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Summary

The leaf area index (LAI) is one of the most critical
variables describing the biophysical and biochemical prop-
erties of the land cover in the remote sensing and climate
models. In this study, the climatological variations of LAI is
analyzed with NOAA’s 14-year (1981-1994) Advanced
Very High Resolution Radiometer (AVHRR) measure-
ments. More attention is given to the 14 months of Julys
or the warm seasons, in which interannual LAI variations
contain more pronounced signals of dynamic forcing asso-
ciated with the tropical rainforests and the temperate forests
around 60° N. Furthermore, projecting the LAI anomalies
into the empirical orthogonal function time series of El
Nino and other climatologically important events shows
that the large-scale circulations play an important role in
determining the interannual variations of LAI, likely
through the changes of surface insolation, precipitation
and soil moisture. It is found that on the global scale LAI
and the land surface and skin temperatures are negatively
correlated, namely, decreasing LAI corresponds to warm
temperatures. However, the regional LAI effects on the land
surface climate vary significantly from regions to regions.

1. Introduction

Since the seminar work of Charney et al. (1977),
it has been increasingly realized that biospheric
variables could have an important impact on the
regional and global climate. These variables of-
ten exhibit significant temporal (i.e., from the
monthly, seasonal to annual time scales) and spa-
tial variations. Most of such variations can be

seen from the land surface temperatures. Further-
more, these variations and their impact on the
land—biosphere—atmosphere system are more
pronounced during the warm season than the
cold season due to the presence of weak gradient
large-scale dynamics but strong thermodynamics
(Dickinson, 2001; Hurrell, 1996).

Specifically, the large-scale circulations can
alter the land surface climate through changes
in the soil moisture, surface insolation and tem-
perature by propagating meteorological distur-
bances that are accompanied by clouds and
precipitation, such as frontal systems, cyclones/
anticyclones and tropical storms (van Loon
and Rogers, 1978; Wallace and Gutzler, 1981;
Barnston and Livezey, 1987). A good example
is the recent winter warmth across Europe result-
ing from the low frequency variability of the
North Atlantic Oscillation (NAO) (Hurrell, 1996;
Thompson and Wallace, 2000). DeWeaver and
Nigam (2000) reported the dynamical effects of
NAO on the warming of Scandinavia and most of
the cooling from the North Africa to the Caspian
area. These large-scale effects are more signifi-
cant in the middle to upper troposphere during
the winter seasons.

In contrast, the local thermodynamics is
closely associated with the heating/cooling and
moistening/drying of the planetary boundary
layer (PBL). That is, under the weak-gradient
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large-scale environments, typically occurring in
the tropics or during the summertime, the local
thermodynamic conditions are more or less de-
termined by the distribution and types of vege-
tation through the surface energy budget and
water cycle, given the incoming solar radiation
and topography (Zhang and Anthes, 1982). This
is because vegetation can alter the surface
albedo, roughness, the ability of transferring soil
moisture into the air through evapotranspiration,
and eventually the land near-surface air tempera-
tures' (Ta) and skin tempera‘[ures2 (Ts). Under
favorable large-scale conditions, the PBL can
provide sufficient sensible heat and ample mois-
ture for the formation of clouds and precipitation.
In fact, previous studies have shown close clima-
tological relationships of the land surface tem-
peratures and rainfall amount to the vegetation
cover. For example, many land surface models
showed that deforestation in the Amazonian trop-
ics tends to decrease local precipitation, leading
to an increase in surface temperatures (Zeng,
1999; Xue and Shukla, 1993; Xue et al., 1996;
Pielke et al., 1997; Bonan et al., 1993).

An important recent finding shows that most of
the local monthly climate variabilities over con-
tinents are caused by the land-surface processes
(Koster and Suarez, 1995; Manabe and Stouffer,
1996). The influence of the large-scale dynamics
appears to be more pronounced at the continental
scale and beyond (e.g., the Pacific North Amer-
ican or PNA teleconnection), and over the time
periods much longer than a month (e.g., the
recent warmth across Europe).

