® ik 712100; 2.8 L H R L3513k 5 Z R L E R E &
FIE, BRI Mok 7121005 3. PAHIE KA ZRK LRFFFF AT, E® Bk 712100)

WE: AP H Y S8 s RO 30 R4Sk L ORI A /A9 35k (LUCC) , /0 FriZ X LUCC B AR BER40 , Sy IX
B S S S 2 B AT A R R B AR MR I . BFSE e . GRS S . IFSEAE R (1) )R
t b FHZE A R R LR A R AR AL, B AR B b ROy 32, (R B S5 R T B s (2) T R LUCC 2548
ARG ShAL RIS, SRR B AT A X 22 5, HoA o DR e B v R IX 22 i AZSTE S 58 (3) i L)
LUCC X bR . 320k | 30K A G IR S5 A A IR B Ry A R W ) B, AR K B2 7 4B S5 1 ) st
Xof IX S A5 RS = AR T RO . PSR 4598 o v ISR e A 7 O E B K W RR 38 T g 1, $ T N TR bl A vk
PRI WE AT A B B 25 4 8 i TR % JR 11 2 L5,

KR LR SHORTAR s 5 4 RN
FEHES: F301.24 XEARERD: A

1 3]

LUCC 2 N5 AR A BRI, 2 FR .
o A FERGAEMNE 20/, By A0 —
IR — I TR & R A AR ) LUCC 25 4
fiE 3K 5 J7 BR300 2 LUCC 98 1 = A~ J7 IHl,
SENT SR 8l — = i) AR A6 R R B8 2 8] A0 B4R
FAMLEI L ZERTHE , REAE SRt [ 2R R R BRI
et 4 2 A fe L DA ELAE FH 6 &, A i IX sk A
B AT R R B R Y

B R A TR TR R AR, A SR
e, LUCC 5 2 528 (b e . T8 + 5 5 A
RGN 55 AT B % DO 5 AR A R
AR X, 12530 24K, 52 AR IREE 1)
SO, B R A R A s R T B Ry
B0, BFTE N DU T 18 B SR GIS 23 [a] i Fi A
PADCIR e  RBEF 5Y LUCC B 28 45 1E , e
Toe T2 B AR R SR b T RELBI /N, A R A
i, A LMK R T, HAR AP AR 23 26 SA4%AE 12,
AR A D RN SR ShAIL il 298 LUCC A A2 0o ) 8, 3K

)

imBEHEE: 2018-01-09; &FHEHI: 2018-05-10
HEE&TH: BXEARBFIES(41672180),

XEHS: 1001-8158(2018)07-0049-09

SIH R FEARE ARFNREMAREGNNER ., Tk,
SR E R T KA R G L RS A
W AR EE LUCC BRShHL AN 1O 2 78 A%
Xt LA R B s R LUCC s misi g, JuH =
1999 4E ¥t £ 7 1 R FUABE (R R A ARBORE | i i
B2 0 g bk e 0 e el o AR e L EE
FEBIRS P F BN PUBAEAE DL, BB Ar24# A
SAUTAE A e TR S B IR AR A SR ARAE , AR
BCH LUCC ) EZIR SR K P, LucC it 555
R F- AR EAE T, RS 23 ) RBE AR S R G 7=

$oMA . — 5 TR S R A RIK SCAF L
RN A SR BEIAEE P2 A5, ) — T g A S R 4
Yy IFAEER | RER TR Bl A A A IR SS Thg ™,
B LUCCTEIABIK - 48 P12 i e i ™
A Fmda e P AT AR T R g | )Rk BT
TR P KR B P K TR TN
TS R GER A P AR R EE ) B, %o X e A A AL
SR HFEL R = A b o A R A S K
i A AN S AT RRSE R R B B RTBUR ST
B O T Y TR) A 5200 B AU SE 22 DN — 5 T

F—1EE: B «(1992-), I, BV, B EF50AE o 2 BEFSE 5 T Ry S AR Ak S HRBE AU . E-mail: zhaohongfeinwsuaf@163.com
BIES: (IS (1975-), 5B, AT BSE6L, 8%, Wi, RIS o b Rid B S PR R GBUEAH . E-mail: hongming.he@yahoo.com



50

- HReE 20184E7 0 45710

BT, BN H 0 B — PRI R R B E S, 25 i
FEATIR AR /D, XN LUCC i 2 | 4 #5508
BER A EAR ISR LB AN a) e 5 DXl n] 522 4 i
A= BRI

ARSCLAEE A i I 1980 4F LIRSt i) — R I AE 2
PRI TR A ARAS AL O 15 5, il 70 A LUCC i 25
Ak 9K B g Sy HE B ERBEARONE , IR T ey 4§ X 3
A3 G TE A e AR A R, LI XA 25 3R 05
S 2R AL R R BORAR SRR A H

