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Abstract Qimate variability has a large impact on the vegetation dynamics. To quantify this impact in
the Tibetan plateau a study was carri ed out using time-series of MDD SfAPAR satellite data products and
NCEP net radiation and rainfal | re-analysis data. The data set spanned over the years between 2000 and
2005. The NCEP data are used to construct a time series of aradiational i ndicator of drought daily net
radiation and rainfall data for each NCEP grid are integrated over a period of eight daysto match the tem-
poral sampling interval of MDDl Sdata products. The ratio of net radiation over rainfall for agiven period
of time is a measure of excess energy relative to available water and is therefore a measure of drought haz
ard. Fourier analysis of time series of the MDODI SYAPAR provides two indicators of the response of vege-
tation photosynthetic activity to drought as measured by the indicator just described. The two i ndicators
used in this study are the mean yearly fAPAR value and its annual amplitude. The algorithm used HA-
NTS fits iteratively a Fourier seriesto a set of irregularly spaced observations after elimination of outli-
ers such as due to cloud-contaminated observations. The relationships between photosynthetic activity of
vegetation and the radiational drought hazard indicator are determined and quantified spatially and tempo-
rally. The response during the wettest respectively driest year during t he period covered by available ob-
servations was compared. The drier areas prove to be the most sensitive to climate i mpact. The analysis
shoul d be extended over a longer period of time to obtain a more robust assessment of climate impact on
vegetation dynamics particularly as regards the response of vegetation to temporal respectively spatial
variability of climate.
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1 Introduction

Qimat e variability has a large i mpact on terrestrial
ecosystems but impact is not the same for every region
and itisstronger for regions with a delicate bal ance be-
tween water availability radiative forcing and ecosys
tems. This applies in particular to arid and semi-arid
regions like the Sahel partsof the Mediterranean re-
gion and many regionsin China. Terrestrial vegetation
inarid and semi-arid zone is very sensitive to fluctua-
tions in water availability. The effect of water deficits
on vegetation depends strongly on radiative forcing
since excessradiant energy at the surface must be dis-
sipated as either convective heating or heat of vaporiza-
tion of water in both soil and foliage. Accordingly a
good measure of climate forcing and variability for the
study of terrestrial ecosystems response should combine

a measure of water availability with a measure of radia-

tive forcing.
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Fig.1 Schematic description of the approach proposed in
this paper to study the response of terrestrial vegetation to
climate variability CI isthe ratio of precipitationtimesthe
latent heat of evaporation to net radiation

To characterize climate and its variability in
terms of the relation between water avail ability and ra-
diative forcing we chose to use the Budyko Aridity In-

13

dex i.e. theratio of net rad ation over precipita-

tion multiplied by the latent of vaporization of wat er

This ratio was originally meant to be applied to long
term climatologies but we propose here to use it for
short term weekly in this study total values of net ra-
diation and precipitation. Qur hypothesis ° is that the
indicator is still meaningful over short periods of time
since it measures the ratio of the evaporative demand of
to avail able water

the atmosphere i.e. net radiation

precipitation  which are the climate determinants of
vegetation growth.

Foliar phenology i. e. the seasonal change of
vegetation cover and its conditions is an extremely
sensitive indicator of many factors such as climate
soils and land management determining the temporal
evolution of terrestrial vegetation. Satellite data provide
the opportunity to monitor continuously foliar phenolo-
gy but such monitoring over a period of time of clima-
tological relevance i. e 10-15 years requires pro-
cessing and analyzing a considerable quantity of satel-
lite data.

The method applied in this study has been de-
scribed by Menenti et al. \Verhoef et al.
Azzali ° and Menenti °  Roerink etal. ' . These

previous studies make clear that climate impact on veg-

5 7 8

etation growth hasto be analyzed on a yearly basis. On
the other hand these earlier studies used time series of
NDM as obtained from multi-spectral AVHRR. Since
the launch of the Terra satellite the high quality radio-
metric data acquired with the Mbderate Resol ution | ma-
MOD S
produce global observation geo-biophysical variables.

ging Spectrorad ometer have been used to

In the study described here we have used five years of
MODI Sobservations of the fraction Absorbed Photosyn-
thetic Active Radiation fAPAR
better measure of vegetation growth closely related to

which is a much

Goss Primary Production.

