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Abstract Based on the remote sensing data of GIMMS(Global Inventory Modeling and Mapping Studies) NDVI
(Normalized Difference Vegetation Index) and MODIS (Moderate-resolution Imaging Spectroradiometer) NDVI, as well
as data collected at six meteorological stations in the Qinghai-Tibetan Plateau, the authors discussed the spatio-temporal
variation of the vegetation in the Qinghai-Tibetan Plateau and its influencing factors using statistical and calculation
methods. The results show some obvious differences in the spatial distribution of annual mean Qinghai-Tibetan Plateau
vegetation NDVI from 1982 to 2013; the NDVI over all decreased from southeast to northwest. In addition, temporal
variations of the vegetation index in different areas were not exactly the same. Using EOF (Empirical Orthogonal
Function) analysis, the authors analyzed the regular changing patterns of vegetation coverage over five subregions, which
were divided based on NDVI during the growing season from June to September. The results indicate that the largest
decrease in NDVI over the Qinghai-Tibetan Plateau occurred in the area of Gar-Lake Bangong Gully and the northern
Qiangtang Plateau, while increases in NDVI over the Qinghai-Tibetan Plateau was found in the eastern Qilian Mountain.
In order to explore the factors affecting the decline of NDVI in different subregions, two representative stations were
selected in subregions II, IV, and V of the Qinghai-Tibet Plateau, where the NDVI showed a declining trend. The authors
also discussed the relationship between NDVI and total precipitation, average temperature, mean maximum temperature,
and percentage of sunshine duration at each station. Preliminary results show that in subregion II of the Qinghai-Tibet
Plateau, the sunshine duration was double that in other subregions while precipitation was relatively low, resulting in
vegetation degradation. The vegetation degradation in subregion IV was attributed to limited precipitation, high
temperature, and strong sunshine. In subregion V, precipitation was sufficient but sunshine was weak, which also caused
the vegetation degradation. The above results lay a profound foundation for the mechanism study of vegetation

degradation in the Qinghai-Tibetan Plateau and its feedback to the atmosphere.
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Fig. 1 Changes in NDVI from 1982 to 2013 in the Qaidam basin



o HF R O OB R 2%
292 Climatic and Environmental Research Vol. 22

I HARIE /N . BB BT IE ) NDVI 4l 56 4
Wi THE RS LK, SR B AT ST BT R ) 2 Je
HHE A T P R AT A AR G 3 1 S AR e T AR
Pk,

TERaR SO B, E e e A AR
WG FUE, A SCR AR S AR A Ak, 153 AT
(R AT 2 E AN RIRAE, BT 2002 4F 8 J
) NDVI ¥#i&, 147 NDVI 8R40, KOk
BeFRHIN o AT I KRB R 0.079, HFREAEAE
DOREAE S AR R L, SRR RR AR A PR 20 7
3 e DR REL e A8 A BRI L BT e SR R s, R SO
B4 NDVIEAK T 0.079 (A0 A JERE 45 o

3 HRE5HM

3.1 FESFEEREZFFH NDVI ZEom

TR e S R ) b B BR85S RN LA A BRA AR
A DL DX A AR A R (0 EE A, A AR A AR
AR A A BRBIE T I B S A0k 2 —, ARSTIREAY
X 42 T IR (25°N~40°N, 68°E~105°E), fif
BB R R 2500 m A5 DL BT R
Xk, 224 P31 NDVI fENE R AL = SRR A 44k
KoL, FHlE NDVI £ 087 7 1982~2013 4F 6~9
HAPR g i s 8 40 A (B 20, M 2 T CAE HiAl
B NDVI 2 [H 3 A A7 A0 W B X3 57, ik B 5
AR B 1) VG G I g R A, i X PR I
DR w23 b 2B A1 5 52 v e 2 KU, P R
PACKE i N7 25 T 1R 2 < 5 AN T e B 126 3] vy
AR, A2 X RS ARV R e AL, BRI %2,
AR AE K (WP, 2007, E A4, 2008).
NDVI ([ EEX A T DN AL, s
JEEFAFRU L TRkl DB AR b . 45K 5
R RCHE AT . 35 FE 1L NDVI iRl
PEFLEIE AR X, Bl 31 JL X Ol I
IRAAX .
3.2 HRSEREHE R BT E

