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The coupling relationship between variations of NDVI and change of aeolian

sandy land in the Yarlung Zangbo River Basin of Tibet, China
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Abstract; Based on two NDVI datasets ( Pathfinder AVHRR NDVI and SPOT VEGETATION NDVI) from 1982 to 2010
and four series of aeolian sandy land data visually interpreted from the Landsat images of 1975, 1990, 2000, and 2008 with
the aid of geographic information system ( GIS) technology, the coupling relationship between variations of NDVI and
change of aeolian sandy land in the Yarlung Zangbo River basin of Tibet, China were analyzed using grey correlation
analysis method. Thereafter, their coupling relationship with climate factors ( temperature and precipitation) were discussed
extracted from meteorological data collected from eight monitoring stations in or around the study area during the period of
1957—2007. The results showed that; 1) The annual mean NDVI in the Yarlung Zangho River basin demonstrated a
fluctuating growing trend during the period of 1982—2010. Meanwhile, the spatial distribution of annual mean NDVI
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presented a gradually decreasing trend from Milin wide valley in the downstream to the middle and upper reaches of the river
basin gradually, with the largest NDVI value found in Milin wide valley and the smallest value in Maquanhe wide valley. 2)
There were 273 697.54 hm® of aeolian sandy lands in the river basin in 2008, which showed a spatially decreasing trend
from the Maquanhe wide valley in the headwater area to the middle and lower reaches. The area of aeolian sandy lands in the
river basin increased slowly from 1975 to 2008, with the quickest increase during the 1990—1999 period and slowest
increase during the 2000—2008 period. 3) The main factors which influenced the variations of annual mean NDVI and
variations of NDVI in growing season ( July to September) was the annual mean temperature in Maquanhe wide valley,
while being annual precipitation in Shigatse wide valley and Shannan wide valley, respectively. However, in Milin wide
valley, the variations of annual mean NDVI were mainly influenced by the expansion of aeolian sandy land, while that of
NDVI in growing season were mainly influenced by annual precipitation. 4) The degree of correlation between variation of
annual mean NDVI and annual change of aeolian sandy land in different wide valleys showed a decreasing trend totally from
the downstream to the middle and upper reaches of the river basin. Besides, the variation of NDVI in growing season in the
basin was mainly affected by mean temperature and annual precipitation, while in non-growing season ( October to June) it

was mainly affected by the expansion of aeolian sandy land.

Key Words; NDVI; aeolian sandy land; climate change; grey correlation analysis; Tibetan Plateau
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Fig.1 Morphologic characteristics of the Yarlung Zangbo River Basin and the field survey routes
F1 BERMGIRBARESENSIRIFE
Table 1 Climatic characteristics of different wide valley section in the Yarlung Zangbo River Basin
Bt il A 3 /m it AFEREKE/mm V-34S ik Temperature/ C PR/ (m/s)
Valley section Name Elevation Year Precipitation H -4 HE e H A% Wind speed
TR P4 22 3 890 1973 152.33 3.49 11.05 -2.86 3.46
o) 4 415 1973 172.20 0.16 8.37 -8.35 3.85
T 35 3] 4278 1961 70.35 0.77 8.38 -7.05 2.81
H & W 58 4% H g | 3836 1955 434.25 6.54 14.90 -1.13 1.64
VLA 4 040 1956 290.69 5.00 13.65 -2.67 2.46
111 g e A% Fir g 3 649 1955 44246 7.94 15.72 1.46 1.91
Y 3552 1956 397.35 8.70 16.51 1.98 2.67
KR TEA V-2 2 950 1954 676.70 8.79 16.12 3.83 1.75

