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Abstract; Vegetation and climate are important aspects of ecology and environmental research. To explore the relationship
between vegetation and climatic factors in the Loess Plateau, we analyzed the trends and responses of vegetation to climate
changes in the whole zone as well as in different types of vegetation cover zones using linear trend analysis, Pearson’s
correlation analysis, multiple linear regression models, and path analysis methods published between 2000 and 2015. The
vegetation cover classification data were obtained from maps published by European Space Agency Climate Change Initiative
Land Cover (ESA CCI-LC) and the Normalized Difference Vegetation Index (NDVI) data were derived from MODND1T/
NDVI vegetation index data. The results indicated that (1) from 2000 to 2015, the regions with significant increase in
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ma;

evergreen broad leaf forests and crop showed the greatest increase of 0.012/a. The decreasing order of the means of NDVI__
of the different vegetation cover types is as follows: evergreen broad leaf forests > evergreen needle leaf forests > deciduous
broad leaf forests > deciduous needle leaf forests > mosaic grassland > crop > mosaic tree > grassland > shrub; (2) there
was no significant correlation between NDVI and climatic factors such as temperature, sunshine hours, precipitation, and
relative humidity in the whole zone. However, in different vegetation cover type zones, climatic factors had different
significant effects on NDVI; (3) NDVI in the whole zone and in different vegetation cover type zones changed consistently
with change in precipitation, whereas change in temperature did not have a significant effect; (4) vegetation cover types
that were dominated by trees, such as forests with evergreen broad leaves, deciduous broad leaves, evergreen needle leaves
and mosaic trees, were significantly affected by the mean annual relative humidity and mean annual sunshine hours.
However, grass-dominated vegetation types, such as grasslands and mosaic grasslands, were significantly affected by the
total annual precipitation. These results imply that the distinction between vegetation types is more important in studying the

impact of climate change on vegetation.

Key Words:; vegetation cover types; NDVI; climate change; the Loess Plateau
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Fig.1 Distribution of different vegetation cover types in the Loess Plateau, 2000—2015
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Fig.2 Change trend of NDVI and climate factors in the Loess Plateau, 2000—2015
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Koo H A AR TR R AR, HEA R B FIAR R R B, H BRI (Al K, 7 AT ARG ALE 2006 4F A7 58
B RN AR ACRLTE 2008 4FEAT BRI, 33 1T AR R ply 9 b g ST SEAR AR T i R SRR TR

*£1 E15ELRX NDVI, SSREEFHELRY

Table 1 The correlation coefficients between NDVI, . and climate factors in the whole Loess Plateau

AR/ C FERFEKE/mm ERAXHEE/ % R E RIS/ L 4E14 NDVI,,,

FER Mean annual Total annual Mean annual Mean annual Mean annual
Annual factors L . . .
temperature precipitation relative humidity sunshine hours NDVI,,.«

AERIRIE/C .
Mean annual temperature
FEFE AL ~0.24 |
Total annual precipitation

YRR/ % .
IR % -0.28 0.60" 1
Mean annual relative humidity

¥ H RIS EU b
SRR H I . 0.13 -0.60 -0.43 1
Mean annual sunshine hours
4EH) NDVI,,

-0.01 0.35 -0.31 -0.41 1

Mean annual NDVI

max

“ %" FIRTE P <0.05 7K ARG I 2

*2 AEEHBHAEBEF SLLGIR NDVL,, ETHER
Table 2 Annual change trend and the proportion of the NDVI , in different vegetation cover types

HOBA A (48 e AL - ,
Vegetation cover types Count Percentages Change slopes

ok I

HERIRITA . 12237 0.67% 0.012 0.853 <0.01
Evergreen broad leaf forests

st

Deciduous broad leaf forests 139711 7.69% 0-008 0-801 <0.01
g It

RREF A . 35997 1.98% 0.007 0.234 <0.05
Evergreen needle leaf forests

etk

Deciduous needle leaf forests 6 0.00 0.010 0.704 <0.01
etk bt Mosaic tree 126310 6.96% 0.008 0.571 <0.01
i B Hb Mosaic grassland 25195 1.39% 0.004 0.823 <0.01
FiHb Grassland 723934 39.86% 0.006 0.848 <0.01
4% M Crop 639461 35.21% 0.012 0.856 <0.01
HEA Shrub 1117 0.06% 0.007 0.879 <0.01
HAth Others 112238 6.18% — — —

