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Synopsis

Remote sensing is increasingly used for investigating land-surface phenologies by capitalizing on
the recent availability of spaceborne optical and radar data. This paper detects temporal changes in
vegetation phenologies and attempts to atribute these changes in vegetation to some identifiable
vegetation forcing factors, such as human activities, climate, and natural factors. Human activities,
such as settlement, agricultura practices, and pollution, can significantly impact vegetative cycles. In
the absence of human influences, vegetative growth (recurring biological cycles) is seasondly regu-
lated and primarily a function of temperature and precipitation. Remotely sensed Normalised Differ-
ence Vegetation Index (NDVI) data from the National Oceanographic and Atmospheric Administra-
tion's (NOAA) Advanced Very High Resolution Radiometer (AVHRR) is used to modd the impact
of both anthropogenic influences and natural disturbance regimes/climate on vegetation phenologies at
regiond and nationd scales. Specificaly, NDVI NOAA AVHRR data from 1982 to 2000 is used to
discriminate the influence of human activities from climatic and naturd factors using the Discrete
Fourier transform (DFT). Harmonic analyss of tempora NDV I in southern China shows that the first
harmonic is in-phase with atmospheric temperature, while the second and third harmonics capture the
combined influence of human activity information and climate on vegetation. But in northern China
and the Qingzang plateau, sandstorms and snow cover obfuscate the second and third harmonics,
making correct interpretation difficult. In al, meteorologica data from 560 observations are andyzed
in order to detect changes to land-surface phenologies. Thiswork can be extended by attempting to at-
tribute changes in vegetation to specific climate forcing factors, such as greenhouse gases and human
influences such as deforestation.
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Human and naturd disturbance regimes are known
to sgnificantly impact vegetation phenologies. This pa
per provides a methodology for determining the degree
to which land-surface changes are the result of human
activities (pollution, deforegtation, urbanization, etc) or
the inherent randomness of natural processes. However,

separaing anthropogenic from natura influences on
vegetation is difficult. For example, it is unknown
whether the changes in the frequency or intensity of ex-
treme westher and climate events are a function of de-
cadal fluctuations, or “indicative of longer term trends
related to anthropogenic induced climate change”’ (East-
efling e a, 2000). While year-to-year variations in
vegetation phenologies can be the result of human inter-



vention they are aso related to climate: mesoscale satel-
lite bioclimatological analyses have highlighted relations
between the functional and biophysical attributes of plant
canopy (net primary production, biomass, the fraction of
absorbed photosynthetically active radiation and chloro-
phyll concentration) and life-controlling climate vari-
ables (temperature, precipitation, and growing degree
days, etc) (Rundquist, Harrington and Goodin, 2000;
Yang, Wylie, Tieszen and Reed, 1998).

Human activities may haveirreversible effects on
natura | systems: It is well known that biologica proc-
esses may undergo bifurcations/ (sudden shifts) at par-
ticular temperature or precipitation thresholds. The dis-
tribution and abundance of plants and animals is often
determined by drought and frost tolerances (Woodward,
1987). For example, an extended drought in New Mex-
ico in the 1950s caused a 2 km shift to the boundary be-
tween the pine and pinon/juniper forest (Allen and Bres-
hears, 1998). Findly, ecosystem structure and function
are impacted significantly by disturbance events, many
of which are associated with floods, tsunamis, and
drought. Naturd systems are expected to exhibit even
more novel, unpredictable responses to modern, human
dominated environments.

Based on satdllite observations, long-term climate
change and dimatic anomdies (such as E
Nifio/Southern Oscillation and North Atlantic Oscilla-
tion) may also influence vegetation dynamics. One of the
major concerns with a potential change in climate is that
an increase in extreme temperature and precipitation
events will occur. In wild plants and animas, cli-
mate-induced extinctions, distributional and phenological
changes, and species’ range shifts are being documented
a anincreasng rate.

The overdl areas of the world affected by either
drought or excessive wet periods have increased (Dai
and Trenberth, 1998). This paper will invedtigate the
situation in Chinaiin which a decrease in mean precipita-
tion (Ye e d., 1996) has been accompanied by an in-
crease in the area of droughts and a decrease in the area
with excessive precipitation.