RE () AR RAR LI TR B R AR FR S L A fie
FAFLL RN THRAE N B T, AR5 BIAM A
AT, MR E BRI Z B . T e R
HFHAIRE BRS8N, AR 2R R K.
I, R AR AR KR DA AR B IR 2 . il
e (1996) M FUE LT —MNEETFAI A EE S
MR REL, XA R E 45 A SR I 8] P51

TR . BB REON IER, RN ER
JRAEVEE n AR AT 2R e i ia s, HsdzR 1
i ETHERARERT s MG RECh TR,
FORA M T Fetats, Hdin-1 i TR
Tk, B
r/n-2
Ji-r?
(o r RSB CRED FEABEN 21
t A3, AT AT DU S P A e A

Bl 3a 45 THEME R 6 1 NDVI 3R
oA B E i ERAEC RS 00, Wit
AT LLA R T B b DTRT B Y DR T AR IR
41.3%, EFFHBXTAR s B S R ) 45.4% . K]
HaT DU Y, R T BRI S AR P R I S SRR
WK, e I e A2 G R AT LT Ui v Ly X 2k
PR BEEFIEAH L . SR ARG ETHER,
E AR A3 L M DX R A7 B S ) 2k TR 1] 3b
AR T A MR A O R, b
21% XA NDVI R B, 48.9%)
HX AE#7 NDVIKILH ETHE A etk MR EA
AU SR R B X 2 BEAR AR T I P A H X 3c
R 8 AR EHAH R B, &t E 1,
[E 98 JR AT 45.8% (M HL X R B NDVI RIH T B
B, T 46.0%M X Fif NDVI R T
P FE R RN ZR B TR L W R 2 R R A,
F2 B ALE i S AR R R T 1L s, iy, TSk
X BT, B 3d e It 9 JI R R 3AAH ¢ &R
HE, it Ea, RS EA 41.5%(0 X HE
B NDVI R H FRE&EH, 51 46.2%I1 1 X FE 47
NDVI FHLH B, 8 i s R ) s Ky
555 A DR gl 22 gt VT Y8 5 45 DX R I H B 2 R £
PER R, I HAR & R A e S AR IR L b 36
IR S

B 3 ATLUE H, T 9805 R NDVI & 584 ¢
REEAFANA REZESR, FEMRETTRESA
A 3 oy PR A K BRI R B O, 4, [Rl—HbX
(R B AE AN [R) H A RIS AN RN R AR f b e 3, el S
TP e SR S X, i X R S ) R R A
HRZEREE ], NP I 50 RAEW A7 AL ) 22
S, TR ) ELA I TSR, I T e I K
] — M X AEAS ) H A RIS AN R AR f b 3o 3 gt
B v SRR A K A A I DA S U IR R G R
Plo XTEEAR A A FHC R E, T LU HRE

t (2)



3 1 R TCEE: T e AR FiE BB AR IE S L SRR T SR &
No.3 LIU Zhenyuan et al. The Latest Change in the Qinghai—Tibetan Plateau Vegetation Index and Its Relationship with ... 293

45°N

40°N

35°N T

30°N

25°N

70°E  75°E  80°E  85°E

90°E  95°E 100°E  105°E

2 1982~2013 4F 6~9 H il )50 °F-34 NDVI 434
Fig.2 Average NDVI distribution over the Qinghai-Tibetan Plateau from Jun to Sep during 1982-2013
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Fig. 3 Distributions of trend correlation coefficient of NDVI over the Qinghai-Tibetan Plateau in (a) Jun, (b) Jul, (c)Aug, and (d) Sep during 1982-2013

