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Spatio-temporal distribution of xerophytes in the Gurbantunggut Desert

JIANG Chaoliang, WU Ling ", AN Jing, LIU Dan, WANG Shaoming
College of Life Sciences, Shihezi University,, Shihezi 832003, China

Abstract: The spatial distribution and variation of xerophytes in the Gurbantunggut Desert were analyzed based on the
normalized difference vegetation index ( NDVI ) extracted from the moderate resolution imaging spectroradiometer ( MODIS
) data from 2000 to 2016 combining MODIS surface temperature and TRMM precipitation data. The results showed that .
(1) during 2000—2016, the coverage of xerophytes in the Gurbantunggut Desert fluctuated inter—annually, but steadily
increased overall; (2) the spatial distribution of xerophytes in the desert showed obvious regional differences. The coverage
was higher in the southern farmland area, lower in the central and eastern part, and lowest in the northwestern part; (3)
the NDVI values reflecting the growth of xerophytes in the Gurbantunggut Desert was positively correlated with temperature
and precipitation, and the effect of precipitation was greater than that of temperature. An obvious hysteresis effect existed

between the NDVI value and temperature or precipitation, and was stronger between the NDVI value and precipitation.

Key Words: xerophyte; normalized difference vegetation index; temporal and spatial pattern; climate change;

Gurbantunggut Desert

H T 32 A0 A 25 R R S ) RS2 T T A 3 7 A R PRI 1 45 45 R R S R A 4o , F 5T
SRR A A RERB T 52 T 5 B REM 52 B IR B X R X RAE W REAE AR A7 AR P E R L = IR 1 Vb 35
WX AEAF ISR 2 380 VB X AR AR , i TR IIE I T 5, 22 AN, FE VDI A Kot AL
ARZIENE, 2 AERIERBI A A Y, R —h A Y, h T A B sk, R — B A
554

EETH . HEFFRAELTH (31300406) 3 Hrmd: f= @i e sk 2 & R Rk o 5 R 7 LRl 5 3 (2015AD023)
rfE B #9:2018-01-25; [ 4 H ki B 28 :2018-00- 00
# MIRVEH Corresponding author.E-mail ; lingw@ shzu.edu.cn

http ; //www.ecologica.cn



2 S % 39 &

AR BT TE W ROB A RE AE B A RO A A T 2 U, Fahn Y RS R BLUBE AP Y
ZERLAE Y 25 TR IR 1 5 240 55 SO0 B R A K AR B I RE, AR E B T R 8, Jay'* | Sandquist'
Pyankov' ®! X A AR 00 i 325 107 57 B B R i e BRI A N RE AT T RS, FRIESC T BT R AT
FEURT 20 42 60 4EAR, BAREL BN, (B STAL T=RHGRTSI . PRSI 5T 1 B i e Y B 3
BRSO R TR T R IE R Y S MR F e 2 e, BB R R R A A
PO AR A ST R I Z R, AN, A=A me Y Y AR L T O Na T N AR
FLE R YU SR 1 0 A AT O TSI RE BRI AT A B D ST T HE A T 2R3A , D4 IR T A A P AL B
AT RIS B0 (R AT T BT A Ul I — 1l DX A AR A A S 2 0 A s 7284, AN REXS T 8
WFFE R BTSN IE

A K IR MR R AR T O AT ST, AR 732 SR BBCRT S0 5 11 S5 b M i 14 75 36 AR 0 R e A F B
ST TR PORRE A B TR AVEL, R B AR 2 R R i 8] 41 32 R A
DCIORUEE b8 oty 7 Bl oty 4 Vb AR ) s A R ) ) I 25 AR AR EA T o (ELR i A0 Ty 2R B oy e P 5 5
RN 28 3 A3 BT /D 2 SO/ DRI, A A B oy R B ol 0 6 5 A ) 5 P I 25 A SR R AT
e

ASBIRFE AP P o ) 57) e SRS s I DXl RO BE 36 oy - B vy R b P58 5 AR AR A R I s AR A A T S, 4R
TR A AR I 25 A A B0 K 28 A1 S AT R =y B 1 Az DX AR AR D1 5 R O 1 5l DX A R B B A ok
ARAG A AR LR B B AR E

