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Abstract

Vegetation cover change is critical for understanding impacts and responses of vegetation to cli-
mate change. A study found that vegetation in the regions between 45°N-70°N was increasing using
normalized difference vegetation index (NDVI) from 1981 to 1991 ten years ago. The global vegeta-
tion growth has changed because of climate change in recent twelve years (2001 —2012). After
thorough analysis based on satellite data, it is found that it is evident that the global vegetation
changed (NDVI) little, and it is increasing slightly in Northern hemisphere while it is decreasing
slightly in Southern Hemisphere. For different latitudes, vegetation is increasing 0. 17% every year
from 60°N to 70 °N (R” =0.47, P>0.013) , while the vegetation is decreasing 0. 11% every year
from 10°N to 10°S (R* =0.54, P >0.004). For different continents, the vegetation in South
America is decreasing 0. 16% every year (R* =0.78, P >0.0001) and it is increasing 0.05% ev-
ery year in Asia (R* =0.28, P >0.072) and 0.25% every year in Oceania (R> =0.24, P >0.
1). The analysis of global vegetation in different seasons indicates that spatial distribution of global
temperature and water vapor will affect the spatial distribution of vegetation, in turn, the spatial dis-
tribution of vegetation will also regulate the global temperature and water vapor spatial distribution at
large scale. The growth and distribution of vegetation are mainly caused by the orbit of the celestial
bodies, and a big data model based on gravitational-magmatic change with the solar or the galactic
system as its center is proposed to be built for analyzing how the earth’ s orbit position in the solar
and galaxy system affects spatial-temporal variations of global vegetation and temperature at large
scale. These findings promise a holistic understanding of the global climate change and potential un-
derlying mechanisms.
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0 Introduction

Vegetation is the main part of terrestrial ecosys-
tem, which is a bridge among the atmosphere, bio-
sphere and soil. Solar radiation is the source of energy
for plant photosynthesis, and vegetation is also the
main source of heat storage, which affects the growth
rate of vegetation directly. The heat capacity trans-
ferred from solar radiation is determined largely by the

vegetation types. NASA has two polar-orbiting Earth
Observing System (EOS) satellites ( Terra and Aqua)
in orbit at all time. One of the primary purposes of the
EOS program is to study the role of terrestrial vegeta-
tion in large-scale global processes with the goal of un-
derstanding how the Earth functions as a system. The
NDVI of MODIS data is robust, empirical measures of
vegetation activity at the land surface. It is designed to
enhance the vegetation reflected signal from measured
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spectral responses by combining two wavebands, in the
red ( wavelengths 0.62 ~ 0.67um) and NIR wave-
lengths (0.84 ~ 0.87wum) regions. NDVI is strong
with the fraction of photosynthetically active radiation
( wavelength 0.4 ~ 0.7um) absorbed by vegeta-

[13]

tion . Numerous studies have shown that there is a

linear relationship between green vegetation fraction
and NDVI'*"?) | Thus the change of NDVI can also be
used to present the change of vegetation cover and
growth.

1 Materials and methods

The National Aeronautics and Space Administra-
tion (NASA) provides global NDVI product MOD13C2
data, which are cloud-free spatial composites of the
gridded 16-day 1-kilometer MOD13A2, and are pro-
vided monthly as a level-3 product. Cloud-free global
coverage is achieved by replacing clouds with the his-
torical MODIS data. Version-5 MODIS/Terra Vegeta-
tion Indices products are validated, meaning that accu-
racy has been assessed over a widely distributed set of
locations and time periods via several ground-truth and
validation efforts. Mean monthly NDVI is used to ana-
lyze the distribution of the vegetation. There is a linear
relationship between green vegetation fraction and ND-
VI So it can be speculated the change of vegeta-
tion cover through the change of NDVI. Eq. (1) is
used to estimate statistical average of NDVI in global
and regional scale.

i=n j=m

NDVI, = %Z S S(j)NDVI, (1)
Fy Ry

where NDVI  is the mean of NDVI, i is the number of
day every year, jis the number of pixel, S(j) is the ar-
ea weighting function of the pixel j which is obtained
from the model of earth, NDVI, is NDVI in ith day for
the same location. Statistical average (NDVI, ) can be
used to characterize the vegetation coverage in global
and region scale. Eq. (2) is used to estimate the rate

of vegetation (NDVI) from 2001 to 20127,

nY (kxNDVIL,) - > k> NDVI,
P = k=1 k=1

k=1
nx SR - (k)
k=1 k=1

Slope _ Rate =

(2)
Slope _ Rate is change rate, k is the number of year,

NDVI ,, is the mean NDVI of kth year, and n is 12.

