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Abstract; The Chinese Loess Plateau is one of the best—known areas in the world. It is located in the middle reaches of the
Yellow River basin, and experiences the heaviest soil erosion in the world. In 1999, the Chinese government initiated the
Grain—for—Green Program (GGP) for ecological restoration and soil erosion control. The main objective of the GGP was to
rehabilitate forests and grasslands in an effort to control soil erosion. The project suggested converting all croplands with
slopes of greater than 15° to grassland or forest. By the end of 2003, 79,000 km” of cropland had been returned to forest or
grassland. Thus, it is necessary to assess the trend in land cover change following the implementation of the GGP in the
Loess Plateau. The objectives of this study were 1) to investigate the spatio—temporal patterns of vegetation cover in Loess

Plateau based on the 1999—2013, 1 km/10 d resolution SPOT VEGETATION Normalized Difference Vegetation Index
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(NDVI) data and 2) to investigate their responses to climatic factors. The NDVI data were provided by the Flemish Institute
for Technological Research ( VITO). The datasets can be downloaded from http;//cdc. cma. gov.cn. The climatic factors
were precipitation and temperature in this study. The precipitation and temperature data were downloaded from the China
Meteorological Data Sharing Service System ( http://www. escience. gov. cn/metdata/page/index. html ). The maximum —
value composites, linear regression method, and partial correlation analysis were used to investigate the spatial distribution
and changes in the NDVI and the relationships between the NDVI and precipitation and temperature in the Loess Plateau.
The results showed that the average NDVI value for the Loess Plateau was 0.31 from 1999 to 2013. The higher NDVI values
were mainly distributed in the southeast part of the Loess Plateau. In contrast, the northwest part of the Loess Plateau had
lower NDVIs. The NDVI increased significantly from 1999 to 2013 (P < 0.01), and the slope of the trend line for NDVI
was 0.0099. This indicated that the implementation of GGP improved vegetation coverage in the Loess Plateau and the
vegetation construction achievements were quite noticeable. The seasonal NDVIs ( spring, summer, autumn, and winter)
and the growing season NDVI also showed significantly increased. Summer has the fastest NDVI growth rate (0.0087),
followed by autumn (0.0081) , spring (0.0064) , and winter (0.0018). The growing season NDVI had the same growth rate
as summer. From 1998 to 2013, precipitation and temperature in the Loess Plateau increased and decreased, respectively,
but neither change was significant. The partial correlation analysis showed that NDVI correlated significantly with
temperature and precipitation at the monthly scale. However, no significant correlations were noted between annual (or
growing season and seasonal ) NDVI and annual ( or growing season and seasonal ) temperature and precipitation.

Temperature change had a lagging effect on vegetation growth, but precipitation change did not.

Key Words; Loess Plateau; normalized difference vegetation index; spatio — temporal patterns; vegetation change;

climate change
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1 #EE5FE

1.1 AR5 HESL

B i kb A b R BT v b B IX (33°43'—41°16'N,100°54'—114°33'E) , F-21 4k 1000—1500 m,
FRZY R 6.4x10° km® , 12 X TR Bl 2 KU, DU 243 B AR -2 IR 8 Ol 3.6—14.3°C, 32 iR K it
SARBIFEIR AR K TR 150—750 mm Z [A], 2 4ERE K FEAERE 7—9 A |, 24K E 1) 60%—80% .,

1.2 Bl S Ak 3
1.2.1 NDVI %id

AHFE TR B NDVI Edi ke I T LA B 3555 AR BFSE IF ( Flemish Institute for Technological Research,
VITO) &A1 10 H i fAb 4 8, SPOT-VEGETATION ( SPOT-VGT) S10 NDVI 72 &, 23 [A] 43 3% K Tkm, B[] K
FESR 1998 4F 4 H 2 2014 4F 5 H o Z8 R4 C 20l ™ ks 038l AR S ARGE LA IE R AR IE A2
J& , ATARSIE NDVI S8 i 5 . 7S SOl 500 S 1999 4F 1 A & 2013 4E 12 A % % K F 1 SPOT-VGT S10
NDVI ZH54E (AT 7E http ;. //free.vgt.vito.be T 2% FE) .

