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Abstract

This study examines the impacts of land cover changes on the East Asia summer monsoon with the National 
Center for Atmospheric Research Regional Climate Model (NCAR RegCM2), coupled with Biosphere Atmosphere 
Transfer Scheme (BATS). To assess the goals, two types of land cover maps were used in the simulation of 
summer climate. One type was NCAR land cover map (CTL) and the other was current land cover map derived 
from satellite data (land cover: LCV). Warm and cold surface temperature biases of 1-3oC occurred over central 
China and Mongolia in CTL. The model produced excessive precipitation over northern land area but less over 
southern ocean of the model domain. Changes of biophysical parameters, such as albedo, minimum stomatal 
resistance and roughness length, due to the land cover changes resulted in the alteration of land-atmosphere 
interactions. Latent heat flux and wind speed in LCV increased noticeably over central China where deciduous 
broad leaf trees have been replaced by mixed farm and irrigated crop. As a result, the systematic warm biases 
over central China were greatly reduced in LCV. Strong cooling of central China decreased pressure gradient 
between East Asian continent and Pacific Ocean. The decreased pressure gradient suppressed the northward transport 
of moisture from south China and South China Sea. These changes reduced not only the excessive precipitation 
over north China and Mongolia but also less precipitation over south China. However, the land cover changes 
increased the precipitation over the Korean Peninsula and the Japan Islands, especially in July and August.
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1. Introduction 

Land surface conditions can affect the dynamics and 

thermodynamics of atmosphere through a control of 

energy budget and Bowen ratio. Thereby they affect 

local, regional, and global circulation patterns, and 

weather and climate. However, quantitative evalua-

tion of the climate changes by land cover changes 

(LCC) is very difficult because land cover datasets in 

the past are not available and land-atmosphere inter-

actions are highly nonlinear. As a result, impacts of 

LCC on regional/global climates have been inves-

tigated mainly by numerical experiments using re-

gional climate model (RCM) and global circulation 

model (GCM) coupled with the state-of-art land sur-

face parameterization schemes (e.g., Lean and 

Rowntree, 1997; Pan et al., 1999). The coupling of land 

surface parameterization schemes with various at-

mospheric models needs a realistic land surface data. 

However, very limited data about the characteristics 

of land surface are available and this limitation is more 

serious in eastern Asia than any other region. 

In the past, land cover datasets used for most of 

GCMs and RCMs were derived from a wide variety 

of map and atlas (e.g., Mathews 1983; Oleson et al., 

1997). Most of these datasets have accuracy, spatial 

resolution, and updating problems (Townshend et al., 

1991). However, in these days, satellite remote sens-

ing, such as NOAA/AVHRR (Advanced Very High 

Resolution Radiometer) and Landsat/TM (Thematic 

Mapper), offers the most promising means for both re-

gional and global scale land cover map (Townshend 
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et al., 1991; Smith et al., 1997). Satellite remote sens-

ing data sets are very useful tools in Asia, because 

Asian continent consists of the high Tibetan Plateau 

and complex land covers from desert to tropical forests 

inaccessible by human. PAL (Pathfinder AVHRR for 

Land) is one of the most widely used datasets in the 

land cover studies both in regional and global scale 

(Sellers et al., 1995; Smith et al., 1997).

The importance of land surface properties in 

land-atmosphere interactions were found in the nu-

merical simulations with erroneously prescribed land 

surface properties (e.g., Xue et al., 1996). For example, 

Xue et al. (1996) reduced the systematic warm biases 

over central United States resulted from the Center for 

Ocean-Land-Atmosphere (COLA) GCM simulations, 

by changing vegetation properties. Also, impacts of 

LCC on regional summer climate over central and 

western United States were well documented in Pan 

et al. (1999). They found that responses of surface tem-

perature, moisture and wind to LCC were nearly in-

dependent of climate regimes, but those of precip-

itation to LCC were highly dependent on climate 

regimes. Similar study about impacts of LCC on the 

surface climate over the United States was also found 

in the Bonan (1997). However, results of various eval-

uation studies on regional climate responses to LCC 

are very diverse according to the climate regimes, 

models, geographic regions, and seasons (e.g., Pan et 

al., 1999; Heck et al., 2001).

