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Abstract:

The long time series vegetation trends (LTSVT) research based on remote sensing in large area is the core field of

vegetation ecology and an important direction in the global change study. AVHRR, SPOT VGT and MODIS are currently the
main data resources of LTSVT research. With volumes of remote sensing data, the analysis and evaluation methods for LTSVT
study emerged as an urgent issue. Algebra calculation, Fourier transformation, PCA analysis, wavelet transform, linear trend
analysis (LTA), correlation analysis (CA), etc., are the main methods. After the assessing and grouping of the methods, we fo-

cused on comparing the LTA and CA, which were well accepted methods, with the newly introduced Sen

method. Our review showed Sen
statistical distribution.
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1 INTRODUCTION

Vegetation plays a key role in terrestrial ecosystems, and di-
rectly affects the local and global energy balance, biochemical
substances cycling and water cycling. It is also the best indica-
tor of the natural and anthropogenic effects on the environment.
Long time series (over 10a) monitoring and assessment is the
core field of vegetation research.

Remote sensing is proved to be the most effective tool of
long time vegetation monitoring because of its advantage such
as large screen area, free limitation of the geography, low cost
and abundant information. The good consistency between re-
mote sensing data makes it more and more valuable. NDVI
(Normalized Deference Vegetation Index) is by far the most
often used spectral index for the description of vegetation from
remote sensing data (Xu et al., 2006; Liang, 2003; Zhao, 2003).

2 REVIEW OF LONG TIME-SERIES VEGETATION
STUDY

It is widely acknowledged that large scale and long term
vegetation study is one of the most important areas in the eco-
logical and global change study (Xu et al., 2007; Zhang et al.,
2001; Bi et al., 2005; Zhao et al., 2001; Li et al., 2005; Fu et al.,
2006; Wang et al., 2005; Xu et al., 2003). A significant body of
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research has focused on this.

Sena (2000) analyzed and evaluated the vegetation behavior
in Oklahoma, USA, based on the data of AVHRR-NDVI.
Granados (2004) assessed the density and vigor of crop by us-
ing AVHRR-NDVI. Ricotta (1998) outlined the NPP spatial
distribution by the fractal statistics of NDVI. Azzali (2000)
proposed that AVHRR-NDVI time-series could be used to de-
tect vegetation phenology. Leblon (2001) monitored the fire of
north of Canada with the AVHRR-NDVI data. Weiss (2001)
analyzed the human induced degradation of rangeland by
AVHRR-NDVI series. Boyd (2002) detected the threat of El
Nifio on the rainforest of Malaysia from the AVHRR-NDVI
series. Pelkey (2003) induced the long time-series trend of
vegetation in habitat protection. Jia (2004) found that air tem-
perature and surface soil temperature had a linear correlation
with NDVI. Jia (2002) studied the AVHRR-NDV variability in
5a in Alaskan, USA. Jakubauskas (2002) had identified the crop
species by the AVHRR-NDVI series.

Fang and Piao (2004a; 2004b; 2001, 2003) analyzed vegeta-
tion change of China between 1982—1999, and the results
showed that most part of vegetation were improving while there
still remained substantial difference between regions. Shi (2004)
calculated the Fractional Vegetation Cover based on the
AVHRR-NDVI to assess the vegetation change of Sinkiang.
Chen (2002) analyzed the vegetation change from 1983—1992

of West China by the PCA of NDVI. Ma (2003, 2006) proposed
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the vegetation degradation of West China in the last 21 a based
on the results of NDVI analysis.

The analysis methods of long time series vegetation trends
(LTSVT) are becoming more and more important with quick
growing of remote sensing data.

3 MAIN DATASET FOR LONG TIME-SERIES
VEGETATION STUDY

The AVHRR, SPOT VGT and MODIS are the main source
for time-series vegetation study. AVHRR, which is the most
early used dataset, has been processed and analyzed since 1980,
and SPOT VGT and MODIS have been used since 1998 and
2000 respectively. MODIS data is a milestone in meso-scale
remote sensing as it substantially improved the capability of
vegetation monitoring.

