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Variation in vegetation and its response to environmental factors in Maqu County
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Abstract; Change in vegetation coverage, which can reflect the direction of regional succession in ecosystems, is the result
of the combined action of meteorological factors and human activities. As an important water conservation and recharge area
in the upper reaches of the Yellow River, the alpine ecological zone of Maqu County plays an important role in maintaining
regional biodiversity and ecological security, and also in ensuring the healthy development of human economy and society.
Clarification of the relationships among vegetation change and climatic conditions and human activities or other

environmental factors in this region would thus make an important contribution to ecological management and restoration in
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Maqu County. Therefore, we used trend, correlation, and path analyses to analyze the temporal and spatial variation of
vegetation normalized difference vegetation index (NDVI) in Maqu County based on MODIS/NDVI data obtained between
2000 and 2015 and meteorological and human activity data for the same period. Furthermore, we present a detailed
discussion on the effect of meteorological factors and human activities on vegetation cover change. The following results were
obtained. (1) Fluctuation in the NDVI of Maqu County increased from 2000 to 2015, with a rate of increase of 0.01015/10
a. Among all land use and cover types, the range increased in the following order: alpine sparse vegetation > wetland >
desertification meadow > open forest > alpine meadow > subalpine sclerophyllous shrubs > subalpine broadleaf shrubs >
alpine grassland. The order of the increasing area accounting for the total area was alpine sparse vegetation (75.57%) >
open forest (71.45% ) > desertification meadow (71.18% ) > wetland (70.66% ) > alpine meadow (68.15% ) > subalpine
sclerophyllous shrubs (66.96% ) > subalpine broadleaf shrubs (66.24% ) > alpine grassland (66.05%). (2) Among the
meteorological factors examined, there was a significant positive correlation between temperature and NDVI (P < 0.05),
which was a decisive factor affecting vegetation cover and beneficial to the growth and development of vegetation. Vegetation
cover was less affected by precipitation and there was no significant correlation between precipitation and NDVI (P > 0.
05). (3) Among the human activities examined, large livestock and sheep population numbers were the main factors
controlling vegetation growth, which was closely related to grazing intensity, with large livestock populations having
significant inhibitory effects (P < 0.05) and sheep populations having strong promoting effects (P < 0.05). (4) Path
analysis yielded decision coefficients of 0.3005, —0.0563, and 0.0128 for air temperature, large livestock population
number, and sheep population number, respectively, indicating that the effect of temperature on NDVI was the strongest
and the effect of sheep population number was the weakest. In addition, the residual path coefficient of 0.53 indicated that
there are certain other environmental factors that have an effect on the increase of NDVI, but were not taken into

consideration, which warrant further attention in future research.
Key Words; MODIS/NDVI; Maqu County; meteorological factor; human activity factor; path analysis
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Table 1 Linear regression of NDVI from different land use/cover types in Maqu County
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i Wetland y=0.001535x+0.7956 0.4642
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6 &/ T 2000—2015 4 NDVI SAEBI K AR R, it &3, B BAEDE NDVI R K &[] 1E
FAHFIEAT, 2 IE ARG IR i AR, 38 58.58% , 1 42 {3 1IE M 5 ( P<0.05) F1 i 3 A 5 ( P<0.05) 1Y IX 45
B A R o5 B R AR A HE 2 B R 3.3% 1 1.59% , U IAEARTC I EE |, 35l EL 22 80 X B NDVI X7k
A Ak F i 97 AN EURK