2 HIFELST X

2.1 ARXHER

B+ AT 350 ~41° N, 102° ~114° EZ[R],
TN 64 U7 km?, A BRI AT, %
XANFARZ, EBAREENESS . A\ E3E 2 X B
R, W RAEA BN, HEATBRESOT B |, 1 s 2L
KEmide, H20H2E 80K, iE K Rk,
XIS it — FR AN K T ORI, JUHOR 1999 45 TF
AIEAT BB ARELR o A IR B T AR ISR
R A5 AR B M | AR o B R AR T, b B A
J R Ry E SR BRI, E RO SR TCE | Sk
PN b7 3 T IR N B 71 2 T e Al w1 R V20 4
X AN ST | A3 ol SR 0 25 A A5k SO AR A
WA HY 20
2.2 R RBERMARTE

ARSCF BTN Bdis : (1) LA B | 4
PR T b E R B SR R R BdE o, 2R
91 km, BRI R 1980 4F L 1990 4F . 2000 4F- , 2010 4FFl
2015 4F 4 LR HIZE AR 3 S F L | ARl | R | 7K
K BRI L4 6 28 5 (2)NDVI()H—fbAl
B +5 %0, Normalized Difference Vegetation Index )i #i,
SEVET MODIS NDVIE 7= 5 https://glam1.gsfc.nasa.
gov ), I IAITE L A 2000— 2015 4F 5 (3) 4508 , A5
ToCmR !, L B A i 1980— 2015 ARAE R
AR s (4) 3 4 IR AR MO , SR T 3C
BRL 12, 04 1980 4F LUIRIB AL MR HY K i FH; (5)
K Sk KU B e T ] K R 22 512 ]
1980—20154F; (6) HAWEME , i 3=l | HAlk:
LK) A HUBRAT  R IR T R R SCHR, BAK
FRid T3

AR ArcGIS MR IHE&S | 1R85 i 4
FIZS AR ARRAE 5 R AvcGIS BT I RE A4S

(B FERS A ; AR HT LT Origin 2017 4%

3 HEFHRLUCCHEZ 545

i AN ) € % 1 B 7 B e e AT A5 A N Lk
SRR b TR RR G A 30 434 >k B - e Jit - i A FH L
RARARARAE o B | B Ml KRN R A A b T AR
S 1980 4FA4 205 764 km®, 264 402 km®.9 023 km® Fll
43 476 km’ J8/ % 2015 4F1) 202 133 km®, 261 064 km”
8 507 km® F141 846 km”; M Hiu A 15 FH 1 187 £ 5051
M 19804E (192 340 km® 111 238 km® H4 /il 2 2015 4F
94 814 km’ F11 17 879 km’, #FHb AR  FH KA
AL AN AR A A b 7 B TR A H A 1980 4F- (1)
32.9% . 14.7% .42.2% . 1.4% . 1.8% F16.9% 7%} 2015
1 32.3% ,15.1% . 41.7% . 1.4% . 2.9% F16.7% . 3043
APk, ¥ A R A A5 A AR A E s

B R R K R R E AR ELX, 2 LUCC
B E X 1) FMRIsEE i, 1 | i Al
TE A 1980 — 2015 4F#k My sk /b f5c B I8 114 X 35,
BEHm AL B 3 257 km® .26 070 km® £123 113 km”
/0% 3 062 km®, 25 187 km® F122 351 km®, ¥/ By i
TR 54 194 km® . 883 km” Fl1762 km®, J8i/1 I £ 4351
H5.9% . 3.4% F13.3% ; JoxE ] FIIE AT 8 A 1980 —
2015 AF AR Hi1 388 i i W 4 ) X3, T AR S 1 588 km
F1840 km’ BEANZE 2 107 km® F11 063 km”, H4 1) 1 X
S350 519 km® F1223 km®, 8 A00E 43 54 32.7% F
26.6% ; FITAT it 315 FH M 25 A B Sl A 84, 38 Jon e
JEXE I 50% ;5 FLAA PSS RIS ANIA B

L2000 4F- Sk 43 B a5, B v J A R 2SR
B G BUEARERAE . 20T 2000 4 2Z R A1 2 5 P
HIARACRRE , 1980—2000 4F = AR L RRIE Ak Hb i £
HEINCHEN 928 km®) , FHuEAE D (98D 1 770 k) 5
2000— 2015 4 3= AR A A b A B b T RS /0 (G
S5 558 km® F1 1 568 km?) , AH T AR fin (54 40
2593 km’).