Earth observation techniques are becoming incress-
ingly important for the monitoring of the earth environ-
ment and the detection of itstempora variations. Remote
sensng data is now routindy used for operationa
land-surface gpplications, such as disaster prevention
(mapping of hazardous areas, detecting landdides, and
land cover mapping) and a posteriori evaluation of dam-

aged aress. This paper focuses on the use of remote
sensing using time series of Advanced Very High Reso-
Iution Radiometer (AVHRR) Normdized Difference
Vegetation Index (NDVI) in southern China to monitor
land cover variations and changes in vegetation dynam-
ics. The characterization of land-surface phenologies
from regional to globd scales provide basdline data from
which to monitor changes in vegetation associated with
anthropogenic and natural processes. Accordingly, both
vegetation phenologies and growth periods are important
for land surface (LSM) and globa climate modes
(GCM).

2. Background

As a sdf-organizing, adaptive system, the earth’s
climate system is highly sensitive to human-induced land
use change (Ning Zeng,1999, L. BOUNOUA et d., 2000,
Pielke, 2000, Bonan, 1997, Lauenroth et al., 1999, Pit-
man et al., 1999, Wang and Eltahir, 20003, b, Baron et
al., 1998, Kabat, 2001; see section A, Skinner and Ma-
jorowicz, 1999, Sisk, 1999, and Lewis, 1998). As vege-
tative canopies are known to influence the terrestria cli-
mate system (through land surface processes such as the
exchange of radiation and gases), both the type of vege-
tation (determined by its physical, chemicd, and struc-
turd properties) and its scae (degree of cover) are im-
portant parameters for Land Surface Modds (LSM) and
changes to the vegetation surface will determine species
abundance, rainfall and amospheric/soil temperature
because vegetation type is a MID-MEDIA (Dickinson,
R.E., A.1993; Yongjiu Dai,,2001). (Xue, 1993; Nobre,
1991, C. S. POTTER,1998, A. KAWABATA,2001).

It is therefore unfortunate that many assessments of
land-surface temperatures fail to adequately consider
human-induced landscape changes. While the effects of
anthropogenic landuse change have been addressed in
the context of urbanization (Gdlo et al., 1999), they have
been largely ignored in the context of temperature trends
and climate change assessments (Delworth and Knutson,
2000; Crowley, 2000), even though dterations in land-
scape cover affect both the local and regiona tempera-
ture record. For example, Pidke et al. (1999) explain
how landscape change in South Florida (from anatural to
a human-dominated form) led to warmer, dryer summers.
In eastern Colorado, Pieke et al. (2000a8) document a
significant spatial variation in temperature trends, some
of which are clearly associated with 20th century land-



scape change. Segdl et al. (1988, 1989) and Stohlgren et
al. (1998) document the role of irrigation on the Colo-
rado climate, including a cooling of summer maximum
temperatures dong the eastern dope of the Colorado
Rocky Mountains,

Monitoring the impact of human activities is im-
portant because our expansive and dominant species of
primate, Homo sapiens (so caled “"man the wise" be-
cause of unprecedented neurological development) has
caused significant changes to its host ecologica systems.
Human-caused landscape change includes agricultural
activities (such as replacing vegetation species, incress-
ing the cropping index), deforestation, overgrazing, and
urbanization. Such anthropogenic disturbances are by no
means new (they probably contributed more to the col-
lapse of earlier civilizations than military fortunes);
however, most landscape disturbances have occurred in
recent history — and their scope and scae is accelerating,
significantly atering the balance between vegetation and
climate (Leemans, 1999). Specifically, O'Brien (2000)
notes the accelerating rate of tropical deforestation.