(correlation coefficient greater than 0.32 exceeds the 90% confidence level, and that greater than 0.38 exceeds the 95% confidence level)
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T, S AN v DY DX e S A B e et g A X
R AR AT ot DX gt HH UL ND VIS IS, 45
LR AFDOS L 55 A 7 P 3 DX 7K PR 3 A o2 5 RS AR A
A EEPN R (Felss, 2002; EHESE,
2014),

N T RV R AN R DR e NDVI T
BRI IR, FET G S L NDVIRBLH N F#
FAFA D DU DML DX 73 5 12 Y 2 AR i A
ATFERT G, BTkt 1 56 ZEARE I 6a 3L H NDVI

T B A L A B o DXk A, S R R A
NDVI 4540 T A S (NDVI EHAH R
N T-0.3), I Houb fi kR R 2 NS B I 52
W AHRT LN o 2545 LA BB I8, B e e A0 75 s i
DY DR BN IR 22 P N3 i, 7 L X I O 2
T ELIEPRAN Sl 5, 7 DR E S ] A 6 DU A 3
Mo MR 6 NGB E, M 1982~2013
T R B NDVI s $2 S 0 i A
I () e T AR 25 NDVI AR, 4E Ay %3k i KA o 48
Ho 2 I8R5 e e A A AR AR I D
PR E 2, ASCRICT - FRIRoKE. RS
W P PR A R E % 5
P SR 7| B o = A 7 = S V1V S S
&0 6. 7. 8. 9 HAEYE NDVI fil 5 ANk +
(PR DG R BN ER 2 P
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x2 FEESRESXARGER NDVIFIS N SREERL
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Table 2 Correlation coefficients between NDVI and five
meteorological elements at the representative stations of

each subregion over the Qinghai-Tibetan Plateau

5 NDVI {1 &2
TR YR HiE
AUy WX ki P WU R IrF
67 —IX -03731" -02876  —0.3976"  0.2841 0.2962
PUX 05042 —0.4657" —0.4355" —0.4651" —0.3524
FX —04326"  0.4468" 0.5037""  0.4238" 05106
7H X -02184 02126  —03640° —0.1641 0.2796
PUX 02327 —0.4683" —03768° —03801°  0.4973"
FIX  04233°  —0.3587 0.2001  —0.4564" —0.4522*
8 H =X -0.1517 0.1908 0.1513 03591  —0.2657
PUX 047117 -0.4136*  —0.4055" —0.1294 0.3893"
FIX  04113°  -02014  —0.1055 —0.3257 —0.1175
9H X -03649" 02435  —03296 —0.3054 0.3578
PUX  0.4956™ —0.43777 —03921°  0.1324  —0.5067"
FIX 046327 0.3489 0.4793"™ 03068  —0.4762"

*Kon P<0.05 RAT g% X
3R P<0.01 ST BRI GEH23 3L

M2 WTUAE H, Hm R e X 6
B NDVI 5K PR & a TR EIH A,
HHBEIEAX, SERPEE e H 24 Pk K=
£ 13 mm Zify, PRy GRAE 17 °C 247, T H
FRRFDGT At PR DX A s 2, 2 [ IS8 X1 A £
Ar, DR R R, AR R AR KAS AN B K
s 7 HPYBRKEAE 37 mm A4, (HIRE T &,
HIRSEEAAAS, AR AR PRAE #2285 1 48 v />
KTy, IR A A AT ARG AN B 8 KA s 8
HBEKEREEIN, ~FEFRKEAE 40 mm, {HI
WA, PR NDVI R8s 9
HAFREKEAE 13 mm Aoy, £ERE K S 1 [R] B
SRR FES] 10 °C UK, fHE H R ECET LA H S
PR, AR TR A