TEJEEHER A VITO #2459 VGT Extract {4k 32 M, 15 & i 3 i [ A 3 4% =X ( ENVI, unsigned
Integer) J& , 38 i 41 AL B 75 22 SPOT-VGT S10 NDVI $E4E . 16 ArcGIS 10.0 H | FIFHBFST [X 37 Sk B
+ 5 EHLIX. NDVI BEEERAE  #RHE 2528 NDVI=DNx0.004-0.12"2 4] DN (B 544k % A BRI NDVI £
SEAH, IR BRI R G50 Albers $E52 , BT A 5T IX (935 1) NDVI B P8 48 Atk — 25 B AR e 7 - 4
L REE B R SCOHIFSE X Z ) NDVI I R 8E 4 | 5 IDL7.0 4249 Savitzky-Goaly 9895 J5 5" 5
i NDVI B[] 540 58
122 SEEE

1998 4 1 H—2013 4 12 AAEB 4w e X 51 A4l S ny H KRR R ke I 1 v B R B2 4L
PEILZE AR5 M (http :// cde.cma.gov.cn) , ABFFE I TG 0 55 25 )53 A WL 1, e, LA AreGIS10.0 %X
X 51 AN G0 A5 A ek 32 R 8 T 45000 43 AT o BELA ( Kriging ) J B, ARASH 8N B o T b X - 247 7k
1.3 Stk

GRS Bl S A 2 0 1 W2 s S TS o e S I I A L 1 D AN S = v 1 5 R 8 2 W v
W HEFE3—S5H BEEE 68 H , BkFRo—11 A, 4% 12 AR 1—2 A EKFR 49 AP X
KA M (Maximum Value Composites, MVC ) 3R 15 2% 0 58 B Bt P9 5 K NDVI B AE 4 % bif 5% B B 9
NDVI {# .

NDVI Fififsf [8] 925 fk 3R FH slope 43 AT , BIVXT 45> HiA% 19 NDVI $0{8 247 — o 4tk L E 438, 1 F 5
it:ﬁ‘j

n x ii x NDVI. - le NDVI.

slope =

nx X7 —( )) i)’
K slope FARALHR | RIEERR i FOREIT5 0 HIFGRIT I, NDVICR 5 i 451 NDVI{E, # slope>0,
MRZAR I 15a () AR B 55 B AR fb R S5 R 1 I, HLAR0E A AR Bl 2 5 3 348 n b 348 7 W b 5 s 22 D) 5 P v
AR ARV ; slope = 0 Fe 7R AR I AR 1 78 25 TCAE 4K

AN A5 o B i A DG o AT 5 AL G 4B 43 A Bl SPSS17.0 3K/ origin8.0 #RAF5E AL
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Fig.1 Locations of meteorological station in Loess Plateau
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Fig.2 The distribution of different season, growth season and year maximum NDVI in Loess Plateau

v, HUORZRFR, M PG AL ER 152 T R X (FEE VD DL KRS ) NDVI BRI, B 4 JR b X 2R R AR 9l 7
a5 W T VUL R R v R AR 3 K TSR PR e, Mt A 700 S B et B b | 3l T A A R A T
PEALHS F T 25 R 2 RUAHE R 110 I8 102 S0 AN BE TR A P i, 32 T A el 28 AR i) R g L A R W, K
NDVI %
2.1.2 EAEFEHLIX NDVI AR L 3

Kl 3 45 b IX NDVI M 1999 4E2] 2013 4E A8 fb#a e, MIEITRATLUE YRR 205 A KRR AE
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Fig.3 The change trend of different season, growth season and year NDVI in Loess Plateau
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Fig.4 The change slope of season, growth season and year maximum NDVI in Loess Plateau
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Table 1 The mean month precipitation and temperature in Loess Plateau

TRH T —H —A =A 4 A A ~A tH AR A 1A +—H +=A
Climate factors January  February March April May June July August  September  October ~ November — December
I)%ITIE . 39 5.4 10.1 20.9 43.8 53.4 93.5 84.5 68.9 29.2 9.7 2.9
Precipitation/mm

R Temperature/C~ -6.6 -1.8 4.3 11.7 16.9 21.4 22.9 21.1 16.3 9.6 2.0 -4.6

5 AR ZE 1Y AR ZE AR R d PR AR A a5 DAPEI Tl LA Y | 4 2R R e AL SR A1, 1T B 2 e
TR AL RE B, O AR TR AR o (28 AL R 34T LU | B 2R R A D R 38k, A 2= 1 B F
RGN B (P>0.05) . & ZERE R AR PRSI BN, T 2 BT AIA K FR I R
FRAEBRIE B . MR (25 Tk 30T DU S TRVBIF 9 s B A3 B, 35945 B AR I R 34 (RS B2 (P >0.
05) .
5% O0-HF DHUE AT K EKT
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bt g 10 =& 2
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Fig.5 The change slope of different season and year precipitation and temperature in Loess Plateau
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09 3.023 ;1 FE 5L B (R 9 R 58, 78 F 4438 - 0..046 é wl E
(F6), (LR, i FRERRRERE R abbek o 2 |\ /e o5 2
IXFERTREN(P=0.293) W EREAR (P=0.061) % C o a5\ A [ g
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Fig.6 The change of precipitation and temperature from 1998 to
2013 in Loess Plateau
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(1) U BE R A T N O BR A PR, JRLBE b T mT U sk 3R 28 W i R, by sk 5 [ 3 A DA T 400 1 A 90
AR BEIE NDVI; (2) 5 HA P R AR E, RIS Shixt NDVI 520 o 20068 3 5 b 07, 4n e -+ JLAR AR 5% X AR #F
PR it S it R b 2 7= KT B e A (AR NDVT S 80, IS5l - LA 19 4 R 2 R I 35 1 s
TR (& 8) , BT NDVI 1 AR & — R Db RN 2, BRI | 35 2 — AR A E B 3T
SR, BIFFEIX. NDVI 5 R R ATIELEE A AHSC MR AN HA e 35 1k (P>0.05) |, Ui TS DX AR B 1) 24 F14F:
PRS0 7350145 2 1 RIAT [ T A A 5 0T AN U, o T e R Rl B A8 A HAT I ] RUBE b 9 22 5 (A3
Ao Wik PR FINELE 5 NDVI 7R 25 FIAR BRAS U RUBE b (9 06 3, O ASRE 7843 UL WA 28 Al 0l AR AR AR g mag i
I H., % B BK ISR R RS IR R i I 1 AT 2 I I ] RUBE b 3 AR B A X 7K B A B I )3

