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Normalized difference vegetation index of different vegetation cover types and its

responses to climate change in the Loess Plateau
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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 CCIH.C) and the Normalized Difference Vegetation Index ( NDVI) data were derived from MODNDI1T/
NDVI vegetation index data. The results indicated that ( 1) from 2000 to 2015 the regions with significant increase in
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NDVI . in the Loess Plateau accounted for 74.25% of the total area and among all the different vegetation cover types the

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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Table 1 The correlation coefficients between NDVI . and climate factors in the whole Loess Plateau
/C /mm 1% /h NDVL,
X Mean annual Total annual Mean annual Mean annual Mean annual
Annual factors . . L .
temperature precipitation relative humidity sunshine hours NDVI,,..
/°C |
Mean annual temperature
fmm -0.24 1
Total annual precipitation
/% «
Mean annual relative humidity 0.28 0.60 !
/h
Mean annual sunshine hours 0-13 ~0-60 043 !
NDVI, .. 3
Mean annual NDVI, -o.0t 0-35 ~0.31 04l !
“x 7 P <0.05
2 NDVI, ..
Table 2 Annual change trend and the proportion of the NDVI . in different vegetation cover types
. R? P
Vegetation cover types Count Percentages Change slopes
12237 0.67 0.012 0.853 0.01
Evergreen broad leaf forests % <
[
Deciduous broad leaf forests 139711 7:69% 0008 0801 <0.01
35997 1.98% 0.007 0.234 <0.05
Evergreen needle leaf forests
Deciduous needle leaf forests 6 0.00 0.010 0.704 <0.01
Mosaic tree 126310 6.96% 0.008 0.571 <0.01
Mosaic grassland 25195 1.39% 0.004 0.823 <0.01
Grassland 723934 39.86% 0.006 0.848 <0.01
Crop 639461 35.21% 0.012 0.856 <0.01
Shrub 1117 0.06% 0.007 0.879 <0.01
Others 112238 6.18% — — —
23 NDVI
o 3
NDVI . P<0.05 0.56;
NDVI_ P<0.05 . 0.44  —0.44,
NDVI_. P<0.05
0.49.0.5. . . NDVI,_ P<0.05.P<
0.01. P<0.05.P<0.05 -0.47.-0.64.-0.49.-0.44,
NDVI_ P<0.05.P<0.01
-0.47 -0.6. o
NDVI__ .
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Table 3 The correlation coefficients of the annual NDVI,, and climate factors in different vegetation cover types zone
/mm /°C 1% /h
. Total annual Mean annual Mean annual Mean annual
Vegetation cover types s . 1 .
precipitation temperature relative humidity sunshine hours
Crop 0.37 0.03 -0.32 -0.47"
Grassland 0.56" -0.10 0.11 -0.28
Shrub 0.49" -0.38 0.50" 0.11
— _ *%
Deciduous broad leaf forests 0.24 0.04 0.32 0.64
Evergreen broad leaf forests 0.23 0-06 ~0.40 ~0.49
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/C /%
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4 2000—2015 NDVI,,...
Table 4  Simulation models based on the annual NDVI . of different vegetation cover types and climate factors of the Loess Plateau
2000—2015
/
R2 P (fl f2) P Residual
Vegetation cover types Regression models Degree of standard
freedom error
y=1.3895( %k ) - 0.4092R1( * ) - 0.0034S1( * ) 0.48 6 (2 13)  0.0142(*) 0.0155
Evergreen broad leaf forests
. y=2.0285( *kk) — 0.896R2( **) - 0.009452( * ) 0.68 13.88 (2 13)  0.0006( *xx) 0.0209
Deciduous broad leaf forests
y=2.0122( Hkk) — 0.9126R3( *xk) — 0.009S3( Hkk) 0.74 18.09 (2 13)  0.0002( *kk) 0.0172
Evergreen needle leaf forests
y=2.7554( %k ) — 2.4213R4( *k) + 0.0006P4( * ) -
. .01 12 L0021 ( ok .037
Mosaic tree 0.013454( * ) 069 90 (312) - 0.0021( x) 0.0379
Mosaic grassland y=1.1058( %¥kk) - 1.1724R5( * ) + 0.0007P5( * ) 0.44 5.10 (2 13)  0.0232(*) 0.0342
Grassland y=0.2606( * ) + 0.0007P6( * ) 0.31 6.31 1 14)  0.0249(* ) 0.0479
y=2.8183( %k ) — 2.4884R7( *k) + 0.0005P7(* ) -
Crop 0.01387( * ) 0.66 7.88 (3 12)  0.0036( **) 0.0386
y. NDVI.. P total annual precipitation; R: mean annual relative humidity; S: mean annual sunshine hours;
B p 0.05 0.01 0.001

http: //www.ecologica.cn



688 40

5 NDVI

max

Table 5 Correlation coefficient between NDVI . and climatic factors for different vegetation cover types based on path analysis

NDVI, ..
" ( )
( ) Indirect path coefficient ( indirect effect)
X Independent Correlation .
Vegetation cover types . .. Path coefficient
variable coefficient ( direct effect)
with NDVI__ 1rect eftec R S P Total
R1 -0.40 -0.497922 — 0.10092 — 0.10092
Evergreen broad leaf forests S1 -0.49 -0.576707 0.08714 — — 0.08714
R2 -0.32 -0.538444 — 0.21927 — 0.21927
Deciduous broad leaf forests S2 -0.64 -0.791970 0.14908 — — 0.14908
R3 -0.47 -0.621952 — 0.15428 — 0.15428
Evergreen needle leaf forests S3 -0.60 -0.735352 0.13049 — — 0.13049
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
Mosaic grassland R5 -0.22 -0.572789 — — 0.35215 0.35215
P5 0.44 0.717517 -0.28112 — — -0.28112
Grassland P6 0.56 0.557302 — — — —
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: total annual precipitation; R: mean annual relative humidity; S: mean annual sunshine hours
() . 2000 2015
NDVI_ . . 74.25%
NDVI_ 0.012/ . .
57
NDVI N N 0
NDVI
T, NDVI
-0.4092.-0.896.-0.9126,
-2.4213.-2.4884, N
1.1724. 0.0007
22-24
NDVI
NDVI 3637
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