2 #Rl5HEE
2.1 NDVI $u¥g 5403 7k
AWEFE A AOFE B NDVI £ £045 1982—1998 414 Pathfinder AVHRR NDVI (4545 Fll 1999—2010 4=
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i SPOT VEGETATION NDVI ¥4 4 . Hrf, Pathfinder AVHRR NDVI 2t#8 4 23T 8km AYM 1981 4E 7 H &
2001 4F 12 H 1y 10d G 4 DB tiE U2 (T NOAA-13 &5, A {fi ] Pathfinder AVHRR
NDVI 1994 {#%4i ) ; SPOT VEGETATION NDVI #4225 F 1km UM 1998 4F 4 H 1 H % 2010 4F 12 H
10d & LA 4 AU B s Ui 2R S 10d fe KAk NDVI £ s 46

KU IE  RAREIE 8 A TE A5 D5 0 iR B s A T HlAb 3, SR FH e KA BB b = R R FH
B AR L T R IUTS A RSP RS 2 LA BRI A e R X NDVT 52, PR AR [ 4
P F ) NDVI B R A i 227 AHFSE i Chen 251" 45 HAG = 255F38 7 48 1E NDVI %3 | Of Hoiz
FH ENVI #FR BU 1982—2010 4F (AR5 1994) i NDVI AY4AESE S (E AR o2k K 2 (7—9 A BE3 08, F (e
S FRAF 657 A1 1 3 Bl 40 7 5 1) AF A8 AL RIAR B A K ZE AR AR B . 12 FH Mann-Kendall 280k 50 15 6 47
NDVI AEAR ALY B g PEAG S, Horb et AR & 2 KF 0 I, Fm a4 NDVI 22 ETFHEHGZ /NF 0 1, W2 TR
P, Z MAXHE=1.28 1.64 F12.32 B, 435K w81 1 B A5 B 90% ,95% F1 99% (1) ik EVER 59 .
2.2 Kb R 4y 5 v Rk

AR SR> AT DAk A 2 700 S 40 e e e 2 A s 57, FLISR) 2 B4 55  KUBUE 3h 5 L A T 3
VO HlL e [ v b A e v b DR AU 25 RS A R 5 D AR M R P R R D R b, SR 9 3 SR A
197519902000 A1 2008 4= TM/ ETM+/ MSS & A4, I AHFEARFERK A ZAT, 1975 4F MSS ¥ 25 0] /3 HE %
4 60m, 1990 ,2000 F1 2008 41 TM/ ETM+Z4iE 25 6] 43 #E 285 30m, 475 T 2008 ,2009 F1 2010 4, FEHE S
AT VLA T 1 s B AP S i Ay W% T sk AN A% T RIS BV b i 67 534 R AE LA S b i 3R T 1) €4,
HE BUOREERAE 0T LA (R BRI 1Y) 18 B AR B , S FIRCIE 1 XAk - b J i b ks

K H] ERDAS IMAGE 9.3 84 F1 ENVI 4.2 80 R AT AL BE AL 4G JLAA IE R A IE AR SR IE
Horpr AGOCH RAE R B S S R SO MEAR AT, AR T LA 2] 1 152 25 — AR | 1—2 MEoT, AHBRAS
[ 0 e SRS B 25 ] 43 R /INAS— B SR A2 ), 3k B sh 28 0 B iR 25K 3 3 3 A 432 I Bt RGB i
R I BT EIDCRE , fif 4 5200000 (R A DR RE— 250, RS BT Hh Sz AN [R) M 288 19 26 0] 55 . ARFE X E 1
i S A AR A R ML B B AR 167 1 2045 AN [ 28 280 (%) XUV £ - b %) e it 125, 65 AT VI I 3 L b
b IR 5 25 [ AR W3 2,

F2 2008 FHEMAIRERD U LHIRE ST
Table 2 Status and distribution of different aeolian sandy land types in the Yarlung Zangbo River Basin in 2008

i B AL+ FI AR Aeolian sandy land areas/hm? &1t

Valley section piiREIRU 1 2 ] 2 VD [# 7 V03 LR TR PREEHD TR b Total/hm*
BRI G4 12 925.72 38 669.29 49 581.47 16 293.38 20 153.08 137 622.94
H W80 55 45 9 570.33 22 283.31 20 844.33 7 364.75 9 798.44 69 861.15
I a4 8 029.43 16 306.12 14 925.08 5 876.70 7172.75 52 310.08
KIRTEA 3 093.01 3551.86 6 437.58 508.51 312.40 13 903.37
A1 Total 33 618.49 80 810.58 91 788.46 30 043.34 37 436.67 273 697.54