The original data of AVHRR, SPOT VGT and MODIS are
grey value, attenuated by atmosphere and reflectivity of objects.
The grey value is also affected by satellite screening breadth,
earth curvature, zenith angle of sun, etc. These attenuation and
affection would be rectified by data preprocessing including
geo-referencing, radiation calibration, atmosphere calibration,
cloud detection and composition. The most popularly used
method of composition is Maximum Value Compositing (MVC)
on 10 days cycle which could minimize the effect of cloud and
atmosphere scattering.

Landsat series also accumulated more than 30a of data since
its first launch in 1972. But they were still not enough for
LTSVT for its lack of standard radiation calibration and cloud
detection although its higher spatial resolution. So they are
mostly used in LUCC. Table 1 shows the main dataset for
LTSVT.

Table 1 Main data sets used to long time series vegetation trends research

Data AVHRR MODIS SPOT
Spatial resolution/km 1 8 1 8 0.25,0.5,1 1
Temporal resolution/d 10 10 10 15 16 10
Projection Goode Interrupted Homolosine Geographic Lon/Lat
Start time Apr.1992— 1981— 1998— 2000— 1998—
May.1996
Providers EROS Data Panfinder Land GSFC EOS VITO
Others GPP (8d), ('5'2‘('1)(8")' vee NPP (10d), NEP (10d), DMP (10d)

4 MAIN ANALYSIS METHODS OF LONG TIME-
SERIES VEGETATION DATA

Algebra calculation, Fourier transformation, PCA analysis,
wavelet transform, linear trend analysis (LTA), correlation
analysis (CA), etc., are the main analysis methods as well as the
new proposed Sen Mann-Kendall method.

4.1 Algebra calculation

Algebra calculation includes calculation of ratio, difference
and variation. By these kinds of methods, the maximum, mini-
mum, mean and change amplitude can be clearly expressed.
Being lack of description of time series of NDVI, these meth-
ods are largely used to indicate the change characteristics of
one period.

Coefficient of variation is a typical index in algebra calcula-
tion (Weiss & Marsh, 2001; Fang et al., 2001; Milich, 2000;
Tucker et al., 1991). It was popular in the early vegetation
study and still act a substantial role (Yan et al., 2003; Chen et
al., 2004). It is calculated as follow:

o

Cy=— 1)
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where, C, is the coefficient of variation, & the mean value of
NDVI in one period and o the standard deviation. Coefficient
of variation is a reflection of the overall data dispersion and
discreteness, which was often used to represent NDVI in-

ter/intra year fluctuation.

4.2 Principal Components Analysis (PCA)

PCA is theoretically the optimal linear scheme, in terms of
least mean square error, for compressing a set of high dimen-
sional vectors into a set of lower dimensional ones and then
reconstructing the original set. PCA involves a mathematical
procedure that transforms a number of correlated NDVI time
series into a smaller number of uncorrelated variables reflecting
different vegetation characters (Cakir et al., 2006; Lasaponara,
2006). Eigenvalue and eigenvectors are the key parameters
calculating from covariance matrix in the PCA process.

Suppose ay, represents the eigenvectors between the band k
and its corresponding principal components, correlation coeffi-
cient Ry, can be describe as following:

ap*\/%p
v ;ark

is the variance of band k, A eigenvalue.
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Rkp =

where Ve

The first principal component accounts for as much of the
variability in the data as possible, and each succeeding compo-
nent accounts for as much of the remaining variability as possi-
ble. So the first several bands of PCA can completely describe
the characters of original datasets.

PCA showed special advantage in processing massive data
sets and can detect the main fluctuation such as fire, pests and
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disease (Cakir et al., 2006; Lasaponara, 2006).

4.3 Fourier Transformation

Fourier transform (FT) is the frequency domain representa-
tion of the original data (Lunetta et al., 2006; Lhermitte et al.,
2007; Wang et al., 2005).

2n
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where, f(x) is the NDVI series, F(u) FT, N length of series, x
number of series, u number of series in frequency domain.