Sk T ST T U A 2 AN ) - R . Al 2R R A X R 5 R MR R R A XU |, X 2000—
2015 4 NDVI 58S R BRI T Hr A AH OG04 (3% 3) , Geit 3R W1, 35 il B NDVI 55 =0T 5 AH 3G fg
AHIE RS 51H 0.6099 F1 0.6186 , 5 535 1F A 36 (P<0.05) |, IR 15 Hb AT L Mg Ak &b | Fo4x b A /78 ple e 7
() NDVI 53R AH SC AR AR OC R 8 T 0.05 KT A9 5l 25 PR30 4R 1) 2 i 8 B I 5 i 8 ) IX., <L
Xof R A A 8 B A S M 4 25 7K (P<0.01) o AHELAR, 35 R B NDVI 55 K 2 A0 AH &R i AH OG 2R B0
4 0.1385 F1-0.1893 , #1435 F| . /K- (P>0.05) , 45 T Hu A/ 45 2 A i NDVI 5 B K 2t (8] AH 5 R i AH 5
AT B AR DA — 2 ARG R B K F (P>0.05) o (AT B A2, HEBRIR BE 5200, 28014
FIFH /B0 SR X 8 7K ) NDVT 500 F B () 7 SR 40 il o B R A Ak A — e B B L s i 1 A e A A X Bk
A 1 7 i), EC T R D PR DX N R K S 1 1) K A PR Rl A o e IR AR AR AL, B s | R i B>
SRR G A5 2SR P A i i BR VR A, SO AR T >, 54, i, v
AL ) NDVT 5 R 7K R (0] A7 70 55 e A IE AR S 3 AT RE VR T V0 Ak B ) K DR TR 9% BE 0 4 25, RS K AR X 4
1%, BRI A 1 i M BT

*3 HLHE NDVI SEEEZHNHEXER

Table 3 Correlation coefficients between NDVI and climatic factors in Maqu County

+ A A e 2 A NDVI-T NDVI-P

Land use/cover types Rypvir Rapvirp Rypvip Rypvinpr
il £ Maqu County 0.6099 * 0.6186 0.1385 -0.1893
b AL Open forest 0.4891 0.5221* 0.0073 -0.2098
725 1L FE A\ Subalpine broadleaf shrubs 0.594 " 0.6703 ** -0.0032 -0.3861
5 1L A - M\ Subalpine sclerophyllous shrubs 0.5793 " 0.627* 0.0297 -0.2958
FHFEFJE Alpine grassland 0.6295** 0.6428 ** 0.1294 -0.2106
EFERAY Alpine meadow 0.6239 ** 0.6353 0.1378 -0.2049
B4 Wetland 0.4819 0.4406 0.218 0.0183
IR ALY Sparse vegetation 0.5555* 0.5829* 0.0455 -0.2171
YMEEE A Desertification meadow 0.5725* 0.6017"* 0.4378 0.2376

T, S, Temperature; P: FF/KH , Precipitation; * 7 i MK TS 0.05 K248, + + /R BEMKTFE T 0.01 K255 ; Rypyi- 71 Rypvi- 7/ p
435K NDVI 5 SR AH 5 2 BORHERR K i J5 5 SR A R AR DG R 50 LA s

3.4 ARRIFREEEZXT NDVI 193K 3h1E

F A K ARIE 5 0 A b SR R I B R LR A MR 25 51 o Se R8s R F BR A 46 R oK R 4 52
R MRS P E e A AR s N ARG B R AR AL S SR A AR X A sl B Bk R A e 2
LI BT X Sk AR AR AL R i PR R 201 S5 F Ik, AR5 5 B 2000—2015 4 ) 35 il Bl 4 7= 8 L 4
M EHE KRR B AERE AR Tl Sl A 6 M S A TR bR E N ARG S ZE R Horp K
B FEE AR B AT R T ARl 5 8 BOW 0 AL P2 RE 1 SOk R RIS ; K4 B AR S A AR g — e A
BT YA A OO EE s Tl B (EARER T AL AL & SR AR B0 s A AT F H i 5 R I A e IR ki i R
Az R IR B YA G

¥ NDVI(Y) PER A & SR (X)) JBEZKEE (X,) ARl S (E (X5) ol B 18 (X4) R & AE A2 2L
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(X)) GEAFRE(X,) Tk B E (X)) AR A T & (X ) 8 NEERAE N AA & 173825 [BIH 43T, 7 et
ZIGFIH R Y=0.0088X, - 0.0023X,+0.001X,+0.8524( R*=0.7158,P<0.05) , Yt B IR K& A2 50r
TERABO NDVI Z7E 525300 (P<0.05) , HAY I 12 ( P>0.05) R Z e % 4 A P g 55