SR JR VI R B T 2 AR VT S 1975 .1990 2000 1 2008 4F 4 3] Kb Ak A= Hb Bcd | 338 A ] s 40 XL
I+ AR S S AR .
U, -U

a

1
X " x 100%

Ko, WD IR = AL S U AR IR XA T R, U, 5 R0 = TR ¢ Ay i 55 ] el
AERR . MR EIRAS AR S 1975—1989 4F, 1990—1999 4E F1 2000—2008 4F 3 /> if WA XL 7 4k + Hb 25 1k
FIBhASBE , PEIMTFRAS 1975—2008 4 XUYb Ak A i T B 2R A1 T AR
2.3 KOS

AR (5 22 G0 1 B2 25 0 S B e 37 22 1R) 9 SR K E , SRR AE NDVT 43511 5 XUk - SRS fb 7 (AERE K

WD =
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EANFAR) WER Z RIS IR . G RH T .
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KPR, HETF o 5F P m W CHEEE ; N s P50 3, BVEAE N4 R, (1) BT 0 5F P51 m
TERTZ ¢ WOCHE R4, Hat A A .
A, *+pPA,.
Bl =5 (1)) +pA,
K, A A TR A B 2 3 8 46 %) 25 v ) e/ IMEL IR RAEL; A, (¢) 2R ¢ B 207 30 R 26 %6 2% 5 p ol 3
HRE, p e (0,1) ,—MHL0.1—0.5, M FHL 0.5,

W T AT VT A8 NDVT S8 42 i i fa] B2 N 1982—2010 4F | XUk + Hb &5 i 18] Bl 1975—2008 4F,
SEHAE A 1957—2007 4F, R 7843 F) H E A BE GEIR AT R ARBFFE 28 1982—2007 4-1E K43t
NDVI 5 Xk A i AR B 7K e A 2 A L =22 8] SR ) Bt — B[] RUBE, S6oF o e BB A 3 B 2 5090 00 4 7 s v
A A3 T8 AR R AL | 43 T 1982—2007 AR BE NDVI 4E28 4k (1—12 ) Mg K2 (7—9
1) ARAE 5 XAk A b AR 3K B P28 AR 2 R R (8 0GR FE 5%

3 ERE5NH
3.1 FiE NDVI fyshEAR L

P AL 2 o] UL A VLR 1982—2010 4 NDVI AYAEFRAR fb A I 52 35 sh=C K ik 34, (E3 in ka3
ANRFE K 90% 1Y i E MK K ( Mann-kendall £55 Z {50 0.435) . 7E 2009 4E i NDVI ik 2 i =i,
4 0.161, 5T NDVI B Z4E(H 0.145, HYE 1990 11998 4E NDVI 4515, 4351 4 0.159 F10.156 ; 7£ 1982 4E
FiLd NDVI f0/)N, 1983 4E A1 1987 4Rk, Jiidlk NDIV 43 3 NP 1 4351 4 1982—1990 4F- | 1996—1998
AF 1 2000—1010 4F, Hodr 1982—1990 4FHE K e,

& 2 FTOL, Jdk 1982—2010 4F NDVI A B AR 1L H 1—12 A A A 43 593 K, NDVI 2 350N 5 1S
K CFHE/NR R NDVIGE B BAE 8 H 0y, Kk 9 A4y, 43512 0.213 F10.212;NDVI d5/ME H BLAE 4 A
fr,3 Ak, 4031 0.077 F10.078 . FEAIE 4T NDVI AR ARTT 5, T IER KA TE A NDVI H ¥R, H
BRI A L e A A H W U G AR UR 2Z, TLUR XA I SR AT e A A/, BRIk NDVI 2 B R R i E b I R
RS R, NDVI Wt FHORARSEA AL R S48 19 8 A O, 4ok 8 31 H W 0U) 5 23 R 5 SR3m] S 4% 19 9 H 4y
NDVI fe/ME KR TEA A9 3 A 43, 2 I ) 11w S48 A0 H g I S48 6 4 3 43, 10 55 SR 300 56 ND VI fe/IME ) 1 B
TE2 Ay, BBt n] UL AR VLI AR AR K ZR AR AR B A) B Rl D R R B3 RIS AE R |
AR W4 K R Ea
3.2 FIRXTD AR - e AR