A number of regional climate model studies have 

been done over eastern Asian region, especially for 

summer climate (e.g., Liu et al., 1994; Giorgi et al., 

1999; Lee and Suh, 2000; Lee et al., 2002; Fu, 2003). 

Lee and Suh (2000) found systematic warm and cold 

biases of 2-4
o
C in the 10-year east Asian summer simu-

lations using the National Center for Atmospheric 

Research Regional Climate Model (NCAR RegCM2) 

(Giorgi et al., 1993a, 1993b), coupled with Biosphere 

Atmosphere Transfer Scheme (BATS) (Dickinson et 

al., 1993). The magnitudes of warm and cold biases 

were not only large but also very consistent throughout 

the simulation period. Similar warm bias over central 

China was found in Lee et al. (2002). In these studies, 

RegCM2 systematically simulated more precipitation 

over the northern land area while it did less over the 

southern ocean. Erroneous prescription of land cover 

and improper initialization of soil moisture were re-

ferred as causes of the systematic biases.

In this study, two simulations for the 1989 summer 

climates were performed using two different land cov-

er maps to assess the relation between systematic bias-

es and prescriptions of land cover. Only a few model-

ing studies have investigated effects of LCC on East 

Asian summer climate (e.g., Xue, 1996; Fu, 2003). It 

is necessary to examine in detail about the impacts of 

LCC on the East Asian summer monsoon (EASM) cli-

mate, since this region experiences considerable LCC 

by the activities of human beings. In section 2, we de-

scribe data and RegCM2 briefly used in present study. 

In section 3 and 4, results of control and sensitivity ex-

periments are presented, respectively. Impacts of LCC 

on surface climate and temporal evolution of EASM 

are discussed. Finally summary and discussion are 

given in section 5.

2. Experiments and Data 

The latest version of NCAR RegCM2 coupled with 

BATS1e was used in this study. Detailed descriptions 

about RegCM2 are given in Giorgi et al. (1993a, b). 

BATS1e was originally developed to provide a real-

istic land-atmosphere interaction for GCMs (Dickinson 

et al., 1993). BATS1e divides the Earth's surface into 

18 types and the soil texture into 12 types to represent 

the realistic properties of land surface. And the grid is 

divided into vegetation, bare soil, and snow-covered 

portion. Vegetation is represented by the fraction of 

vegetation, leaf-area index, and stem-area index. 

These biophysical parameters vary seasonally as a 

function of the soil temperature. The soil zone consists 

of three embedded layers, such as the upper layer (0.1 

m), the root layer (1.0-2.0 m), and the total layer (3.0 

m), varying as a function of land cover types. Soil types 

are defined as a function of land cover because of the 

inaccessibility of proper soil database. Land-atmos-

phere interactions are calculated with a bulk aerody-

namic formula and soil temperature is calculated by 

a generalized force-restore method. A modified 

Kuo-type cumulus parameterization is used for 

sub-grid-scale precipitation and a warm cloud scheme 

for grid-scale resolvable precipitation (Anthes, 1977).

Fig. 1 shows the model domain with land cover types 
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Fig. 1. Land-use type maps used in this experiment: (a) 
NCAR land cover map and (b) PAL_EA land cover map 
used for CTL and LCV respectively. Numbers and letters 
denote followings: 1, crop/mixed farming; 2, short grass; 
3, evergreen needleleaf tree; 4, deciduous needleleaf tree; 
5, deciduous broadleaf tree; 6, evergreen broadleaf tree; 
7, tall grass; 8, desert; 9, tundra; 0, irrigated crop; a, 
semi-desert; b, ice cap/glacier; c, bog or marsh; d, inland 
water; f, evergreen shrub; g, deciduous shrub; h, mixed 
woodland.