1 MR

1.1 ARSI HENL

TR PEIE T RE VD VL bl A > 358 DAY 1 M NE JR 7 b (44°
11'—46°20'N, 84°31'—90°00'E; /A 1), L 5.113x10*
km? , FEAVP IR 95% [ 2 [ Kb+ Hu s g
A LIVD 28 BRR YD 22 3 B E 10—50 m , 2 3 AL —L
IR E 52 B Ve v i XU R P i

46°N
T

45°
T

SRS, DR ORGSR A T . | e |
I 45 K208 70— 120 mm, 46 Y 7 7 % Bt W W
2000 mm DA | FOKIEEZTE 30 m DL B, M4 K 1 WREREE

REFIT K, TR K, 86 p et v Fi 5 Fig.t Map of the stdy area

AAEPIR R R AR R
1.2 Bkl K pihb 3
1.2.1 MODIS NDVI ¥4

AHF 5T 8 1Y MODIS NDVI 48 K ¥ T NASA [ LP DAAC (Land Processes Distributed Active Archive
Center) TAEZHALEE% A MOD13Q1 (https ; //lIpdaac.usgs.gov/Ipdaac/products) ;= iy , HliE 5 h23v04 h24v04
B 20 HER 16 d, 25 8] 43 HE5% 250 m, B[] B5 5 A 2000 451 2016 4F, 1ZBHE A2 bR AR IE 2 )5 I8 | i
TR AT BRI i BOE R AR L, R Y NASA S 2842 i) MRT (MODIS Reprojection Tool ) #k{f:
SERL, 8 HDF #% 55300 TIFF #5820, Il 5 s 5 0 il WGS84 i B AL #5 R 1) Geographic Lat/Lon, [7] i 5¢ i 4]
QI PR TR AE
1.2.2  SfEEE

TR AR B Y i 2 ARG LI | 1% e Gl U R ELA B ) R R L AR
SE AT 8 100 Ml R0 B 2 ) A 5 R, o 3R PR | 28 2 O R 003 e 5 X e ORI 5 A, T R BRI 2 1

http ; //www.ecologica.cn



34 FEot AT R R U S A A I s o AR 3

DX I ) 1t 2 a3 £ 2 A 233 ] 0 A R LA BH S i e 3, 2 AR RO DX 3l b 9 3 5 2 1 43 A i B B A i)
U AR SCR R B S MODIS b3 B 7= (MOD11A2) |, A 7= 5 510 8 d, 43 1] 43 HF % 1000 m, LA
31 .32 B BB B LST ( Land surface temperature ) 18 J8% S5 8 b B0 (19 3R F %F 48 1 8 HEAT AT 1t
G, [FIE BEHCS SRS A B 2 R R s 3R PRI AR | 5 2 B R AE 7 AN R0 Y 2016 4R
B ] 22 S2BR LST 04 5 MOD11A2 30 7E« 2 (9 R BE b1 7 I00F

K B4 K TRMM 3B43 V7 H B 7= 6ok B T3¢ NASA Wik ( http://www. nasa.gov/ ), %5 [H] 43
AN 0.25°%0.25° B[] #5 B2 A 2000 4EF] 2016 4F, i ] ENVI/IDLS.3 T H A FE/K % (mm/h) A HDF 3C
PRI, A B R K SIS B |, 280 % S AR BT A5 By R PR T RE VDM DB | T R AR S WGS84 HE
FHARAR T B2 46 i ( Geographic Lat/Lon) , iz FH& A [MH 4047 S BF #1285 [ 28 51k | 57 V0 I b [X K 3T
IERHY FEFRIH 2013—2016 ARV -5 0k i (] ) A BEK TR 50
1.3 Wik

AR MODIS 5 EE#HE  TRMM Rk B Xt 52 A Al 9 Bt 2 0 A R T 9, LA M, SR % 45 T80 I 4347
5 BF #p& M Ge it 437 )5k, LA 2000—2016 4 AE A4 NDVI B[] 7510 S R AR & i 5 £ Ak K 8is 1
A AR T IR S AT, ATIAS BIE AR 8 0 ARG I, IR JR IESE T RR VD B AP T 1) Y
0—50 em 3 E /K G P IAEHEAT 35 K k23 R AR AT