T ZouhlH R, @SR REEFE AR RS NDVI [l E AR (R 4) 45 R R, <R
B HHEE RECH 0.3429, [0 2 R ECN 0.2668 , 1 IH AR F 2 LA B 30977 200 NDVI = AR R 7R i e
MZE R 5 R A IE UM AR RN, KB AR L E AR R BN -0.7917 , (B HEE #2 R U 0.4314, R R 4%
BAAREO NDVI AAAE B A i E (DR A B R Ay Rl 252 i |, FLRDHIVE A B T R, AR50 B
AR R ECN 0.6558, A4 12 R AU -0.3181 AR FAFAZBO NDVI A7 7R85 1Y p [l 45, (B 3 ek At 22
R RS HE T RN, AN R KR R AR RO SE AR AR R D g R BRI 0.3005,
-0.0563 F10.0128, VLB % NDVI AUZR-GAF SR B B KR B AR EOR 2, F e 8o IR, Hoh Sl 3
PPN R, RPEB A EO FE R E R

x4 DBHENDVI EREEZNERST

Table 4 Path analysis between NDVI and environmental factors in Maqu County
[B]#%38 42 2R %L Indirect path coefficient

HHIR AL HESEAR R - A e AL
IR " ool o . KHEBARE PR
. Correlation Direct path SR Decision
Environmental factors .. .. Number of Number of ..
coefficient coefficient Temperature ) coefficient
livestock sheep
KR Temperature 0.6097 0.3429 -0.0605 0.3273 0.3005
KELZEFFREEL Number of livestock — —0.3603 -0.7917 0.0262 0.4052 -0.0563
SEAERABL Number of sheep 0.3377 0.6558 0.1711 -0.4893 0.0128

4 itig

AL A S U ST Sl e Bl A 25 R G R T BERAE , B 2 i b 75 s I AR b 4, J T v [ R
SUEAITE — B 5508 BB Y SSICIX AR A RS 2 B A S i sRA A 2 AF 5 4 i 17 3 358 A2 AR )
HAE XIS

WEERI, oI e B F i & i 2 HAR B — - F B R A NDVI BT AT AR R T 65% , Ui ]
UEAFESR I i B K A5 L A/ B AR B ORI SR AL TR 2SR A S TR, X — R S 1]
PAE T 78 e i AL B X B 2 B e S i AR — B e HE D, — 7 T, AR IN RF 5 P, 49 5 TR
S B B2 LT RGBS A BT 5 53— 51, — S A RS S B R I, QB HGE B B YR T R B
AR SR TR S0, 7 — R AR T AR IR

R AR AR S IR R 2 B AR BRI AR R AR T ND VIR SR R ) T REK
Je K Sl 3 il ELAB B Sh AR A T R X F A R T il T AR AR X R B B, R R R
FE 38 I SR A DS R AR LA K-, AT S BU B A KA T 2 IR, — @R b A Rr2: b
THEE R T IS R BR ], BN A K S YK 0 2R Bh Sy, it — 2P R, ANTR] M) L A e e
H e T ) T o i ND VIRl ) 157 285 B AR I 25 7K F (P<0.01) |, ] BE AT 1 A 7 b 288 J 34 il B3 F) 3=
FERAX., AR AT B SR A fE 2E TR AR AR (35 4) 5 103t NDVI Xl A me AN 2. 3%, m] BE B IA
Je 2% MM/ B R PR B I e R (2000—2015,3.08°C ), 7K AR AF AT, RN il ) A0S
BEARS AR, T DX P 45 = ORI P/ 4 2 80 NDIVT X o K o 7 3853k AS UK, L% 0 42 7 L b A
S 55 L] R AT gy LU BSE R A PP SR B T PR (26 3) 0 REBHR T =I5 m R, — 2B i FK4F 2
{H R TH R K RS eil , oK RSB A K dT . 2 AT RE S B /K A T A A6 24 i )
PRI AACA 56, & A5 F R T e = Rl 080T S 7= AR, LAt 3K A K 98 20 TR B, 15—
SERERE DS T B 1 BN 2 =2 LI b ARt | STV 2 L ] - ARSI ey LS P A G A 3
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Z MR R K IRTRREA , HAR A Y 8 A R 2 3 i el s, A Bl FHETHE B R IR 2 3K FL T 7K 1
BT, Ul X B K BRI Ah, YR R R B HERR R, R K W NDVI P2 A2 (5 0 R 538 (P>0.
05) FFE HEVE 5% A28 A B 32 A I IVE H (P>0.05) , 2 W0 52 Bt 17 R A A X R K g g 1o AR R R BE L ke TR s
R A AR 77 1 R R AR AL

