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ABSTRACT
Four yearlong climate simulations using the Seoul National University, regional climate model have been performed to
assess the role of the MODIS Leaf Area Index (LAI) and interactive LAI in influencing Asian climate. The control experiment
employs the fixed monthly LAI according to the original land surface model. Another additional simulation replaces the LAI
by 4-year mean MODIS climatology. The last two integrations both allow the LAI to interact with the atmosphere, but adopt
two different simple parameterization schemes.
Although the control experiment generally reproduces spatial distribution and the magnitude of Asian surface climate, it
contains large biases in some specific areas, which are partly improved by the implementation of MODIS LAI and vegetation
interaction schemes. In winter months (January-to-March), greener land surface introduced in the last three simulations
reduces cold biases over Northeast China and adjacent areas, southern China, Korea, and Japan, and warm biases over South
Asia, and precipitation discrepancies over South Asia, southern China and West Japan. In contrast, LAI changes only play a
limited role in summer. There are significant differences between regions with respect to mechanisms explaining winter-month
improvement in surface climate simulations. Over Northeast China and adjacent areas, increased LAI increases net solar radiation
by about 12 W m-2 mainly through the effects on surface albedo, thereby warming the surface by about 1.8°C. A decrease in
clouds makes a major contribu tion to surface warming and precipitation reduction over south ern China. In creased
evapotranspiration dominates changes in surface energy balance, and cause less net radiation to be partitioned into sensible
heat over South Asia. As a result, the model simulates about 1.5°C colder surface air temperature and about 0.1 mm day-1 more
precipitation over this region. Finally, the implications and limitations of this study are also discussed.
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1. INTRODUCTION
The role of the terrestrial system in influencing climate
has been increasingly recognized in past thirty years. Recent statistical analyses to available observations indeed
demonstrated evidence for land surface feedbacks on surface climate (Kaufmann et al. 2003; Zhang et al. 2003, 2008;
Liu et al. 2006; Wang et al. 2006). However, because the
physical and dynamical mechanisms involved definitely
cannot be extracted statistically, models are still the major
tool for understanding land-atmosphere interactions with
* Corresponding author
E-mail: zjy@climate.cestm.albany.edu

their additional capacity for process and causality analyses.
In models, a realistic description of land surface-atmosphere interactions involving complex physical and chemical processes requires accurate specification of many
land surface parameters. The Leaf Area Index (LAI), i.e.,
one sided green leaf area per unit ground area for broadleaf
canopies or projected needle-leaf areas for coniferous canopies, has been identified as one key parameter.
Atmospheric General Circulation model (AGCM) studies have found that LAI changes play an important role in
simulations of near-surface climate patterns and changes
(e.g., Chase et al. 1996; Maynard and Royer 2004). For ex-
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ample, Buermann et al. (2001) demonstrated that the utility
of LAI data derived from the maximum NDVI of Advanced
Very High resolution Radiometer Pathfinder (AVHRR)
data could improve global surface climate simulations. With
the launch of TERRA carrying the Moderate Resolution
Imaging Spectroradiometer (MODIS) onboard, global or
regional high-quality LAI fields from MODIS-measured canopy reflectance data could now be provided (Knyazikhin
et al. 1998; Myneni et al. 2002; Tian et al. 2004; Yang et al.
2006). A more accurate representation of the LAI field using
MODIS data may contribute to an improvement in climate
simulations.
Climate is the most important driving force in shaping
natural vegetation growth and distribution. However, earlier
models only described one-way vegetation feedback through predefined vegetation phenology, which limited response of vegetation to climate anomalies, such as warmer
or colder than average seasons or years, or to long-term
changes in climate. In the past decade, some land surface
model groups have been motivated to develop global coupled vegetation-climate interaction models, for instance,
Foley et al. (1998), and Delire et al. (2002). Simulations of
present climate and Paleoclimate using these coupled models suggested the importance of vegetation interactions
(e.g., Texier et al. 1997; Bonan et al. 2003; Delire et al. 2004;
Levis and Bonan 2004; Arora and Boer 2006). Regarding
regional studies, Lu et al. (2001) demonstrated that seasonal changes of vegetation strongly influence regional climate patterns over the central United States. Tsvetsinskaya
et al. (2001) introduced daily plant growth into a regional
climate model, and found that surface heat, moisture, and
momentum fluxes are sensitive to interactively simulated
LAI and canopy height over the central Great Plains. Zeng et
al. (1999), and Wang and Eltahir (2000) concluded that
vegetation-climate interactions enhance the low-frequency
variability of climate over the Sahel while suppressing the
high-frequency variability.
Over Asia, the complex topography and large vegetation gradient are able to induce meso-scale circulations
strong enough to modify synoptic circulation and form local
climates. Compared with AGCMs, regional climate models
(RCMs) are more skillful at resolving land surface heterogeneity and other physical processes, and thus may better
reproduce Asian regional climate variation and variability
(e.g., Leung et al. 1999; Wang et al. 2003; Fu et al. 2005;
Ding et al. 2006). However, most previous RCM studies of
Asian climate generally only included one-way vegetation
feedback. Chen et al. (2004) showed the importance of incorporating interactive vegetation in simulating East Asian
climate and climate change due to atmospheric CO2 using
regional coupled soil-vegetation-atmosphere model simulations.
The objective of the present study is to examine the
feasibility of using MODIS LAI and simple vegetation-