2.3 RIEFEYE S X NDVI XS5 R 7 i i 5 AL )

TN [ R e S DX S A PR o S R B i R R B R A P R 25 5, Fh e 3 AT R (N S Rk I 3
A2, 4F NDVI,, 1F P<0.05 /K54 S K 2 IE ARG, FHOC R ECH 0.56 5 88 i 5 5 WK R B R I 35 4 5
£ NDVL,, 7E P<0.05 /K-F- 530l 545 SRR /K B IEAHDC FNAE Y H BRISHEC S AR OC , MO R B 0.44 F1-0.44,
K5 BN X S 25 AH5E 4 NDVI, 7E P<0.05 7K-F-5 45 BB K o AR S A0 X B 5L TR AR O, AR 5E R 4k
G110 0.49 0.5 4 F I [ AR B SR RE AR MR A S H R B S AHOC  4F NDVIL, 43 3I7E P<0.05 P<
0.01, P<0.05,P<0.05 /K F-54F35 H BEETECR T ¢, A OC R FIJE-0.47 . -0.64 . —-0.49  —0.44, #2445
RS AR RE R IR B R G 4E NDVI, Z05I7E P<0.05 P<0.01 7K -5 45 KA KGR FIAE Xy H IR % 7 ke
K FHR R B 5 -0.47 F1-0.6, T5 MHEFIEARER T 20 A0 Y IR /IN 5 48 A0 D 1A i AR O, AR 3R
5545 H B SRR NDVIL, AR TG 8 38 AH DG | U B AR A RUBE X AN [RI R AU B A 38 3%
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Fig.3 Significance and proportions of the change trend
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Table 3 The correlation coefficients of the annual NDVI, . and climate factors in different vegetation cover types zone

W AR B REK H/mm R/ C SRR/ % AEL IR h
Vecetati . Total annual Mean annual Mean annual Mean annual

cgetation cover ypes precipitation temperature relative humidity sunshine hours
A< [l Crop 0.37 0.03 -0.32 -0.47"
HHl Grassland 0.56" -0.10 0.11 -0.28
#EAR Shrub 0.49* -0.38 0.50" 0.11
PN TN

.24 .04 -0.32 -0.64""

Deciduous broad leaf forests 0 0-0 0.3 0.64
ok N 1
RERIAR 0.23 0.06 -0.40 ~0.49°

Evergreen broad leaf forests
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e A BB/ mm AR/ C AEHIXT IR/ % AR H BRI h

. Total annual
Vegetation cover types

Mean annual Mean annual Mean annual

precipitation temperature relative humidity sunshine hours
iR B . _ _ *
Mosaic grassland 0.44 0.03 0.22 -0.44
%%ﬁk%d(iﬂj‘ 0.41 0.01 -0.32 -0.44"
Mosaic tree
BRI
Deciduous needle leaf forests 0-41 ~0.12 021 —0.27
Ak )
Evergreen needle leaf forests 0.29 0.09 =0.47 -0.60
“uw e 7 RIFIRTE P<0.05, P<0.01 KA G 2
XA B 7 A D6 TR DX A [N 7 S5 A B NDVIL
ST MK SRR A e R v e
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Fig.4 Annual changes of NDVI, , in the different vegetation

cover type zone
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Fig.5 Annual changes of the climatic factors in different vegetation cover type zone

x4 EBLFIFE 20002015 EREEKBH LR E NDVI,, SREEFEIFEE

Table 4 Simulation models based on the annual NDVI , of different vegetation cover types and climate factors of the Loess Plateau,