AR TR BRSSO 2l (CORME B AR B SRR 550 R o ) 38 4 A A (R 77 A T IR ZI 5
o KR B AE RSO0 NDVI 22 G 14 R 75, 2R A RO BN I T A 02 0E A . 9 ol o 22 26 o ol
NDVI 520 (AN [RAR ACFR BE 1 0 DR 5 A0 B RN 2 Fh S ) 25 57 Bl 25 5 A o B 384, 58 &8 P A 4 %) SR £ A
R s e a7 3 L, AR 4332 40 ELHE LUK S 308 15 M 43 B A SR W, A K R B ™ E 2 bR A,
B X R R AR i | 3ok B 0 T OV O T B 7 o w8 B R R 0 s ik 2 | LA R T A
P PR BE ORGSR L 1 T VA GG R A O L O R, R A G [ DA RE B B BN
RS e KR A PR AR B IR S IIRE T 2, 3l BT (o s = A A AR K, — e R BB T
HEBE A Py TRl RS 3 RO A /D ek B HEI Y R e AR W BRI T R B SR R, A R TR
f AT A K S MR TR T e IR B A R R IE A K SR IR AR F i L
KA B DBy = /NS DA =60 =, B XA 0 (52 AP e 22 57 A SRR IR IESE , [R)— O T, %
T2 58 1 MR FH/ B S Y (v JE 5 RN /5 FE ) ) | PR ICPACER 3 DX 3k ) AR B A ) i B v PRl A A
KIS PR — RN G 24 i, BB — R R, X AR Wk R, AR A SR BUER
B, 38 B & 4R T LR R FAE N B R rh e A AT ARA ; 45 SE AR SR N & YR A1 B9 I FE IS /N
THEA TR HEE R SR HEES K E AN il R ~F 2R/, ) a0 i, R TR R ORI 5 =2 B
SR R TRER A B R 225 B AR X T S TRIAE B ) e B B ™ o, P R AR T AR K FLIBR RIS, B KB R T RE
FEAG AR RA K Z IR, AHER IR, KA B A BRI AT AL EO NDVI 22 AR AS [R] (14 52 M R0 | 2 il A0 i
5B MEAVREZE A ER NS, UL AR B DU A A F2 IR R I B RO I T IR I B RS =
FEAE— 8 Bt OB 2RI G, 10 45 =F IO Ao B8 A 1 B8 D[] XA A e — R BV E

AW RIS F IR R R e = /1 - R® = 0.53, ZEUE AL T8 KT, BB A 3643 %F NDVI 34 i
M AR BRI R TGS, LA AR SR AR E R AR R T B R P E R, B
Al AE RS R M AL R BB R R ARG S B R AR AR T T BE P A 6 5 e A 2 22 5 A
2O AR TR LB P HOETE AR, A BASCYOR A B Bl B 2009 4E LISk, B S S0 T
HRE B E B KR ANA R ST RE X A SR S5 R SRR SRR D R PG SR Ve AL H e VA 5
CEAIRTHIN H 2 2R TR, L, V4Rl 3 il BL RS oot T A2 (O 28 3] BEAS 45 Tk it A B TR
XoF 33 B TR ) 2 £ A BT 2 4 JR 2 X3, NDVIT 3K Bl iR i s 2 N 45

5 ZHig

ABFFELL 2000—2015 4F MODIS/NDVI £ Ay it , 45 & AR 5t 2 25080, v ARCGIS 25 [6] 43
Mr \— e AT BT S 2R G2 ik R T AR B B 35 il ELA W NDVT (9B 25 A8 b LA
IEXTBR S AX FAE AL I R BE BB AT TR 5404 AR LU R 4548

(1) WEFERT BN, Bl B NDVI Sk S i gl b I #1340 0.01015/10a, 28] | 34K 3 2 1 IX
SR FA AT IS B AR RS ST IA B AR H D S R = FE R LU H IS S 5 T B R 1
T R O g DX R v D g LRI O A8 Al SR 0, DXl R TR ) | R R R D Ak R ) A2 A S
i, BEAARTE  NDVI K IXIR AL T AT HUR BT K A0l 0 b DX 1 AR ) b DX B AR B BT 3
— AR EEAR IS BB B R A