2 Results

Statistical analysis is condusted for global ( except

Antarctica) in different regional scale from 2001 to
2012. Fig.1(a) is the global mean land NDVI.
Which is 0.384, and change trend of global vegetation
is weak and insignificant in recent twelve years.
Fig. 1(b) is the mean NDVI of northern hemisphere
and the mean NDVI is 0.342. The vegetation is in-
creasing slightly in northern hemisphere. Fig.1(c) is
the mean NDVI of southern hemisphere, and the mean
NDVI is 0.506. The vegetation is decreasing slightly
in southern hemisphere.
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sphere, (c¢)Southern Hemisphere from 2001 to 2012

Mynenl, et al. found that the vegetation in the re-
gions between 45°N-70°N was increasing using NDVI
from 1981 to 1991"*'. Now the vegetation growth has
been changed because the climate changes. Shown
from Fig.2, the change of mean NDVI in different lati-
tudes is different. The vegetation is increasing 0.17%
ever year from 60°N and 70°N (R*> =0.47, P >
0.013), while the vegetation is decreasing 0.11%
from 10°N to 10°S (R* =0.54, P >0.004). The veg-
etation is increasing slightly in 10°N ~40°N and 20°S-
30°S, while the vegetation is decreasing slightly in
40°N ~50°N, 10°S ~20°S, 30°S ~60°S.

For different continents, the vegetation change is
also different (see Fig.3). The vegetation in South A-
merica is decreasing 0. 16% every year (R* =0.78, P

>0.0001) and it is increasing 0.05% every year in
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Asia (R*=0.28, P>0.072) and 0.25% every year
in Oceania (R*> =0.24, P>0.1). The vegetation in

0.45

0.4

0.35

0.3

NDVI

0.25

0.2

0.15

0.1

0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25

NDVI

0.2

0.8

0.7

0.6

0.5

NDVI

0.4

0.3

0.45

0.4

0.35

NDVI

0.3

Fig.2

3 y=-% x + 04113
N o R2=0.0084
| £~ — *.-A-Th‘_-‘
y =-0.0003x +0.3633
R2=0.0475
I T ="0"0003% T U.297%
R2=0.0356
- P - o Lt
v “*/
= —e—N 60-70° y=0.0017x +0.2312
- N 50-60° R2=0.4706
| —&—N 40-50°
N 30-40°

L L L 1 1 n L L s s T

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

(a) Year
L r Y N 4 y A &
L - -
| y = -0.0009x + 0.604
R=0.4202
| ——N 20-30°
—#—N 10-20°
i —a—N 0-10°
I y =0.0001x+0.3317
R2=0.0244
[ ———— el ey
n a & e P S r.
e y =0.0001x+0.2852
R2=0.0121
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
(b) Year
- =.0.0013x+0.6829"
L R2=0.601

——S0-10°  =.0.0005x+0.5455
m-s10200 | R2=0.0755

r —&—S 20-30°
L y =0.0011x+0.3541
R*¥=011221

L ' L L s s s L L L L

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
© Year

y =-0.0006x+0.4079

| S00° R2=0.0332
=-0.0012x+0.4162
——S 40-50° 4
oo R2=0.3767
L —&—S 50-60 =-0.001x+ 04157
R2=0.096

i I L L L L L L L 1 L

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
(d) Year

The mean NDVI of different latitude from 2001 to 2012

North America, Africa, and Europe are decreasing
slightly.
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Fig.3 The mean NDVI of six continents from 2001 to 2012
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The spatial variations of global average of the veg-
etation ( NDVI) from 2001 to 2012 are shown in
Fig.4(a). The high concentration of vegetation is
mainly in South America and the central regions of Af-
rica. In order to get the global change rate of vegeta-
tion in detail, a linear regression has been made for ev-
ery pixel from 2001 to 2012, and the slope rate
Eq. (2) is used to represent the change rate of vegeta-
tion (Fig.4(b)). The vegetation in high latitude re-
gions (especially in Russia), the eastern region of
China, the western regions of Indian peninsula, east-
ern regions of Australia, North-eastern regions of North
America, and the southern tip of Africa are increasing.
The vegetation in central regions of Africa, South
America, western regions of Australia, south-east re-
gions of America, western regions of Asia are decrea-

sing.

-0.011 -0.002 0.013
Fig.4 (a) The distribution of mean NDVI from 2001 to 2012,
(b) Rate of NDVI change from 2001 to 2012, shown as

the slope of a linear regression

The seasonal variations of the NDVI from 2001 to
2012 are further analyzed, and the results are given in
Fig. 5. Tt is interesting to find that the vegetation chan-
ges are very obvious from spring ( March to May) to
winter ( December to January) in northern hemisphere.
On the contrary, the vegetation changes with the sea-
sons change are not obvious in the southern hemi-
sphere. Most of vegetation is distributed in North and
South Americas, North Asia, central Africa and South-
east Asia, while vegetation is relatively less in the
northern part of North Africa, Western Australia and
West Asia. In spring, vegetation is relatively very large
in Europe, South America and central Africa. In sum-
mer, the vegetation grows very fast in North America
and North Asia. In autumn, the vegetation began to

decrease in north hemisphere, while vegetation began
to increase in south hemisphere. In winter, vegetation
is at the minimum in the northern hemisphere, while
vegetation is at maximum in the southern hemisphere.