®2 AEMENDVIEEWE.BENREEXXER

Table 2 The partial correlation coefficient between NDVI and precipitation and temperature

AR TR R ] R T it Precipitation WELEE Temperature
Time Rovipgek - ~un p Rovisi - pk p

# % Spring 0.342 0.232 -0.028 0.807
5 Z& Summer 0.541 0.056 -0.087 0.768
2 Autumn 0.144 0.624 -0.132 0.654
4-Z% Winter -0.461 0.097 -0.439 0.116
H K ZE Growing season 0.563 0.068 -0.028 0.924
A4F Year 0.415 0.14 -0.215 0.461

R sk - o Fr R ORI NDVI 5K A0 REE 28 R - - o 0 SR MK AW NDVT 5l 0 R AR 6 3 8

R 1 2D FFE NDVI X R R BE 9 e 7, A58 23 i HAA T 1999—2013 4F 180 /> H 4y NDVI 5[
FRFEMRADE R B, A BCY A B AR B B A 3 AFEER R S 24 H NDVI 5w A G &
BOEERIEE 3, NERPATLIE I F5EIX S H NDVI 524 H | FH K b H AR TR RR R A 7 35 R A D6 56
Z(P<0.05), NDVI 55 H BER A CHER T 5 5 IR A OCH:, (B2 NDVIL 5 1 & b b R EE R A
KA T SRR R AROCTE . 534, NDVI 55 B R FIELEE (9 55 R i i A OC R E T BRAE S A (Ryvisek . om =
0.606) F1 EJ (Rypyi o - g = 0-783) o I UL A 4 A A XoF ¥k B2 094 Wi 7 A7 76 — > F B ¥ J 390, i o W9 I ¥ I
BN

*3 ANDVIEBRMEMNEENRBHEXSH

Table 3 The partial correlation coefficient between month NDVI and month precipitation and temperature

A5 R AR A [ PR Precipitation IR Temperature

Time Rypvipesk - =i P Rovism - peok P
4 H Current month 0.606 0.000 0.589 0.000
1 Last month 0.319 0.000 0.783 0.000
- - H The month before Last -0.173 0.02 0.633 0.000

Rt o - o AR CIRBE 5 NDVI 55 MK 0 A 2 R e - e 22 BRI K B IR NDVT 506 0 i L 2

3 #Hig

(1) IBBHAMR () TR LS, 2 v T i DX 4 7 o A T el | 1999—2013 4R 5% X 4F e K NDVI
HFIE A 0.31, BFFE DX R 43 b XA NDVI - F-34{EFE 0.5—0.6 Z[H], NDVI 723 [a] 734 1) 22 S A8 W &, L
O R R K SR A A TR A K NDVI gy, 1 PG G AT ot 7 o5 B 4RI,

(2) H 1999 LIk, # 4 5 I HB IX AR K NDVI 24 535 (P<0.01) B3 ik, PMZ54: K2 NDVI
2 BT OZE NDVI 0 Bl b 2192 4K Uk 2 (0.0087) >Fk 2% (0.0081) >4 2% (0.0064 ) >4 Z= (0.
0018) , B+ Z= NDVI B3l KM 5 5 Z&—+, 4 0.0087,
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(3)1998—2013 4, ¥ 4 iy J5E b [X A< A 5 B 48 TR 386 Jom i B8 AR AIG A < v Ak ™ e i, (EL |l T 8 TR RN 19
AEBR I S AR, R TR L I 8 A b R AN

(4)7EZT7 AR FEMAEAER R - NDVI 50 AP EAR B3 78 H iR R - NDVI 5
2 R RN A MR T 5 Y A TR ARG . S A R A A R X TR 4 W R A AE — A RS 0 T
T TG RO
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