(2) WFFEAT B, Bl L AR IS ] i, 8 i 422 0.55°C/10a, il T 0.05 (4 i 7K P46 5 1
FEKIG AL Ny 16.81 mm/10a, BEARASARME EA IR , FEALL T PARIRE (P>0.05) .
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(3) BRI BN, SRR SR 5P NDVI [RIELE W35 1 TEA G (P<0.05) , 2 H i Ba w2k Ky
FAREH T BEK SHE A NDVI A SRR, R A K A2 i A R

(4) WFFEIT BN, NZSTE S B2, 55 i A58 5 25 D) AH DG 1) Rk 38 A A 50N 2 A7 A B A i) S
R, o R B AR B0 B A BRBIVEFH (P<0.05) |, FAERE S LA B A B [ /R FH ( P<0.05)

LEATTIL S FIREE B R AR K B AR O SR A O NDVI S ARy T4 7, Horp SR A
EAFREEE R A IE ], R AR A K Rk B A B0 i ok G BRI RS AR 4, B, 7E IR S 51T, i
PR, U e 2 R4 L BeAh AR it — 20 B, 3 il B AR K S A s R i 2 3 H A 2
BRELZ AR AR AR I il NDVIL & A5 ) - A AR A 34, 3 A i T BB 1N IR B ) R S B 15 i, 4n
IBPGAE (BB RIRMAE A 25 TR, Wb 26 T 8% A o B AL A0 A 07 2 4 i ¥y B A e 2 AR T 5% 1 o
S, BEAN T BRI S 3 i E R (R BT P R i A R G s EA T A B A R B R AN
By, PRI, Wi e 52 15 3l 1) 24 T A {5000 e 122 R 1 DX I P A NDVI A8 b B X fi R 1
N AR —E R . ST, AR R IBFFE T, — 2 IR DX N SR 5 65 3l (9 2% B, DA s 28 TR A
PR R R TR GE Ak KSR AR AE AT i, DS TR A ) 220 e A5 A R %o A B e AR A e 5

£ 3L HR ( References)

[ 1] PiaoS L, Wang X H, Ciais P, Zhu B, Wang T, Liu J. Changes in satellite-derived vegetation growth trend in temperate and boreal Eurasia from
1982 to 2006. Global Change Biology, 2011, 17(10) . 3228-3239.

[2] Z=HK, BRIET. 1981—2006 4F P51 2 X NDVI 28 43 A AR LR K A R ma 7. oK)+, 2014, 36(2) : 327-334.

[3] G, skubd, SRMh, F50. KO XA AE K 2 NDVI B2 25 06 RO UM A T ot shapk gt | 2012, 31(3) : 285-292.

[ 4] Keller F, Kienast F, Beniston M. Evidence of response of vegetation to environmental change on high-elevation sites in the Swiss Alps. Regional
Environmental Change, 2000, 1(2): 70-77.

[ 5] Piao S L, Mohammat A, Fang J Y, Cai Q, Feng J] M. NDVI-based increase in growth of temperate grasslands and its responses to climate changes
in China. Global Environmental Change, 2006, 16(4) : 340-348.

[ 6] Matsushita B, Tamura M. Integrating remotely sensed data with an ecosystem model to estimate net primary productivity in East Asia. Remote
Sensing of Environment, 2002, 81(1): 58-66.

[ 7] Nemani R R, Keeling C D, Hashimoto H, Jolly W M, Piper S C, Tucker C J, Myneni R B, Running S W. Climate-driven increases in Global
Terrestrial Net Primary Production from 1982 to 1999. Science, 2003, 300(5625) ; 1560-1563.

[ 8] REW, M, XIH, XE#, FEE. T MODIS/NDVI [ Bdt XA #E sh 7S Wl 5 9E4r. 24, 2011, 31(2) ; 354-363.
[9] HJmak, SFMR, sk, JTRIBERFKF FHZCR A NDVI A ER LG X A SR AR gT. ARS8, 2012, 32(11) ; 3404-3413.