Landscape dterations can influence globa climate
and atmospheric circulation thousands of miles from the
source of the disturbance (Pitman and Zhao, 2000; Chase
et al., 1996, 2000; Burke et al., 2000): Land surface
plays an important role on degp cumulus convection,
leading to mgjor shifts in the polar jet stream, with sub-
gtantial higher latitude regions of warming and cooling
(Pidkeet al., 1997, Shaw et al. 1997, Grasso, 1996, and
Ziegler et al., 1997). In addition, landscape dterations
lead to a reduction in transpiration (of the natura land-
scape) and declining cumulonimbus cloud activity.

Over the past two decades, time series of AVHRR
data has been used to investigate vegetation phenology.
This body of research has improved our understanding of
fluctuations and directiond trends in the characteristics
of vegetation and ecologica systems (particularly inter-
and intradeviations from basdline characterigtics) as
influenced by climate change and other human and
natura effects. However, it is often problematic to eti-
mate some vegetation/land surface parameters for physi-
caly based models of climate, hydrology and biogeo-
chemicdl cycles (Sdlers et d., 1994). Due a lack of ef-
fective instrumentation, these models were ungble to
consider either the effect of human activities or land sur-
face changes. However, many studies have shown that
human  activities, including deforestation, and
urbanization significantly alter land-surface phenologies
and the interaction between land surface and the

interaction between land surface and the atmosphere.
Abedo studies demondtrate that phenology can signifi-
cantly change the distribution of solar energy (Xu Xing-
kui et d, 2004).

3. Data Source and Remote Sensng and Vegeta-
tion Indices
3.1 NDVI
AVHRR data provides regiona and globa edti-
mates of vegetation by using the Normalised Difference
Vegetation Index (NDVI), one of the most common
vegetation indices derived from remotely sensed data
The NDVI is a normdized ratio of the Near Infra Red
(NIR) and red bands, which is given by

NDVI — leR _pred
PR T Pred

where p yis the surface bi-directional reflectance of the
y band (for y = NIR and red). Hence, the NDVI detects
the presence of chrolophyll, which absorbs red light but
strongly reflects infrared radiation by mesophyll tissues
(Sellers 1994; G.Aagrar, 1984; JKRISTIAN, 1986; Jing
M.Chen,1996). NDVI has proven vauable in the esti-
mating herbaceous tota biomass accumulation in grass-
lands and steppes. Using satellite data, total dry biomass
production has been estimated from time series vegeta
tion indices (summed over the growing season, PAR and
NDVI are highly related to total photosynthesis, and
henceto totd dry biomass).

NDVI has been used in various land cover classfi-
cation and land cover monitoring applications from local
to globa scaes, including vegetation maps in Africa
(Tucker et d, 1985), North America (Goward et al.
1985) and the entire world (Justice et al. 1985, Town-
shend et d., 1991). AVHRR continental land surface
models assume that large aggregations of land cover
have various NDV | responses through time: the different
NDVI magnitudes and time varigtions provide a means
to distinguish among land surface types. Although exact
boundary delinestion is often difficult, particularly when
multiple land cover aggregations are required over large
aress.

Anayzing NDVI data, changes in vegetetion cover,
including the impact of climate on land surface phenolo-
gies, can be directly obtained. Because green vegetation
absorbs and reflects more energy in the visible red and
near infrared regions than senescent vegetation (Tucker,



1979,1991), NDVI has been used for the purposes of
phenologic mapping (Benoit Duchemin, 1998;
B.DUCHEMIN ,1999;Aaron Moody, 2001,
A.BONFIGLIO,2002; G.Dal’0lmo,2002;), land surface
monitoring (Sellers, 1996; Zhan, X, 2000). It has dso
been applied to determine growing season length (GRO-
TEN,2002) and the fraction of vegetation cover
(zengxubing ;Peter R.J. North, 2002).

The density of green vegetation and significant
fluctuations in vegetation can be revedled by NDVI be-
cause of its high positive corrdation with LAI. For natu-
ral vegetation, NDVI will display an annua variation
that is highly correlated with climate (once human activi-
tiesare diminated). The NDV1 trend can be smulated by
using atmospheric parameters such as temperature and
precipitation in some dry regions, where the vegetation is
highly sensitive to precipitation (Nicholson S E,1994;
Mao A R,1990; William T H,1996; Grist J1997; A.
KAWABATA, 2001). However, as previoudy discussed,
in many regions, human activities disturb the interactions
between vegetation and climate, leading to phonologic
changes. Accordingly, the effects of human activities
must be considered to accurately smulate phonologic
characterigtics.