EE A VLI R 2008 4R AT KL 1 273697.54hm? (£% 2) o FHerbr, XUBR b 4l DA [ 5 0 1o AR AR R, N
91788.46hm” , HKJ&2 [& 5 V0 Hb 80810.58hm” , Jiit sh Vb My i A4S /N, oA 33618.49hm” ; JRU Gt v st f14) L 583 0 0 b 1y
TN 37436.67Thm’ AR FERP BRI AN 30043.3hm*, W23 [8] 20 A 4R AE K 30 XU Ak £ b 52 PR phy VI JR
DX i) H O i st D A R A LA SR RS B K, i KWL - B TR Y 50.28% , HeE KR H S SEAS | Ll EE TR
BHKARTES 4390 25.52% 19.11%F1 5.08%

H 2 3 AL, 1975—2008 4F A b 4 b 2 A8 3 i3 1975 4F XDk M T AUY 247697.24hm?
1990 4F-}y 255754.61hm*, 2000 4F 2}y 269599.78hm*, 2008 4FE 4 & & 273697.54hm”, 1975—2008 4F 4 K T
10. 5% ,AEIIER N 764.71hm*/a, FHird | 1975—1989 4F [ AL/ 8057.38hm? , 4E ¥4 KK 2y 537.16hm*/a;
1990—1999 4E I ARG /I 13845, 17hm? , AE ¥4 K K 1384.52hm?/a; 2000—2008 4F [ FLHE i 4097. 76hm? , 4F
PIRaR %k 455.31hm*/a, 0T LA H,1990—1999 47 i d KL v0 b 1= b K fe b, 9% KR B I8 & 1 1975—1989
4F2000—2008 4F-F1 2000—2008 4F , 3T 34 30, 25 S A B KAk 4 i BREA A TR, LA S SR 30] T 4 B
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Fig.2 Variations of the annual and monthly mean NDVI in the Yarlung Zangbo River Basin from 1982 to 2010
i 2 B K (5 11880.23hm ), H W U GEAS AL G SEAT X2 (435900 8378.70hm* 1 3162. 12hm” ), KARGE 45 fe /s
(2579.24hm?) ,

®3 19752008 EHEHALRIBAR LB R L FH AT
Table 3 Variations of aeolian sandy land types in the Yarlung Zangbo River Basin during 1975—2008

EM AL A 1 T F Aeolian sandy land areas/hm? i
Year WA H e 5E Y Hy I# 5 V Hl e S PR R Total/hm?
1975 29 214.00 73 493.21 83 362.27 28 382.21 33 245.55 247 697.24
1990 31 146.64 75 776.79 85 685.53 29 160.56 33 985.10 255 754.62
2000 32 900.77 79 610.78 91 324.71 30 002.07 35 761.46 269 599.78
2008 33 618.48 80 810.58 91 788.45 30 043.34 37 436.68 273 697.54

3.3 il NDVI ZE 4L 55 KAk A e AR B S 4 BT
F2 4 7] DL, 1982—2007 4FHEE AR VLRI NDVI AR 4k A8 5 510 43 1) 5 = g G 3 A4 5 (R Ak +
M AR K S FPE AR ) B G FE AN ] T A B A B A R 22 Sk

F4 HEWAHITRE NDVI 5L L SREF (RO RFRESR) KB E

Table 4 The correlation degree between NDVI and aeolian sandy land, climate factors (annual precipitation, mean temperature) , respectively