MR 2 WTLUE W, AT s IR DY X 6
JIREAE NDVI 5 Bk s aEAHOG, HHOCREL 0.5
DL b, 5500 PR P s
JRAAHIE, K REAE 0.5 /ity T s st
6 A 2 A1 /K B AR 28 mm Zidy, BRK
SEAL T AARAR, ) IS0 S5 () v 0 T R 4 i A,
KT HRZE R E, AR T ok iR Ar, @k
XPREAE R A A2 T AR 7 K EAHLE
6 HESAHN, (Hih TP AEAH 6 HIGKT
4°C, PR K T 3°C, H PR mIR
WK T 3 °C Ati, AR THRIBE AL 8 HAHXT

T 7 PR AT TR, AR s R B L 7
Hikm 5°C, i HBFKE (15 mm 2247 X
HIPAIAS A BRG] IR A B K DA 1
TR D AR AR AR AN T K A
Ny 9 F Rk DA A b s IR/ 9 mm /iy,
WA PR, T R A S o ZU AR TR 1)
K

N2 AT LA, A7 TR e B AR e 3 ) X
6 JIHHB NDVI 5K ERIEAAHOC, 5785
W PR PSRRI I 2 2R
RILHIEARDC, o T 5k AR 6 H /K= 24
SEMER R, AR 120 mm AEAT,  EUAR AR
AR T AR K, H I TP R A
17 °C Fify, FEARME KM RARRAE, R
FAbF L X A P AL, ASRE LEAEAAR B 3k 47
GEHRBEAT; FMs R 7 H R
NDVI 5K IEADE, 50 8 5 m
SR B AR AR H R 20 R ARG, AR T
H 2 LK B 140 mm £247, BEM R Rawh )
AERAR UK S, AH H IR SR A G A A D S A
Rt 7 & DGR, ARIT A FHEm R AR
X 8 HP¥AMA P, HS RS HAH
PEIEA B AR, (HIE FE/K A BT T B, ~F227E 100 mm
Jidy, XM FRERBR 9 HAigk NDVI 5%
KRS8 e R IR IEAR DG, 5 H R
A, B 9 AP FKE R/ AE 95 mm iy,
1M H O JUAS H 2 i om ie, AR A B 1 AR
K, I REEE

f# NDVI 51 I AH G & 4, v RAAE—
SEFESE L AT A NDVI 55k KI5 &, M
X 2 REZAEBPRES SRR AE W] LA R R
NDVI R 555 K FAAE— e IR, Tk
R AR ] RE AR R I A, e J 2
R R AR B LA, S U A
FH R A ) 52 3 PR) 2 A A A AR AR 1) — A R I B
2, Jf Halid NDVI )28 Ak RR BT A1 7 2R B 2
RIS o 25 IE RS R AEAE PR R AIE, i
DU BT 30 411 NDVI FIS R ZE AT &
LIS, 732 NDVIH 5 AR BRI A 741,
¥ NDVI sl a0 S L FA R SR
HEATAHIR 4T, AR RN SR 3 s

M 3 WLUE H, fEm R =X 6 JIHE
#% NDVI 5K EAHKRECN —0.36 (P<0.05),
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®3 FHESREESXKRREEHNDVIFS NMERERE
BB LEHEXRE
Table 3 Correlation coefficient between detrended NDVI
and five meteorological factors at the representative
stations over the Qinghai-Tibetan Plateau

a5 AH K R AL

S S HEE

K R e - R (15 1 S
6 —X -03671" —0.2851 -0.3014 0.1093 0.0314

PUX 03324  —0.4127° -03830° —0.3498  —0.3147

X —0.2036 0.4537° 04762”02163 0.5011""
7H ZIX -0.1576 —0.0479 —0.0772 —0.1532 0.2234

Ry WX oK

PUX. 0.1225 —-0.3749* —-0.2396  —0.3128 0.4067"
FX 03985  —0.3174 02051 —0.4019° —0.3952"
8 H ZIX —0.0840 0.1538 0.1414 03425  —0.2575
PUX 040017 -02835 —0.3961° —0.0654 0.3628"
FIX 03936  —0.0864 —0.0756 —0.1958  —0.3279
9 =X -0.3739 0.1615 —0.4123 —0.3174 0.3624"
PUX 04639 —04128" —03629° 02061  —0.4934™
FHX 045297 0.3185 0.4826™  0.4965" —0.4625"

*HoR P<0.05 G o
*EIR P<0.01 B m S MSEH# .

