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The variations of NDVI and the relation with climate in hilly and gully region

of Northern Yan’ an
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Abstract; The GIMMS and SPOT, which are the Normalized Difference Vegetation Index (NDVI) , are utilized to analyze
the historical evolution of the vegetation cover in Hilly and Gully Region of Northern Yan’an from 1982 to 2007 and
relationship with climate factors. The results show that (1) The vegetation cover status is getting better continuously,
although there were undulations in vegetation cover over past 26a in this region, and the averaged annual NDVI increased by
14.2% . The NDVI in summer is of maximum value and remarkable undulation, the NDVI value in autumn is next, while
NDVI in spring and autumn has distinguished uptrend. NDVI values in each season are related with annual NDVI, and
correlations of spring and autumn NDVI with annual NDVI are significant. The annual variation of NDVI is single peak
type, while the spring NDVI increased slowly, the autumn NDVI decreased more rapidly. (2) There was no obvious
correlation between annual average NDVI and annual temperature, and also poor correlation of NDVI in summer, autumn
and winter with temperature in the same phase, only the NDVI in spring was correlated significantly with spring
temperature. The impacts of temperature in March and April on vegetation are positive, the higher the temperature is, the
faster the growth after returning-green stage of vegetation is. The temperature in June and July has negative lag influence on
vegetation growth. The precipitation is one of the key factors influencing variation of NDVI, annual precipitation is related
with NDVI values in July and September, which determines good or bad vegetation. The effect of monthly precipitation on
the NDVI has hysteresis characteristic, the precipitation in preceding September affects the NDVI in April to June in next

year, the monthly and previous precipitation affect the NDVI in June and July. (3) The vegetation cover has increased

7% H H#5:2008-10-21;; 1&1T H #§:2009-03-30
* W iRAE#H Corresponding author. E-mail ; yaszh@ 163. com

http ://www. ecologica. cn



534 £ OF ¥ R 30 &

rapidly in Hilly Gully Region of Northern Yan'an since 1999, which maybe associated with increasing precipitation, and
also with some non-climate factors by adaptive strategies in ecological conservation and environment protection, such as

afforestation, mountain enclosure and fenced grassland.

Key Words: vegetation; normalized difference vegetation index ( NDVI) ; climate; the hilly and gully region of northern
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Fig.1 The schematic diagram of the hilly and gully region of northern Yan’an
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0.01 &K%, Jr ARt R KB P24 4F NDVI AN 1.3 x 1077, 26a [A[4EF-2 NDVI EF+T 14.2% .
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#30. 0007, 7 BEE i B F PEA %5 1999 4F LAJG, NDVI _EFHEHAEW B, 5 4 4 9 85 T B R R
0. 0089, A5 R ¥ 0. 9377, i3 0. 001 AT 5 BEA Ko PI-I>H B i 7 AR AR 3 A 22 10 £%5 LA B, NDVI B2 728
b, 5RMA K, HIBPHAE TRES T HEEZEREM.

0.45 031~
0.29 -
0.40
0.27 -
0.35 025
= 0.30 - E 023
a Z
Z 025 0.21 |
0.20 |- 0.191
0.17 -
0.15 1= 0.15 Lu ! L L ! ! L
Ty A T S S A S R 1982 1986 1990 1994 1998 2002 2006
1 2 3 4 5 6 7 8 9 10 11 12 4E4 Year
H 4% Month
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B3 ERAEKXAFHNDVIEHLHE Fig. 4 The variation of average NDVI and the linear trend in
Fig.3 The variation curve of the monthly NDVI in the hilly and the hilly and gully region
gully region
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Table 1 The correlation coefficients between NDVI in seasons and year
BffE] Time — FBE AR ES HFt B FK SE| JISS FEKX
% Spring 0.5512*** 0.6173 **** 0.3298 0.5969 *** 0.6513 **** 0.5465 *** 0.4795 ** 0.485**
X Summer  0.2025 0.4522** 0.2612 0.334* 0.497 ** 0. 1904 0.0707 0. 1649
K Autumn  0.6094 **** 0.7090 **** 0.5168 ***  0.6241 **** 0.6515 **** 0.4898 ** 0.4224** 0.3503 *
& Winter 0.2211 0.1591 0.2042 0. 1476 0.1729 0.246 0.3231 0.2315
4E Annual 0.5252 *** 0.7143 **** 0.3268 0.6017 **** 0.6075 **** 0.4321** 0.3719* 0.3615*

# % % % P<0.001, % = %« P<0.01, * *xP<0.05, «P<0.1

M&B(IX) KF , 41 NDVI #3977 A2 A X RECH N IEE (38 1), TR KR R WA N IEE
(£2), AR (X) 473 NDVI ZBLEHE RN, RE L T REEHEREHILHEE, BN
HRFR B 0.7143.,0. 6017 F1 0. 6075, 5@ T 0. 001 BFEHIKFR LK, M&E (IX) 48 155 FE H R3]
LAE ), R FRFERANERIIUIR, 1.8 x 10 7°,26a [A/4EF-3 NDVI L+ T 22.7% F124. 6% ; HA
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WU I JEA %2 2E 5 TR XA FH BN, 25 0.7 x 10 *H10.6 x 10 ~°, FiE 26a [B]4E-F-4 NDVI 3 |
FT5.7% o BFTNELE X R/ FZ R d T E 5 A BORE R RR A, TR EM NDVI A T B
B T IRBHE MR M AR