climate interaction schemes to improve seasonal Asian climate simulation in the Seoul National University, Regional
Climate Model (SNU-RCM). We focus on seasonal changes
in LAI, which is different with previous RCM simulations of
East Asia climate by Chen et al. (2004) that used an equilibrium vegetation model to examine vegetation interaction
effects on long-term mean climate and climate change. In
current land surface models, vegetation phenology is parameterized mainly using prescribed monthly vegetation parameters (e.g., BATS: Dickinson et al. 1993), the prescribed
threshold temperature or simple functions of temperature
(e.g., IBIS: Foley et al. 1996), the degree-day and chillingday sum[s] (e.g., BIOME3: Haxetline and Prentice 1996;
LPJ: Bonan et al. 2003), and the carbon benefit and loss
approach (e.g., FBM: Lüdeke et al. 1994). In this study we
use two vegetation interaction schemes to represent the
response of vegetation to seasonal climate variations: one
is based on regression equations, and the other follows the
simple dynamic vegetation model in Zeng et al. (1999).
The paper is organized as follows. Section 2 describes
model and experiment design as well as processes affected
by LAI changes. Section 3 presents the responses of surface
climate and associated surface energy balance and atmospheric circulation to the implemented MODIS LAI and
two vegetation interaction schemes. Finally, conclusion and
discussion are given in section 4.

2. APPROACH
2.1 The Regional Climate Model
The Seoul National University, Regional Climate Model (SNU-RCM) (Lee et al. 2002, 2004) is employed in this
study. The atmospheric component is based on the FifthGeneration NCAR/Penn State Mesoscale Model (MM5)
(Grell et al. 1994), a non-hydrostatic primitive equation
model written in terrain-following sigma coordinates and
originally developed for medium-range forecasting. To simulate long-term surface processes, an advanced and comprehensive land surface parameterization scheme, the NCAR
land surface model (NCAR/LSM) (Bonan 1996), has been
implemented into the SNU-RCM (Kang et al. 2005).
The NCAR/LSM is a one-dimensional model of energy,
momentum, water and CO2 exchange between the land and
the overlying atmosphere. It solves the surface energy budget, taking into account ecological differences among vegetation types, hydraulic and thermal differences among soil
types, and allowing for multiple plant types (up to three)
within a vegetated model grid cell. Vegetation effects are
included by allowing for 13 functional plant types that
differ in plant physiology (leaf optical properties, stomatal
physiology, leaf dimension) and vegetation structure (height, roughness length, displacement height, root profile, and
monthly leaf and stem area). The 13 functional plant types
are combined with the bare ground to give 28 different vege-
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tated surfaces. The model evaluates surface fluxes at every
time step (20 min in this study) and for each sub-grid cell
independently, using the same grid-averaged atmospheric
forcing. It then provides the grid-averaged surface fluxes to
the atmospheric model by taking the sub-grid fractional
areas into consideration.