RS T A L RS R R, A e 4 v Jit - A
HBRIFNE(F 1), 1980—20154F, B + =5 )5+ 3l
PSSR sh 252 AL T AL A 7.7 7 km®, (5 X 35k
SR 11.5% . %08 4+ HUR F2E R GE 3T, #kth | 55
Hb R A AR e R BR AN, 43 A 12 573 km®,
14 436 km® Fl16 380 km” 4 Ry HoAth 1 | FH2S A, AR
BRI HIH 6.1% .5.5% M 14.7% ., WIREE T, &
BT TG I R0 42E Y] 8 358, - b A FH 28 780 ol 2 28 b i



XS TRAT s B e i R AR AR A B BR800 51

102|°E 104}°E 10§°E IOEI§°E 11(|)°E 112|°E 114|1°E 102|°E 104}°E 10§°E 10$°E 11(|)°E 112|°E lléll"E
N N

I AN, I B AN,
z| z| W .
S B & W

.k ik .k

W T b 1
L E S EED A E LR

36°N
36°N

4 e il ; Z :
<1 y _ Sl 00
1 0 100 200 400 km (a) 19804 31 0o 100 200 400 km (b) 20154F
102°E 104°E 106°E  108°E 110°E 112°E 114°E 102°E 104°E 106°E  108°E 110°E  112°E  114°E
B I 0 oy T AN,
z | I AR z | ARG o e Dt
&4 [ Hhggb &4 [ REHG N i g
S KRS S KA .
W > I v
>z 0 SRR A Lt >z R )i e
o}
& & e n
o o
Z] Z]
e e
o o
oz' OZ- linf
E1 0100 200 &1 0100 200 400 km )
(c) 1980—20154F i/ E 4k, (d) 1980—20154E 88 fins{k,
B1 #IBERIHFATL
Fig.1 Land use change on the Loess Platea
£1 HTBFE1980—2015&F 3t F R 4ERE
Tab.1 Matrix of dynamic change of land use from 1980 to 2015 on the Loess Plateau (km?)
B 20155 .
T F) A — - it
it it ity P/ Eig A KA
A 193 191 1802 5045 735 4378 613 205 764
PN 488 89933 1 460 79 275 105 92 340
R 5943 2481 249 966 580 1816 3616 264 402
19804 IS 1081 60 543 6810 124 405 9023
fEist iR 292 8 70 20 10 837 11 11238
ARAN] L 1138 530 3980 283 449 37096 43 476
Mt 202 133 94 814 261 064 8507 17 879 41 846 626 243

s AR AT AR R AR LA 4 5 Dk 33.19%
20.89% F112.34% .,

A A R A P S AR R . NDVIFE 20004E 2
HIA &A= B AR, 2000 4F 22 )5 S e i i,
43T 2000 4F- 22 J5 B SRR AE , NDVIAE$4{E FH 2000 4F:
0. 18 H4I %8 2015 4E 14 0.27 , 28 4L 3% 4 0.005/a, H

(€)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

g R R R O AR A B B, 52000 4EAH LR
2015 AF /I JCE Tl | ZET] | JLI&Tm] | ] A
YA NDVLAE B HE iE E 53 9000 54% . 37%
83% .34% . 40% . 27% F134% ., NDVILEAEPASAL 5
R R 5—6 1, 5 7 4y ¥ - = 5 NDVIYE i
Bt 70%.

http://www.cnki.net



52

- HReE 20184E7 0 45710

4 FEZHFLUCC #4330 5Hr

4.1 BRMERE

# SR LUCC EEZH TR S5t &%
TF R SRS NFETESh B R 2 K AR AL R 5
M) LUCC f5e R SUREERR , 30 4Pk, B 4 i I Ui
AR IR AL (B 2) , AR 199942
HITHY 8.9 CTH 5 2 1999 4E 2 JF 19 9.9°C , AFH4I B RNt i
1980 — 1999 4E -3 433 mm H4 /1 %5 2000 — 2015 4F 4
443 mm , SRR RN AR TR i B B 0 XS0 52
Ll X (AR R IR T 500 mm AYIXBK) . R T
XA A A = AR R TR I, — 7 TR s A K
B3, XA YA K A EEEA, S — R
TRT s b R R FAE Y250 | I e T4k, 411
R AR, A E R, LR TR T R XA
B A AZ TR, BEK BRI B FAE IR E . R
R (7 e TG M 2% s e = e 1 R e
TR X BB R F AR AR X, # &R
AR NS LUCC (52 i AR BE PE ALK T AR &R 1 10,