Hi B KA+ AT Climatic factors
Valley section Aeolian sandy land SEREIK AR x, SRR x5
BRI a4 0.567/ 0.604 0.538/ 0.687 0.624/ 0.689
H & U 58 45 0.562/ 0.594 0.622/ 0.673 0.600/ 0.623
IR e 0.600/ 0.549 0.642/ 0.603 0.629/ 0.599

KMTEL 0.658/ 0.571 0.571/ 0.701 0.646/ 0.653
“RFETIER 1—12 AT 5 F I E Z I SR, </ f5 5 SR RR T—9 A 750 5 F 15 51 W 3 22 ] 1) Sk i

SV ERUE VLI DAY B R S04 NDVI AR50 (1—12 ) Ak a2 K 2= (7—9 1) B33 0 32
P SR AW B R, BT AN [R] B9 2, NDVI AR AR 2 Kb - 4 R A SE M AR AR K Z AR A 32 AT [ K B R 52
MRS 5 R UR B A I W U 58 45 AR L R 58 45 ND VI AR 78 A6 FIAR 8 AR 1 2 A Al 24 3 B Dy 52 4T 7K i B 572 W) e
RFE AR, I - 5™ FE A e/ 0y 5 T AR PR TEAS NDVIAFZE (b MR 8 A K Z (A fh 2
SRR NDVI HYAEARAL 32 KD A b )™ JRE A2 R B R, 1249 Gl A S AR 2, AL 2R I = i AR A A2 AR K
IR RO, P E R AR Z

SR A K3 NDVI AT 5, SR S84 2 B8 32 7 3 SO AN AR [ K B A2, H e JU) 58 48 01 1L g 8
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A% EBLSZ AR K B A SR AR R AR TE A 3232 AR R K S 5
4 Itig

T PR T ICARRRR 1 HE L AT 8 VR B BT ERGHS B) JEA DRI B T R E M AR AR S
R — PR A A A SR R A 2 A BT X 20 A Y A B 7 e S e S, VR A
150—7000 2 m, Fi # 2ET RIS S AR 2 2% 22 M S0 5 47 080 oo DA 2 285 55 A0 22 A i 7 ) B 7R AR 38 1 IXC
B, AHSCHFIE R, SARAS LI 51 & DX A Bt 28 b 5 35 Y SRR, NDVI AR A A 8 A IR 28 R 9t 45 1] 43 A
FIFE /RN F fE— B FE R AR R A B B 6 1 00 Y M A VT 3 1982—2010 4F NDVI (4 Pr7Efk
B L S SR AR (L 2) , ST A A 04 A R A RS A M 0 T R R DR RS 43
IX (AR % 48 B A R R B Y Tk 35— 2,

MU VLI NDVI 23 (8] 53 A5 MBS A8 32 SAs S A R g 28 TS i AR K, s S S5 1T &5, UL
EIX (1) b SR 0] 6 254 K B A P-4 S IR AR (43910 131.63mm Fil 1.47°C) | IR 58 48 45 [ K 2 -1
SRR (500020 676.70mm F1 8.79°C ), HERI I LIRS T 43 A1 H W I 58 78 A7 K 2 AE B SR A T RIE
ZIE (R 1), PSR R B RPE SR 2B E R E R R iR A A0 25 A NDVT 2 3L T i
i IR (] 2) DR R A b A R R ) R R s (R 2) T LR
L FE Y NDVI 53 ) AR i 3R b 5 4E B K B R 3 IR AL, (05 Xk 1 i A8 b B 34 R 2, T
WP R (SR A BN SE A AL R SE ) 8 2 T R A%, H NDVI AR ARk 32 B2 - 35 /<0 FAF [
IKEBIFAI (2 4) , 5 Nicholson 25772 45 H i) NDVI 54 [k & 3400 BA B4 R 6 i 4518 45 A0
—3,