To account for the land surface processes in
climate models, various definitions of the Leaf
Area Index (LAI) have been developed, based

'Ta, also called the screen-level air temperature, is the thermo-
dynamic temperature measured by thermometers that are sheltered
in a wooden box located at about 2m above a flat grass land. It
represents the combined effects of the air mass in the surface layer
and the underlying land surface properties under the influence of the
incoming solar and outgoing infrared radiation.

Ts is the radiometric temperature derived from the thermal
emission of the earth surface as some temperature average between
various canopy and soil surfaces. Without any vegetation, Ts is the
temperature of a molecular boundary or skin layer between soil and
a turbulent air layer above. It can be inferred from the brightness
temperatures after removing surface emissivity and atmospheric
effects (Jin and Goetz, 2001). Thus, Ts represents the ground sur-
face thermal conditions and is more determined by physical pro-
cesses, such as latent and sensible heat fluxes (Jin and Dickinson,
2000; Jin et al., 1997).

on satellite observations, to represent the physi-
cal and biophysical properties of vegetation
(Sellers et al., 1996). LAI, mathematically de-
fined as the area of one side of leaves per unit
area, involves various physical and dynamical
processes including the land surface radiative
transfer, photosynthesis—conductance interac-
tions, precipitation and interception at the canopy
and surface (Sellers et al., 1996). In the context
of radiative transfer, LAI represents the optical
depth of a canopy. A vegetation canopy scatters
incident solar photons largely by the orientation
and structure of the leaves. In theory, this scatter-
ing is generally assumed to be isotropic. There-
fore, the scattered radiation measured by a sensor
above the canopy can be used to calculate LAI
In practice, however, LAI is derived from the
Normalized Difference Vegetation Index (NDVI)
after constraining the maximum and minimum
NDVI values (Buermann et al., 2001; Los et al.,
2000). The latter, related to the greenness and
density of vegetation, is the difference of radi-
ances between the Advanced Very High Reso-
Iution Radiometer (AVHRR) channels 1 and
2 divided by the sum of these two channels’
radiances, i.e.,

NDVI — RNIR — Rvis , (1)

Rnir + Ryis

where Ryir and Rypg are the radiance from near-
infrared and visible channels, respectively.
NDVI, based on Eq. (1), is capable of detecting
the vegetation photosynthetic activities (Justice
et al., 1985; Tucker et al., 1991). However, NDVI
can only be indirectly used through LAI to repre-
sent the vegetation effects in numerical models,
namely

NDVIogs
NDVIyax — NDVIyin

where NDVIggs is the observed NDVI from one
pixel at a given time, NDVIyjax and NDVIyy are
the respective annual maximum and minimum
values of NDVI for that pixel, and LAlyjax is
the maximum LAI value for that pixel (Los
et al., 2000). Similarly but independently,
Myneni et al. (1996) calculated LAI from NDVI
for a pre-specified biome through the curve fit-
ting of LAI and NDVI (see their fig. 5). These
studies demonstrated that LAI, evaluated from
NDVI, could provide a reasonable description

LAI =

XLAIM AX ( 2 )
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of the fundamental properties of vegetation
(Buermann et al., 2001).

The effects of LAI on the land surface climate
may be understood from the physical law con-
trolling the evolution of Ta and Ts, i.e., the ener-
gy conservation at the surface. That is, the net
sensible (SH) and latent (LE) heat fluxes into a
surface air layer must equal to the rate at which
the thermal energy is stored (G), given the in-
coming solar radiation (Sn). Ts and Ta are impor-
tant variables in such energy exchanges as shown
by the following surface energy balance (SEB)
equation,

Sn+ F| — F; + SH+LE =G, (3)
F; = eoTs", (4)
SH = pC, Cx U (Ts — Ta), (5)
LE = LpCqU(q, (Ts) —q,), (6)

where Cy and Cg, are the drag coefficients for
sensible and latent heat fluxes, respectively; U
is the surface wind speed, qs is the saturation
mixing ratio at Ts and all the other symbols
assume their usual meteorological meaning.
Although Ta and Ts are distinct in the physics
definitions, they are consistent in terms of repre-
senting the interaction between the atmosphere
and its underlying land cover. For this reason,
the difference between Ta and Ts has been used
to estimate the sensible and latent heat fluxes.
For instance, Sun and Mahrt (1995) used Ts to
replace the aerodynamic temperature in the con-
ventional bulk equation to calculate the heat flux
by including an extra roughness length into the
drag coefficient. It follows that a better under-
standing of the relationship between LAI, Ta
and Ts will shed light on the land—biosphere—
atmosphere interactions and surface climate
changes.