max

2000—2015
HHE/ B2
TR A IR LAY R P (f1,£2) p Residual
Vegetation cover types Regression models Degree of standard
freedom error
A gt
AR R A y=1.3895( %5 ) — 0.4002R1( * ) - 0.0034S1( * ) 0.48 6 (2,13)  0.0142(*)  0.0155
Evergreen broad leaf forests
P
i ﬂﬁ (i y=2.0285( ##x ) = 0.896R2( #x ) — 0.009452( * ) 0.68 13.88 (2,13)  0.0000( st ) 0.0209
Deciduous broad leaf forests
pUos I
WA y=2.0122( s ) = 0.9126R3( ) — 0.009S3( ek ) 0.74 18.09 (2,13)  0.0002( sk ) 0.0172
Evergreen needle leaf forests
RitpRHh y=2.7554( #x ) = 2.4213R4( #x ) + 0.0006P4( * ) -
. .01 12 .0021 .
Mosaic tree 0.013454( * ) 0.69 90 (3,12) 00021 +)  0.057
[ HR L Mosaic grassland y=1.1058( ##x ) — 1.1724R5( = ) + 0.0007P5( * ) 0.44 5.10 (2,13)  0.0232( *) 0.0342
FH Grassland y=0.2606( * ) + 0.0007P6( * ) 0.31 6.31 (1,14)  0.0249( =) 0.0479
R H y=2.8183( ##x ) — 2.4884R7( #+ ) + 0.0005P7( * ) -
. . 12 . .
Crop 0.01387( # ) 0.66 7.88 (3,12)  0.0036( =) 0.0386

y: 4ENDVI, ; P: SEEMKIE, total annual precipitation; R: 4FXJM ¥R, mean annual relative humidity; S: 43 H B840, mean annual sunshine hours;
ST MR PHAE/NT 0.05, 0.01, 0.001 KR EYE
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x5 ETEZHWHNAREHERZEE NDVL,, SSERTFHHEXRESHF
Table 5 Correlation coefficient between NDVI . and climatic factors for different vegetation cover types based on path analysis

5 NDVI, 1Y

max

— A R LB R )
A 7 il 2 A HAzut R (EERD Indirect path coefficient (indirect effect)
. Independent Correlation -
Vegetation cover types . .. Path coefficient
variable coefficient (direct effect) &3
with NDVI,,, et eee R S P Total
GRS N Rl -0.40 -0.497922 — 0.10092 — 0.10092
Evergreen broad leaf forests S1 -0.49 -0.576707 0.08714 — — 0.08714
T I R2 -0.32 -0.538444 — 0.21927 — 0.21927
Deciduous broad leaf forests S2 -0.64 -0.791970 0.14908 — — 0.14908
GRSl RN R3 -0.47 -0.621952 — 0.15428 — 0.15428
Evergreen needle leaf forests S3 -0.60 -0.735352 0.13049 — — 0.13049
HE AR AL Mosaic tree R4 -0.32 -0.788999 — 0.20658  0.26595 0.47253
S4 -0.44 -0.493457 0.33030 — -0.27713 0.05317
P4 0.41 0.546408 -0.38403 0.25027 — -0.13376
R L Mosaic grassland R5 -0.22 -0.572789 — — 0.35215 0.35215
P5 0.44 0.717517 -0.28112 — — -0.28112
EiHb Grassland P6 0.56 0.557302 — — — —
A% H Crop R7 -0.32 -0.770943 — 0.18437  0.26237 0.44674
S7 -0.47 -0.484295 0.29350 — -0.27883 0.01467
P71 0.37 0.503103 -0.40204  0.26840 — -0.13364

P 4 EREKE, total annual precipitation; R FAHXTIEEE , mean annual relative humidity; S: ) H F&I4L, mean annual sunshine hours

3 e

B IR AR B AR () RS LUK AR B L A THRORAR b, AR SCEE IR, M 2000 & 2015 4,
B+ A KA A NDVI, OIS R, 38800 D8 5 B B 74.25% , A [R) At 7 i S A
AF NDVI,, At 52 8 38 38, Herb i S () P A RT A EE BRI 52 65, oA 0.012/4F X ST I A X148 55 1)
R 285 A — 25, W] R AR AR IR | o v S X AR e A S ks 7