0459 (4 0.36 0.38
IN 1 (a . 8
5040 el
0.35 —_v-‘?=‘-‘:‘-‘_—"‘=—‘i'—| |—"I_-—'
0.31? T T T T T T T
] 8.95 9.96
o 10]®
R
=
8_
E 600 (o) 433 443
1§} 500 71 [1n M
- | = |_ [} H
g 400 FE—F O = [ B =
300 T T T T T T T T
1980 1985 1990 1995 2000 2005 2010 2015

G
B2 ®iISRFEHEKE. FHKBEMNDITEY
Fig.2 Average precipitation, rainfall and max NDVI
changes on the Loess Plateau
TE: Bk IR T 3CHk 13 TRIL 16 |,

4.2 NEFEHEER

B BRE RBOR | L2 0% & R SR N JE0E sh Xt
LUCC HAEE M mAIEN . MIaEK Lwk, A
20 tH2e 80 A4S , 7E 8 - i [ S8 J5 St /NI ks A
HEL =B B AR B IR B AR TR A i, X
A A I B A VE T o 1999 4F 2 TR HL ) BE 5K
55, BHABIE A 14.5 77 km®, ACHIGEIE R XS LUCC
e R EEVER . 1999 4F 2 J5 |, W K T R B s s R

Sy Al B B, 2000 — 2012 4F 5 4 15 5 AR AR
7.5 km®, N T8 AR 2.6 7 km?, 2596 B ) X
1.0 J3 km?®, JHo o 88 - 55 D A 08 G A Yl 0 A28 ] 9 35Ky
T IR B X s M AR T SC, I R T R AE ] 37 ek
- iR AR A AR B VR A e T T X, RIS
Xt LUCC = A HELWAEH . 55— 7T, ¥ + i Jit:
SRR 5 R, I P L A PR A i, S0
X I AR AR B

LUCC 55 A b A0 A\ 2835 3h 22 18] B Z 41
MEAERKER . HAET, W58 A RXT LUCC 328K 5) )
FIMFGEAEFE S, TR IS I B A AR
AR — T A R AR AR TR
Jiti S NG S R DT AR R b, iR FRA AR
X3 ( IG5 Tl R HE T 3 38 ) - i R A Ak e 491 KA
DT 5 R R A R I 0 R T LA X e, B ST B
XFLUCC RSN EHEAEM . [R5 R 60% 11X
B & A B KR, AU K AT ARSI E T
PRI E AR, T A, SARAR T LUCC 7= A ]
BTER . HHRI AR 35 5 X S 4 0 s
fi 2 |8 LA 5 33500 , N LUCC BG4 3 4k , 14
IR GO | R R X2 5 | 14 & K
PEm, NI Ay O AR R s, £ T AL
23 S W Sk - AT B SR B A R
T AR AR P A A S R R R R e R N S
PREguiik , FECIRTEE | BERER N, XAk =
A AR, o R O N [ SR RS ER B SR
S AR AL TN A ZETE B0 LUCC $E 00 LA X 8Pk 24 5
5] 0 A A A A X PG A 5 DR A R
TR L X, A2 Sl R AR ks Z X 5 R
FHA X

5 %+ 3 RLUCCHRE 5

5.1 &KX

B e T AR AR A A S K S AR L KA
A KK 3 A A AR IS Y IR R A
B AR ZE B IS, BN R, 1R R
i XK IEIAAE A, AR/ NGRS, AR 3R AR I
P2 SRR B P S A B R 38 him i 38 hm, 22 A0 S
BRI B 2 5 B AR R R A OC, iR R (R, 5
T TR A VIR, 5 NDVI 38 EOCER A
(R.=-9.12NDVT + 6.65NDVI - 1.06, R*=0.30)" %,
FEYE AR B T TP AR T R R, AR AR



AR A B e A AR AR AR S HEERSE

53

T T3 AE e 17K SC ) 1 1980— 1999 4E (1) 327 /2 m’
TFREZ 2000—2015 419 26042 m?, [F] K SCidt 2 %
AR, I R 1980— 1999 4E 11 500 ~ 1000 m’/s
FFEZE 1999 4F 2 J5 A9/ T 300 m'/s , AEHE AR A X 5 0]
IR/ TR L 709
5.2 1TiEEM

