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Abstract: Interannual variations of vegetation and its relationship with climate variables in Yanchi County of Ningxia between 1981
and 2004 were examined by using the monthly GIMMS Normalized Difference Vegetation Index ( NDVI) data and local
meteorological records. Overall the annual mean of NDVI increased from 1981 to 2004, and the largest increase occurred in the
latest four springs. Since 1981 the area with NDVI values in the 0.2 ~ 0.3 category gained about 1005 km®, i.e. an increase of
14% . The annual NDVI showed a positive correlation with precipitation, surface air temperature, relative humidity and visibility
respectively, and a negative correlation with evaporation. Moreover there is a significant positive correlation between spring mean
precipitation and following summer, fall and annual mean NDVI, suggesting that spring rainfall is a key factor to determine the
distribution of vegetation in Yanchi.
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B HIWERE, LS 7 2001 £/ 2003 Xt B R R EMER NIMEBIFEHAT T LHAE, R
BXAEHEHFTE FHHEGEE RE ENEENEARBENM, ASHKEBINE, BRAH
BHESRENBEENM, YHEFESSKETHZEFEENKRRAERNE, BRAREATRAERELEHERME
BRI EZ ., 238 KeE 6T 2R AR R E, 8 ANBEDZ A F & X 26 B ol fE, PraFEm
T8 I 9 Y3 — 4648 88 455 £ ( Normalized Difference Vegetation Index i #84 NDVI, FE) 5&@H F 4 & HiE
BER HYASEN BN TYRHRERESVRET N EWFRFOMEAXE, THTREABESEENT
W BB S AT E 1996 4EF 2000 4E 0 TM AR R, 00718 5 W o5 7 B 8 1 i T B9 H 45 el
1996 4F /9 6.533 % W /0 B 2000 £/ 6.054% , FHIBERBAL 0.12% , Kb E WY E R 42 BT 2795/
hm? . BT & {5 2k M (1986 4F . 1996 4F \2000 4F) 3 HIMEBR ™ BASRH, B HEwE B4+
BERBD,BREAME. BRAXRFEANERERRE" ,FEER0E —ENRBE. AXEMA
24a % F B9 NDVI WL BE 0 AT SR 508, BERA MBI T 24a e 2k 1t E 38 P9 0 B 48 S0 808 . 0 AL 2 4k Fn S g
KB R EMNZERMHEEXR, FAEREERMEE LREE,
1 #H

AR EEFFANERE 1981 43 2003 4 AVHRR H ¥ NDVI, B £ E 3 B 22 k2% GIMMS (Global
Inventory Modeling and Mapping Studies) 8km x 8km 4> ¥ R L HRBIE" . XABIEE S, M= KA EMA AL
BMGH SBEBNEWHELT THIE., 2004 ££69 NDVI %18 Bt § NASA Land Processes Distributed Active Archive
Center ff) MODIS A ¥t%l, NDVI WIS EZE - 1 Bl 1 Z8), Ho -0.1 Hkik, o REEBHE, NDVIE M KX
FOR I RETHENFAFEN DM, ECISXHTHNEREIEFRBMT M EM NDVIEER ., HKE%
MLk E SR MENEE KSKERLENZRE2HTRETERSARE. 2002 EF K894 AZ 10
A, EARBHUNRAXBAERIL, N T ET 50 LB X &R R#TTITIE,
2 MIRgR5ITiE
2.1 AT
2.1.1 HHEROERTHA B14H THMmE 1982 43 2004 FHMHBIEHE T EF B HLRHEE
BRWBELK, N sa FHERE,1982 F 5 1985 FHYF B E A/, 1986 £ B 1995 F FHHEE LB/, 1996
B 2000 FEHEH L FH,2001 FF B 2004 F R 20a KEEH . NERTAKRE L ENHEEIEEERSIER P
K ,1982 F & %, HIKE 2000 41 2001 4F, X B FER HHRZ 2000 FHEBIEEHN 0.13,2002 44 0.16,3a
FIEINT 23% ,BIBFE 23a PR, XATRES 2002 Fh B 2B H LM A X, NEBBEXE, FHE
FREBEEPOE MR 4.6 x107°,