Because NOAA-AVHRR NDVI data comprises
both land surface information and vegetation information,
the proportion of the vegetative changes that are caused
by naturd processes and human activities can be deter-
mined. The following two reasons explain why NDVI
can accurately account for the impact of human influ-
ences and climate on vegetation:

1) NDVI errorshave minimal impact on phenologies
The sensor equipped, NOAA-AVHRR sadlite cir-
cles the earth at near-polar inclination, and provides the
continuous monitoring necessary for intensve data
anadysis on various regions of the Chinese landscape.
While the spatia resolution of NOAA-AVHRR is course
(1.2 km), it is capable to pass the same area twice daily
(actualy the monitoring period is one every six hours,
two times are uncounted due to darkness). The AVHRR
provides four- to six-band multispectral data from the
NOAA polar-orbiting satellite series. NDVI accu-
racy/precision is affected by three factors: bi-directiona
reflection, signal degradation, and atmospheric interfer-
ence. Firdly, the satellite's bi-directiond reflection is a
function of its azimuth angle, the solar zenith angle and
illumination (Gutman, 1991). But studies have shown

that even “extreme reflectance’ has a relatively small
influence on NDVI precison (Micheal, 1996). The sec-
ond source of error isfrom sensor degradation (Los 1993,
Rao and Chen 1996) and satellite orbit degradation (Price
1991). The extent of the error resulting from this degra-
dation depends on the terredtrial calibration system em-
ployed. Thirdly, clouds and agrosol dso interfere with
NDVI quadity (Gutman et d. 1994). Atmospheric cali-
bration only can patly diminate the effect of this
interference.

The NDVI dataiin this study are from the GES Dis-
tributed Active Archive Center during the period from
January 1982 to December 2000. All the data are proc-
essed by Gordon's atmospheric correction scheme. The
composite NDVI index is formed by taking the maxi-
mum NDVI vdue from the daily data over a ten day
period. Because a quality control flag exigts for esch
pixd, the systemic error in the NDVI series is assumed
to remain congtant. This systemic error is smal when
compared with seasonal NDVI changes.

2) Higher temporal resolution can unvell phenologies
and human activities.

In southern of China, the favorable climate dlows
for two or three crops annualy. In general, because the
NDVI monitoring interval exceeds ten days, the maxi-
mum daily NDVI (obtainted over a ten day period) can
accurately reved the relationship between vegetation
cycles and climate (phenology). In addition, the NDVI
can reved valuable information on human agricultural
practices such as when planting and harvesting occurs.
By 50 doing, human activities can be digtinguished from
natural vegetation growth.

3.2 Climatedata and Gl S Database

1) Thedatabase of precipitation and air temperature.

The digtribution of precipitation and temperature are
two factors which impact vegetation characterigtics. In
order to determine the degree to which vegetation change
is influenced by climatic factors and human activities
diurnal meteorological observatory datais collected from
560 wegther stations during the thirty year period: 1970
to 2000, as illugtrated in Figure 1. Note that the concen-
tration of weether gtations is highest in eastern China
The didribution of observatories within every Chinese
climatic region is shown in Table 1. Moreover, 360 of
the 560 weether stations have sandstorm records.



2) Thedatabase of vegetation on theland surface

Vegetation characterigtics are a function of the spe-
ciestype. It follows that regions with heterogeneous dis-
tributions of vegetation pecies possess a wide spectrum
of physical vegetative festures. Accordingly it was nec-
essay to create vegetation database. The database con-
tains vegetation data from field studies digitized by In-
stitute of Geography Chinese Academy of Science. This
database contains more than 100 types of vegetation at a
resolution of 2 km by 2 km. From this data, seven vege-
tation categories are created: Desart or Semi-desert, One
Crop Annuadly, Evergreen foredt, Deciduous forest,
Double-Cropping Rice/Three Upland Crops Annudly,
Two Crops Containing Upland and Rice Annually, and
Steppe and Savanaas shown in Figure 2.