2 ZHR5HH

2.1 RBEE R AR AR Y Y R e s 8] G A AR

R PEE ARV AL T I S B S Y rh ARV 2 T) e S B R TR N LSRR, AR
AR ] 7K A R0 B AN I, HOA TIREE R 28 2 i T S AR ) A BR RS A A7, T SR R D B2 R 2 B )
i i R ARE . YDA W 0, ELYD SR A LR S RIS BN T ST LR B A B TR A
T 4 DG SR AN RS | iy SR B ol R D R o R R (9 B s A R X
X YD ISP S5 A s R T R BT R 20 (R AT AR 3 A TR RIS 6 A4 k%
B AT A R R e AR TR SR AR ) T AR ) B R PR v R B U VD B RN EL
XF T E 2R 5 2 A KRB UL, AR Y AAAE B

I A ORI | R A5 ) i SRR 0 ) AR O A e B LR ) A5 R T AR U R e [ S U YD
28 1434 AR ( Haloxylon persicum) V0 (Artemisia arenaria) BB FEEE , 55 R VD e 2 40 AR Vb P 8 — AR
Filol ; VPR R S 0w U0 B b0 A 0 52 A M) A LR AR ( Haloxylon persicum ) , —FEJFK 8 ( Ephedra distachya) 1)
& (Carex physodes) 55 | BAKYY Fr J2 Felb) Vb M I 2278 55 A MR 48 ( Haloxylon ammodendron) 3 VX Bt 2% 25y
A AR ( Calligonum leucocladum) 3075 (Artemisia terrae-albae) . —FEWKTE ( Ephedra distachya) VP&
(Carex physodes) ITTE I FEVE , — LT vb b2 B RO LA 2E ( Ewrotia ceratoides ) FEVE ; VD IR AR 4 21
b EE AR AEMEY RV PN, Hh 82482 48 (Haloxylon ammdoendorn ) F1 112 12 ( Haloxylon
persicum) J L, A3 AG ) (IR, JUF- i i B AN RUD IR 232 00 e B AR (0 B S UL B
2.2 RARYIYIGE AN NDVI A E IO 74

MR K o e R I R BRI R B R 2RO A Y 2 R TR B LT IR
AR HERETFHIERER, 11 AE#EAL RG], e Y 2484 marid ) A RO B I g, H
TEAAR BRI F ] A 58 S AR A KROE R, E BT BRI TS ATIE AR . Y3 b i A A0 2 A A
TS [A) 5 B2 5K B T 5 B A DO i — > W) 8 i) 0 M 2 AR AR Ak, LA S A 1 S 1 v 168 v 52 2 A )
NDVI B S A, HEBR ] S — e 5 i 8y LA S PG A AR A DX B i) 10, FAT TR 4 52 A A 0 1 0 fe e e B
FHSRIN RIS 45 (6—10 A ) , FFAEVD AR XI5 R — AR PE K 150 km, FFAL5E 100 km HYYPEEH NDVI
it IxX e,

http ; //www.ecologica.cn



4 A E = 39 %

MIE 2 ATLAE . U RN 4 H 2] 7

F6y NDVI (A BBIN K IR TE T R NDVL (S 2
SR TR, HoP, 2R (6—8 A) W/RBEI I BB 5§ o150
ik A K 3R B A (I, 5K NDVI fE 78 I (i BT %: 21‘3‘: /\
LRI R %é o |

M 3 T RAE il /R BEE SRR DB R B B2 g6
A NDVEZ LSRR IUEAE, AR i g o
BT , Wi A HOCHEAT B, b 2 A Month

HIRE K 5 NDVI Z 8] 47 76t H i 35 09 A0 O bk, JF B E2 %4 4—10 i NDVI £HME
NDVI {ES {ﬂ%rﬁ il lg%ﬂ(Z I‘ETJ ﬁff HH 2 E/‘J {rrﬁﬁt J& %{@ , F%ﬂ( Fig.2 Multi-year average NDVI from April to October
5 NDVI 2 [8] By Jo 8500 B3

0.160 0.160 [
*

0.155 > 0.155 |

0.150 | »=0.0006x +0.1268 0.150 |

A— LA R AR B

Normalized difference vegetation index

2 =
RE=09111 o145 | 5 =0.0015x + 0.1335
0.145 ' R2=0.9807
0.140 * 0.140 e
0.135 . . . . , 0.135 ! . )
10 20 30 40 50 60 5 10 15 20
¥ Temperature/°C &K & Precipitation/mm