FI 5 29 7 2 08 5 — B4 19 U8 BE 3 X NDVI 9 ols - = NDVI

%0, B B NDVI, fLE T NDVI BiE S KIS o7 |  TZ 35N 5 point smoothed
BRI AL, 7T LU A 2002 4 7F 0.16 - - 1o -
S 3a 4bF RS SO A
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Fig.1 Annual mean of NDVI and its trend in Yanchi
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Fig.2 Seasonal means of NDVI from 1982 to 2004 in Yanchi

A SR TEEE—SENSRENTEENDVINE W, BBE& % NDVL,RE T NDVI B4
AHE KPSESAEEEAMMAE W, fJLLEH 23akFF NDVI EESI+ EFA, LHE 2000 F Lk
EFER 8 B3 23a KR K ,2001 F5 EFH B ;BN 1981 B 1996 FE B F+ EFH,1996 ~ 2000 45
BB T F%,2000 FLUE XS A G LFM 1990 FFHEE EF, ATLIREMN MZE NDVI KBS EEF, 2000
FELRFERARKY LA B, #—FRRAE Ja REBMEHBEFE.

2.1.3 HBEEENFERL B3AHTHMBE 2408
BHEBWATHME(1~6 AN 23aF1), AILE
WOEEERN 4 AGFFHREA,8 AMERIHRAHE,9
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HEBEERMKME, TENETHEBGHEREWHEXER
WA, FFEH NDVI 5HZE KFEHFER NDVI B 51
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Fig.3 24-year averaged monthly NDVI
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2.1.4 HEEEBEHEBAZL B 4a 8HT M 1981 5] 2004 5 4 5| 6 A S 5 F3hh BN F R 51 6948 895 5
. FATUEH EEREEEH 0.1 RH LWEREB K, 7 0.1 B 0.2 R LBV, MEgiEHE
FREE 0.2 3 0.3 &5 £, M 1981 B 2000 57E 352 ~ 516 km® Z[8],2001 53 2004 4524 1350 k', LA 20a B
Bl 463 km’ KT 887 km’ , MBI KW HE R , XHHAE a M EFESHWHBEREAB LT,

Bl 4b 4T 7 AR AR BIEE M., NDVIZEO0.1 3/ 0.2 R 5| LM, A 1986 42 2000 4E R 142
/0 ,2001 3] 2004 £EHLAT Sa N T 475km’, NDVI 7€ 0.2 3] 0.3 & 5 E AR, A 1981 4E 3 1995 4F i F
B & 5934km’ , T 1996 £E 3| 2004 £ FHE R 6740 km® , G H AT EH K T 806 km’, NDVI 7£ 0.3 & 3| |
KER, BF 1991 3] 1995 FR HLE K, KA FHELE /D, EHEmEHEH TN EEREBERKKF
bR da U REBE R IKREHEK,

a b
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Fig.4 5-year mean of area with different NDVI level (a) April to June (b) July to September
B~ F AP BER B~ F is NDVI level(B:0~0.1,€:0.1~0.2,D:0.2~0.3,E:0.3~0.4,F:0.4~0.5)

2.2 HHEE5RBEHEL

2.2.1 BAKEBEHEREN AT HBERKESHBEERVWREEXERAREZ D, EEZRKE5E
Z NDVI FUHIRC{EN 0.504, B3 TR EMHKF 0.5 HKEK. EF KEMNEKE SHKSE . LZF NDVI MH X
A HXR T 0.79 1 0.62, 3 HAES T 0.01 BEHAKFHKRE, BNBFHEKFERT 9%, MEFEREK
BE5XZH NDVIHAEN -0.5, BEMHKEHELT 0.05 WKRE., IRHTFLERKTIENIRE, SER
AKEBEHEENRBL, BIMERKRBESE K. LK NDVI HAEBE, I HERE KR 54 NDVI {E M H%
RABEAT 0.6, BEHEKFERO.OL, X—FHIFEAEKSHHEBRE T 2FERNHEE IR, 55— E BB
HEMEMEKEIEEIKS,