2.2 Experiment Design
Four experiments are preformed over the period of 1
January to 31 December 1998. All the model configurations are the same in these experiments except for LAI and
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the changes due to LAI. We refer to the four simulations as:
(a) control experiment (CTL); (b) experiment with MODIS
LAI (MODIS); (c) experiment with LAI calculated with the
regression equations (ReDVM); and (d) experiment with a
simple dynamic vegetation model (SiDVM).
The CTL employs prescribed biome-specific monthly
LAI, which is originally used in the NCAR/LSM. The LAI
in each vegetated model grid cell is calculated using 13 LSM
LAI profiles (Fig. 1).
The MODIS replaces the LSM profiles with the MODIS
climatic ones (Fig. 1). The MODIS product quality and its
consistency with field measurements were improved in

Fig. 1. NCAR/LSM and MODIS LAI profiles, and precipitation (in mm day-1) and temperature (in °C) from Willmott and Matsuura
(1995) for 13 vegetation types.
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Collection 4 compared with previous version by incorporating substantial changes in the algorithm and its inputs
(e.g., Yang et al. 2006). The 4 ´ 4 km MODIS data for the
period from July 2000 to June 2004 were first averaged to
produce the climatic LAI field. The climatic data over the
Northern Hemisphere were then aggregated to obtain the
MODIS LAI profiles for 13 LSM vegetation types using
the MODIS biome map (Myneni et al. 2002) and latitudinal
information.
In the ReDVM, the regression equations between the
monthly mean temperature and the MODIS LAI are developed to predict the response of vegetation to climate variations (Table 1). With dynamic vegetation enabled, LAI is
simulated rather than obtained from prescribed surface
datasets. Here we mainly consider vegetation types with
large seasonal changes in LAI, which generally exhibit a
strong response to surface air temperature.
In the last experiment, a simple dynamic vegetation
model, which follows the vegetation interaction scheme in
Zeng et al. (1999), is implemented into the SNU-RCM. We
focus on the response of vegetation phenology, and use
surface air temperature to predict the daily LAI of forest
and grass, respectively. The central equation in the simple
model is a biomass equation driven by photosynthesis and
vegetation loss:

(1)

Where L is leaf area index, a is a carbon assimilation
coefficient, T is surface air temperature, g (T) is an empirical parameter depending on T, and k is the extinction co-

efficient of photosynthetically active sunlight taken as
0.75 (Zeng et al. 1999). t is the leaf growth timescale, depending on climate, vegetation and soil properties. Here,
we take 15 and 10 days for forest and grass/crop, respectively. a is calculated as follows:

(2)

where Lw (= 8) is an optimal leaf area index based on the
observation. If g (T) is depend ent on surface air temperature, we can arrive at a linear relation, based on MODIS
LAI and temperature from Willmott and Matsuua (1995):
g(T) = (T - 215) / 215

(3)

15 and 10-day running mean T are used to calculate g
values for forest and grass/crop, respectively.
The model domain consists of 151 ´ 111 grid points
with a horizontal grid spacing of 60 km, including nearly all
areas over Asia and nearby oceans. There are 23 layers in the
vertical direction with the model top at 70 hPa. Other physical parameterizations used in this study include AnthesKuo’s cumulus scheme (Anthes 1977), the simple ice explicit moisture scheme (Dudhia 1989), non-local planetary
layer physics (Hong and Pan 1996), and the NCAR Community Climate Model version 2 (CCM2) radiation package (Briegleb 1992).
The 6-hourly NCEP/NCAR reanalysis-II data (Kistler
et al. 2001) and the observed sea surface temperature updated every 24 hours from Smith and Reynolds (1998) are
interpolated to model grids to provide initial and lateral
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boundary conditions for driving the regional climate model.
The buffer zone in the lateral boundaries consists of 15 grid
points. A linear-exponential combined formula is adopted to
determine nudging coefficients (Liang et al. 2001). Initial
soil moisture and temperature data required for SNU-RCM
are obtained from an off-line simulation of NCAR/LSM,
after it reaches an equilibrium state under the forcing of
6-hourly atmospheric values, and surface radiation from
NCEP/NCAR reanalysis, as well as daily precipitation data
from the NCEP/CPC archives.