B+ 5 LUCC 3 D% W s B | DR 3 i 4%
Uit U K SO R, X4 2 A 3R AR E
FIVE o ARIEAR /N IR, 1R 5 + R 2
R R R AR A B UIROCR . Bk 3=
568 B 376 A LAt = iR 2SR, e b - 49845 ol 1
SEAR R A S AR sl o i 85 A5, Bkt A8 S R b
FUMRHILIS |, 3R 0heREE T FatR i 909>, 1999 —
20114, ¥+ R HRA M 8451752 05 hm®, FEX
50 =115 0 o w1 N L P B G e I
G5/ CioKi i S

FIFH RUSLEBIRL, BF5¢ 85 + = I 1980 4 Lok 148
(R L, (R 5 5 1 T R, SR
FEBO 1999 4E 2 i 5 555 t-km ™ a' FIAEZ 1999 4E 27
Jal4 616 t-km™- ™', AEH FFEHEFE 67 t-km™ a”',
H AR ih i B2 ARl SCHA Y (A 76 700 4F 2 i ) /K
- AR MR R A B 30 AR, E
JE 3k 209% 1A PRAR B 75 o 2 720 Ay v 8 i DX, A e 7
T 2 e R bR P A R o i AR i K

0 /(cm*-cm?)

0.10 0.15 0.20 0.25 0.30 0.35
0 N 1 N 1 N 1 N 1
A
| —— totimbadk
100 +
TR
s ——
200
g
L
=
® 1
300 | T Ak i —> TR
400
500

(a) LEFEAORE

55 A SRR AR SC, B B 30 Ak
HuI TN 3 630 km?, 2015 447547 20 J7 km’ Bk,
oA+ R i ZUA X, P2 IR s B T
PR (1 000 t-km - ™), PRI, WEATHT—%
IRBHAMRE AT AT K R R R
5.3 TiEKky

THOEA S RGEEEA IR, LUCC T+
IKATE IR GRS . MR IS, FEAAR 20
K AT G S AE P ZE I B, K
T HERERKE, B TR (E3(a)). +
KA A FHIS T | R W B2 AR FR | Al IS A
P2 0, MR = W AR B, 2% = v DRk bR
BEE B HE SR B R B, 3 K ki >
O > WA > TR AMA P K o Bl R AR R Y
BRI 3(b) ), 104F 20 4F-F1 32 AR A1l + 4
IR 533 N 10% . 17% F18% , FEHBEIKZ 3047 )5, -
Bk BT, AN RS 50K 0 AE A2
S, A AR A b - K S B A TR A5 Tl
AT Ry o - 1 SR = AR MR AR 7

FRAE X4k RIS FROK 43 5%, B BF)E 1.5 m DL
KAy KA W AR AR, 20 SEARHETE 2 m AN JE KT
2, TIEGEBES mo XU, 8 45 R4
DI K o LR B, R KRR B 2 520 X
WA S TR R . T R A R K gy R

0 /(cm*-cm?)

0.10 0.15 0.20 0.25 0.30 0.35
0 " 1 " 1 1 " 1
A
—y— 104 AR
100 4 —e— 204E M FA MK
—a— 304ET AR
200
g
5
g
&
300
400 |
500

(b) - HEKI3i1H] 5 3R B4R R

B3 THEASSERERE

Fig.3 Soil moisture profile and vegetation restoration

T Bk T30k 27 1.



54

- HReE 20184E7 0 45710

e, HAGE R)Z 40 em R 48K 53, TRIZ 130K
SrMELARS BIRb S . WFST B, H T A R
CL T2 DX K ¢ SR 1 7 2 0 B AL HE SR 8
AR HERERCE AN G AR S5 D R IR AT B 1
JE A A5 AL T I 1 T R 20T o A 45 AR ] - b )
SERUFEK A R T, $o 205 BRAY -3 ) i 2
(] P B 1k T 2 0 B, A2 H AT ZER AR
f4 ] 1,
5.4 WHiEIA

RN T i b A= 25 R GE IR P, A K R I
A A=Wy E e, i ELA 0 A e, feil g 1 A
IRBHAERR MBS | Ko SRR A G, M IS
FNRBFAERR hysme 8+ & ke i 2R R, A4S
Z Y. NPP(1F 19277 11, Net Primary Productivity )5 +
MO FHERUAT I YOG 28, AR i) NPP W v T Bkt
FIECHL . NPPBERIR R S8 (K 4(a) ), #
+ 7 NPP M 2000 4F-11 280 oC» m™ a™ BN Z 2015 4F
370 gCom>+a™  AEEHEIN4.3 gCom a7, FEX I
R, AR GENPP 5K BTIRAOC , B A 7
T C K IR AR B fE