2 Method

The conceptual framework and research method
are presented schematically in Fig. 1. Vegetaiion per-
formance is determined by two maor impact sources
climate and human activity. The Earth surface can be
monitored on a daily basis by space borneimaging radi-
AVHRR MRS AATSR MODOS MSR
etc . Several of these sensors provide measurements of

ometers
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red and near-infrared reflectance which is sufficient to
provide a measure of light absorption by leaf chloro-
phyll
vigor and growth. These refl ectance measurements are

thereby providing an indication of vegetation

most commonly combined into spectral indices like the
commonly used Normalized Difference Vegetation | ndex
NDVI

. . 1
tioning

which gives an indication of vegetation func-
2. A time series of NDVI image data docu-
ment t he temporal behavior of vegetation functi oni ng ®
and provides suitable data for bio-climatological stud-
ies. The vegetation dynamics can be quantified by ap-
plying pixel-wise Fourier analysis to the time series of
NDVI images ° .
nents are coupled to climate parameters

If the resulting NDWVI Fourier compo-
the relation-
ship between vegetation dynamics and climate can be
analyzed * .

In this study of the Tibet plateau Upper Rght
UR 40. 00°N 104. 43°W  Lower Left 30. 00° N
80.83°W we have applied the same method to time
seri es of MODISfAPAR available over the period Janu-
ary 1st 2001 through December 31st 2005 at 8 days
temporal resol ution.
2.1 Satellite observations

The Fraction of Absorbed Photosynthetically Ac-
tive Radiation fAPAR absorbed by vegetation meas
ures the proportion of available radiation in the photo-
synthetically active wavelengths 0.4 t0 0.7 mm that
acanopy absorbs. The MODI'S FAPAR is derived di-
rectly from MCOD'S Reflectances MR
data on surface characteristics such asland cover type

and ancillary

08

7 measured
. rejected

Decade

Fig.2 Schematic description of the HANTS algorithm

and right

NDVI(-)

background etc by using a three dmensional formula-
tion for the LAl /fAPAR inverse problem. MCOD'S fA-
PAR MOD15A2
resolution provided on a 8-day basis by composting

is Level 4 products at 1 km spatial

maximum fAPAR over the 8 days period v
2.2 dimate observations

We have used the daily National Center for Envi-
ronmental Prediction
P
radiation.

NCEP data products on precip-
itation net shortwave radiation and net longwave
Net radiation is derived from net shortwave
R, . The 8-day

precipitation is obtained asthe sum of the daily val ues

radiation and net longwave rad ation

over each 8-day period matching the temporal cover-
age of the MCDI'S fAPAR. The R, values were daily
averages over the same 8 days period.
2.3 Qimateindicator

Evapotranspiration i s the key process in plant de-
velopment. It is mainly controlled by two meteorologi-
cal parameters net radiation and precipitation either
The Budyko Aridity
Index isthe ratio between net radiation over precipitati-

one of them is the limiting factor.
on times the latent heat of evaporation >° . In other
words it defines aridity as the amount of energy in ex-
cess of the heat necessary to vaporize all precipitation

for any period of time. Values of BAI 1 indicate a

potential water stress since net radiation a simple
measure of the evaporative demand of the atmosphere
isin excess of precipitation.

2.4 Time series analysis

I'n order to extract concise characteristics of the

04
phase
i
02 4
amplide
0 T Lty AT —

-02

—+— frequency =0 (average)

frequency = 1 (annual cycle)

= = = = frequency -9 (6 months cycle)

04 ' ' ' '
0 9 18 2 %
Decade

left identification and removal of outliers

resulting Fourier parameter s of the filtered time series
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vegetation dynamics Fourier analysis is applied on the
time series of image data earlier work used a Fast
Fourier Transform algorithm ® . Later on amore flexi-
the Harmonic ANalysis of

a\gorithm8 .

ble method was developed
HANTS
considers only the most significant frequencies expected

Time Series This algorithm
to be present in the time profiles and applies a |east
squares curve fitting procedure based on harmonic com-
ponents sines and cosines . For each frequency the
amplitude and phase of the cosine function is deter-
mined during an iterative procedure. Input data points
which have a large positive or negative deviation from
the current curve like cloudy and missing pixels
are removed by assigning a weight of zero to them. Af-
ter recalculation of the coefficients on the basis of the
remaining points the procedure is repeated until the
maximum error is acceptable or the number of remai-
ning points has become too small. For a detailed de-
scription of the HANT Sal gorithm one isreferred to Ro-
erink and Menenti and Roerink et al. ™