Land surface determines the partitioning of surface net
energy (Rn) into sensible heat (H) to warm the near-surface
atmosphere, latent heat (lE) released to fuel precipitation at
higher levels, ground heat (G) to warm the soil, and snow
melt heat (M):
(4)

where Rn is calculated as:
Rn = S ¯ (1 - as) - (L  - L ¯)

domain, they exhibit higher LAI in winter and early spring,
and lower LAI in summer as compared to CTL. Significant
LAI differences (> 0.8) mainly exist over eastern China and
southern Asia in winter and early spring. Meanwhile, LAI
changes are somewhat different in magnitude between
sensitivity experiments. ReDVM and SiDVM simulate
greener (> 0.2) surface than MODIS over some areas in
winter and early spring due to a response to abnormal high
temperature in 1998.

3.2 Differences in Surface Air Temperature and
Precipitation

2.3 Physical Processes Affected by LAI Changes

Rn = H + lE + G + M
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(5)

where S ¯ is solar radiation reaching the Earth’s surface, as
is surface albedo determining reflected solar radiation, and
L  and L ¯ are emitted and received longwave radiation by
the surface. An increase in LAI directly decreases as of the
vegetated land surface, and therefore increases Rn. Increased LAI can also increase plant transpiration by increasing stomatal conductance under optimal growing conditions, and increase canopy evaporation by intercepting
more precipitation during rainy days. This will subsequently affect the partitioning of Rn into H and lE. Except for
surface energy budget, a change in LAI can also influence
surface water balance mainly through canopy evaporation
and transpiration. Modification of surface energy and water processes will further transfer into anomalies in the atmospheric boundary layer, clouds, precipitation, and circulations, which in turn enhance or damp surface energy and
water cycles.

3. RESULTS
3.1 Differences in LAI
Figure 2 shows the LAI difference fields between
MODIS, ReDVM, SiDVM and CTL in winter and early
spring (January-to-March), and summer (June-to-August).
The MODIS LAI for each LSM surface type is generated
using 4 ´ 4 km data and was shown earlier (Fig. 1). In
ReDVM and SiDVM, the LAI is predicted by surface air
temperature. LAI changes are similar in spatial structure in
MODIS, ReDVM and SiDVM. In most areas of the model

To evaluate model performance, station surface air
temperature and precipitation data from the NCEP/CPC
over land, and the CPC Merged Analysis of Precipitation
(CMAP) data (Xie and Arkin 1997) over the ocean are aggregated onto the same spatial resolution as the model data.
To accurately retain small-scale features resolved by observations, the multi-quadric interpolation method is adopted
when interpolating station data to model grids (Nuss and
Titley 1994).
Simulated surface air temperature in CTL is 3 - 7°C
colder than the observations over many areas of China,
Mongolia, Korea and Japan, and 1 - 5°C warmer than the
observations over South Asia, and Northwest China and
adjacent areas in winter and early spring (Fig. 3). The summer temperature is better simulated than winter and early
spring, with the bias within ±2°C of the observations. The
changes introduced by MODIS LAI and vegetation interactions reduce or eliminate some temperature biases found in
CTL in winter and early spring. In particular, the cold biases
over Northeast China and adjacent areas, southern China,
Korea and Japan are reduced, and the warm biases over
South Asia are eliminated. In contrast LAI changes play a
limited role in summer temperature simulations possibly because the percentage changes of summer LAI are relatively
small. We also note that it is reasonably difficult to judge to
what extent the biases are real or rather an artifact of incompatibility between observations and simulations over the
Tibetan Plateau, partly because the low elevation bias of
observational sites over mountainous terrain may render the
observed temperatures higher than those from SNU-RCM.
The 1990s were the warmest decade on record, with the
year 1998 the warmest year over Asia, accompanied by a
large increase in vegetation greening and a longer growing
season in Eurasia from 1981 to 1999 (Zhou et al. 2001). The
vegetation interaction schemes allow vegetation to respond
to temperature anomalies. High temperature in 1998 winter
and early spring enhances vegetation growth, and leads to a
greener land surface in ReDVM and SiDVM than in MODIS,
which prescribes a 4-year climatologic LAI field. In turn, the
greener surface feeds back to influence surface climate and
atmospheric circulation, and introduces a higher tempera-
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ture over Northeast China and adjacent areas, southern
China, Korea, and Japan, and a lower temperature in South
Asia. These outcomes agree better with the observations.
Northeast China and adjacent areas, southern China and
South Asia are three regions with large temperature responses,
and we further examine the daily temperature differences throughout the whole year over the lands and these three regions (Fig. 4). MODIS LAI and vegetation interactions warm
surface air temperature in February-to-April, which partly reduces temperature biases, but have a small impact in other
months over the lands. The temperature biases over Northeast