Most of the previous studies on the land—bio-
sphere—atmosphere interactions were performed
using the coupled atmosphere—land surface mod-
els involving the interactions of vegetation with
the atmospheric temperature, precipitation, soil
moisture and carbon dioxide (Deardorff, 1977;
Charney, 1977; Dickinson, 1981; Keeling et al.,
1996; Bounoua et al., 2000; Piekle et al., 2001).
This vegetation or LAI mechanism was first
suggested by Charney (1977) and subsequently
studied by many others (e.g., Dickinson and

Handerson-Sellers, 1988; Xue and Shukla, 1993;
Xue et al., 1996; Pielke et al., 1997). Bonan
(1997) showed an average 1°C cooling over the
eastern US and a warming over the western US
during the summertime by varying vegetation
types in his land-surface model. Significant de-
pendence of the surface heat flux and tempera-
ture on LAI has also been reported by many other
studies (e.g., Collins and Avissar, 1994; Li and
Avissar, 1994; Bonan et al., 1993). In particular,
Bonan et al. (1993) found that LAI is the most
significant parameter accounting for the changes
in the surface heat fluxes.

Although considerable advance has been made
in understanding the vegetation effects on the
land surface climate, they were mostly obtained
from numerical modeling studies. Due to the lack
of long-period data, few observational studies
have been conducted to examine the geographi-
cal distribution and seasonality of LAI, and to
assess its importance relative to the large-scale
dynamics in determining the local surface cli-
mate change. Moreover, through the dynamical
interactions, which are still poorly understood,
the two different mechanisms may suppress or
enhance each other’s influences on the surface
climate. In order to improve our capability of
predicting the regional and global climate, it is
highly desirable to investigate when and where
the land cover may play an important role in the
regional climate relative to the large-scale
dynamics.

Therefore, the objectives of this study are to (i)
examine the long-term global and regional varia-
tions of satellite-derived LAI and Ts and in situ
measured Ta; and (ii) evaluate their relationships
to the regional climate change. In addition, the
National Centers for Environmental Prediction
(NCEP) reanalysis will be used to help interpret
the observed relationships among LAI, Ts and
Ta. The next section describes briefly the data
source used in this study. Section 3 presents the
analyses of satellite-derived LAI and Ts and in
situ measured Ta. A summary and conclusions
are given in the final section.

2. Data sources

To achieve the above-mentioned objectives, we
use the monthly LAI data and the monthly land
skin temperature diurnal (LSTD) cycle data
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during the period of 1981-1994 both at the hor-
izontal resolution of 8km. The former dataset
was derived from AVHRR NDVI and provided
by the remote sensing group at the University of
Boston (Buermann et al., 2001), whereas the lat-
ter was based on NOAA-series AVHRR channels
4 and 5 thermal infrared observations and gen-
erated at the University of Maryland (Jin and
Dickinson, 1999; 2000; 2001; Jin, 2000). To be
compatible with the in situ air temperatures and
the NCEP reanalysis, both datasets at the 8-km
resolution are scaled up to 0.5 and 2.5 degree,
respectively. A land-cover map (Hansen et al.,
2001) originally obtained from AVHRR at the
resolution of 0.00833 degree (about 1km at
equator) is aggregated to the current 0.0625 de-
gree (about 8 km at equator), and now given at a
latitude—longitude equal angle and in Goode’s
projection (Gleason, 1999).