An example of the HANTS procedure is given in
Fig. 2 which represents an annual temporal profile of an
arbitrary pixel. Goud affected observations are identi-
fied as large negative outliers and filtered out during
the iterative HANTS procedure

quencies frequency O yearly mean value frequency

using only three fre-
1 annual harmonic component frequency 2 6
months component The rest of the points have a
maximum deviation from the fitted curve of in this
case 0.05 NDWI units. Fig.2 right showsthe Fou-
rier components
vidual HANTS frequencies

amplitude and phase values of the annual NDVI cycle

cosine functions of the three indi-

the arrows represent the

frequency 1

3 Results

The simplest way to present the results obtained
by applying HANTS to a yearly time series of fAPAR
observationsis by combining the dominant Fourier pa-
rameters i.e. the yearly mean value and the ampli-
tudes of the yearly and half-yearly components into a
Fig. 3 Plate

cates here vegetation cover with relatively high mean

R@ color composite Geen indi-

fAPAR and moderate seasonality while red indicates

vegetation cover with relatively low mean fAPAR and
significant seasonality. This concise representation of
phenology makes it much easier to study the impact of
climat e variability on vegetati on phenol ogy.

The basic principle of the approach is illustrated
in Fig.4 although the overall shape of the fAPAR sig-
nature remains a simple periodic function subtle
differencesin timing of minimum and maximum val ues
and in the overall yearly amplitude are observable.
Such differences are measured by using the Fourier pa-
rameters determined with HANTS.

Qur data analysis indicated that 2001 was the dri-
est and 2005 the wettest year sowe focused our anaysis
on the differences between these two years Tablel .
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Fig.4 Chserved fAPAR vaues at arandomly selected pix-

el in the Tibetan plateau Each observation applies

to a 8-days sampling interval Terra / M QDS
2001-2005

Table 1 Descriptive statistics on observed differences g

between the driest 2001 and wettest 2005 year A, re-

spectively Ag isthe amplitude of the 12 months respectively

6 mont hs com ponent

Upper right UR 40.000oN 104.43°W Lower |eft

30. 000NB0. 83 oW

M ODI'S area coverage Tibet plateau

2001-2005 STAPAR e s 5 Ra/)\P
Mean 1.07 -0.06 0.4 4.1
Std. devidion 3.1 3.8 2.4 15.4

As indicated by the large values of the standard
deviation for all variables considered the most signifi-
cant feature is the very significant spatial variability
both the Budyko ratio and of fAPAR Fourier parame-
the 2001 value of R,/AP

ters. Overall indicates
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significantly drier conditions than 2005 but the impact
on vegetation functioning seems limited to a slightly
lower amplitude of the winter-summer cycle and to a
stronger 6 months component.

These results indicate that a meaningful analysis
of the impact of climate variability on vegetation func-
tioning cannot be done globally for a vast and complex
region like the Tibetan plateau.

When looking at specific locations and vegetation
cover the relationship between changes in drought
R, /AP
and changes in vegetation phenology as measured by
the Fourier parameters computed from the fAPAR time

conditions as measured by changes in

series becomes much clearer Fig.5 . Within the Ti-
betan plateau we observe for the same pair of years
R, /AP 13
R, /AP 0.7 . The
impact i s very significant only inthe former case i.e

MAPAR  -12.

both significantly drier conditions
and slightly drier conditions

4  Conclusions

We have described a preliminary case-study on
the use of time series of satellite observations of bio-
physical variables and climate datato characterize veg-
etation response to climate variability. The advantage

of the approach presented is two-fold

Fig.5 M ap of change in mean yearly fAPAR between the driest 2001 and wettest 2005 year black indicateslower

values in 2001 white larger labels show the corresponding changesin

1 By using a Fourier seriesto model pixel-wise
time serie of observations theinformation is concisely
represented in avery limited number of parameters.

2 The satellite observations at 1 km spatial res-
olution capture subtle aspects in the spatial variability
of vegetation response that would otherwise be rather
difficu t to capture by ground observations.

Even though the period of time spanned by the
MOD STAPAR observations was just five years it was
sufficient to capture significant changesin drought con-
ditions between 2001 and 2005 and the correspond ng
response of plateau vegetation.

R,/\P and fAPAR
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