3 HRMETEDEELEEY NDVIE SR E KA XS
Fig.3 Correlation analysis of the NDVI of xerophytes in the Gurbantunggut Desert with temperature and precipitation

MAEBRASAAE LK E , BT 4 FTHT,2000—2016 4F it /R PEI 4R VD I ki IX 52 AR A 3 o 22 AN 218 (1)
R Eg, Hor NDVI e R(E N 2016 419 0.193, Fe/ME R 2015 4F14 0135, AHEL I —4F NDVI 28 fb A K1)
AEA5y R 2012 AEFN 2016 4 AT AR AR A3 51 —16.62% F1 30.23% ; A48 KRG i G K B0, A B —
AT IR B T RR VD R AR R NDVI G SO0 IE A 6 9 48 K FN M ILE 7 48, B2,
NAEBRAS A SR A KT, i JR PR RV B X NDVT (B AW I, A= M 78 w4 0 AR s

HRAEE 5 B9 NDVI Edls R ek & |, 5AE MY 7E 84
R B T R 3 A e 1 DX B VB e 2 I DX S = 0202

30
2000 2002 2004 2006 2008 2010 2012 2014 2016

2004 4F-F1 2008 AFTC i A G PE AN, AR 4 NDVI {H SEA Year
SR BRI IEARDGG A , H 2003 4EA1 2013 AR IEAHICHE  ma 20002016 2 RUEE #5302 A1 40 NDVI LSS
BMNBE(P<0.01 , r= 0.973;P< 0.01 , r=0.972), Fig.4 Variation of annual NDVI of xerophytes in the
IEJ}E, H K 7 n] {5 , % 2000 A IR PR A4 vb i 44 Gurbantonggut Desert from 2000 to 2016

Py NDVI {H 5K 1) 3¢ 2 R £URE 5 S 2004 452005 4F

12015 AFTC i AR CHESN  HARAE Gy NDVIH 5 B2 IEA DGO R | H 2000 4FF1 2013 4F 1 AR GE ik ik
F(P<0.05, r= 0.958 ;P< 0.05 , r=0.922)

SEAEAHEI, PR IS A A 7, Oy 55 A ) A K A M 0% = 0.0008: 1406 .
BT AR A P AR K 2, LR £ A
23 LAY S M5 S R A S
& 6 Al LI, BR 2001 4EF1 2015 4F i /R BE E;ﬁ 0.146 7 . .,
FRUDEE AR FE ) NDVI B 5 I8 2 30 50MH OC ¢ &R & Téo.l .
Z

http ; //www.ecologica.cn



34 FEot AT R R R A A I A S AT 5

B 5 2000—2016 F£ 4 /RLEHF I EREEEYMN T HEE
Fig.5 The spatio-temporal distribution of xerophytes in the Gurbantunggut Desert from 2000 to 2016
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(1) R PESE R VB S A A R O S O b = A T 7 B IR AY R A, 2000—2016 4[], il
IR P R VD A R B T R AR PR L sh W (R IR R B TS

(2) W /R PR RV A A B 5 A W S A X 22 Sk NS IRI A SR R, 7 6 o i B X 38k 3 T g
BREE A FH DX AR ER M X R 2 DAL R /D o 3X A A 5 AR A S AR A A ) 2 A IR AR — B

(3) My /R BEIE f RrvD R AR AR o3 A SRR K R AR S I AE A 5E , FLFE KO R 4 1 5 i B R TR, O
H. NDVT {8515 B K 22 (0] 478 B 3 A T R0, [ /K 5 NDIVT 22 8] 0 i %500, B 3 H 4 4852 110 W v T ol
MY R A
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(4) g B B AR AL AR T A 2%, T BEMAN [ 23 ROBZEREAT AWM I 5 . i WF 55 P L FH MODIS NDVI %
Pa s8] o3 A0 250 m, I (] 25 5O 17 a, FERIF ST DX PN REAS 5 O G 1 b S e 52 A A ) 4 i 14 4 R 8 Ak id A
SR AR 5552 HOE URAE FUARAR A AR F 92 R IR > | TR 45y ok E 9 N 205 Bl £
HE . Wik, ARl A A S SR SR AR R AT N R A
FRRESHZS 0 AAR SR A8 A48 7% S A AR ) O P A Ji e 3 B X PR 58 A A g i IS AL A
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