]

]

[10] SBER, R#eE, ENR, T T 22 SRR VIR FZEAE L NDVI B 5 URFE T CR. YA, 2008, 32(2) : 319-327.

1 BEF]. 2000—2014 £ EHATIE DXAE B NDVI I 28 28 (URFHE 5 UL AL B4 AT [ D] BB . AR TR, 2016.

] Maxwell S K, Sylvester K M. Identification of " ever-cropped” land ( 1984-2010) using landsat annual maximum NDVI image composites:

Southwestern Kansas case study. Remote Sensing of Environment, 2012, 121; 186-195.

[13] Post E, Bhatt US, Bitz C M, Brodie J F, Fulton T L., Hebblewhite M, Kerby J, Kutz S J, Stirling I, Walker D A. Ecological consequences of sea-
ice decline. Science, 2013, 341(6145) ; 519-524.

[14] Stemberg T, Tsolmon R, Middleton N, Thomas D. Tracking desertification on the Mongolian steppe through NDVI and field-survey data.
International Journal of Digital Earth, 2011, 4(1) . 50-64.

[15]  wiisd, PREVA, JALEe. T DR o i 23 45 00 B EOXT SRR I L. AR 25241, 2018, 38(9) : 3208-3218.

[16] i, REHE, AT 1982—2013 4R 3 fil i Jol i FE T M BT s 08 Ak S 5 U2 Bl A5G & HUEEAR , 2017, 37(2) : 292-300.

(171 BR3l, sk, OsED, BB, skakam, 2755, B0, 1357, R, XIIRME, A ik, BEdss, BOCH. s i —3 ith 2 s 28 B fa vk
A BASE R SILIR S N T RE BT TlkE 4, 2013, 22(2) ¢ 11-21.

(18] WIZFER, T8, Zoig¥e, AR, HT RS M GIS i35 i o R+ Mo v B Ak s BT IE. A28 4R, 2017, 37(3) : 922-931.

[19] #EHE, ZHh, Xk, XIPRLE. 2000-2010 4F B[RS i 2 S A 25A% 7S (L. HuBAL7 HERE , 2014, 33(3) : 326-335.

[20] GaoQZ, Li Y, Wan Y F, Qin X B, Jiangeun W Z, Liu Y H. Dynamics of alpine grassland NPP and its response to climate change in Northern

Tibet. Climatic Change, 2009, 97(3/4) : 515.

[21]  RERE, XUAkiL, 2075, PRV, RIS, THIZE, 2008, AL, Bl RS il (25 (A AR E. #hF-= 4, 2006, 61(1): 3-14.

http ; //www.ecologica.cn



3

FRUR A3l AR A T SO PR SR A I ) 13

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]
[38]

[39]
[40]
[41]

[42]

[43]

[44

[45

[46
[47

[48]
[49]
[50]

ZEHEEE, XIEAE, MHAZS. T NDVI A = VLR M A A KX AR R R SIS h B R 5. AR 52440, 2011, 31(19) : 5495-5504.
RUGAS, PR, W%, BT XM A 1 2 NDVI A8 R AE B ok S AR (ki ma . A SR BE2E4, 2012, 21(7) « 1205-1210.
Pttt x%“!zn, e, BRET-, BRI, TR, B B LR i AR SR A S SR AT, vkIZR L, 2007, 29(1) : 131-136.
T, o FEBIX R R AL Y N SCH R —— LA H g P X Bl o ). R348, 2007, 16(6) : 113-120.

U, WS, ST BT NDVI AR E AR T S S BIAY. EEREAR 5, 2009, 24(5) : 596-602.

rp E R 5 b A b P R 2 5L 2y, R R R . dbaT. Bl AR, 2001, 101-104.

CHMERFLEY M2, Hill kB, b, Elﬂlil%ﬁrm#&ﬁ, 2001-2016.

FPME, T, FBREE. S IR X R Y AT 5 —— LISl R R ). TR I, 2012, 35(2) » 302-308.