Discrete FT can detect the different amplitude of vegetation
fluctuation such as yearly and monthly undulation (Olsson et al.,
1994). FT was always used finding the inter- and intra- cycle of
the vegetation fluctuation (Lhermitte et al., 2007; Wang et al.,
2005).

4.4 \Wavelet Transform

Wavelet transform is developed from Fourier transform. But
unlike Fourier transform, the wavelet transform possesses the
ability to construct a time-frequency representation of a signal
that offers very good time and frequency localization. The coef-
ficients of wavelet can be used to describe the multi-scale
characters of one dataset. So the Wavelet transform was applied
in the vegetation fluctuation circle detection.

Wf@J%)=IfUHM4mW(X;MJdX @

where Wy(b, x,) is the wavelet coefficients, b the scale factor, x,
the center of wavelet, y(t) the window function also called
mother wavelet. Sarkar (2004; 2007) and Li (2000) analyzed
the India and USA vegetation change respectively.

Wavelet transform is new analysis method for vegetation se-
ries with high potential, but as of now it still applied as the
same way as Fourier transform.

4.5 Linear Trend Analysis (LTA)

LTA is well accepted and implemented for NDVI temporal
trend analysis using least squares linear regression (Weiss et al.,
2001; Fuller, 1998; Camberlin et al., 2007; Rigina & Rasmus-
sen, 1996; Tottrup & Rasmussen, 2004; Herrmann et al., 2005;
Evans & Geerken, 2004).

y=a+kx +¢g (5)
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where ;=£ZXi,§=lz Yi, X is the year, i and y; is the
nNia niza
NDVI value in the year i, a is the coefficient, & the random
error. k is the slope of the linear regression that represent the
trend of vegetation (Weiss et al., 2001; Fuller, 1998; Camberlin

et al., 2007), k>0, means vegetation was improved, and k <0,
means vegetation degraded.

4.6 Correlation Analysis (CA)

Mostly the correlation analysis use the Pearson correlation
coefficient to depict the trend of vegetation change (Herrmann
et al., 2005; Evans & Geerken, 2004). The LTA and CA are
much similar.

n
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where r,, is the correlation coefficient and a normalized pa-
rameter. r,>0 means positive correlation and r,<0 means
negative correlation.

Many studies concluded that the LTA or CA provided the
best results in terms of interpretation and showed a consistent
measure of vegetation change, regardless of the study area and

period.
4.7 Sen Mann-Kendall analysis

Sen slope coupled with Mann-Kendall detection was proved
to be the important trend analysis (Gilbert, 1987; Xu et al.,
2003; Burn & Hag, 2002)and gradually applied in vegetation
study (Fernandes et al., 2005; Beurs et al., 2005; Beurs et al.,
2004). g, the Sen slope, is calculated as following (Burn & Hag,
2002):

Xj =%

/>0 means vegetation improvement and vice versa.
Mann-Kendall was proposed by Mann to test the trend of
change. Kendall and Sneyers made it much more perfect to
detect the beginning and ending of the trend, and furthermore to
a large range of application.
Mann-Kendall detection is defined as:

T
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where, 7= > sgn(x;—X); sgn(@)=40 ifHo=0; (9)
=1y -1 if6<0
n(n-1)(20+5)- 3t (t ~1)(24 +5)
Var(z) = 1'51

where n is the number of data in the series, m the number of
tied values, t; the number of ties for the i value.

Sen +Mann-Kendall analysis was widely used in hydrology,
meteorology etc. (Xu et al., 2007; Yang et al., 2007; Xu et al.,
20064a; Yue et al., 2002; Xu et al., 2006b; Jiang et al., 2007) and
has been applied in vegetation study.
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4.8 Others

Wang (2005) ever used R/S method to study NDVI series.
R/S (Jiang & Deng, 2004; Zhao & Wang, 2002) (Rescaled
Range Analysis) was first developed by Hurst, a statistical
method to analyze long records of natural phenomena. R/S is
also a non-parameter method, and the ratio of R/S need be ex-
tracted by least squares linear regression which is lack of statis-
tical test. Bi (2005) used wave-type time series model to simu-
late temporal dynamic changes of the correlation between
NDVI and climatic factors. The two methods mentioned above
were not the usual methods of NDVI analysis.