R T 5 2R AR P B A% o JE P 6 ) B /K St B o ) 7
o, R W Pa S B AR AR ARG, i
WK BT, 7 AP R m, H
WRIEA KA K KA, B AR B I TR AT s,
H T R P o M R AR 22 L ey S A s X588 5, BT LA
iR R, AR TR AEK, fff NDVI &KL
HON A 8 H my sl i P A T R
PR AR AIARLE N, A, R
B NDVI RILH NS 9 AMkKE. PR
W PR PSR AR LS H 4k
SRR, HRR4keRing, giA R 3 TLUEH, K
AT H FRE BRI 9 H i J5 P s — XA AR K 3
TR

M3 ATLUE H, 7R e AL Y X, AR
Fuli 6 HAEH: NDVI Fa 80 bfi 45 i I 7E9N, 6 H i)
SRR B R A E A R T, JF H
NDVI 55734l AP 2 S5 A A 26 R AR AE
0.41 Zif7 (P<<0.05), HARLE 6 HmJRALEBm Y X
FEoKEL D, AREAEYE I E AL T AR TR B, T K
A EBR IR AR ) E R R, RV R 6
HRERE AR K B R il s ARERw 7 HI)
SP-3A) il R AN T S A () ST S i, 38 T 0 ek
5T 6 H, JFH NDVI 5534 H I 22 R 1
A R BAE 0.40 LA (P<<0.05), A [ )
i 348 i 5 B0 R AR ARG I, A AR KBk

g5, PTUALEDY X 5 7 AR A AR ) 32 B g R
SEIRERHIE: 8 AR NDVI 55 /K 5 AH ¢
ZHN 0.4(P<0.05), 3L 8 1) NDVI 7E#/]N,
B 7K R I B AE AN W /b 1 NDVI 553 f kL
FIZEMEAE—0.39 (P<0.05), FfiF NDVI /N F
W e e ARAE T, IR A AR Y AR K TR B K
SH8L, T3 NDVI ARG 9 HAAK S NDVI 5
Bk AR ECH 0.46 (P<<0.01), fL#iE NDVI
5 H RS RZBAE—0.49 (P<0.01), [FKEM
/DT H IR 3 5 A 43 = BB P X 9 H NDVI
HELR B A

MK 3 WTLUE W, fEmE AR X, 6 1
fiB: NDVI 535K REN 045 (P<
0.05), NDVI 5-V-5) & m Uk A RECh 0.47
(P<0.0D), nfLAFHEAERL R NDVI K
IS, P34 A R~ 34) e vy i S B B[] R B0
ANFIFLE R R %, NDVI 5 H B R EAE 0.5
(P<0.01), FF/KmBEERRIRA H B, FEA
R UEREE R R A, BT LAREHIALX 6 H ARG AR KT
FEAER T A TS EMEH ;7 H NDVI 5°F
P4 B AR H R AE G REILE 0.4 (P=<<0.05)
Koy, ORI L AEm R AR RS 7 A AR e R
I, B FRARAR TR A, I H H R8s
fERE B 1 RANRES b AT e & E AL R LA
HBERPIR T FE, JITCAYE FLX 52 7 AR AR K ) 32 2
AR AR AR A H B 8 F NDVI 5%
JKEIM R R B 0.39 (P<0.05), fF NDVI K%
(1) ) I B /K AR AR D, JF HON BRI RSB S, i A
TE SR 2R R ER A 8 H Rl AR K AR R oA
4 EREESHSRREUESKEZMNATHE
Table 4