used in this study. The horizontal mesh consisted of 

105 and 106 grid points in longitudinal and latitudinal 

directions with a 50 km resolution and 15 vertical lay-

ers with the model top at 100 hPa. The NCEP/NCAR 

reanalysis (NNR) data (Kalnay et al., 1996) were used 

as atmospheric initial and lateral boundary data for 

three summer months (June 1-August 31). Lateral 

boundary conditions were provided every 12 hours via 

the relaxation method with a 15-grid buffer zone de-

scribed by Giorgi et al. (1993b). Soil water contents 

were initialized with NCAR climatological data 

through a spatial interpolation and vertical-layer ad-

justment (Larkin, 1985). The sea surface temperature 

data with a 1
o
 x 1

o
 spatial resolution and a 7-day period 

generated by the Integrated Global Ocean Service 

System were provided by spatial and temporal inter-

polations for the initial and boundary conditions over 

the ocean (Reynolds and Smith, 1997). Monthly NNR 

data and Global Precipitation Climatology Project 

(GPCP) (Huffman et al., 1997) data were used for the 

evaluation of large-scale features simulated by control 

experiments. Also the surface observations by Korea 

Meteorological Administration (KMA) over the 

southern Korean Peninsula were used.

To assess impacts of LCC on EASM variability un-

der normal conditions, 1989 summer was selected 

(Fig. 3). Although the model domain covered the East 

Asian region (Fig. 1), the central part of model domain 

was used as a reference for the classification of climate 

regimes. Two experiments were performed to inves-

tigate the relation between systematic biases of surface 

climate and land cover types. Difference between two 

experiments was only in the prescription of land cover 

maps.

NCAR land cover map was employed for the control 

experiment (CTL) and PAL_EA (PAL East Asia) land 

cover map was employed for the LCC experiment 

(LCV) (Fig. 1). Resolution and categories of NCAR 

land cover data set are 55 km (30 min) and 13 types 

(Larkin, 1985). Land cover types for the CTL were ob-

tained from the NCAR land cover by transforming the 

land cover types onto BATS 18 types (Dickinson et al., 

1993). Land cover map for the LCV was a downscaled 

map through a selection of dominant type from the 

original PAL_EA land cover (8 km x 8 km) map (Suh, 

1999). The PAL_EA land cover map was classified for 

the BATS 18 types by a self-organizing feature map 

method, a kind of neural network, using the PAL 

10-day normalized difference vegetation index 

(NDVI) from January 1991 to December 1993 (Suh, 
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Fig. 2. Changes in (a) roughness length and (b) albedo 
from NCAR land use to PAL_EA land cover (plus denotes 
increase; minus denotes decrease).

(a)

(b)

1999). The PAL data set was processed in a consistent 

manner with a state-art method for regional and global 

change research. This data set was produced by 

NOAA/NASA, and contains global and continental 

monthly and 10-day composites of channels 1, 2, 4 and 

5 and NDVI at 8 km and 1 degree resolution. The data, 

derived from AVHRR on the "afternoon" NOAA op-

erational meteorological satellites (NOAA-7, -9, -11), 

cover the period from 1982 to 2000 (Smith et al., 1997).

As shown in Fig. 1, land cover types of NCAR and 

PAL_EA land cover maps are different in almost all 

the regions of model domain. For example, deciduous 

broad leaf trees (5) over central China was replaced by 

crops/mixed farming (1), and short grass (2) over 

northeast China and Mongolia was replaced by deserts 

(8) or semi-desert (a). Also, there were many differ-

ences in land cover types over the Korean Peninsula, 

the Japan Islands, and the northern part of model do-

main between the two land cover maps. But, impacts 

of LCC on the biophysical parameters over these re-

gions (e.g., Korean Peninsula) would be relatively less 

significant compared with those of the north China, be-

cause the LCC in these regions occurred between sim-

ilar types, as an example, from deciduous broad leaf 

tree (5) to mixed woodland (h) or from deciduous 

broad leaf tree (5) to deciduous needle leaf tree (4). The 

detailed values of biophysical parameters for the given 

land cover types are given in Dickinson et al. (1993). 

Albedo, surface roughness length, and stomatal re-

sistance are the key factors in the land-atmosphere 

interactions. These land surface parameters along with 

the soil types in BATS are a function of land cover type. 

Differences in albedo and roughness length between 

two maps are shown in Fig. 2. The ‘+’ and ’-‘ denote 

the difference values larger than 0.1m in roughness 

length and 5% in albedo, respectively. Roughness 

length over north and central China where broad leaf 

trees were replaced by crop/mixed farming was much 

decreased. However, roughness length over the north-

ern part of model domain and south China was in-

creased, where short grasses (zo = 0.02 m) and ever-

green needle leaf tree (zo = 1.0 m) were replaced by nee-

dle leaf tree (zo = 1.0 m) and evergreen broad leaf tree 

(zo = 2.0 m). Albedo was increased most dominantly 

in the Mongolian region where short grass was re-

placed by deserts, and the southwestern China where 

evergreen needle leaf tree were replaced by crop/ 

mixed farming. Compared with those of other land 

cover types, the small minimum stomatal resistance 

(120 sm
-1
) of crop/mixed farming provides a favorable 

condition for evapotranspiration along with increased 

wind by the decreased roughness length.