Stow D A, Hope A, McGuire D, Verbyla D, Gamon J, Huemmrich F, Houston S, Racine C, Sturm M, Tape K, Hinzman L, Yoshikawa K,

Tweedie C, Noyle B, Silapaswan C, Douglas D, Griffith B, Jia G S, Epstein H, Walker D, Daeschner S, Petersen A, Zhou L. M, Myneni R.
Remote sensing of vegetation and land-cover change in Arctic Tundra ecosystems. Remote Sensing of Environment, 2004, 89(3) . 281-308.
FLLVR, SEVTIRIR - RRKFE, BURIASE - SR, 3K, SESRHR - W EER, REM. LW NDVI S b R SRR RBE 16 &
FREVEL, 2014, 34(6) : 1678-1684.

DuJL,LiML, YuanZ F, Guo M C, SongJ Z, Xie X Z, Chen Y L. A decision analysis model for KEGG pathway analysis. BMC Bioinformatics,,
2016, 17 407.

Lian J, Zhao X Y, Li X, Zhang T H, Wang S K, Luo Y Q, Zhu Y C, Feng J. Detecting sustainability of desertification reversion: vegetation trend
analysis in part of the agro-pastoral transitional zone in Inner Mongolia, China. Sustainability, 2017, 9(2) . 211.

RN, ARATC, KIHAR, BREE. AR TAE SPSS B LML A A SE L. TRIXATR, 2016, 33(1): 108-113.

IR, UL, BRI, MaoK, BN, BURREL, RERE. rP AR R LA AR A A A N —— DL T U LR B
SRR . AR, 2014, 25(7) ¢ 1849-1856.

EH, BRAISE, THCT, B35, FNE, BR, A, RESEBALK BAE Az A FRE XS - 2085 K 04 o i —— L 1 0 378 6 2
TLE ). AR AR, 2018, 38(5) : 1569-1580.

RV, BRIL, GxWelh, 500, 38k 3 21 AR RO T AR AR, HhBRELE R 2007, 22(1) ¢ 33-40.

THIZ, SREEE, XML, FIREE, ML, T 0 AR 5 X K SR A AR N AR AL e 7 B FL 2 (B ARAIE. i BHR2A R | 2010, 29(4) -
507-512.

A, X, M, BHE, E S 2000—2008 4K L b X T AR AR R R ST . HhERARLE 2010, 30(6) : 921-928.
ks, EHEW, %’*;‘ﬁ W BRIV VT R NDVI 55 B T BAR A0 HT. RSB43R, 2015, 30(9) . 1425-1435.

van Tol G, van Dobben H F, Schmidt P, Klap J] M. Biodiversity of Dutch forest ecosystems as affected by receding groundwater levels and
atmospheric deposition. Biodiversity & Conservation, 1998, 7(2) : 221-228.

Vervoort R W, van der Zee S E A T M. On stochastic modelling of groundwater uptake in semi-arid water-limited systems: Root density and
seasonality effects. Ecohydrology, 2012, 5(5) : 580-595.

Di N, Liu Y, Mead D J, Xie Y Q, Jia L M, Xi B Y. Root-system characteristics of plantation-grown Populus tomentosa adapted to seasonal
fluctuation in the groundwater table. Trees, 2018, 32( 1) : 137-149.

B35, ERH. 2000 4FLISEH i B b i #h S 43, BB, 2016, 33(6) ¢ 1102-1111.

{789, ARBSE, R, RO e FE R AR M RETE S5 A0 A 7 DT . ROl 4R, 2008, 17(6) @ 134-140.

THUR, RIRHe, BLE, SREM, AR, TUROR X R A S R BEVE 4R B A W SR KR, 2015, 37(5) : 1372-1380.
Wang K H, McSorley R, Bohlen P, Gathumbi S M. Cattle grazing increases microbial biomass and alters soil nematode communities in subtropical
pastures. Soil Biology and Biochemistry, 2006, 38(7) . 1956-1965.

/L, FEAR A 3R R e JE R R AR AL D] 2290 Holrfalk R4, 2010.

I, $BYE, AR, DA IT 20 RERVGILH AL PR ARFAESIHT. kIR L, 2006, 28(5) : 686-693.

WY, #HRIE, Eﬁ%, e, PR, B R OE R AR SRR AGE BRI, TPEVHE, 2010, 30(1) ; 154-160.

http ; //www.ecologica.cn