®2 £ZF NDVISEHRHEEFERE

Table 2 The slope of regression equation between NDVI in seasons and year

i A R X R &P GIE Fk )| FEK EEX
# Spring 0.0017 0.0017 0.001 0.0017 0.0018 0.0016 0.002 0.0019
¥ Summer 0. 0008 0.0021 -0.001 0.0013 0.0026 0.001 0.0004 -0.0006
Fk Autumn 0.002 0.003 0.0016 0.0021 0.0027 0.0019 0.0018 0.0008
£ Winter 0. 0004 0.0003 0. 0004 0.0003 0. 0004 0. 0005 0. 0007 0. 0005
4E Annual 0.0013 0.0018 0. 0006 0.0013 0.0018 0.0013 0.0013 0. 0007
2.1.3 P NDVI s b JP— % —u

Bl S g5t T HEZALER fpR VA 82 X 1982—2007 4R 040

0.35

B NDVI A2 fh i MEZTF NDVIB4ERR - 030
BAKE LA LR REEF K NOVIEHEE B o

AU
L
. .
P
. °
LI
[
4
~
L]
< L]
.. '
.
P 4
L3
4 H
A 4
. A
. .
. ’

=) - .
B RO HURTE AR NDVI AR o1l ST T
B/ 005
1 Pal TR ER B X AR S (X) F 019I82 19I86 19|90 19I94 19I98 20|02 20IO6
P-4 NDVI 54 A6 R L. M BN IE 22 I 36 B 1 4 Year
BXKRE, TR R IR Ny 0. 6094, B T M5 ERUBKETH NDVIERIELHS

0.001 BE KKK ; FEZEWHXRZBIRZ,#iL T  Fig.5 The variation curves of averaged NDVI for four seasons in
0.01 BE/KFH L ; AR AKX R LA, RAEE  the hilly and gully region
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FECH 0.6869 385 0.001 BEKFHL ;S AR, FAMIEN 2.5 x 107, MK RECH 0. 4927, 5@ 1
0.01 BE/KFHL ;4 HHHEEN 1.7 x10 7 K RECN 0.4739 3852 0. 05 BEK TR
2.2 NDVI {7 5 URBHIK R
2.2.1 NDVI WAL 5IREZ IR R

TERFRERK SRR R T, 1982 F LR, LI LR GEH B , e E I B R, IR E A3
35 0.633°C/10a(r =0.7,n=26,P <0.001) . JREETE , & BB A KIEFFRATHKFERER ,NDVI £F
RS HBBIE, UHRE S 10 Afh. HEEFYIRSEH NDVI HHEXRE, 53 AR (r=
0.4316,n=26,P <0.05) .5 A#y(r=0.3933,n=26,P <0.05) .10 A#y(r=0.3775,n=26,P <0.1) .11 Ay
(r=0.606,n =26,P <0.001) B AHE , F Rk Z A8 4% 7w X SR T = B B pL . EX REZ LR UL, HFRKZE
MBI w2 15 0 B A R SR R IR AR S [ Y, S22 AU E AR A 720 IR BHIE AT 5 H 4k T#5Fh
W4, TR R E AR R B B ARG, Bk 10 A iR B E E 03k, Bt B ToH vl =5
EE LA SIS FIRE TR . BAG , EF KR E I DI R o A S S A 85 i
FRATAL TR BT, B3t 278 Bt IR B AT R b B B M RAE Y A B S B G A A
R KRV B AE IR EAR/D , BB AT E 2 AR/ . TR BHEARERT 1982—2000 4F 19a WIRES S|
10 H f NDVI fAHC REL, WSS T, #— P BB PHE R R T L E R R

T SEZALER bR I AR X 4F \Z= P-4 NDVI 5538 B FAHSC R 8L, 7T LA Y 4FF- 25 NDVI 5455 23R BE AR 5C
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AR, & E KT NDVI 5468 295 IR BEAH S A B B . FF T3 NDVI 5% ZR EMAHX R
J90.5189 3@ 0. 01 AIf5 R, HHHEEZIH ERRIBEAR X A V-3 NDVI 5iREMAHXREL KA 4 Ah
NDVI AR5 24 A BB B IF A (r =0. 4134 ,n =26 ,P <0.05) , 315 | AR ERIEMX (r=0.37,n=26,
P<0.1);5 A NDVI 54 AEELHL, HES EHANMABREREEMXER, 53 AGBEHXREN
0.4604 ,4 AREFEZR SN 0.378, 43 Fli# it 0.05 F10. 1 Al FERLK ., HESHEPLETEEFY, RESH
PR FH R AR, BEAEYOR F R AERKE, W A BE . E2 6 A4 NDVI 5k HEERN
A (r=-0.4411,n=26,P <0.05),7 A4 NDVI 55 H.6 A.7 A IREMEZE N -0.4556. - 0.
3403, -0.364, GLERTHIR B R , A Al e BT RIS R AR E A K
2.2.2 NDVI 724k SRR BRI R R

