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ABSTRACT 

The Institute of Atmospheric Physics Land Surface Model (lAP94) has been incorporated into the IAP two-level 
atmospheric general circulation model (lAP GCM). Global and regional climatology averaged over the last 25 years 
of 100 year integrations from the lAP GCM with and without IAP94 ("bucket" scheme) is compared. The simulated 
results are also compared with the reanalysis data. Major findings are: 

(1) The IAP GCM simulation without IAP94 has extensive regions of warmer than observed surface air tempera- 
tures, while the simulation with IAP94 very much improves the surface air temperature. 

(2) The IAP GCM simulation with IAP94 gives improvement of the simulated precipitation pattern and 
intensity, especially the precipitation of East Asian summer monsoon and its intraseasonal migration of the rainbelts. 

(3) In five selected typical regions, for most of the surface variables such as surface air temperature, precipitation, 
precipitation minus evaporation, net radiation, latent heat flux and sensible heat flux, the IAP GCM with IAP94 pro- 
vides better simulations. 
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I. I N T R O D U C T I O N  

The i m p o r t a n c e  o f  l and  surface  processes  to s h o r t - p e r i o d  wea the r  evo lu t ion  and  

l o n g - t e r m  c l imate  va r ia t ion  has  been increas ing ly  recogn ized  by  the wea the r  p red ic t ing  and  

c l imate  mode l l i ng  c o m m u n i t y  over  the pas t  20 years .  In  o r d e r  to i m p r o v e  the l a n d - s u r f a c e  

r ep resen ta t ions  in the numer ica l  wea the r  p red i c t i ons  ( N W P s )  and  in G C M s ,  the in i t ia t ive  o f  

D ick inson  (1984) with BATS and  Sellers et al. (1986) wi th  SiB was fo l lowed by  m a n y  o the rs  

who have  t aken  pa r t  in the recent  i n t e r c o m p a r i s o n  p ro jec t  (P IL PS)  ( H e n d e r s o n - S e l l e r s  et al. ,  

1996). D a t a s e t s  descr ib ing  soil and  vege ta t ion  types  at  g loba l  scale were cons t ruc t ed  for  the 

use o f  G C M s  (Mat thews ,  1985; W i l s o n  and  H e n d e r s o n - S e l l e r s ,  1985; D o r m a n  and  Sellers,  

1989; Sellers et al., 1996b). .. 

L a n d  surface processes  pa r t i t i on  the p rec ip i t a t ion ,  e v a p o r a t i o n ,  runoff ,  and  t e m p o r a r y  

s tores such as snow and  soil mois tu re ,  and  p a r t i t i o n  the net  inc iden t  r a d i a n t  energy,  l a ten t  

( evapora t ion )  and  sensible hea t  loss. The  land  surface  also al ters  r ad ia t ive  fluxes t h r o u g h  the 

surface a lbedo ,  soil mois tu re  and  surface  t empera tu re .  M o m e n t u m  exchange  be tween  the at- 

m o s p h e r e  and  land  surface is de t e rmined  by  the r ep re sen t a t i on  o f  surface  drag .  In  the 1970s 

and  ear ly  1980s, l and  surface processes  in the m o d e l  were r ep resen ted  by  p resc r ibed  a lbedo ,  

roughness  lengths  and  a s imple " b u c k e t "  hyd ro logy .  Such mode l s  have  been wide ly  used in 

the wea the r  and  c l imate  s imula t ions .  M o r e  recent ly  the i m p r o v e d  l and  surface  

p a r a m e t e r i z a t i o n s  consis t  o f  r ep re sen ta t i ons  o f  leaves,  roo ts ,  mu l t ip l e  soil  types  and  layers ,  



48 Advances in Atmospheric Sciences Vol.15 

the dependence of albedo, roughness and stomatal  conductance on the type of vegetation and 
its canopy geometry, and carbon uptake and respiration. Nowadays ,  most  of  the G C M s  with 
the improved land surface processes, however, are still experimental versions instead of  
standard (operational) versions. This is due to the fact that ~he long- t e rm climate equilibri- 
um integrations and the quantitative model evaluations can be made only by observational  
data which are primarily necessary, but still very incomplete. In addition, this is also the cru- 

cial prerequisite for all meaningful sensitivity experiments on the continental climate and 

land-surface  states. 
Due to a long ~memory'  time for the soil moisture and the deep soil layer temperature  