B g J 4 XM B 7 B NDVI SR | B IR BRI G B 4 AU TR 7 2 A& A 8 A M, A G
BYBIFSE T, DL4x X NDVI ki iy 7228 ) AF RUBE | 5 S0 R 1 1EAH SCOC R 43 A i, BF 92 45 51 2 8000 10 36 A oG
PEPST B RIS W SR IX A DR T XA Bl B Bl NDVI A7 AE B 5 VR, AR [ A ol 7 i 2 i 22 R
b EEERRR AR T R R H SR IR A2 B AR AR X I B LA R AT A F I A SO A A A R 2R ) 0 BIK
By, HAF I AE R B2 X A 1) 52 e 50K, = ot e 7 e 2 AR [l 5 3R 880 3] /2 - 0.4092 . - 0.896 . —0.9126, ixX L&
R 2 e S R DX S A R 2 e iR v T L I R PR, R R X Y R K 2 ) o R A K v PR
AR b5 4 FH 32 2147 25 A T B FNAT 359 H R B0 B %007 LA B AT S g K i 18 1 25507 52 ], JH e AR X 8 1 71
2RO 5 A I S, VPR R A R T 0 R R0 1 A - 2.4213  ~2.4884 , X LXK SRR 2% H IR GR A
SXof R RN A A 3 %) B A R AT T e R b S AT AR X B ) S R RN S R K R Y T RN A
FH AR AR BE AR R AR, R 11724, Fid H A2 BI4E SR/K i E RN 520, VR R 0h 0.0007, X
S ) AR Ay = (14 R A 7 A 2 R X SRR SRR IR | BRI, R LR A VE T E g i 3, AR B AR
JEEFNAR R H RSO0 & S a0 bR T i ) AR i e I b R R bR b A 3 AR, A R AR A X R
SRR A B IR KON 3K R I LA TR AR Sy 32 AR R Dl SIS TR A2 AR B A I B AR B H R EG e) d 3 Thi LA
FACH FE RS RI R AZ BAE MK = 1 VR, 52 PNVE XIS N BSR4 SR — B -
LSRRI R 4 X NDVI 5 B4 TR B 5 000 B 0 M Bz 56 2R 40 BT, A1 2 220 AN TR A 28 AR ] 1) 22 5
PE, A6 m R XU AR R A NDVI A A 5400 R 7 A 2 AR S PR s ol ik RS
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T RASAHOCAE | PTRE-S A [ AR B S TR e 1 A5 BsF T A8 A1 A A B R e A G, AT 35 17 S [ A g s
XoF A A AR A I 7 1) LS | SRS TFE R KRB B 5 PR B AR fh i 13 G R

FXHIRE S H A 22 18] (08 [ 3V S A8 2 AR G, AR 2k AR X I 5 e 67 A DG, AR X 3
1t BEZK S AR IE ARG, MK 55 B A B2 (8] (% ] B2 FH 50 0 AF DG M 0 5 2 A s, B K B B IR S 4
BEIEARSG , H BEGH T F K SR ARG, 7 4 DXORIA [R) A7 1 7 9 28 280 IX R K 8 5 NDVI 2 OE ARG, B 3 +
1o D XA T 2 7K A il 7 LU — 3, I HL R 0T K e SRR AE T 2s 1], H IR ZE 2 X 54 8% NDVI 2
A, FEAS [RIAB D B 1 2R X A S ER NDVI IEAR G, 28 B H REAE S o3 Hh DO 3 T AR B 2B 1 i 75 SR B B
b WA T S5 B 1 K 43 0 RT i 2 o AR A A YA i sk ) AT R R X 38 5 4 XA B NDVT 2 B A
K FEAN R AE A 7 e S 70 XSRS 6 I A b et R R 2 bt 5 AR A G, O R R AR G, A G X
WA ARG H R | B AR S TR AT X R 8 A K B SRR 5 T IE AR G XK £, AR X
K, H B ), AR AR R (BT A R A A R AN [RIARL 7 e IS TR X A G Y B8 g i 7 5 <L 8 4 A
70 DG DX IR X B R, AR X DX A X AL, 10 B A G B 7 72 Ay PRl i T A i A A T A2 FR