F1 HBERABSEFEENEEEX

Table 1 Correlation coefficients between seasonal mean NDVI and precipitation

HH hem FEREK HE @K & FiN ZF @K FREKE
Spring precipitation Summer precipitation Autumn precipitation Winter precipitation Annual precipitation
%% NDVI  Spring NDVI 0.046 ~-0.051 0.087 -0.123 0.013
¥ # NDVI  Summer NDVI 0.504" 0.322 -0.178 0.109 0.481"
#Z NDVI  Autumn NDVI ~0.083 0.792"° ~0.180 -0.215 0.501"
%2 NDVI  Winter NDVI 0.089 0.138 0.618" " -0.498" 0.389
£ NDVI Annual NDVI 0.339 0.544" 7 -~ 0.006 -0.163 0.620" °

* * FREEMKEET 0.01 ﬁgﬁ(mﬁqﬁgﬁ)ﬁwsing the level 0.01 significance test (2-tailed) ; * ERBEMHAEEAT O RE(NBHMER)
Passing the level 0.05 significance test (2-tailed)
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2.2.2 SBSHBHEENXE REENEFEBSEFHBEH(AR2)MMXERRN 0.36, BEHK
FELT 0.05 KRR, RHAFEFSEEAR HBEEAKER, EF KEZNSXBSRAPANEBEERESK
FAX, RASBEREEHERE, ATEWEATELRVEMX HYERFTHKDTLSWEE KKHEK,
T 25 457 3 [ K B RA 275mm, B4R 18 B8 0 6 X AR B B 6 B A PR, 40K 2 S BB AR E B R B 0 R S R R
Z, LFRESHBHEHREBHEMX, RHALFAMEE A FHBEREHBRE,

®2 HRBESBHSHEERBMNEX
Table 2 Correlation coefficients between seasonal mean NDVI and temperature

SH fom EFRE EFRE KERE ABRE
Spring temperature Summer temperature Autumn temperature Winter temperature

# 2% NDVI  Spring NDVI 0.363" 0.151 ~0.359" 0.195

X% NDVI  Summer NDVI -0.069 -0.226 0.063 0.127

#XZE NDVI  Autumn NDVI -0.022 -0.186 -0.056 0.139

A% NDVI  Winter NDVI 0.275 0.369" 0.106 0.228

*» RABEEKFEER 0.05 8B (UMEE) Correlation is significant at the level 0.05 (2-tailed)

B2.2.1 222 PHBIRATE N TELM NDVI 5REKMMHEXREL NDVI 5SBRBELXEHEKR, XS5
FAFVEANFREREFAR, ITERFFANLEAFREE K, RSB RGEHFR.
223 HERXBOHEHENMXE HUKNESREABS5ESHEUSEE URESALZBESEKFESH NDVI
HEEBENRAMX(AR3), UHFESZELE D, ARSNLENHBIEEREBER, EMNNEEHKTE
HO0.01,BEEEXBT 9%. BS5HHT 1981 32004 FHEMEFFTHLBRSESHEEENMAKR,
BHEBAR,HENZAARGHE,HEXERN -0.69. XFE—-HHPLMAYESELR/IH, ESHER
BB, RZIFR.