which undergoes a seasonal variation (Ye et al., 1984; Yang et al., 1995a), and current coup- 
led G C M  run can be made only by using some incomplete surface variables data, starting 

from initial conditions which consist of  some observed land surface variables and some initial 
variables usually taken from the climate equilibrium. The state of  the coupled system after ad- 
justment is then commonly used to initiate both the control runs and the climate change ex- 
periments. Until now, only a few climate modelling groups have published their results of  the 
long- te rm climate equilibrium integrations by G C M s  with their advanced land-sur face  
parameterizat ion schemes (e.g., Yang et al., 1995; Thompson  and Pollard, 1995; M a h f o u f  et 
al., 1995; Randall  et al., 1996; Bonan, 1996). All of  these experiments have demonstrated that 

more realistic descriptions of  land surface processes in incorporat ion with G C M  lead to more 
realistic and accurate calculations of  the land sur face-a tmosphere  fluxes, surface temperature  

and soil moisture. 
The major  objectives of  the present work are: 1) to assess the performance of  a coupled 

system consisting of IAP A G C M  and IAP land surface model (IAP94) ; 2) to check the stabil- 
ity of  this coupled model in long- te rm integration and 3) to study the impact  of  the land sur- 
face processes on the climate. Two 100 year runs have been made by us, one is the control run 
(without IAP94, hereafter referred to as C T L - G C M ) ,  and another  is made by using the Land 

Surface Model IAP94 coupled to A G C M  (hereafter referred to as I A P 9 4 - G C M ) .  The pre- 
scribed climatological sea surface temperatures (SSTs) and sea ice are used in both 

simulations, because our purpose is to pick up the importance of land surface processes. 
The IAP94 formulation and its validation in off- l ine experiments have been described in 

Part  I of  our paper  (Dai and Zeng, 1997). The purpose of Part  II  describes only the climate 
simulation results in some detail. It  is organized as follows. In Section 2, we provide a short 

summary of the IAP two-level  A G C M  and IAP94, the information of  global vegetation and 
soil, and the design of experiment. In Section 3, the results of  the last 25 years of  a fully 
equilibrated 100 year run are compared with a control run and with available observed 

climatology. The summary  and conclusions are presented in Section 4. 

II. M O D E L  D E S C R I P T I O N  A N D  E X P E R I M E N T  D E S I G N  

1. I A P  A G C M  

In the present study, the IAP A G C M ,  namely the first generation of  IAP A G C M  is 

adopted for saving computations.  It is a g r id -po in t  model with a grid spacing of  4 ~ of latitude 
by 5 ~ of longitude with two interior tropospheric levels (no stratospheric level is simulated). A 
detailed description of the model can be found in Zeng et al. (1989), its main aspects are brief- 

ly summarized below. 
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The model is formulated in the vertical a - coo rd ina t e  system given by a = (p - P r  ) / (P, 
- Pr) ,  where p is pressure, Pr  the constant pressure at the top of the model a tmosphere  (200 
hPa), and p, surface pressure. The tropospheric prognostic variables of  the model are the 
horizontal velocity, the temperature, and the water vapor  mixing ratio; each of  these is carried 
at the two, equally spaced interior tropospheric levels a = 1 / 4 and a = 3 / 4. The surface 
pressure p~ as well as the surface temperature,  the ground wetness, and the snow amount  are 
also prognostic variables. In addition to these variables, certain quantities are determined 

diagnostically. 
The dynamic framework of  the model is, to some extent, different f rom other model in 

the world. The major  different points are the following: (1) The departures of  temperature  T', 
geopotential q)' and surface pressure p '  from the " s t andards"  are introduced to cancel auto- 
matically the large truncation errors in the mountain  and complicated topography regions; (2) 

The coordinates and variables are t ransformed in such a way that leads the energy equat ion 
to a very compact  form and the grid to more flexible arrangement;  (3) The computa t iona l  

scheme exactly keeps the ~available '~ energy conservation (in the absence of  sources and sink), 
and is free from computat ional  modes; (4) The formulat ion and calculation of  boundary  

terms or boundary  conditions at the interfaces of  a tmosphere -ocean  and a tmosphe re - l and  
are physically consistent. 