R TCIEAE A DX IR 38 2 AR TR AR 2 TR X Ko Ak A5 R 2 A k5 T i TR oy 8 - v D [X T 2 B
IK, R X AR AR K A A PR BT BR A 02 R RO R AR NDVIL, A OO, (SR e A R
AR | 32 KRB AR ) — 6 B B R R 7 A S ] e A AT SR S BT AR5 H R SO0 AE 4k
B SR A 1 2% SO A R ST o SC A P X A B A 57 800, AEL B A HE AR X B3 =2 B 7K A3 2T ARG T
HEN AT RE 2 AR AL G HE ) X A K7 A GUSONE . FK B AR M Bl o S 1 (E 8 s SRR
A TAEY) B R AR R KORZEHE , An N S I S B X, R VR 52 N I ZE S ma e k) B RAAR HE X Rk
B O3 oy 25 NI R R 53T o eAb, B TR 53 1 FH i AR o AN iy, B/ D S B A 9 {7 8., AN REIX
Iy RIRMEG AT AR B LI AIBR AN N R W50, X8 A 1 N — 2 BIRAWFSE

4 it

AR FHETF ESA CCI-LC A8 9l 70 ZE 5085 LA B2 MODNDIT/NDVI A 5 35 BUBUE | 8 #3420 T | Pearson
A 2 ong P R AR DL KB AR ST A5 05, AT T 2000—2015 4735 4 5 JFA [R) AR 1 7 ol 28 8 5 < f R 7
P AR S AR BAEFHOC R BRI T AN [ A 4 78 S TR S R - g o, 22 5, 459 th LR 4548

(1) M 2000 2 2015 4=, 8 + 5 54 KR GAE NDVI Sy FEl T a3 & | e 38 30 i) X 3k o i i AL )
74.25% , AN[RAERE B G AE NDVI, 53 008 8 SRR MRS B bR S 7% it ] ik K> 7 - P b > ik R
>4 FH > MR HE > B SR, I HLAR 2 0 5 1 ik A JH v o i) ik AR AR FH G IS 2 e K, o 0.012/4F

(2) &+ A ARG L NDVI 50 | IR BRI X 1 B 45 0 PR - =2 T A S 3 A G 1 (AL7E
AN B 2 e 2T DX SR Rl T X A B A o NDVI AR AE B 354 X B B A e 2 AT X 43, B A R T 48
TN AFEXT AR B A AL

(3) 54 X RIS R Bl 2 2 0 [X R /K iR 55 NDIVT S 1E AR 56, 10 A 8 - 5 i X 408 X6 o K %) g 7 e 4
—E, HMBAERX 5P NDVI 2 7 OC, 7EA Rl A 0l A XA S HEKR NDVILIEAHG, Bk it/ AR
FEAG  H R R A DX 55 NDVI 22 DG, KRR, ARG B DR, H IR A (] 6 9 DX 30U 5 ND VI &2 0E
AR o A [R) HE f 7  2J FRXARE X 118 i 1 -5 /T 56 4 A S, 67 R 5 X338 X T 88 A, R 5 DXl %o 38 2
I, 350 BH A X 1 728 Ak Bl e ik T A A A AR T A2 B

(4) B ERRF B P8 0 R A B A i bR R i A b 25 TR R Sy = A 7 A S R 2 A 4 A o Y
AR H IR SR ) S R B B A DA Sy S A 7l 2 R I A7 B A R K R B B R, R
TV AEFEA DR I 2 AN [ AE A IS T8 XX AR 4 P Ml B4 J

£ 3L Hf ( References)

[ 1] Parmesan C, Yohe G. A globally coherent fingerprint of climate. Nature, 2003, 421(6918) ; 37-42.

http ; //www.ecologica.cn



690 JAE = 40 4

[2]

[10]

[11]

[12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]

[20]

[21]

[22
[23
[24
(25
[26

[l L

[27]

[28]

[29]

[30]

[31]

Wang J, Wang K L, Zhang M Y, Zhang C H. Impacts of climate change and human activities on vegetation cover in hilly southern China.
Ecological Engineering, 2015, 81; 451-461.