China and adjacent areas are reduced all year round, while the
improvement in South Asia and southern China mostly occurs
in cold months. It is interesting to note that the impacts of LAI
changes are different over different regions. For example, a
greener land surface in cold months leads to an increase in
temperature over Northeast China and adjacent areas and
southern China, but a decrease over South Asia. The physical
mechanisms leading to these differences will be discussed
later. These differences also imply that MODIS LAI and vegetation interactions improve temperature simulations more
at regional and local scales than on a continental basis.

(a)

(b)

(c)

(d)

(e)

(f)

Fig. 2. LAI differences between MODIS, ReDVM, SiDVM and CTL in January-to-March (left panels) and June-to-August (right panels).
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(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
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Fig. 3. Differences in surface air temperature (in °C) between CTL and observations, and between MODIS, ReDVM, SiDVM and CTL in January-to-March (left panels) and June-to-August (right panels). The grid cells with values significant at 90% confidence level by Student’s t-test are
marked by closed circle.
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(a)

(b)

(c)

differences induced by LAI changes.
These temperature and precipitation differences between
experiments and divergences from observations are further
evident in the analyses of regional means of winter and early
spring surface air temperature and precipitation (Table 2).
Consistent improvements in temperature simulations are
seen over the lands and several hot spots when MODIS LAI
and vegetation interaction schemes are implemented. Over
the lands, greener land surface produces a mean temperature
of about -3.4°C, about 0.3°C warmer than the CTL simulation. For specific regions, it warms Northeast China by 1.6 1.9°C and southern China by 0.6 - 0.8°C, and cools South
Asia by about 1.5°C. These changes are all in the direction of
reducing temperature biases. Precipitation increases from
0.58 to about 0.7 mm day-1 in South Asia, which is closer to
the observation by an order of 0.93 mm day-1. Also, the high
precipitation bias of southern China is partly reduced,
though it is still too large compared to the observation.

3.3 Differences in Surface Energy Balance
Components
(d)

Fig. 4. Daily temperature differences (in °C) averaged over: (a) the
lands (63 - 147°E, 15 - 60°N); (b) Northeast China and adjacent areas
(110 - 130°E, 40 - 55°N); (c) southern China (105 - 120°E, 22 - 28°N);
and (d) South Asia (78 - 102°E, 20 - 25°N).

We subsequently look at precipitation differences (Fig. 5).
In winter and early spring, the CTL simulates too much
precipitation in a broad band extending from East China to
the West Tibetan Plateau, too little precipitation in South
Asia. Increased LAI decreases the precipitation over southern and northern China and the South Tibetan Plateau, and
increases precipitation over South Asia, therefore reducing
the precipitation discrepancies over these regions in MODIS,
ReDVM, and SiDVM. In summer, the CTL produces too
much precipitation over the arid to semi-arid band from
Northeast China to West China, and too little precipitation
over the areas north and south of this band. The MODIS and
ReDVM simulate less precipitation over the arid to semiarid band, which is in better agreement with the observations. However, there is generally more spatial heterogeneity
with respect to summer precipitation simulations than winter
and early spring precipitation simulations. The changes are
insignificant in most areas of the model domain, implying
that there are larger uncertainties in summer precipitation

Since changes in each surface energy balance component (as well as circulation in section 3.4) exhibit a similar
spatial distribution in MODIS, ReDVM, and SiDVM, we
only present the difference field between MODIS and CTL
in the following analysis. We focus our discussions on winter and early spring since differences in summer surface climate are less significant. Solar radiation drives surface energy balance by controlling surface available energy. LAI
changes influence downward solar radiation mostly via clouds,
and upward solar radiation via surface albedo. Meanwhile,
LAI changes also modify the partitioning of surface available energy into sensible heat, latent heat, ground heat and
snow melt heat. Figure 6 shows that net solar radiation
changes are generally larger than net longwave radiation
changes and dominate net radiation differences. Note that
emitted longwave radiation, which depends on ground or
skin temperature, dominates change in net longwave radiation. Its change tends to damp the response of surface air
temperature to LAI change. There are significant changes in
winter and early spring radiation and heat fluxes over several hot spots. Over northern Asia and southern China, sensible heat is in stronger response to the large increase in net solar radiation than latent heat, leading to increased surface air
temperature. In contrast dramatically increased evapotranspiration cools surface air temperature over South Asia.
Tables 3, 4, 5, and 6 show regional mean differences of
surface energy balance components and LAI in winter and
early spring over the lands, Northeast China and adjacent
areas, southern China, and South Asia, respectively. Over
the lands, the dominant effects of increased LAI are a large
decrease in upward solar radiation, associated with an increase in latent heat flux mainly contributed by increased
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(a)