3. Control Experiments 

In this section, we analyze the control simulations 

to provide reference cases in the evaluation of LCC 
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Fig. 3. Normalized anomalies of summer mean temperature 
and precipitation over the Korean peninsula from 1971 
to 2000.

effects. Fig. 4 shows the differences in simulated sur-

face temperature and precipitation from NNR data and 

GPCP data, respectively. The warm biases depended 

on simulation time, evolving in June, and then devel-

oping most significantly in area and intensity during 

July with the maximum biases of greater than 3
o
C. 

Cold biases over Mongolia and northeast China also 

evolving in June, but they extended not only area but 

also intensity with the simulation months. The con-

sistent relation between large warm bias regions and 

prescribed land cover types implies that the systematic 

biases can be attributed to the erroneous prescription 

of land cover types. While the cold biases appear to be 

related to topography differences between current fine 

grids and coarse NNR. The land cover types of warm 

biases regions were prescribed with deciduous broad 

leaf trees and short grasses (Fig. 1). Similar relation 

between land cover types/their properties and system-

atic temperature biases was also found at the central 

United States in Xue et al. (1996).

RegCM2 oversimulated precipitation over the 

northern land areas and the Japan islands (∼ +8 mm/d) 

during June, but undersimulated in the southern and 

southeastern ocean areas (∼ -8 mm/d). The excessive 

precipitation area was separated into two parts, north-

ern land area and southern China by the less precip-

itation belts along 30N during July. The performance 

of RegCM2 for precipitations strongly depended on 

simulation months and regions as in most of other stud-

ies (e.g., Liu et al., 1994; Dai et al., 1999). Bias pattern 

of simulated precipitation seemed to be related to the 

early development and rapid northward movement of 

the EASM rain belts in model simulation as shown in 

Lee and Suh (2000). Also it should be related to the en-

hanced northward transport of moisture by increased 

southerly or southwesterly wind caused by strength-

ened pressure gradient force developed between land 

and ocean (Ahn and Lee, 2002).

4. Land Cover Changes Experiments 

a. Surface Variables 

Differences in monthly mean surface temperature 

and precipitation between LCV and CTL are shown 

in Fig. 5. Systematic warm biases of 1-2
o
C over central 

China in CTL (Fig. 4) were greatly reduced in LCV 

especially during June. And systematic cold biases 

ranged from -2 to -3
o
C over southern Mongolia were 

reduced in LCV especially during July. Impacts of 

LCC on the surface temperature were consistent with 

simulation months. As a whole, LCC reduced not only 

the oversimulation core over Hwang Ho estuary dur-

ing June, and south China during July, but also the un-

dersimulation core around the 30N, especially over the 

Korean Peninsula, during July and August. However, 

impacts of LCC on precipitation were highly depend-

ent on the geographic location and the simulation time 

(Figures 5 and 10). It may be related to complexity of 

dynamic and thermodynamic processes involved with 

moisture and precipitation as pointed out in Pan et al. 

(1999) and others. 

Daily maximum surface temperature (Tmax) was 

one of the variables changed mostly in LCV (Fig. 6). 

Tmax in LCV cooled remarkably over almost entire 

land areas, especially central China. While, daily mini-

mum surface temperature (Tmin) in LCV warmed at 

almost entire land areas, especially in southwest 

Mongolia. As a result of opposite effects of LCC on 

Tmax and Tmin, the diurnal temperature range was re-

duced greatly in LCV as in the study of Bonan (1997). 

The combined effects of shortened roughness length 

and decreased minimum stomatal resistance over cen-

tral China cooled the Tmax by about 2-5
o
C (Fig. 2). 