XIEE, XIEW, BR, £X0Z, BUE, mz € BT IRER A 3w MR R B E A I AR IR 5200 2347, B4, 2014, 69
(11): 1595-1603.

i, AR, FNICL. 2000—2012 AR 3 4 iR SR BB s O I 2= 8 fk. AR BEAT, 2015, 37(11) : 85-91.

FEAR, DEEM, 20, BEAR. WL EE MR E WIS, e, 2017, 72(5) : 863-874.

Ty, BESCHR, s, 20, ATERE. B I AR A 1 25 18] 22 S e . vh DK R ORERRLF: 2015, 13(2) : 63-69.

XA, A SC, ) FFSC. 2001—2014 47 (1] 2 A v AR RO IR AS I s iR A, I R BEIRRR R, 2017, 29(1) ¢ 192-198.

Feng X M, FuB ], Piao S L, Wang S, Ciais P, Zeng Z Z, Lii Y H, Zeng Y, Li Y, Jiang X H, Wu B F. Revegetation in China’s Loess Plateau is
approaching sustainable water resource limits. Nature Climate Change, 2016, 6(11); 1019-1022.

BmRE, T2, T, RELL, 4, Shanls, RTLE. B A IR AR ARDCRE TR R A 20 2L BE R T W Rl 2 RE . R AR RS
&, 2011, 35(1): 17-26.

Liu L B, Zhang Y T, Wu SY, Li S C, Qin D H. Water memory effects and their impacts on global vegetation productivity and resilience. Scientific
Reports, 2018, 8(1): 2962.

Eckert S, Hiisler F, Liniger H, Hodel E. Trend analysis of MODIS NDVI time series for detecting land degradation and regeneration in Mongolia.
Journal of Arid Environments, 2015, 113 16-28.

Lamchin M, Lee W K, Jeon S W, Wang S W, Lim C H, Song C, Sung M. Long-term trend and correlation between vegetation greenness and
climate variables in Asia based on satellite data. Science of the Total Environment, 2017, 618 1089-1095.

Pang G J, Wang X J, Yang M X. Using the NDVI to identify variations in, and responses of, vegetation to climate change on the Tibetan Plateau
from 1982 to 2012. Quaternary International, 2016, 444 87-96.

2R, XV, A, JET NDVI ) =M DA KX AR SEE S 5T, AR 352441, 2011, 31(19) : 5495-5504.
FEEHT, BURME, 3BT, W, 8, E3ON, HITHI. MIOP R - DOR RR ST T 3R SR bR 52 R IR ST, 2015, 35
(5): 765-771.

WA, MR [RGB ST HERE . DK 5Bk, 2009, 7(5) : 117-124.

ZE, kgl e R XA B S A SC R AEARSE, 2001, 23(1) ; 82-89.

RS8R, VRGBSR AR S 2 o JEUAE WO R A s TP ERLE  HR AL 2007, 37(11) ¢ 1504-1514.
B, XIFEHE, RFETT, WL, RITIR. 2000—2014 4F 55 5 JSU 94 B ol i 23 AR AR Rl SO Y.L P [ BRBE R 22, 2016, 36(5) -
1568-1578.

Sun WY, Song X Y, Mu X M, Gao P, Wang F, Zhao G J. Spatiotemporal vegetation cover variations associated with climate change and ecological
restoration in the Loess Plateau. Agricultural and Forest Meteorology, 2015, 209-210. 87-99.

Xie B, Jia X, Qin Z, Shen J, Chang Q R. Vegetation dynamics and climate change on the Loess Plateau, China: 1982—2011. Regional
Environmental Change, 2016, 16(6) : 1583-1594.

e, LHAE. PRI NDVI 3852810 5 R oK ZE (LA U 4. R8240, 2000, 24(3) : 379-382.

VA, XIEW], AR5 SR, BRI A B A 1 P S A SRR DG R HBEE“EHE, 2001, 56(6) : 667-672.

XM, ¥ RE. E A NDVI S KOG R I A28 L. R4 A%EE, 2006, 25(5) : 477-481.

TR B R LR SR S SN B O X PRI A S TR R AR b, P EZ TR AL, 1992.

Wang Q X, Fan X H, Qin Z D, Wang M B. Change trends of temperature and precipitation in the Loess Plateau Region of China, 1961—2010.
Global and Planetary Change, 2012, 92-93. 138-147.