It isimportant to point out the three distinct climatic
regions in China: the temperate zone, subtropical zone
and tropica zone. The vegetation digtribution and the
interactions between meteorologicd variables (tempera-
ture, precipitation, atmospheric pressure, radiation, €etc)
and vegetation vary significantly in each climatic region.
These variations are not unique to China: climatic phe-
nomena are highly variable in many parts of the world.
For example, in the savannas of Southern and East Af-
rica, rainfal can vary from more than 750 mm per an-
num in wet years to nil at the driest extremes. It follows
that a cateogorization of climatic divison (Figure 3) is
vauable in order to andyze phenology and human ac-
tivities.

3) Thedatabase of sail texture.

The sail texture categories include sand, loam sand,
sandy loam, loam, silty loam, sandy clay loam, clay loam,
sity clay loam, sandy clay, silty clay, clay, heavy clay.
These digribution of these soil textures in China are
shown in Figure 4.

4) The observational data of phenologies.

Phenologic data from Chinese observation stations
- including meteorologicd sations, agricultura and
forest departments in 1352 Chinese counties --- are used
to confirm the satdllite results. The datais collected from
the years 1980 and 1981 and cover 18 type of crops and
37 types of forest and herbage (Zhang fuchun,1987).

4. Methods

Physicd modds demonstrate that when the resis-

tance is unity and the instantaneous voltage is x(t), then
the instantaneous power will be x2(t) and the total energy
can be expressed as.

| +:x2 (t)dt @

The datigticd interpretation of Equation (1) is that the
expected variance of x(t) is zero. The tota energy or
variance can be decomposed into fractional harmonic
energy or variance. Suppose that
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From formula (6) the total variance of x(t) can be

decomposed into the sum of [n/2] harmonic variance
terms. According to the variance test, assume that  Ho:
E(a)=E(b«)=0. It follows that the statistical value
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is conggtent with the distribution of F in which the nu-
merator has 2 degrees of freedom and the denominator
has n-3 degrees of freedom.

F =
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Fig. 2 Thedistribution of land surface cover
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Fig. 3 Distribution of climatic region on theland-surface of China

Tablel. The Climate division of China and distribution of observatory within every division

Climate division Amount of  Climate division Amount of

aDservalory observatory

| o Humid MNorth Temperate 2 [y Humid Mid Temperate 34
Long Lone

[l Sub-humid Mid Temperate 25 s Sub-dry Mid Temperate 49

Lone Lone
[l Dry Mid Temperate Zone 50 [(Il, Humid South Temperate 6

Lone

Il Sub-humid South 70 15 Sub-dry South Temperate 10

Temperate Long) Long

s Dy South Temperate Zone 16 [V Humid Meorth Subtropic 63

Yy Humid Mid Subtropic 128 Vo Sub<humid Mid 2

Subtropic

Y1, Humid South Subtropic 40 Vil Humid Neorth Tropic 4

YI1; Sub-humid MNorth Tropic 1 Vil sSub-dry Morth Tropic ]

Wlly Sub-humid Mid Tropic 2 H, Humid South Plateau 14
Ha Sub-humid Scuth Plateau g9 H:Sub-dry South Platezu 20

H,Dry South Plaveau &
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Fig.4 Thedigribution of soil texture

Applying the above method (Equations 2 through 8),
the NDVI data from 1982 to 2000 is decomposed into
n/2 harmonic groups. In addition, every harmonic is
tested. Using Equation 8 to calculate F, it follows that a
99.9 percentile confidence of the F distribution corre-
sponds to F==6.23. Since F>Fa, we conclude that the
harmonic is highly significant and the result is output.

5. Reault and discussion

["2] harmonics are analyzed. The results suggest
that there are three distinct vegetation periods in China.
Thisisillustrated in Figure 5. In addition to white noise,
every harmonic shdl have a unique underlying charac-
terigtic/trend. The main reasons underlying each har-
monic are herein described. Each harmonic will be ana-
lyzed separately. Specificaly, the first harmonic of the
discrete Fourier transform (DFT) is in-phase with at-
mospheric temperature, while the second and third har-
monics are shown to concisely summarize human activ-
ity information.