The model has a comprehensive package of  physical parameterizat ions that are per- 
formed once each simulated hour. The parameterizat ion of cumulus convection is based on 

the scheme developed by Arakawa et al. (1969). Three types of  cumulus are simulated: the 
middle-level convection, the penetrating convection and the low-level  convection. The cumu- 
lus mass flux for middle-level and penetrating convection is determined by assuming that the 
instability associated with these forms of convection is removed within a time scale (for one 

hour). 
Cloudiness in the model is parameterized as a result of  both large-scale and convective 

motions. Large-scale  cloudiness occurs when the relative humidity exceeds 90% in the lower 

layer and 100% in the upper layer respectively, while the cloudiness resulting from convective 
motion is always overcast; the total cloudiness refers to all coexisting cloud types. Each type 

of simulated cloud has an assigned thickness and representative optical properties and 
interacts with the transfer of  both solar and long-wave  radiation; the liquid content in cloud 
is neglected. 

The diabatic heating rate at the upper level contains the absorpt ion of  solar radiation in 

the upper layer (dependent on the predicted clouds and water vapor  mixing ratio) and the re- 
lease of  the latent heat if condensation of water vapor  occurs. The heating rate at lower level 
contains the same quantities but for the upper layer and, in addition, includes the sensible 
heat flux from the bot tom surface. The total condensation rate at both model levels is the sum 
of that from both large-scale and convective-scale processes, the latter of  which results f rom 

the model 's  convective adjustments required to maintain a stable lapse rate. The total precipi- 
tation at the surface is equal to the net difference between the condensation and the evapora- 
tion from falling precipitation in the atmospheric column. 

Solar radiation is calculated by the modified de l ta -Edding ton  model of  Cess (Cess, 1985; 
Cess et al., 1985; Cess and Potter, 1987) in which the atmospheric Rayleigh scattering and the 

effects of  scattering, and absorption by cloud droplets, water vapor,  ozone and aerosols are 
incorporated. Solar radiation is absorbed above the t ropopause (200 hPa) by ozone, water  
vapor and cloud droplets, below the t ropopause by water vapor,  aerosols and cloud droplets. 
The solar spectrum is divided at 0.5 #m and 0.9 #m into three wavelength intervals 
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(ultraviolet, visual and near- infrared bands). Long-wave  radiation is parameterized follow- 
ing the scheme developed by Katayama (1972). Absorption and emission are due to water va- 
por and carbon dioxide, expressed in terms of two frequency-weighted mean transmission 
functions and a bulk transmission function. Clouds are treated as grey body radiators with 
emissivities of 0.5 for cirrus clouds and 1.0 otherwise. The total ozone amount  is prescribed 
once each day by linear interpolation from the monthly zona l -mean  total ozone data of  
Dutsh (1971), and carbon dioxide mixing ratio is assumed to be constant (0.000489). 

The surface boundary layer in the model is parameterized as a constant flux layer of  
undefined thickness. The surface stress, sensible heat and evaporation fluxes are 
parameterized according to the bulk aerodynamic method, with effective vertical diffusion 
coefficient dependent on low-level stratification, and the effect of  topographical elevation. 
The surface air temperature is found by equating the surface flux of  sensible heat as 
parameterized in term of K- theory .  The ground temperature is determined by the heat bal- 
ance equation for ground, assuming a bulk thermal heat capacity with the diurnal frequency. 
The ground wetness is determined by the ground water budget equation that accounts for 
rainfall, snowmelt, surface evaporation and surface runoff  (bucket hydrology). Of course the 
calculation of the surface temperature and ground temperature as well as the soil moisture 
and hydrology is changed when the IAP94 is coupled with the GCM).  

Together with a large number of  other modelling groups, the IAP two-level  A G C M  has 
also taken part in AMIP investigations (Gates, 1992). The model results are evaluated against 
a number of climatological datasets (Xue and Zeng, 1997). The model has also been widely 
applied in shor t - te rm climate prediction experiments in China (Zeng et al., 1994). 

2. IAP Land-Surface Model (IAP94) 

The formulation of IAP land surface model (IAP94) has been described in detail in Part  
I. Here we briefly review the structure and the atmospheric boundary conditions of  the model, 
and the parameterization of gr id-averaged fluxes and albedo. 