Duveiller G, Hooker J, Cescatti A. A dataset mapping the potential biophysical effects of vegetation cover change. Scientific Data, 2018,
5. 180014.

Bontemps S, Boettcher M, Brockmann C, Kirches G, Lamarche C, Radoux J, Santoro M, Vanbogaert E, Wegmiiller U, Herold M, Achard F,
Ramoino F, Arino O, Defourny P. Multi-year global land cover mapping at 300 M and characterization for climate modelling: achievements of the
Land Cover component of the ESA Climate Change Initiative. ISPRS-international Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, 2015, XL-7/W3. 323-328.

Gang C C, Zhao W, Zhao T, Zhang Y, Gao X R, Wen Z M. The impacts of land conversion and management measures on the grassland net
primary productivity over the Loess Plateau, Northern China. Science of the Total Environment, 2018, 645, 827-836.

Yang Y LK, Xiao P F, Feng X Z, Li H X. Accuracy assessment of seven global land cover datasets over China. ISPRS Journal of Photogrammetry
and Remote Sensing, 2017, 125. 156-173.

Kuppel S, Fan Y, Jobbagy E G. Seasonal hydrologic buffer on continents: patterns, drivers and ecological benefits. Advances in Water Resources,

http ; //www.ecologica.cn



2 4

XU A58 4 S RO R g 2B NDVI S AR Ak i i 1y 691

[32]
[33]

[34]

[35
[36
[37
[38
[39
[40]
[41]
[42]
[43]
[44]

[45]

[46]
[47]

2017, 102 178-187.
Huete A, Justice C, Leeuwen W V. MODIS Vegetation Index (MOD13). Algorithm theoretical basis document. 1999.
R Core Team (2013) R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. http://
www.R-project.org/ [ 2019-01-09].
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, 2008, 89(3) : 281-308.
KA, WRaEA. I SPSS etk T SE BB AR AT I 5 vk, ARk, 2010, 45(2) : 4-6.
PRI, B L v MU DA R S X M A S B BN [ D] A0 - PEALACMBLE R | 2008.
SRR, TP, SRR B DO i s A SR AR A A . R AR, 2016, 36(13) + 3960-3968.
LRI, Zedr, IMILAK, T, EIEER. B R RUSBORX RIS i S X NDVI B2, SR, 2018, 40(8) : 1684-1692.
SR, AERRIT, SR, XS B b b B s A S R LA IS SR SC &L BRIRRL, 2014, 36(1) : 166-174.
Y. B L 30 AR S A S ARSI B[ D] A% PEALRAMERHE R, 2016.
RS, PR, BeRR. 3w e T 5 X R 55 LB AT 30 4RI X AL AL . AR 252441, 2010, 30(10) : 2630-2638.
PRI, PR AR DG A ORI R HOK B9 R S LRI [ D] 2822 IARA L K24, 2008.

FRL, BT, MM PEAT TP B LA E A A A BIRRAE 5 SR RO R, dERTAR RS 244], 2009, 31(1) ¢ 37-43.
McCree K J. Photosynthetically active radiation//Lange O L, Nobel P S, Osmond C B, Ziegler H, eds. Physiological Plant Ecology I. Berlin,
Heidelberg: Springer, 1981 41-55.
Kudoyarova G R, Veselov D S, Faizov R G, Veselova S V, Ivanov E A, Farkhutdinov R G. Stomata response to changes in temperature and
humidity in wheat cultivars grown under contrasting climatic conditions. Russian Journal of Plant Physiology, 2007, 54( 1) : 46-49.
TrE M, SRRGE, IR éﬁ&i%‘)ﬁ%&lxiKIﬁ]tttéMEﬁ%ﬁ'ﬁH’ﬁmﬂ’allﬂ‘%%}'ﬁiﬁﬁﬁi FSRBEIR 4R, 2009, 24(6) : 992-1003.

o, TR, R, skif, BXAME. Eor BREE BGOSR 1 5 BRI BEIERLA:, 2013, 35(4) : 868-874.

http ; //www.ecologica.cn