5.1 TheFirgt Harmonic reflects climate influence on
vegetaion
The entire area under investigation has a period of
one year (is studied for a one year period), namely the

first harmonic, as shown in Figure 5a.. The mean value
of seasonal and climate variables determine the trends in
vegetation change. Because climate occurs throughout a
one year period in most regions under study, it is one of
the most important factors determining vegetation
change.

The vegetation type and growth period are influ-
enced by loca climate characteristics. In the event that
climate is compatible with the vegetation, the period of
vegetation growth is sdlf-determined by physiologica
characteristics and there are higher correlations between
vegetation and climate. In China, climate isrelatively dry
in the west, and humid in the east; northern regions of
China have dgnificantly lower temperatures that the
southern parts, asillustrated in Figures 6 and 7. The land
surfaceis primarily afunction of climate characteritics.

The climatic divisons of southern China include
the South Temperate Zone, Subtropic, Tropic and the
Qingzang plateau; limited vegetation growth is also pre-
sent in the Humid South Plateau, where the landscape is
covered by sand, gravel, and bare-soil. Vegetation grows
mainly in the eastern regions of China. In southern China,
the growing season is longer, and the cropping index is
higher, than other regions because of higher cumulative
temperature. The vegetation consists mainly of evergreen
forests, two crops annudly, three crops in two year, two



crops containing upland and rice annualy, dou-
ble-cropping rice or three upland crops annualy. To
maximize net productivity, human select the vegetation
type that adapts best to the locd climate presenting one
year period. Accordingly, in thisregion, phenologies take
on aoneyear period.

In May, the ripe winter whest causes the correation
coefficient between NDVI and rainfal to decrease in the
South Temperate Zone. Vegetation also does not depend
on rainfal south of Yangtze River because of excessve
rainfal. In June and July, vegetation requires more rain-
fal in the middle part of moist temperate zone, owing to
upgrowth. Cultivation of a late autumn crop makes
vegetation extremely dependent on rainfal. In the middle
and lower reaches of Y angtze River, the advent of Meiyu
leads to a lack of any correlation between NDVI and
rainfdl.

In the northern regions (which include the Humid
North Temperate Zone, the Humid Mid Temperate Zone,
the Sub-humid Mid Temperate Zone, and the Sub-dry
Mid Temperate Zone) the annual mean temperature is
reaively low and the vegetation consists of deciduous
trees, grass, and one annud crop. Here, the vegetaion's
LAI shows a high rate of change from one month to the
next. The vegetation varies, for the most part, according
to the temperature.

The results show the regiond characteristics of
vegetation in each month. For example, vegetation does
not grow in northern Chinain April because of low tem-
peratures. During April, these northern regions have less
rainfal but are suitable for the growth of winter whest.
Accordingly, the correlation coefficient between NDVI
and rainfdl is low. The regions with higher correlation
coefficients are primarily located in the humid parts of
the South Temperate Zone. On the other hand, the corre-
lation coefficient in the subtropics and tropicsis not high
due to excessive rainfal and soil humidity (although this
rainfall occurs during the vegetation period). In May, as
temperature increases, the distribution of maximum cor-
relaion coefficients expands throughout northern China
except for some regions with snow cover, where melting
snow causes the soil to increase in humidity. However,
with the exception of these areas, the correlation coeffi-
cient between NDVI and rainfal increases in al other
northern regions.

The tempora lag of NDVI behind rainfal differs
sgnificantly among climatic regions with correlation
coefficients higher than 0.3. In drought regions, even a

limited rainfall can increase the vegetation cover signifi-
cantly. Accordingly, the time lags are less than in other
regions. For example, in rainy regions, precipitation sup-
plies water continuoudy for vegetation growth and re-
aultsin rdlatively long time lags.