Surface air temperatures were obtained from
the conventional surface weather stations, after
careful quality control as described in New et al.
(1999). Problems or errors related to the raw
measurements include the irregularity of shelters,
changes of instruments, sparcity of observations
over the arid and mountainous regions. These
problems result often in some uncertainties in
using the air temperature measurements. How-
ever, as New et al. (2000) estimated, monthly
mean temperature anomalies at 0.5 degree have
an accuracy of 0.5-1°C. Thus, this dataset has
widely been used in the previous global climate
change studies (NRC 2000).

The National Center for Atmospheric Re-
search (NCAR) and NCEP have conducted a
50-year (1948—1998) reanalysis of global meteo-
rological observations at 2.5 degree resolution
(Kietlet et al., 2001). This reanalysis includes
observations at the land surface stations and
ships, and from radiosondes, aircraft, satellites
(e.g., HIRS) and other means. In this study,
NCEP’s reanalysis will be used to examine how
the LAI changes are related to rainfall on the
global scale.

3. Results

With the advances in remote sensing technolo-
gies, various land-cover properties can be de-
tected by satellite-measured radiances (DeFries
et al., 1998; Hansen et al.,, 2001). At present,

several methods have been developed to infer
the land cover properties all using the relation-
ship between LAI and NDVI. Figure 1 shows the
land cover information, used together with a
look-up table, that was retrieved from NOAA’s
8-km resolution AVHRR data. The land surface
cover was categorized into thirteen vegetation
classes, as given in Table 1, in which ocean
and water surfaces are set to be class 0. It is
apparent from Fig. la that tropical forests, the
Saharan desert, the Boreal forests are well repre-
sented. To incorporate the above information into
a land-surface model, a set of variables, such as
LAI can be designed for each class of the land
cover to describe the surface properties, e.g.,
roughness length, water conductance, albedo,
soil moisture and the other surface properties.
For example, high albedo values may be assumed
over the low- and mid-latitude desert areas and
high-latitude snow areas, whereas large rough-
ness lengths may be used for forest regions. A
histogram of the global surface cover is given in
Fig. 1b, which shows that land covers 26.2%, and
ocean and lakes cover the rest of earth’s surface.
Among the 26.2% land cover, about 23.2% is bare
soil (i.e., classes 12 and 13), 16.1% is grasses and
crops (classes 10 and 11), 17.4% is shrubland
(class 8), and 42.9% is forests and woodland
(classes 1-7).

Figure 2 shows an example of the seasonal
variations of LAI in the year of 1986, which just
covers a natural life cycle of vegetation. No LAI
values are assigned over desert areas (Fig. 2a—d),
and over the higher latitudes during the cold sea-
son due to the snow coverage or the absence of
greenness. The year of 1986 is chosen because it
is a normal year in the context of global climate,
namely, no El Nino-Southern Oscillation (ENSO)
nor volcanic eruptions. Therefore, the monthly
mean LAI of 1986 represents the typical clima-
tology of the global land cover. Clearly, the land-
cover distribution exhibits latitude and seasonal
dependence mainly because the ecosystem re-
quires appropriate temperatures and moisture at
the surface and in soil; both are important vari-
ables associated with the land-surface climate.
On the other hand, the ecosystem responds to
the land-surface climate by modifying the land
surface vegetation structures. Large seasonal var-
iations and transitions of LAI between seasons
are well observed in middle and higher latitudes
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Land cover from AVHRR

a H b 10 12
Land cover distribution
0.25 [FE s L o F s ok B E B b o h ]
_ 020F -
= - ]
E b -
B 0.15F ]
w C i
=)
E L ]
5 0.10F ]
E L ]
o 0.05 :_ E Fig. 1a. Global map of the land cover index
: E 1 averaged for the years of 1981-1994 from
- -.,.,l_,_ 4 AVHRR; b Histogram of the percentage of each
0.00 " PRPIES SR PRI SRS P S IS S 1 land cover class over the total land surface
0 2 4 6 8 10 12 areas. Table 1 provides description of the
land-cover index and corresponding vegetation
b Land cover type types