20 40 80 4EAR, HEZEIUHK Fr bk 1A AR X [ K A F— N HEXT Z T A, [R5 NDVI 4bF BB Bt ;90 R LG
Rk H B R 2>, AH B NDVI 3Lk 3h , Rl 2 90 ARG 8, hBlHFEe T 52, NDVI TR, FF7E 1999 4
P/IME . BRI, FE/K 51 NDVI 30384k, 2001 4E IR, FE/K 25 20 48 80 REAH Y, it T
—AMREE BT, 7a P L 80 AEARET Y 0.0234 B 5K A RN, HIRHIEMR TRERBEA 4, X 58
FICERIFFE S AR— 3

FEZZ R o B VA AR X AR K B 5473 NDVI BAEE R R HAERKES 7 M9 A4 NDVIAHE, REL
435027 0.3366 F10.3314 3@t 0. 1 B 7] 5 BEAS T , 4 R /K B R M o E RGP IR BE o 0 A B K 5 31
NDVI %% ,4 A i NDVI 5K & RAH%(r= -0.5078,n=26,P <0.01) ;6 4 NDVI 5 F A fiX5 Ak ER
K, BB 514 0.5244 0. 4418 5@ 53 0. 01 F1 0. 05 AIfFEEAR S ; 7 A 4y NDVI 5 5 A 43,6 A 4y.7 A hykEKAH
KEFS 7R 0.4912.0. 3621 ,0.353,5 A AHR REGEL 0. 05 AT ,6 A7 AR EGE T 0.1
B, K % NDVI (S RGP, 5—7 At sE A THes A K8, ok Bk, kg
TKEAHXSA R, Hl A A , & AT R K o LU A6 50R #20

ST EZES A NDVI 5 FAERKZREK & M AE e, 2000 e E—4E9H Mk ~ 04
4.5.6 Ay NDVI 5 146 9 H iRk ARG p Oy ¢ 00 1 T TR
Y, ML R B4 50k 0. 3352.0. 4512.,0. 5703, 43 3158 13 140.0
0.1.0.05.0.01 A5 MK, M BESHBEFHE £ o0,
NDVI 3Z F4E 9 AhFeKsgm (& 6) . LA R ggg
KD EBHPORE £ K EERE EFEKERK, Bk 40.0
BROKZRERS M E KR, K2R SRk W 7
%Eﬁé*ﬁ%ﬁﬁiﬁ% . 1982 1987 12;%/}} Yea1r997 2002
3 g

ﬁﬁx#ﬁffjlﬂ%ﬁﬁ%{@@lz 1982 EF-@J 2007 QE*E Fig. 6 The variation curves of the precipitation in previous
PR BRI BAR R 4T, AT AR T EE L8 September and the NDVI in May of present year

(1) FEZALE BRI AR X M PCR L 26a SRR
AEshEk R RIE R S 5% 47, 1982—2007 4F NDVI @ fkkbF b F#a %, 484 NDVI #ii 1. 3 x
10 7% ,26a [A4FESF35 NDVI_EFF T 14.2% ; R, FK L 2K NDVI b Kb o0t H 82, iR 6 8
L2308

FEZZ LR B VA AR X 22 1) NDVI S {E R s R R, IR B ZE, F . BkZ NDVI 4ERRAE LA
BB EFESE KSR K, FFIRZ ., W2 NDVI 548 NDVI ¥ B A MK, F. 8K ZE15 NDVI 54 NDVI
REIR BEKF. 10 A5 A4 A4 NDVIEFRAE L EF &SI 8 . NDVI RS 2 o B Rl /2
NDVI Z24g 3 i, #k 2 NDVI IG5 BE Hh e

51997 4EAH L, B 2007 48, RAEEF 75% W#E A FERERR , AR 55 R 12 3 80. 60% , IR 7 5 AR
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o
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FT T T TeT. T

E6 F£9AMRKSLES A NDVIZHLHE
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B S/, P e e BE T A o R A AR 60% DAL, s

(2) 473 NDVI 5 [F P28 AR A AR, & (R BkZF=5 NDVI S AH 3 iR AR AR,

REFEZFFH NDVI 5SZFREMREE . EAPORTIE K 3—4 H IR XA w2 IEAK R E

G, RE AR B R 6—7 H Ay, IR BEXME S A KA WG R, BT IR 5 5 3 NDVI S fAa K

WK B2 NDVI AEFRPEEh R NN 12— ARk B 5 248 7 H4rAn 9 H 4y NDVIAHSE, shsg T —4F
PR IE R AR . A Bk BX NDVL g BA#E 1, B4R 9 A BRIk 24 4—6 H i) NDVL,6
H3A1 7 A4y NDVI 52 24 F FETH K0 .

(3)1999 £ELIK , SEZJLER F VA 4R X NDVI Pk 71, S5FEKIE 24 Kb, JEURE R AR
BB SF NN , AR E AR B ILASE B B 1T R S BV g R E I EE R
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