MR P i AR S R G A5 R I TR] R K
B PR , LUCC 52 M) 1 SERRAIE B R 3 M fith it o ARG S
J5 IR RE ) WG (K 4(b) ), BB AL
e fih et 1) i 1R A PR A B G S B e A, ARl X
e i P B VA AR X AR V) /N SN AR Sk A B
5¢, BB 35 4RI, A ARk B IR BFRTAY 3.1 4% 5
T2 31E bR R AT AUtk i e Bt R B AR BR B2 4 22 G Ay

400
—e— NPP
0.45
—o— NDVI
5350+
S
k) 0.40
0
<
&
=
300
0.35
250 1 : .
2000 2005 2010 2015

A
(a) NPPENDVIZ:AL

NDVI

R 35 4F 5 A LR A 53 =R BT Y 2.9 15 H12.0
fir B2, IR HHEE A — B AERR , BRI IR BIRS A2 , B AR
SRR, ARYE AT ISR R R MR AEREIR S L A
SRIBEI ] 4 150 4F , - R FHAE AR 7R AR 24 K A —
B ) PSR R 14 45 TR 43 A1 A% Sy 2

6 Zithitk

Z AR AC RS B, B A R A R
FH AR o6 e W AR E, WD IR R G
B2 . ARSCHIFSY 1980 4 LIk 8 + /5 i LUCC i =3
FEAE L BRBN 7 S A PR AN, T EAS DA 4518
(1)30 34k, A iR IS 700 52 0 DX Sl ) A8 ARARFAE
B i D S TG T R S YT 3 R A A I B 1 X
B, ARREAR b, RIS R R &AM 5 (2)LUCCe
Z ARSI B AL RIS, SR A2
S TR A A X S R 22 5, oo g SR R 2
P AZEIE 3 8 (3) 18 M R LUCC X /b b 4%
T P R k| Uk K A3 B B [ AR
ARSI, 8 2 H5E A A R0 5 1 [R) el e X sl A 25k
A E R (4) TR RS AR sk
A DX R 2 S B A b R FH 2IS 30 5 BRI DX AH AR
MYk, B —PRBE 2 A MMk LU 78 LUCC [A] 3753
K Z [ VR FH B S I, AR BRI i R 46
Bl F12 258 XCERRI R

B R A AR A RN R B A Y 1 X X 3k
AT P E RS, e AR X AE S RG] R
SE % JR R B AT 0 B ER L, 20 tE42 80 4R

25
—— NTIAR
—e— NTHEAR
&20 A —o— P& 5ith
E
=
ey
%315
®B
_E
T
10 -
5

0 s 10 15 20 25 30 35
EFHER
(b) EHEHPUBRAE =B E IR AR 1L

B4 TiTUEERAETEL

Fig.4 Change of carbon storage after land use change

T P (a) BRI T SCERE 31, 181 (b ) BRI T SCik[ 24 1.



AR A B e A AR AR AR S HEERSE

55

AT /IS AR B TR R FRAMR T RS RS TR,
D N e L N B & o8 4 I 1Y) 2801 A R
Jre 55y T 3 BRI 7 A — 2R G A5 [
WA BLR AL | A S RREPE T A IR R A 45 2
4 R SR FHAAR T ARG 6 847 km” b FE
R bR B, AR R S T BRI T 2 294
AR LR . 2 KGR BHA A 22N SR R
(IHP RIRRAE ) , N TR B RS AR, A i
INERT KGR R A s AR A S )
JE A, LUCC NIRRT 0 & , e af /K 9 & 2D
TR 2 K VR R FH 20 30 DXl A Sk B A 2 4 e
HAEZE Y, WRYEFTSC, HEreE o mawl =
CEIR KB IER T BE , 76 AR T Bt T8
SE , ARAR B A T 70 AN Hb P R AR R o]
MR, P AR it o o, 2 v N Al RR e 1

1B HRA MR AL 28 TR 2 P Ak 2 K R T T = A
AR AVER . IBBREMIG , 38 A ==k = (a3
KB 5, 1995 — 2010 4FAFE S8 K %0 17.6% , = 4550
B AT s B WA B H i+ m R AR
Trat S R BRI EREE A, iz X A O Z, B3
IBEMESS , KISk ATl . HATZH XA 9 800 /7
T, S b A 4 oA bR b B3 i S5, AR L X i A 7
FIMELL AL S TR B R R e A ) Y [ B
R BV MR I R G 7 T 118 =2 i R R A BURS T
HIU , HR A [ SR BB B BOR , AR ASOME B AR Bh 8 4R 1
FEh 1 e B 8 4F, ATy TR 1) 7 0T X s mT
LR AR T o AT HE— 2D MO B 2 R
f AL 20RO DX == b i) L [R] B4 2
PR A T 0 X el 25 6 I

22 3Rk ( References ) :

[1] =, 2z, P W, B AR R —— - i F)
JH AR L) ], b R, 2006, 20
(1):55-61.