(b)

(c)

(d)

(c)

(e)

(f)

(g)

(h)

Fig. 5. Same as Fig. 3 but for precipitation (in mm day-1).
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(a)

(b)

(c)

(d)

(e)

(f)

Fig. 6. Differences in January-to-March surface energy balance components (in W m-2) between MODIS and CTL: (a) Net solar radiation; (b) Net
longwave radiation; (c) sensible heat; (d) latent heat; (e) snow melt heat; and (f) ground heat.
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canopy transpiration over South Asia. These changes reflect that LAI alters surface energy balance mainly through
the effects on surface albedo and stomatal conductance on
a continen tal basis. However, the relative impor tance of
the processes affected by LAI changes in influencing surface air temperature and precipitation is different between
regions.
Northeast China and adjacent areas, which are mainly
covered by cold grass and forest, have small LAI values and
some snow cover in winter and early spring. As described by
Buermann et al. (2001), the surface albedo of sparsely vegetated areas (LAI < 1) may be sensitive to LAI changes;
the fraction of canopy covered by snow is directly influenced by LAI changes in snow-covered surface. Consequently, the increased LAI (> 60%) reduces reflection and
upward solar radiation with an excess of 15 W m-2, and then
increases net radiation over Northeast China and adjacent
areas (Table 4). On the other hand, LAI changes only result
in a small increase in latent heat due to relatively low temperature. The increased radiation is largely partitioned into
sensible heat with a mean increase of > 110%. The cold biases
are therefore reduced in this region.
A significant increase in downward solar radiation attributing to decreased cloud amount dominates the net radiation change over southern China (Table 5). The increased
net radiation causes a larger increase in sensible heat than
that in latent heat, therefore warming near-surface atmosphere and reducing the cold model bias. Although the
change in latent heat is relatively small, the contribution of
canopy transpiration, canopy evaporation and ground eva-
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poration is significantly different. With increased LAI,
canopy transpiration and evaporation increase while ground
evaporation decreases.
Over South Asia, increased canopy transpiration dominates changes in surface energy balance (Table 6). Consequently, less energy is partitioned into sensible heat, and
surface air temperature is therefore cooled about 1.5°C.
Furthermore, the reduction of emitted longwave radiation is
larger in magnitude than changes in solar radiation terms,
and tends to damp the decrease in surface air temperature.
Changes in surface albedo and clouds are found to play a
limited role in surface energy balance difference. However,
increased clouds bring more precipitation and help improve
the precipitation bias.

3.4 Circulation Changes
LAI changes modify surface energy and water balance,
and then atmospheric conditions through land-atmosphere
interactions, which in turn influence surface climate and
LAI. In winter and early spring when large-scale processes
are important, precipitation and temperature differences are
closely related to the responses of atmospheric moisture and
circulation. To examine their changes, Figs. 7 and 8 present
differences between MODIS and CTL in the 500-hPa geopotential height, and 850-hPa wind vectors and mixing ratio,
respectively. The anomalous anticyclone associated with the
low geopotential height anomaly over South Asia provides
favorable conditions for atmospheric moisture to be transported into this region. Together with increased local

Fig. 7. Same as Fig. 6 but for 500-hPa geopotential height (in gpm).
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Fig. 8. Same as Fig. 6 but for 850-hPa wind vectors (in m s-1) and mixing ratio (in g kg-1).

evapotranspiration, they enhance winter and early spring
clouds and precipitation. In contrast, the mixing ratio drops
over southern China mainly because the decrease in atmospheric moisture transported from the remote regions exceeds the increase in local evapotranspiration. Clouds and
precipitation therefore decrease. Over Northeast China and
adjacent areas, a higher geopotential height tends to slightly
weaken the westerly, and therefore leads to a decrease in
downward solar radiation through the effects on cloud
amounts. However, the contribution of downward solar radiation change to differences in net radiation is relatively
small as compared to change in upward solar radiation.
In summer, an important effect of decreased LAI is to
dry the air over the arid to semi-arid band extending from
Northeast China to West China, which reduces precipitation
and therefore slightly improves the model performance. The
anomalous cyclone and decreased atmospheric moisture
tend to support a decrease in precipitation over this band
(not shown).