0 0.43 0.83
Fig.5 (a) The mean NDVI during March to May; (b) The
mean NDVI during June to August; (c¢) The mean ND-
VI during September to November; (d) The mean ND-
VI during December to February in the last ten years

The change trends of the global NDVI ( Vegeta-
tion) by seasons in the last decades are given in
Fig. 6. A year- round increasing trend would be found
in the north-east part of North America and Eastern
Australia. Tt is increasing obviously in North Asia in
spring and autumn. There is a clear increasing trend in
the west of Indian peninsula and north China from sum-
mer to winter, while there is an obviously decreasing
trend in the south of south America and near the equa-
tor regions in the whole year. Humans have little im-
pact on the change of the spatial distribution of vegeta-
tion at global scale, which is mainly affected by tem-
perature changes, and water vapor content. Shown
from Fig.5 and Fig. 6, the seasonal variations of vege-
tation are determined by the earth’ s revolution. The
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vegetation growth and distribution are mainly affected
Mao et
'made an analysis for global surface tempera-

by temperature changes and water cycle.
al, (1415
ture and global water vapor content, and they found
that the surface temperature and water vapor content in
North high latitudes are increasing which is the main
reason for the increasing of vegetation in North Asia.
The vegetation is decreasing 0.11% in the equatorial
regions from 10°N to 10°S and the water vapor content
is also decreasing in this region. Shown from Fig.7,
the global vegetation change is the bridge among the
temperature and water vapor content and CO,, and
global vegetation through the water vapor and carbon
dioxide to regulate the global temperature change. In
fact, the change of global temperature and water vapor
content is also influenced by the earth’ s rotation and
revolution which affects the growth and development of
vegetation through the effects of respiration and photo-
synthesis. Therefore, a theory is put forward that the
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Fig.6 The overall change rate of the NDVI by seasons from
2001 to 2012: (a) March to May; (b) June to Au-
gust; (c¢) September to November; (d) December to
February
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growth , temporal and spatial variation, appear and dis-
appear of vegetation ( including other species) are
mainly determined by the variation of orbit of celestial
body (like Fig.8), because magnetic field and gravi-
tational field changes of celestial body influence the at-
oms and molecules of each species. The study of ecolog-
ical systems ( especially for temporal and spatial varia-
tion of vegetation) should be divided into three levels.

=

S sty

Fig.8 Solar system simulator provided by Moose O’ Malley
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The first level is that the respiration and photosynthesis
of vegetation is mainly influenced by the earth’s rota-
tion, and the second level is that the temporal and spa-
tial variation of growth of vegetation are mainly deter-
mined by the revolution of the earth, and the third lev-
el is that the appear and extinction of vegetation (in-
cluding other species) are determined by the revolution
of sun and other planets. These three levels interact
with each other, but the latter level determines the pre-
vious level. It is proposed to build a big data model
based on gravitational-magmatic change with the solar
or the galactic system as its center, and the thought of
this model is that the climate and ecosystem change
such as temperature and water cycle are mainly deter-
mined by the earth’s orbit position in the solar and
galaxy system which indirectly affects the temporal and
spatial variation of vegetation at large scale. Part of
ideas and discourses has been described in the pa-
per''®’. Because of the long running cycle of stars, De-
ople have not enough observation data, and extreme
climate change cycle can be used to reverse the motion
of the celestial bodies and discover new objects. Build-
ing the complex climate change model and the ecologi-
cal species evolution model based on the orbit of the
celestial body with big data method is the trend in the
future. The theory for studying spatio-temporal change
of climate and ecological system provides a new re-
search direction, which is very important to study cli-
mate change, disaster prediction and ecological species

evolution.
3 Conclusions

Many reports suggest that extreme floods, heat
waves, droughts, and wildfires that occurred on a glob-
al scale over the past decade might be exacerbated by
climate change''”’. The vegetation cover change is crit-
ical for understanding the impacts and responses of
vegetation to climate change. After thorough analysis
based on satellite data, this study finds evident that the
global vegetation change little, and it is increasing
slightly in northern hemisphere while it is decreasing
For different lati-
tudes, the vegetation is increasing every year from

slightly in southern hemisphere.

60°N to 70 °N, while the vegetation is decreasing from
10°N to 10°S. For different continents, the vegetation
in South America is decreasing and it is increasing in
Asia and Oceania. This comprehensive examination of
vegetation changes promises a holistic understanding of
the global climate change and potential underlying
mechanisms. The main reason of vegetation change at
small scale is determined by climate change, such as

drought, and the second reason is human destruction.
The distribution and grows of vegetation at large scale
are different for different regions, and the main reasons
are the change of global surface temperature and water
cycle which are mainly determined by the earth’ s orbit
position in the solar and galaxy system. Finally, a the-
ory is put forward that the growth, temporal and spatial
variation, appear and disappear of vegetation ( inclu-
ding other species) , and global temperature are mainly
determined by the variation of orbit of celestial body,
and three levels study of big data model based on gravi-
tational-magmatic change should be made in the future
research. More research should be done which will be
reported in the future.
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