(2] HEEz,™&U . TR R S0 bk R
#LT]. PE Rk, 2006, 20(2): 19 - 23.

[3] LIS, LIANG W, FU B J, et al. Vegetation changes in recent
large—scale ecological restoration projects and subsequent
impact on water resources in China’s Loess Plateaul J ].
Science of the Total Environment, 2016, 569: 1032 — 1039.

(4] ArfRT, SKBREE , S2RT5 . 2000—2016 4-( [ 48 YR #
2 VAT L MR AH DG E S AT IR [T ). Th [ Ll

B2, 2017,31(5): 89 - 97.

(5] &, 5, X% . B m i X b A sh 28 ey 25
(] 22 5530 ) ]. TR S5, 2010, 24(8): 15 - 21.

[6] SUN W Y, SONG X Y, MU X M, et al. Spatiotemporal
vegelation cover variations associated with climate change and
ecological restoration in the Loess Plateau[ J]. Agricultural
and Forest Meteorology, 2015, 209: 87 — 99.

(7] ZERO, SEZE-, 7. ST 104FEREH 7 8 - = IR X A
SR ARRAIEL T ] 3, 2012, 67(7) : 960 - 970.

(8] MY, JHAS . b A AR AL S0 58— L) 75 22l X
LT ] RS, 2008, 25(1): 125 - 130.

(9] LrBUAS, skHEDY, #E2, 45 . 2000 — 2013 4 J0 e Ml i
TR A A B L e RN LT ). oK ARSI 4, 2016,
36(1): 44 - 50.

(10 ] Jiokfl, Foed, LB . vadbH X —fR HHE pid
ORI T . K R ARFRRIFSE , 2017, 24(4): 59 - 65.

(11 ] M, A, ki e, 55 . SCh—RK &5 X 1R
AR AL RN T B S5 A R s A AR T ] TR Xl
2013, 36(3): 482 — 490.

(12 ] XIEM, EERESE, B2, 5. @b A S TR N A
ARELLT ] P EREEREBE T, 2017, 1(1): 11 - 19.

[13] L1JJ, PENG S Z, LI Z. Detecting and attributing vegetation

changes on China’s Loess Plateau[ J ]. Agricultural and
Forest Meteorology, 2017, 247: 260 — 270.

[14] ZHAO A Z, ZHANG A B, LU C Y, et al. Spatiotemporal
variation of vegetation coverage before and after
implementation of Grain for Green Program in Loess Plateau,
Chinal J ]. Ecological Engineering, 2017, 104: 13 - 22.

(15 ] W08 . 4 i 5L 30 - AL o A8 A S HOM e 1k
ML D | i PHALAR BB R, 2016 145 - 147.

[16] SUN Q H, MIAO C Y, DUAN Q Y, et al. Temperature and
precipitation changes over the Loess Plateau between 1961
and 2011, based on high—density gauge observations| J ].
Global and Planetary Change, 2015, 132: 1 — 10.

(17 ] Bt k% Lt i b — A M / B e e iy
SEMRBTTELRARL) ] MR, 2017, 37(2) 2 200 - 208.

(18 ] FATEAL, BOBURK , AR . IR BHOAR TR By Jt - 3 )
1 EWAEA R R —— LI PG 2 2E B[ ). AR
AR, 2011, 26(11): 186.

(19 ] TR, sKE08 . 21 4 U R A R HHE AR - R AE 1
B A BT [ ] A0l TR, 2017, 33(7): 235 -
245, 316.




56

- HReE 20184E7 0 45710

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

EBEAR, S F . LA AR A BRI AR 2SN 5 it
JELT ] btz i ( FEARERR) , 2014, 50(6) : 1133 -
1140.

RS B e AR b s AR A R R AR A Y
MRELD ] 2290 : 22K, 20151 56 - 58.

SUN W Y,SHAO Q Q, LIUJ Y, et al. Assessing the effects of
land use and topography on soil erosion on the Loess Plateau
in Chinal J ]. Catena, 2014, 121: 151 - 163.

EVRAL, FRRYFT . B b S e X R R A G R P
HHEFR PP ] DK R, 2000, 7(3) 12 -
18.

WANG Z, LIU G B, XU M X, et al. Temporal and spatial
variations in soil organic carbon sequestration following
revegetation in the hilly Loess Plateau, China[ J]. Catena,
2012, 99: 26 — 33.