In April the southern humid temperate zone has a
relatively high correlation coefficient between NDVI and
rainfal --- and rainfal occurring between day 45 and 65
is best relative to NDVI. This means vegetation will be
mogt effected if the total precipitation occurs within days
45 to 65. In May, vegetation in the mid varigble/region
zones and semi-drought regions is highly sengtive to
rainfal. As a consequence, rainfall occurring within day
15 to 45 is most important for vegetation. In June and
July, soil moisture in northern Chinatrend to bein stable
condition. So the days of rainfall are basically limited to
25-45,

Fig. 5 Thedistribution of first second and third
harmonic
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The relationship between NDVI and temperature is
contrary to the relationship between NDVI and rainfall
due to inverse-correlation between temperature and rain-
fal. During the rainy season, precipitation is a primary
factor inhibiting plant growth, so correlation between
NDVI and temperature is, in genera, higher than the
correlaion between NDVI and rainfal. In addition, dur-
ing the wet season, vegetation growth requires higher
temperatures. In the dry season, however, these corrdla
tions are not evident.

The different soil textures and vegetation types will
cause heterogeneous correlation distributions between
NDVI and rainfall or temperature. Consider the correla
tion between NDVI and rainfal: sandy texture regions
will lead to higher corrdations than the clay texture re-
gions. In the context of the correlation between NDVI
and temperature, sandy texture regions will lead to lower
correlations than clay texture regions.

52 Second and Third Harmonic—reflect human
activitiesinfluence on vegetation.

Climate digtinctions across China from north to
south lead to different digtributions of vegetation and
agricultural practices. In addition, the land use and crop-
ping index also change with climate, as shown in Figure
8. In the north, the growth period is relatively short

(temperature is the main factor limiting vegetation
growth). Vegetation, including both naturally occurring
plants and human-planted crops, are at the same phase as
temperature throughout the year and take on single peak
vaue. In northern regions, there is not an obvious dis-
tinction between the period of natura and farming vege-
tation.

On the other hand, in the southern provinces of
China, the benign climatic condition makes it possible to
plant two or three crops annualy. From Figures 5b and
5¢, the second or third harmonic is present in several
northern AND SOUTHERN regions, such as the Humid
Mid Temperate Zone (l111), the Sub-humid Mid Temper-
ate Zone (112), the Sub-dry Mid Temperate Zone (l13), the
Dry Mid Temperate Zone (l14), the Humid South Tem-
perate Zone (l111), the Sub-dry South Temperate Zone
(I113), the Dry South Temperate Zone (lll4), the
Sub-humid South Plateau (H2), the Sub-dry South Pla
teau (Hs), and the Dry South Plateau (H4), where the
period of vegetation growth is only one year because
temperature acts as a limiting factor. However, when
comparing the Dry South Plateau region with areas that
experience snow cover and frequently occurring sand-
storms, we find that the second or third harmonic in the
region isNDVI is very sensitive to land surface changes.
In WHAT season, snow cover melts and sandstorms are
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Fig8. The cropping index of china in 1987(%)
Table 2.
1 2 3 4 5 fi 7 B 9 10
average Beijing Tranjin Hebei Shanxi Inner Linoning Jilin Hei Shanghai
mongolia Longjiang
11 12 13 14 15 16 17 18 1% 20
Jiangsu Lijiang A Fujiang Jinngxi Shandong Heman Hulbei Hunan Ciuangxi
21 22 23 4 25 26 7 28 29 3
Cruangyi Hichuan Cruizhaou Yunman Tibed Shanani Ciansu Canghai Ningxia Hinjiang
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Fig9 TheNDVI characterigicsin theregion of second harmonic

frequent. Regardless of how much snow cover melts or
how many sandstorms occur, the period (the period of
WHAT!) is gill approximately the same. Mdlting snow
cover will cause the NDVI to increese, and sandstorms
will change the land surface characteridtics.