SRR RIS 5, T SRR D 4 A bty P A R A Ay v 1L o L ) L T AR g L R R ) A 2
RO H D e E R R ) A A R G R T, H W U SE A4S R LR TE AT AR B A T TRl — A A B Ll g
AT AR DR SEAS A IR AR i LI AR . R R 248 1982—2010 4F- NDVI ) Z4E -1
HSGE T (FE 3) , ARRMRAE 0 2 A KA GE 2 NDVI ek (0.219) , g AR U L E M SRR T 32
FIIIEE A (0.174) Fl H B W Y84 (0.114) , fre /N Sy LA ey 98 2 F i 4 AR 28 R G0 o 35 09 5 530 e 4%
(0.072) . AFTEA 1982—2010 4F NDVI A FrA8fb#a #4538 NDVI A BRAEfLAR L (] 3) , IR RN A -
ISR A FEE R B3 (Mann-kendall #5535 Z {EH53-1 4 0.654,0.470,0.708 F10.638,¥/hF 1.28) , H
o SR GRS L H U SE AR AL RS FE A B9 NDVI AEBRAS AL 38 3048 K, 1988—1993 4F NDVI A # bR B 45 455 K
PRTEAT NDVI AEFRAR LI shH/IN, Bk - R BN R e B ORE

SAEARAL RN ST Bl 24 4+ Vb S Abad B B W IR Bl 7 2 A A ] 5 | e A B AR A -
VOUEA, I AT Bt e Xt DX A A 1 — 2 (A R 42 R 222 3 DA VR R R R VD AR I A R R A
FRZRMSMERE T, ARSI A SR UL FE R 3Ehl AR AR A B A A= 7= A3 2O S5 m ) 17 i
— iR BRI, 1982—2010 A A VT B NDVT B AR b ORI K it # Rl 1975—
2008 AF XD Ak A AR Ak IR SIS0 G R B, X R B S A R AT P R ) R RIS N T AR X AR
R B B S AR AR S R TR, A I N A OIR DO AR W a4 5 (P2 AR R L I 5 I A R A Akt i ol -+
YDA T T 3 P RE 5 R IR AR SR 8 A% 1 T B 1 AR N TR A i FEAR A 8 R G i 7 AL
WINRBHR IS A &, N2, EERARBE A& B A6 Sl mi |, 3 oy A7 Ak = AT 2 AN B e i i
5 #ig

(1) P AR VT8 1982—2010 47 NDVI (AR FRASfb B AR T 52 3 s X K a3, 1982—1990 4P K fie
P, W NDVI WA IRTE 8 0y, vk 9 A 40 ;NDVI d5e/IME U BEAE 4 A4y ,3 Ak, Wikl NDVI 23
Ui L R AR R S LUK AR SE AT NDVT ek, 5 SR 3] 5 25 /D o 65 A T 3 3 2 K 2 1
AR B AT W2 b LRI A3 v, SRR IEIR A KA 4 S e g

(2) M A VLI, 2008 4R HA7 KD AL 41 273 697.54hm? , 5 B VT8 XY T5 5230] 55 48 ) v R i B
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Fig.3 Variations of the annual mean NDVI in different wide valley of the Yarlung Zangbo River Basin from 1982 to 2010

W I 55 4 LR T 28 FIR AR T 45 BRI A 34 1975—2008 AE it XD Ak 4 b 52 248 184 K #4412 1990—1999
SRR R, BRI T X NDVIEARARE A2 I 5, F R i VLIR X NDVI 5 XU Ak 4 AR A i 56
I RE S R B 4, Xk T X NDVI 9520 5 B R B0 O BE4E 10 A —34F 6 A ARkl K
T,

(3) FESH A ik NDVI AR 9L A A Z2 AR fb T B2 P34 R ANAR B K B A 52 . VLR IX. NDVI AR AR {6 FTE
Bl A ZE AR A A2 X R M A IR R, T U SR A2 AR B K 52 B 5 TR NDVIARAR Ak Az Kb Ak 4 s
JERSE R g5 A, T NDVI AR AR K 2R (b 32 A7 B K i (5 M e R, VAR, 38k P9 A ) 56 48 B A A 2 1
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