Decrease of roughness length increased surface wind 
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Fig. 4. Difference fields in monthly averaged surface temperature (left: oC) and precipitation (right: mm/d) between 
CTL and NNR data (GPCP data for precipitation) for the summer in 1989. Areas of positive values are shaded.
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Fig. 5. Difference fields in monthly averaged surface temperature (oC)  and precipitation(mm/d) between LCV and 
CTL during summer in 1989. Areas of positive values are shaded.
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Fig. 6. Difference fields of summer averaged surface Tmax 
and Tmin between LCV and CTL during summer in 1989. 
Areas of positive values are shaded.

Fig. 7. Difference fields of summer averaged surface wind 
speed (m/s) between LCV and CTL during summer in 
1989. Areas of positive values are shaded.

and vertical mixing, and then suppressed not only ris-

ing of Tmax but also falling of Tmin. Also the rising 

of Tmax was suppressed by increasing of latent heat 

flux with the reduced minimum stomatal resistance 

(Fig. 8).

Impact of roughness length changes on surface 

wind was almost independent of the simulation month, 

so only summer average is shown (Fig. 7). Wind speed 

over southern China and central China was greatly 

strengthened, whereas, that over northeast China 

slightly weakened. In general, wind speed change at 

land surface is caused by the changes of pressure gra-

dient and friction. In this case, decrease of friction was 

a main cause for the strengthening of wind speed. Land 

cover change from deciduous broad leaf to crop/mixed 

farming over central China altered the roughness 

length from 0.8 m to 0.06 m. Decreased roughness 

length over southwest China and central China 

strengthened surface wind speed greatly, whereas in-

creased roughness length over northeast China weak-

ened the wind speed slightly (Fig. 2). And weakened 

pressure gradient between land and ocean in LCV 

compared to CTL supports that the increase of wind 

speed was caused by the decrease of roughness length 

(Fig. 5). Taken the relation between wind speed and 

heat fluxes into consideration, the increase of wind 

speed provided a favorable condition for the exchange 

of sensible and latent heat fluxes between land and 

atmosphere.

The differences in sensible and latent heat fluxes be-

tween two experiments are shown in Fig. 8. Sensible 

heat fluxes decreased greatly in central China, and 

slightly in eastern Mongolia and northeast China. 

Differences in latent heat fluxes showed an opposite 

pattern to those of sensible heat fluxes, especially over 

central China. Land cover type over central China 

changed from deciduous broadleaf tree (5) to crop/ 

mixed farming (1) and irrigated crop (0). Hence, sto-

matal resistance was decreased from 200 sm
-1
 to 120 
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Fig. 8. As in Fig. 6 except for difference in sensible heat 
flux and latent heat flux (W/m

2
).

Fig. 9. Comparisons of precipitation rate (mm/d) over the 
Korean peninsula between CTL and LCV during June, 
July, and August in 1989.

sm
-1
 and roughness length decreased greatly as shown 

in Fig. 2. The combined effects of decreased stomatal 

resistance and increased wind speed resulted in notice-

able increase of evapotranspiration. In the context of 

energy budget at surface for the given net available en-

ergy, the increase in latent heat flux resulted in strong 

decrease of sensible heat flux.

The intensity and frequency of precipitation are one 

of the important factors in water and energy budget, 

and in occurrence of floods. LCC noticeably increased 

and decreased heavy and light rainfall occurrences 

over the Korean Peninsula especially during August 

(Fig. 9). The significant changes of precipitation pat-

tern over the Korean Peninsula can be found in the ob-

served precipitation records (Park, 2001).

To assess the impacts of LCC on the individual 

storms, temporal variation of simulated precipitation 

along with the 1993 and 1994 cases over the Korean 

Peninsula are shown in Fig. 10. Impacts of LCC on the 
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Fig. 10. Time series of domain-averaged precipitation in 
CTL and LCV during summer in 1989, 1993 and 1994 
over the Korean peninsula.

storm activities were almost negligible during June, 

whereas, those were very significant in both phase and 

intensity during July and August. Relatively small area 

of the Korean Peninsula and flow changes by the alter-

ation of thermal contrast between land and ocean re-

sulted in large differences at timing and intensity of 

precipitation especially in August. The consistent im-

pacts of LCC on the precipitation intensity during 

August imply that the current heavy rainfalls during 

August over the Korean Peninsula can be related to the 

land cover changes over central and north China.