5 COMPARISON OF THE METHODS

The emphasis of algebra calculation is on the variation of
vegetation over time rather than the temporal change feature

1r
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which is most needed for evaluating an ecological project. PCA
can distinguish the different vegetation fluctuation caused by
different reasons, but none of its principal components could be
related to one specific cause (Rigina & Rasmussen, 1996). The
FT and wavelet have the same deficiency, as a consequence that
they are mainly used in vegetation cycle detection (Evans &
Geerken, 2006).

LTA and CA are the most popular method thanks to their
simple and clear process and convincible results (Rigina &
Rasmussen, 1996; Jina et al., 2006).

5.1 Classification and comparison

k of LTA is an absolute value which means it could vary
with NDVI. So the results of LTA analysis vary greatly among
regions because of their different vegetation levels. Fig. 1
shows two set of data, analyzed by LTA, the same trend re-
sulted in different values.
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Fig. 1 Comparison between linear trend analysis and correlation analysis

in CAisa
normalized value. This made CA directly measured the trend

LTA and CA are quite alike except that the ry,

character and free of vegetation absolute value. Fig. 1 showed
the results were identical although their values are not the same.

S of Sen Mann-Kendall analysis was also a non-normalized

parameter, so its significance must be tested by Mann-Kendall
instead of itself.

5.2 Distribution need of dataset for the methods

The basic assumption of LTA and CA is normal distribution
of dataset although most of the time it is hardly satisfied (Fer-
nandes et al., 2005). No distribution of data needed was the
advantage of Mann-Kendall. This made it applicable to NDVI
series and had good ability to deal with gross errors and out-
liers.

5.3 Ability of errors resistance

The NDVI series were at its most less than 30 which is not
much enough for statistical analysis and any error will greatly
affect the results. Although the preprocess work had included
error correction, there still remained measurement error resulted
from atmosphere, position of solar zenith angle, etc. (Los et al.,
1994; Chappell et al., 2001; Wang et al., 2003; Gong & He,
2004). So the errors resistance of analysis methods became very
important. Wessels (2007) pointed the CA result was affected
by the point in the time-series when the great change taken
place.

Our simulations showed that a fixed —0.02 NDVI errors
in different year will result in different correlation coefficient
(Fig. 2).

Compared with CA, g of Mann-Kendall remained stability
(Fig. 3). In the 20 changes, 15 results were 0.0037 which is the
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Fig.2 Effect of timing of the occurrence of a error on the correlation index and Sen

same as original data without error. This proved the
Mann-Kendall had good strength in error resistance and
LTA/CA would mislead because of error (Wessels, 2007).

The main reason for error resistance of Sen was that it was
calculated by the data clumping and sorting process which was
substantially different with LTA (Fernandes et al., 2005) (Table 2).

0.8

NDVI

*  NDVl+error

NDVI correlation coefficient
===== NDVI+error correlation coefficient
=== NDVI Sen slope

——————— NDWVI+error Sen slope

01" . .
1 6 11
Time/a
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Fig. 3 Error reflectance of Sen and regression coefficients

Table 2 Comparison between Sen and regression coefficients

NDVI NDVI+error
LTA 0.0256 0.0234
Sen 0.0226 0.0213

6 RESULTS AND DISCUSSION

Long time series vegetation trends analysis based on remote
sensing has been a hotspot of vegetation study. AVHRR, SPOT
VGT, MODIS, etc., evidenced more and more data sources
while hundreds of countries and international organization is-
sued standard of data processing to improve vegetation study.

Nevertheless, the great difference existed between different

analysis methods leads to incongruent results. LTA and CA
were the well accepted methods but their deficiencies were

ignorable. Sen Mann-Kendall fixed well the shortage of these

two methods and had excellent performance in (1) data without
specific distribution; (2) errors resistance. Moreover, the con-
vincible results of Sen Mann-Kendall came from the solid

foundation of statistic analysis and significance test. Therefore
it poses great application potential in future research and de-
serves enough attention.
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