with the most pronounced changes occurring
between January and July. LAI increases during
the growing season (Fig. 2b), reaches its peaks
in the summer (Fig. 2c¢), and then gradually
decreases as a result of losing greenness (cf.
Fig. 2c and 2d). LAI for the temperate forests
near 60° N has very high values (up to class 6)
in July and no values in January. High LAI
values are also associated with the tropical rain-
forests in July over the Amazon and southeast
Asia. Over the United States, large LAI values
are observed in the eastern half regions during
the growing season (Fig. 2b). Since LAI is the
optical depth of canopy that interrupts solar
radiation reaching the surface, larger LAI values
imply higher shortwave albedo and less radia-
tive heating at the surface. Thus, the seasonal

evolution of LAI would cause corresponding
changes in the land surface temperatures. It
should be pointed out, however, that the LAI
values over the African rainforest regions are
greater than expected in April and October (see
Fig. 2b and 2d), implying some possible errors
that may originate from either satellite observa-
tions or the retrieval process (Bounoua, 2001,
personal communication).

In addition to the seasonal variations, LAI also
varies significantly from year to year. To see this
characteristic, the interannual variations of LAI
for the years 1981-1994 are calculated as the
LAI anomalies and then averaged globally. The
results are given in Fig. 3a, which shows a slight
decreasing trend of LAI from 1981-1994,
though with some oscillations, except for the
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Table 1. Description of land-cover index and vegetation
types (from Hansen et al., 2001)

Land-cover index Vegetation types

0 Water
1 Evergreen needle-leaf forest
2 Evergreen broad-leaf forest
3 Deciduous needle-leaf forest
4 Deciduous broadleaf forest
5 Mixed farming
6 Woodland
7 Wooded grassland
8 Closed shrubland
9 Open shrubland

10 Grassland

11 Cropland

12 Bare ground

13 Urban and built-up

large jumps in 1991 and 1994. The former jump
may be attributed mainly to the volcanic eruption
of Mt. Pinatubo in Philippine on 15 June 1991,

and partly to the reduced accuracy of satellite
retrieval associated with the volcano-generated
aerosols. The LAI jump in 1994 appears to be
caused by the satellite orbital drift in that year
and a large volume of missing data over the
Southern Hemisphere. If the two questionable
years are removed, the decreasing trend of LAI
suggests reduction of surface vegetation-related
optical depth and an increase in the absorbed sur-
face insolation, likely causing the global surface
warming. This scenario is in general agreement
with the warming trends seen in the Ts and Ta
maps (Fig. 3b), which also exhibit oscillations
similar to those of LAI (cf. Fig. 3a,b). Since
Ts and Ta are related to LAI through several
physical processes (e.g., the radiative transfer
process at the surface, energy redistribution of
sensible and latent heat, and photosynthesis—
conductance processes), the high correlation
between them demonstrates further the useful-
ness of LAI in parameterizing the effects of

AVHRR observed LAl for 1986
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Fig. 3. Interannual variations of the globally averaged
anomalies for a LAI; and b land skin and surface air tem-
peratures during the years of 1981-1994. The LAI anoma-
lies are obtained by the monthly average of only each July
while the skin and surface temperatures are averaged for the
months of January and July to represent the annual char-
acteristics of these surface variables

vegetation on the land-surface climate. More-
over, although the Ts and Ta curves were
obtained from different data sources, the inter-
annual variations of their globally averaged

anomalies are generally consistent with each
other. A further understanding of the nonlinear
relationship between Ts and Ta is one of the
active research topics in the recent land surface
studies, so it is beyond the scope of the present
study.

While the interannual trends of globally aver-
aged LAI are consistent with those of Ts and Ta,
they are closely related to or affected by surface
precipitation. For this purpose, Fig. 4 shows the
global distribution of standard deviation of the
LAI anomalies that are obtained after averaging
14 Julys during 1981-1994. The month of July
is selected here because this month displays
the largest LAI values over most areas globally
(see Fig. 2). Peak LAI variations are evident for
the tropical rainforests, temperate forests in both
the Northern and Southern Hemispheres. The
amplitude of the normalized LAI variations is
as large as 0.9. Of importance is that the overall
pattern of LAI standard deviation agrees well
with the climatology of precipitation (cf. Figs.
4 and 5). For example, the large LAI variations
over the 50—60° N belt coincide with significant
amount of precipitation corresponding to the
upward branch of Ferrel’s circulation. Heavy
rainfall also appears over the rainforest regions
in Africa, the Amazon basin and southeast Asia
where large LAI variations are present. In the