b. Atmospheric Variables 

Monthly mean difference fields in 850 hPa relative 

humidity (RH) and wind between CTL and NNR data, 

and between LCV and CTL are shown in Fig. 11. The 

wind vector difference (maximum is about 11 m/s) be-

tween CTL and NNR formed an anti-cyclonic circu-

lation centered at 22
o
N and 135

o
E during June, which 

effectively enhanced the north and northeastward 

transport of moisture. As a result, the transport of mois-

ture to central China, the Korean Peninsula, and the 

Japan Islands by southerly or southwesterly flows was 

more strongly simulated in CTL than in the NNR. The 

center of anti-cyclonic circulation moved 30
o
N and 

130
o
E in July and then retreated at 23

o
N and 133

o
E in 

August. Transition of anti-cyclonic circulations with 

time controlled the region of maximum moisture 

transport. Figures 4 and 11 showed that region of ex-

cessive precipitation and moisture transport were 

closely linked. RH was also highly simulated in most 

of the model domain especially over the southeastern 

and northeastern part of the model domain without re-

gard to simulation month. LCV corrected over-

simulated moisture transport and RH in CTL through 

a weakening of pressure gradient force by decreasing 

of thermal contrast between land and ocean. The ma-

jority of positive and negative biases of RH in CTL 

were corrected noticeably in LCV. And simulated 

wind error also reduced in LCV although magnitude 

was not enough. As a whole, LCC decreased the north-

ward and northeastward transport of moisture through 

a flow changes.

Monthly mean difference fields in 500 hPa geo-

potential height (GH) between CTL and NNR data, 

and between LCV and CTL are shown in Fig. 12. The 

performance of RegCM2 for 500 hPa GH was slightly 

different according to the simulation month. There 

were positive differences centered at the Korean 

Peninsula during June and July, while negative differ-

ences with two centers during August. LCC reduced 

the positive biases of 10-20 m in 500 hPa GH during 

June. The decrease of geopotential height in LCV dur-

ing June can be explained with the accumulated cool-
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Fig. 11. Monthly mean difference in relative humidity (%) and wind (m/s) at 850hPa between CTL and NNR data 
(a)-c)), between LCV and CTL (d)-f)) during summer in 1989. Areas of positive values in relative humidity are 
shaded.

ing from surface to middle of atmosphere by the en-

hanced cooling at surface over northern land area 

(Figs. 5 and 13). Southward shift of the center of over-

simulation in July was related to the southward move-

ment of precipitation rain belt about 5 degree.

Vertical distribution of air temperature differences 

between LCV and CTL for selected sub-regions is 

shown in Fig. 13. Impacts of LCC on air temperature 

were different in geographic locations and simulation 

months. In general, the impacts were stronger in June 
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Fig. 12. As in Fig. 11 except for the difference in 500 hPa geopotential height in 1989.
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Fig. 13. Vertical distribution of monthly and summer mean air temperature difference (
o
C) between CTL and LCV 

for the selected sub-region in 1989.

and lower troposphere. The air temperatures over cen-

tral China and Korean Peninsula in LCV were greatly 

lowered in upper and lower layers, especially at the sur-

face and 300 hPa. The stabilization by strong cooling 

at surface over central China suppressed the con-

vective precipitation, and then decreased the after-

noon precipitation. However, the destabilization over 

the Korean Peninsula and the Japan Islands along with 

the enhanced moisture transport resulted in the more 

precipitation during July and August. As a whole, the 

largest changes in central part of the model domain was 

resulted from the integrated processes of various 

changes including the cooling of surface temperature, 

flow changes, and reduction of domain-total pre- 

cipitation. 
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5. Summary and Discussion 

Impacts of LCC on regional summer climate over 

East Asia were investigated using two types of land 

cover map for the 1989 summer climate. One map is 

transformed from NCAR land cover map and the other 

is derived from recent meteorological satellite data. 

The former can be considered as a reference state, 

whereas the latter as a current state affected by 

cultivation. The responses of land-atmosphere inter-

actions to LCC were nearly independent of the simu-

lation month, especially in surface wind, latent and 

sensible heat fluxes, and thus surface temperature 

fields. However, impacts of LCC on the precipitation 

were very diverse according to the simulation month 

and geographic location as shown in Pan et al. (1999). 