»3 HAHHEENSEABREFAX
Table 3 Correlation coefficients between seasonal mean NDVI and evaporation

5% s & &F FEXH
MW H Item . . , . . . .
Spring evaporation Summer evaporation Autumn evaporation Winter evaporation Annual evaporation
#% NDVI  Spring NDVI 0.007 0.111 -0.19 0.035 0.004
X% NDVI  Summer NDVI -0.690" " -0.59%" " 0.245 -0.048 -0.575""
#%Z NDVI  Autumn NDVI -0.105 -0.656" " - 0.008 -0.114 -0.420"
%2 NDVI  Annual NDVI 0.114 -0.028 -0.205 0.323 0.016
4 NDVI Winter NDVI -0.472" -0.637"" 0.073 0.018 -0.540" "

* » RNE EHKFlL 0.01 R (MBE ) Correlation is significant at the level 0.01(2-tailed), * T B EHK LBt 0.05 BB (UMK
%) Correlation is significant at the level0.05(2-tailed)

224 HUBESHBEEEHNXER K4HETHE
EREMMBERMX R, TUEHRBHLERE
M, 5%3MESHOMLREEFHR, TABE
HKEEHELT 0.0l R, BIEEN 9%, RHE
BB HMAHEE Ke, SR E MBI BH K,
6 AT 1981 4E 3| 2004 FEEMBIER S EFHN
St B % I, ol P T AL, A — B AE R AT, 3B
H SR E LR AN & NHB R R BT, B 000080 1985 1990 1995 2000 2005
B ARRE B BN 2 AR U B R B 2 T Yeur
2.2.5 HBEEASHERENER TSP NIRE HSs $HhEHEFALSES NDVIBLHL
1km B 10km 88 WLJE B IMH =, HRERAZ DRSS Fig.5 Time series of spring evaporation and summer NDVI

BEISMEE ,N12 .3 10km B 20km BER BN FE, ATUEHR,FFZHWNIVI 52F8FH 1km B 10km 68
REHREREX, ME5LEE S 10km B 20km BEELEH R ZIEHXLFHE S5 EZ 10km B 20km RERLE

#Z R R & Spring evaporation
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4 BHABBBUSHNBEEFAX
Table 4 Correlation coefficients between seasonal mean NDVI and relative humidity

S e 5% % *E &% I
Spring humidity Summer humidity Autumn humidity Winter humidity Annual humidity

%% NDVI  Spring NDVI 0.135 0.026 0.069 -0.011 0.220

H % NDVI  Summer NDVI 0.603" " 0.577"* -0.360 -0.064 0.406"

#Z NDVI  Autumn NDVI 0.004 0.568" * -0.181 -0.189 0.036

£ % NDVI  Winter NDVI -0.107 -0.105 0.239 -0.019 -0.093

4E NDVI Annual NDVI 0.401 0.578" " -0.234 -0.122 0.299

% *» TR BEWKEEL 0.01 81 (UM &K B ) Correlation is significant at the level 0.01 (2-tailed) , * /R B ¥ ¥k V@8 £0.058 1K (XM
), Correlation is significant at the level 0.05(2-tailed)

BEMHXRBELT 0.01 WEFHAFRE, 55 op - iy |
BHAMLENMELT 0.05 WEZH KT OB, & EZi P e
W ERBMAITOAIEESHEDRT 99% M 95% , 587 Z st ] 8
ESHBMET, 2 FEFNEL HYRED BRAE & ‘:‘ong
HHRIRE, 200 VIR
K744 THES NDVI SHES K 10km 2 20km & 50 | W oz
i LR A BE S i £ B, T LU 88, T 7 A 2 Ex: Lok

L L L ' 0.11

EEWE, EE K= NDVI 582 1km B 10km

1980 1985 1990 1995 2000 2005

10km % 20km RER EHEHEAMRK (ALK S) . BR 5 F4F Year
Lkm %) 10km fEJLEE 551 0 UMK B LR K, KPR F B 6 5K %A 54 NDVI B

NDVIS5HEZF XFEWHXRABMWEEREKTEEILT Fig.6 Time series of summer relative humidity and annual NDVI
0.05 M ,kE NDVI 5AEHHXRBEMEFH K FELT 0.0l BE., IWHARFT KEHHEFR
L, AZENRLE BYRKBD,

x5 RBAEFENDVISHELERERXER

Table 5 Correlation coefficients between seasonal mean NDVI and visibility frequency
2 N1 BEFE N1 B FE N1 £ Z N1l #Z NI12 EZ NI12 & FE N12 £ Z NI2 4 NI2