representative stations over the Qinghai-Tibetan Plateau

Meteorological elements on average at the

Mok PR CPEem CPEEME HEE

Hty HiX  mm i/eC  RieC AdeC S
6H —IX 131 10.09 17.87 2.35 76.96%
X 276 12.14 20.31 7.23 61.46%
filxX 1198 17.66 25.10 12.39 38.66%
7H K 363 13.45 20.23 6.63 74.68%
PUX 285 16.45 23.87 10.56 62.84%
flX 1405 17.79 24.82 13.16 38.32%
8H X 403 12.59 19.43 6.34 77.04%
PUX 155 15.51 25.26 8.45 67.76%

filX 1048 19.18 25.38 12.59 40.1%
9H K 134 8.94 15.98 1.69 80.28%
PYR 9.0 10.78 18.68 3.95 71.44%
HX 952 1522 22.71 10.64 43.02%
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Fe/k: 9 H NDVI 5K R REAE 0.45 (P<
0.05), NDVI 5-F-3f5m <l 385 AR AT
KAKHEKRT 047 (P<0.01), HSHRMAHLR
BAE 046 (P<<0.01), wJLUE HIFE My Jt £ X 5 B0k
B NDVI Ab T B 51 32 SR 25 00 B K R
(P REA, TR R 8 53t AR AR R 2

4 WRERE

ASCHFH GIMMS NDVI 3 B4 (1982~2006
fF) M1Z MODIS NDVI 4174 2] GIMMS NDVI
i (2007~2013 ) LLRF i R 6 N5
wli Rl R, S5 A 2 RGOS, T
T e R 7 5 A R RN 2 () o A S, R
PRI T 75 9 B A 7] 43 X P S5 S0RE e I e ) e i)
K7, fHHLLINg k.

(1) 575 2 AP 3 R NDVI 2% 8] 43 A1 47
FER S DX 2 S, AR b AR g 1) PG 3 a1
#, MW NDVI s EX A5l WU 721
AL, R AR L TR L DX bR
My AR BoR R DCE T L 35 L R s
NDVI [R5 AEAL T SIA ARG R HhIX, Rl
e 3R R XA AR ARLIX

(2) 1982~2013 75k Jil NDVI AZ AL R
6 H i FUAE AL NDVI R B IX 38 A p e e
PR BRI DX, 7o B e 08 3 2 5 A S Vi o 1Lk
BIX PSR B mR AR AbEE LT
B, P RARE b X R A B B BT 7
H T B B A BE S A i X A o 7 A B T
X 8 F7E B 2 g AR Ll b, i, TRk
X B B SR ) R kA 9 A e s JR
IR B VU B A DRI 22 T 5 B A DX R
NDVI KL 2T B, HAR & R ) 2R
BT Lt B H R AR A

(3D % 5 i ey S A A if (1) 6~9 F K B NDVI
HATRIGEAS o ff, B ek s SR 23 o LA X
XF AT XM NDVE AT AT R B, R R
g B Sl 1) DXl 7E DX PR e R —BJE 2 5 A5V A
H X FNAEIE T R X, HLVROA DY X S IE AR At
X, FEALPIERE I AR R X . BT
A2 Y S T 2 D DX D IS 1Ly 2 0 B X S8 0K R 7 3
IR BB IR AR B A L X, LR AE =X (1)
e AT VL Pl B 2 DX T X

(4 7EF M RAGER YK 64 7 H A2 bl
AR BN R R H R, B T
H B 1455, Hig NDVI R I R, 8. 9 H
H B4k, I H /K sk D, g4 e
IEH AR 70T B AR F I X% H 4 Bk o
7oA, EE TR LA T L H IRy, Sl
A BT A 1E AR BRI A ML LR I 1
HEFE, FHNDVI R e e =X,
FAS H A 0 H R R 2 e M X R P A A0 A, T RR
IKEARN D FE B NDVI K.

Gty MR AN TR DR B R v A B AR A
AT SAT 550, 20 20 80 4EALZ G I/
(AR TS Sl R T i JR R SRS, A
JERE B B T ARA IS, AN [R] DX SR 4 1 Bl BT 4
AR, AIH AL R ge o Hr AT
W9, MR A ORI P B LB
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