Accordingly, in this region (WHAT REGION), the
second or third harmonic show only a minor fluctuation
when compared with other climate regions (see Figure
9a). For example, in most northern regions of China,
there is little amplitude in March because of the change
in snow cover. The Sub-humid South Temperate Zone
(1115) and Humid North Subtropic (IV4), are situated on
North China and Changjiang delta where most vegeta
tion is influenced by human activities: agricultural crops
and non-timber product forest dominate the landscape.
For example, winter wheat is grown during the October
to May period while dry farming or rice is continuously
planted. Accordingly, the second harmonic is significant,
as shown in Figure 9b. For other regions (Fig 9c) the
NDVI exhibits a smooth change because the higher ac-
cumulated temperature and sufficient precipitation per-

mits vegetation planting throughout the year.

The third harmonic is mainly distributed in the Hu-
mid South Temperate Zone (I114, the Sub-humid South
Temperate Zone (I11,), the Sub-dry South Temperate
Zone (I113), the Dry South Temperate Zone (lll,), the
Humid North Subtropic (1V4), the Humid Mid Subtropic
(V4), the Sub-humid Mid Subtropic (V,), the Humid
South Subtropic (1), the Humid North Tropic (VI1,),
the Sub-humid North Tropic (VII,), the Sub-dry North
Tropic (Vll3), the Sub-humid Mid Tropic (V1l14), and the
Humid South Plateau (H1). The common characteristics
in these regions are the suitable year-round climate for
vegetation growth and a higher cropping index(Fig10).
The types of crops are “double-cropping rice’ or “three
upland cropsannualy”.

In the Humid South Temperate Zone (llIy), the
Sub-humid South Temperate Zone (ll1,), the Sub-dry
South Temperate Zone (I115), and the Humid North Sub-
tropic (IV,) famland predominates. Zone XX has a
higher amplitude than the Humid Mid Subtropic (V4),
the Sub-humid Mid Subtropic (V,),. The Humid North



Tropic (VIl4), and the Sub-dry North Tropic (VI13) where
cropland is mixed with forest. In the Sub-dry Mid Tem-
perate Zone (ll3) and the Humid South Plateau (Ha)
vegetation exhibits a smaller amplitude because lower
density of vegetation cover. The harmonic results com-
pare favorably with the observational phonologic data.

6. Conclusion

Most land surface models (LSM) are incapable of
capturing the degree to which human perturbations effect
the landscape/climate system.. Human activities can have
profound and unexpected consequences on natura sys-
tems due to complex feedbacks across a wide spectrum
of gpatio-tempora scaes. To improve land surfece
monitoring, the impact of both human influences and
phenology on vegetative canopies was considered using
remotely sensed NDVI data from NOAA AVHRR and
DFT andysis. Harmonic analysis of tempora NDVI in
southern China shows that the first harmonic is in-phase
with atmospheric temperature, while the second and third
harmonic include human activity information.

Precipitation and temperature distributions alow us
to accurately estimate whether land surface changes are
caused by human activities or climatic variables. The
temperature digtribution shows that in the region of the
second and third harmonics the annua minimum, mean,

and maximum temperatures are more than 2°C, 8°C and
14°C higher on average. The second and third harmonics
are aso found to be highly dependent on the precipita-
tion digtribution. For example, there is a higher cropping
index in the North-China plain and Changjiang deltathan
in regions to their west; these western regions possess
little vegetation due to a lack of precipitation and corre-
sponding dry climate. Even if a region has higher tem-
peratures, giving rise to alarger cropping index, the lack
of precipitation will restrict vegetation growth. As shown
in Figure 6, the monthly mean precipitation in a region
should exceed 50mm in order to match the cropping
index of warmer regions. The results are consistent with
alarge body of literature which has shown rainfal to bea
critical varigble determining ecological health. For ex-
ample, depending on rainfall variability, rangeland eco-
systems have been characterized as intrinsically stable,
ungtable, fragile and extensvely degraded, or highly
resilient.

The characterization of land-surface phenologiesin
China can be useful for remote sensing applications in-
cluding drought management, the monitoring of land use
conversions and forest fire detection. However, red-time
utilization of remote sensing for emergency risk man-
agement requires a dedicated system (congtellation) pro-
viding day-to-day information of critical aress.
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