Stand deviation of AVHRR LAI
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Fig. 4. Global distribution of the standard deviation of normalized LAI anomalies for the Julys of 1981-1994
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NCEP climatology of precipitation over 1978—1998 [mm/day]
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Fig. 5. Climatology of daily precipitation (mm) from NCEP’s reanalysis for the years of 1979-1998

United States, the correlation between the precip-
itation amount and LAI variations is also very
high; e.g., the wet eastern states exhibit large LAI
changes. Thus, these results show clearly that the
LAI or vegetation changes are closely related to
the amount of rainfall. Despite the significant
correlation, there are also areas of small precipi-
tation with large LAI changes, such as over some
portions of Australia where July is often dry with
the average rainfall rates less than 1 mm/day, but
the LAI changes are as high as 0.9.

As mentioned in Introduction, it is also desir-
able to gain insight into the LAI variations in
response to the changes in the large-scale circu-
lations. Thus, Fig. 6 shows the influence of El-
Nino events on the LAI anomalies for the Julys
of 1981-1994. Figure 6a is the time series of
the leading mode of empirical orthogonal func-
tion (EOF) for equatorial Pacific sea-surface
temperature (SST) anomalies over Nino-3 area
(Mitchell and Wallace, 1998). There were 5 El-
Nino events that occurred in this study period, as
indicated by major peaks in the time series.
Figure 6b shows the correlation coefficients be-
tween the Julys’ LAI anomalies and the 5 El-
Nino events in the years of 1981-1994. Large
positive coefficients are observed over the United
States, the central-eastern Africa and the north-
western Europe around the Black Sea. Median

positive coefficients are noted over India and the
central-eastern China. These patterns are in gen-
eral agreement with the precipitation anomalies
associated with ENSO (Dai et al., 1999). This
implies that the vegetation cover in these regions
was favorably influenced by the ENSO-related
precipitation. However, large negative coeffi-
cients (above —0.7) are present at Spain, the
western Asia, the central and southern Africa and
elsewhere, indicating that the LAI pattern does
not follow completely the El-Nino-induced pre-
cipitation (Dai et al., 1999). Thus, we may state
that LAI, with its own natural cycle, responds to
but is not completely controlled by the large-scale
dynamics. Some of the above regions appear to be
influenced by high topography or receive little
influence from the ENSO-related circulations.
Similarly, Fig. 7 shows the influence of Pacific
decadal climate oscillation (PDO) on the LAI
anomalies for the Julys of 1981-1994. The PDO
time series used here was derived as the leading
EOF of monthly SST anomalies in the North
Pacific Ocean, poleward of 20° N (Zhang et al.,
1997; Mantua et al., 1997). LAI varies signifi-
cantly with PDO along the 50-60° N belt, i.e.,
in the North America, Europe, and the eastern
Asia. Positive coefficients are noted at the west-
ern Siberian Plain, southeastern Australia, east-
ern Brazil and some areas over Amazon and
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Africa. The correlation coefficients for PDO are
generally higher than those for EI-Nino and also
cover relatively larger areas. This suggests that
these regions are affected more by PDO than El-
Nino, and that LAI may respond more strongly to
the lower frequency oscillations in the large-
scale dynamics. On the other hand, large areas
in Asia and Africa exhibit negative correlations,
indicating that the LAI variations may be deter-
mined by the processes, such as vegetation, to-
pography and the other regional forcings.