GAO P, DENG J C, CHAI X K, et al. Dynamic sediment
discharge in the Hekou—Longmen region of Yellow River and
soil and water conservation impli(:ations[J]. Science of the
Total Environment, 2017, 578: 56 — 66.

FENG X M, FU B J, PIAO S L, et al. Revegetation in China’s
Loess Plateau is approaching sustainable water resource limits
[ J]. Nature Climate Change, 2016, 6(11): 1019 — 1022.

JIA X X, SHAO M A, ZHU Y J, et al. Soil moisture decline
due to afforestation across the Loess Plateau, Chinal J ].
Journal of Hydrology, 2017, 546: 113 — 122.

CHEN Y P, WANG K B, LIN Y S, et al. Balancing green and
grain trade[ J |. Nature Geoscience, 2015, 8(10): 739 — 741.
WANG S, FU B J, CHEN H B, et al. Regional development

boundary of China’s Loess Plateau: water limit and land

[30]

[31]

[32]

[33]

[34]

[35]

[37]

shortage[ J . Land Use Policy, 2017, 74: 130 — 136.
SOKSAMNANG K, fitng | X722 &, 45 + &5 50 A 4E
R ok g AR B HOx R sl [ ). oK R AR
57, 2018,25(2): 1 - 7.

TG . Budyko HEZR T 88 - 8 i il 2 H 23 8 Ak K H:
P AL D ] e P BB, 2017

ZHANG L, WANG ] M, BAI Z K, et al. Effects of vegetation on
runoff and soil erosion on reclaimed land in an opencast coal—
mine dump in a loess areal J ]. Catena, 2015, 128: 44 — 53.
ANW M, LIZS, WANG S, et al. Exploring the effects of the
“Grain for Green” program on the differences in soil water
in the semi—arid Loess Plateau of Chinal J]. Ecological
Engineering, 2017, 107: 144 - 151.

JIANG C, ZHANG H, TANG Z, et al. Evaluating the coupling
effects of climate variability and vegetation restoration on
ecosystems of the Loess Plateau, Chinal J ]. Land Use Policy,
2017, 69: 134 - 148.

FENG X M, WANG Y F, CHEN L D, et al. Modeling soil erosion
and its response to land—use change in hilly catchments of the
Chinese Loess Plateau[ J ]. Geomorphology, 2010, 118(3 — 4):
239 - 248.

DENG L, WANG G L, LIU G B, et al. Effects of age and
land—use changes on soil carbon and nitrogen sequestrations
following cropland abandonment on the Loess Plateau, China
[J]. Ecological Engineering, 2016, 90: 105 — 112.

LIU F, YAN H M, GU F X, et al. Net primary productivity
increased on the Loess Plateau following implementation of
the Grain to Green Program[]]. Journal of Resources and

Ecology, 2017, 8(4): 413 — 421.



XS TRAT B e R AR AR A S BRI S0 57

Spatial-Temporal Characteristics of Land Use Change in the Loess
Plateau and Its Environmental Effects

ZHAO Hongfei'*>, HE Hongming'***, BAT Chunyu"?, ZHANG Chuangjuan'"*
(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China;

2. State of Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Yangling 712100, China;
3. Institute of Soil and Water Conservation, CAS and MWR, Yangling 712100, China)

Abstract: Based on the land use/vegetation cover change (LUCC) in the Loess Plateau over the past 30 years, LUCC and
its environmental effects in the region are to be analyzed to provide a scientific basis for the sustainable development
policy of the regional eco—environment and social economy. This paper used the methods of geostatistics and trend
analysis to study the characteristics of land use change, driving forces and environmental effects since 1980 and to explore
the relationship between land use change and regional sustainable development. The results show that: 1)overall, land
use structure of the Loess Plateau has not changed, grassland, farmland, and forest land are still dominant, but vegetation
cover has significantly increased. 2)LUCC in the Loess Plateau are affected by climate change and human activities. There
are regional differences in impact degrees, among which the hilly—gully region in the central part of the Loess Plateau is
mainly caused by human activities. 3)LUCC in the Loess Plateau exerts long—term ecological and environmental impacts
on the ecological environment processes such as surface runoff, soil erosion, soil moisture and carbon cycling. Vegetation
restoration has negative effects on the regional ecological environment while generates ecological benefits. In conclusion,
the productivity of vegetation in the Loess Plateau has approached the threshold of carrying capacity of water resources.
Therefore, improving the stability of artificial vegetation and promoting the balance of water resources become the main
topics for promoting sustainable development on the Loess Plateau at this stage.

Key words: land use; land use change; Loess Plateau; environmental effects
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