NDVI Spring Summer Autumn Winter Spring Summer Autumn Winter Annual
N1l N1l N11 N11 NI12 NI12 NI12 NI12 N12

%% Spring NDVI -0.261 -0.246 -0.126 -0.087 0.238 0.53 "> 0.512') 0.317 0.441"
B % Summer NDVI  -0.415'"7 -0.342 -0.343 -0.414"") -0.193  -0.018 -0.004 -0.043  -0.062
%% Autumn NDVI - 0.281 -0.014 -0.242 -0.526* ") —0.508'") -0.099 -0.115 -0.196 -0.235
%% Winter NDVI 0.008 -0.022 0.013 -0.161 0.259 0.149 0.191 -0.027 0.144

* * Fn BEHKEE 0.01 K3 (T K 36 ) Correlation is significant at the level 0.01(2-tailed) , * F/” B EF MK FEL 0.05 RE (B
1 )Correlation is significant at the level 0.05(2-tailed)

3 it

xR E 1981 ~ 2004 FF T 2@ R B B A E IR WM BEEM S0, TR RN T T8 4ie:

(1) BB MHPRE 24 FRREFHEANER, BERBEEFEZETF. 4 HE 6 AEBIERE 0.2 3
0.3 BE R, 1981 2 2000 4E7E 352 ~ 516 km® 2 [H],2001 4E F| 2004 2 1350 km’ , HL AT 20a f)F 1 463 km® 3K
T 887km’ WA KHWIEFHE., 7 A9 A NDVIZE 0.1 3 0.2 &5 LB R, A 1986 4F 3 2000 F 2 FF4E
Wb, 2001 4E3) 2004 £E LT Sa W hN T 475km’, NDVI 7E 0.2 3 0.3 &3 LM E R, 61 15a WE R FHEE
5934km’ , T 5 14a W TR F AR 6740 ko', FH LRTH KT 806 km’ . X BHLEF R M EETIHRER
MEBHILER HEXKEWBEEZEN,

Q) BAKESHEREGEEEHENEHELNEEMHEX, FRKESFHBERBENEX . EERKES
HEZHEHREOHEX EE KERKESHE LAFTHBEHREOEAXERESS, AR KERZ LR
B AR B0 % BB T '
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) KBESHEBEHRBUEHHELFES AR, £F, 120 —:igaﬁ\gﬂ?rmgmw raa a
FEREMX.EZ HKSRAMX UHLE FER lgg :+%(u;l;€fj‘vl;ghtyfmquency
BREAATHGAK . EZ KSR RBEETLY
FEKERA 275mm iR B A F| FHREBEAE KK,

60 - Autumn visibility frequency
40

88 MBS Visibility frequency

() RRBSMBHEBRIAME, YEABHR 5 ol v/\ ¥
B . EREN2ENHBRBRLELR, YR LR jg [ WA k
HB KB MR B L/, 60 |- o ‘xm/\\‘[

(5) MR MM HRE AR, YEHFH & O Y%
FEXT IR BE bb A K s BBk 2B F) 4 4F 1 1 9 AR EL 1980 1085 1990 1995 2000 2005
K. EZEFHNBE /N ERKEHNSEHE IR S 4 Year
HEB/D. ARESERAMHMEEEREMEBE m7 fmasS N0V S5EKS 10kn B 20kn 8 55 5258
.50 RE5a i PFERNEFE, Fig.7 Time series of spring NDVI and summer and autumn visibility

(6) BEHBIEH SHAENRRER T, & fowene of 10-2kn
ZHBERRREE KENFEH 10~ 20km BERELHRWFAERB S AU EZHEBHEBERBLEEETHR
4t HYRKERBAERRD
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