As a whole, impacts of LCC were more significant in 

June and decreased slowly as summer matured. And 

the impacts were also more pronounced at surface. 

Land-cover change from deciduous broad leaf trees to 

crop/mixed farming in central China caused the albedo 

to increase slightly, but the roughness length and mini-

mum stomatal resistance to decrease noticeably. 

Changes of biophysical parameters decreased net 

available solar radiation and sensible heat fluxes, 

whereas they increased latent heat fluxes and wind 

speed. As a result, the simulated systematic warm bias-

es in CTL reduced greatly through a strong cooling of 

daily maximum surface temperature.

The LCC also suppressed the northward movement 

of major rain belts through a weakening of moisture 

transport by a decreasing of thermal contrast between 

land and ocean. Decrease of precipitation over central 

China may be attributed to stabilization in the lower 

atmosphere. Whereas, precipitation over the Korean 

Peninsula and Japan islands in LCV decreased in June 

but increased in July and August, especially in the pre-

cipitation intensity. This interesting change of precip-

itation regime also founded in the observation. The 

various response of precipitation to LCC suggests that 

more studies be necessary. As a whole, LCC caused 

the central China to be cooler and drier, but the 

Mongolia to be warmer and drier. And LCC changed 

the Korean Peninsula slightly wet, especially in July 

and August. 

Although the LCC reduced the systematic biases of 

surface climate and atmospheric structure, but it didn’t 

improve the performance of model, especially for the 

precipitation. Considering the sensitivity of land sur-

face model to the soil moisture, soil properties, vegeta-

tion phenology, and the complex processes involved 

in the evolution of EASM, further works are required 

for better simulations of EASM (e.g., Xue et al., 1996; 

Hong and Kalnay, 2000; Ahn and Lee, 2002).
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지역기후모델에서 고해상도 지면피복이 

1989년 동아시아 여름몬순 순환에 미치는 향

서명석1․이동규2

1공주대학교 대기과학과
2서울대학교 지구환경과학부 대기과학프로그램 
(2005년 4월 11일 접수; 2005년 5월 24일 승인)

요 약

 이 연구에서는 지면-대기 모수화 방안 (BATS1e)이 접합된 미국 국립기상연구센터 (NCAR)에서 개발한 지역기후모델 

(RegCM2)을 이용하여 지면피복의 변화가 동아시아 여름몬순에 미치는 영향에 대해서 조사하였다. 지면피복 변화의

영향을 분석하기 위하여 두 종류의 지면피복 자료를 이용하였다. 하나는 NCAR에서 제공하는 지면피복 자료 (CTL 

실험)이고 다른 하나는 최근의 기상위성자료로부터 직접 분류한 고해상도 지면피복분류 자료(LCV 실험)이다. CTL 

실험에서는 중국 중부지역과 몽고지역의 지면온도가 각각 약 1-3℃ 높고 낮게 모의되었다. 또한 모의 영역 북부지역에서는 

강수가 과다하게 모의된 반면 모의영역 남부 바다지역의 강수는 과소하게 모의되었다. 지면피복 변화에 의한 알베도, 

거칠기 길이 및 최소기공저항계수와 같은 지면의 생물리적 요소들의 변화는 지면-대기 상호작용을 변경시켰다. 즉, 

지면피복이 낙엽활엽수림에서 농지와 관계농지로 변경된 LCV 실험의 중국 중부지역에서는 잠열 속과 풍속이 현저하게

증가되었다. 그 결과 CTL 실험에서 나타났던 중국 중부지역에서의 온난편차가 LCV 실험에서는 대부분 완화되었다. 

중국 중부지역에서의 강한 기온 하강은 태평양과 대륙사이의 기압 차를 약화시키고 있다. 남동에서 북서방향으로의 

기압경도력이 약화됨에 따라 중국 남부와 남중국해로부터 북동쪽으로의 수증기 수송도 약화되었다. 이러한 수증기 

수송의 변화는 모의 영역 북부지역에서의 과다한 강수 모의와 남중국해에서의 과소한 강수모의를 동시에 크게 완화시켰다. 

그러나 지면피복의 변화는 특히 7월과 8월에 한반도와 일본 열도 지역에서의 강수를 크게 증기시키고 있다.

Key words: 지역기후모델(RegCM2), 동아시아 여름 몬순, 지면피복 변화