4. CONCLUSION AND DISCUSSION
This study evaluates the role of the implementation of
MODIS LAI and vegetation interaction schemes in regional
climate simulations with the SNU-RCM. We focus on Asia,
where the climate system is known to be extremely sensitive
to ecological perturbations (Fu and Wen 1999).
The results show that MODIS LAI and vegetation interactions warm Northeast China and adjacent areas, Korea,

Japan and southern China, and reduce the temperature over
South Asia in winter and early spring. Such differences in
temperature, attributable to the higher LAI values of MODIS
or predicted by vegetation dynamics, reduce or eliminate
some model biases. The precipitation over southern China
and South Asia is also better simulated in winter and early
spring. Vegetation interactions are found to enhance temperature and precipitation simulations to a certain extent as
compared to prescribed MODIS LAI. Possibly due to small
percentage changes in LAI, the improvement in surface climate simulation is generally invisible in summer except for
some areas.
Generally a change in LAI can modulate surface energy
and water balances mainly via reflection and evapotranspiration, and then trigger responses of other physical and
dynamical processes. However, the relative importance of
these processes in winter and early spring is found to be
different between regions. Surface warming of Northeast
China and adjacent areas is mostly attributed to direct darkening effects of LAI on upward solar radiation. Increased
LAI reduces the atmospheric moisture transferred into
southern China relying on the effects on circulation. As a result, clouds and precipitation decrease. The reduction in
clouds allows more solar radiation to reach the surface, and
dominates the change in surface available energy. Subsequently, more sensible heat is released to warm near-surface atmosphere. Over South Asia, increased evapotranspiration is dominant in changes in surface energy balance,
and enhances precipitation via the combined effects on lo-
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cal water recycling and atmospheric circulation. It also
damps surface sensible heat exchange, and reduces surface
air temperature.
The results of the study have implications for RCM
simulation study of the Asian climate. Firstly, the study
shows that the simulated near-surface climate is improved
by the introduction of MODIS LAI, especially over several
hotspots. This suggests a need to include a realistic description of plant phenology in current RCM simulations of
Asian climate. Secondly, we provide two simple vegetation
interaction schemes based on satellite observation to represent phonological variability of LAI. They show the
usefulness in simulating the responses of LAI to seasonal
variations in climate over Asia. Thirdly, observational evidence showed that northern vegetation generally increased
with surface warming in recent decades (e.g., Zhou et al.
2001), and the two simple vegetation interaction schemes do
simulate increased LAI on an annual, regional mean basis in
response to abnormal high temperature during 1998 as compared to MODIS LAI climatology. This implies that the
implementation of interactive vegetation in a RCM is important for dynamically downscaling global climate change
projections.
Meanwhile, there are several limitations that leave room
for further improvement. In this study we use the temperature to predict seasonal changes in LAI, but precipitation and radiation also have an important impact on
vegetation activity over some areas of Asia (Nemani et al.
2003). The inclusion of these two important climate forcings
in model representation of LAI phenology in a future study
is expected to add value in simulating near-surface climate
over some areas. Moreover, we focus on natural interactions
between vegetation and climate. However, land use induced
by human activities definitely regulates climate at a variety
of timescales and is becoming a force of global importance
(Foley et al. 2005). This issue deserves further investigation.
Finally, there is generally more model uncertainty with regard to precipitation simulations than temperature simulations. One decade or longer simulations in the future may enable us to establish firmer conclusions regarding LAI effects
on precipitation.
Nevertheless, our results illustrate the substantial role of
accurate treatment of vegetation parameters in simulating
Asian climate, and the potential benefits of vegetation interaction in improving seasonal temperature and precipitation
forecasts. This suggests that improved monitoring of vegetation, soil moisture, and land surface fluxes over Asia is
highly desirable in the future.
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