We have also projected the LAI anomalies into
the PNA and AO time series and noticed similar
trends, namely, the influences of PNA and AO
are significant over many regions around the
globe (not shown). However, some areas still
show little correlations with the large-scale flow
anomalies, like those shown in Figs. 6 and 7. It
follows that while a sizeable area of the global

Fig. 6. The influence of El Nino on LAI: a the
time series of Nino 3 in the past 50 years and
b the correlation coefficients of LAI anomalies
in Julys and Nino-3 time series for the years
of 1981-1994

vegetation is significantly affected by the large-
scale flows, there are exceptions for some regions
where little correlation is present between the
large-scale flow and local vegetation. This ap-
pears to depend critically on whether or not more
precipitation will be produced under the influ-
ence of the large-scale forcing and local vegeta-
tion. Nevertheless, these large-scale signals are
much less pronounced during the summer season
than those during the cold season (not shown).
Since skin temperature is closely related to the
land and biospheric interactions, Fig. 8 shows the
correlation coefficients of LAI and Ts anomalies
for the Julys of 1981-1994. Because of little
vegetation over the desert areas, no coefficients
are given in the North Africa, central Asia and
part of Australia and South America. In general,
the LAI and Ts anomalies are near-50% nega-
tively and near-50% positively correlated around
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Time series for PDO
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Correlation coefficient LAl and Tskin, AVHRR, July 81-94
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Fig. 8. Global distribution of the correlation coefficients between LAI and skin temperatures for the Julys of 1981-1994
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Fig. 9. Global distribution of the correlation coefficients between LAI and the differenced temperatures (i.e., Ts — Ta) for the

Julys of 1981-1994

the globe, indicating the complicated feedback of
LAI to the land surface climate. Specifically,
large negative correlation is noted in the central
United States and eastern Brazil where the atmo-
sphere is relatively dry. By comparison, large
positive coefficients are observed at the north-
west coast of the Northern America, the northern
portion of South America, the southern Asia and
the central Africa, suggesting that the large-scale
circulations appear to play an important role over
these areas.

Finally, let us examine the correlation between
the LAI and the difference of skin and surface
temperatures (i.e., Ts — Ta) since the latter has
been used to calculate the surface sensible heat
flux. Figure 9 shows correlation patterns that are
similar to those given in Fig. 8, suggesting that
the LAI feedback has similar effects on the sur-
face heat fluxes. That is, the vegetation growth or
expansion, as a result of increased precipitation,
tends to reduce the upward surface heat fluxes,
and cool Ts and Ta. A comparison with the glob-
al precipitation pattern shows that the high coef-
ficients regions (e.g., the central United States
and the eastern Brazil) correspond to relatively
dry environments. Over the wet areas, like the
rainforests of Africa and northwestern North
America, positive coefficients are observed. The
results suggest that the LAI feedback to the sur-
face heat flux is more important over relatively

dry regions, whereas it is less significant over
precipitation-rich areas than that of the large-
scale dynamics.

4. Summary and conclusions

In this study, we examined the geographical dis-
tribution of LAI or the land cover and its impor-
tance in the land surface climate change using
the 14-year (1981-1994) satellite observations.
We have shown that a clear correlation between
the decreasing LAI anomalies and the increasing
Ts and Ta anomalies during the past two decades.
More significant seasonal variations of LAI occur
over the tropical rainforests, temperate forests,
and the other areas where significant precipita-
tion is observed.

However, there are pronounced spatial varia-
tions of the correlation between the LAI and the
differenced temperature (i.e., Ts — Ta) anomalies
around the globe. In most areas, the LAI changes
correspond well to changes in Ts and Ta, whereas
in the other areas LAI has little impact on the
land surface climate. In the latter cases, precipi-
tation and cloud amount appear to be the ma-
jor parameters that determine the land surface
changes.

By projecting the LAI variations into ENSO
and PDO time series, we have shown that
the large-scale circulations can have important
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influences on LAI, Ts and Ta over many areas
around the globe. However, the large-scale influ-
ence on these surface variables could not always
be found. Thus, we may conclude that the land
surface climate tends to be affected by both the
large-scale circulations and the local LAI mech-
anism. During the warm seasons, the large-scale
circulations tend to control the changes in vege-
tation through clouds and precipitation, while
LAI helps determine the local surface climate
through changes in surface insolation, soil mois-
ture, evapotranspiration and roughness.
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