This model is a rather comprehensive one with detailed description for the processes of  
vegetation, snow and soil. Particular attention has been paid to the cases with three water 
phases in the surface media. As in other advanced land-surface parameterization schemes, 
canopy in IAP94 is explicitly parameterized as a single layer. The water storage on leaves is 
determined from the balance of the intercepted precipitation and the evaporation of  the re- 
tained water. The foliage temperature is obtained from the solution of  a canopy energy bud- 
get equation taking into account of  the exchanges above and below the canopy. The air tem- 
perature and humidity within canopy space are predicted by the sensible heat and water vapor 
balance equations with the assumption of zero capacity for heat and water vapor. 

The soil column is discretized into three layers, i.e., (1) surface layer, from which soil 
water can be directly evaporated into the atmosphere, and the temperature undergoes a 
diurnal variation; (2) intermediate layer, it is the vegetation rooting zone, but in which the 
root may not exceed the bottom; (3) deep layer, where the transfer of  water is governed only 
by gravitational drainage and hydraulic diffusion, and the temperature undergoes a seasonal 
and annual variation. In the presence of  snow on the ground, the water and heat balance of  
snow media should be considered when the depth of snow accumulation reaches 1 cm, but it 
can be combined with the surface soil layer otherwise. With accumulating or ablating, the 
snow layer is subdivided or combined simultaneously at the end of  each time step, the maxi- 
mum number of  discretization layers of  snow is limited to 3. The governing equations for the 
temperature and water content are based on the conservation of energy and mass within each 
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soil or snow layer. 
The upper boundary  conditions for IAP94 are as follows: air temperature,  humidity and 

wind speed of the lower atmospheric model layer, incident solar and atmospheric radiation 

and solar zenith angle, and the precipitation rate. 
IAP94 permits limited heterogeneity at the land surface so that  bare soil, vegeta t ion 

and snow cover can coexist s imultaneously in a grid square. Each grid square is divided in- 

to four separate  subareas to the max imum,  bare soil, snow cover,  vegetat ion cover  and 
s n o w - a n d - v e g e t a t i o n  cover. They are used to par t i t ion the total  surface 
evapotranspi ra t ion ,  and to estimate the averaged surface albedo. The g r i d - a v e r a g e d  
evapot ransp i ra t ion  flux is parameter ized by the weighted sum of  four  componen t s  (evapo- 

rat ion from bare soil, foliage t ranspira t ion and interception loss, subl imat ion f rom snow 
cover). In the present  version of  IAP94,  the ground surface t empera tu re  is assumed equiva- 
lent to the coexistence case of  bare soil and snow cover, and the g r id - ave raged  sensible 
heat flux is parameter ized by the weighted sum of  two componen t s  (from the non -vege t a t -  
ed ground,  and the vegetat ion canopy).  The g r i d - ave raged  albedo is calculated by the 
weighted sum of  four components .  

3. Vegetation and Soil Information 

As mentioned in the above sub-sect ion,  the surface atmospheric boundary  layer in the 
IAP G C M  is parameterized as a constant flux layer, and the physical package is called at each 
simulated hour. When the IAP94 is coupled with IAP G C M ,  what we should make is to re- 
place the C T L - G C M  surface flux scheme by IAP94 formulations,  and introduce new global 
data on the categories of  land cover and the assignment of  the characteristic parameters.  

In C T L - G C M ,  the world's  vegetation is classified into four categories (1 -woodland  and 
grass cultivation; 2-forest ;  3-s teppe and grassland; 4 - tundra ,  mountains  and Arctic flora). 
This classification is too simple for assigning parameters  reasonably to represent the 
morphological  and physiological characteristics of  the vegetation community.  The world 's  
soil is taken as identical in C T L - G C M ,  which takes the form of bucket hydrology. 

In I A P 9 4 - G C M ,  the SiB global archive of  land cover established by D o r m a n  and Sellers 
(1989) is used, in which twelve classes of  land types are defined, and each 4 ~ x 5 ~ grid element 

is assigned. In SiB archive, most  of  grids over China are assigned as bare soil (desert), it great- 
ly misrepresents the land cover types over this region. According to "Vegetat ion of China" ,  
we have assigned a modified distribution for China region. The t ime- independent  and 
t ime-vary ing  biome parameters  associated with each of vegetation types are taken f rom 
Dorman  and Sellers (1989), Xue et at. (1991), and Dickinson (1986). 

Wilson and Henderson-Se l le r s  (1985) classified soil color,  texture, and drainage using 
the FAO Soil Map  of the World  as the soil data  source. Soil in format ion  is archived at 1 ~ 

x 1 ~ resolution in three color classes, three texture classes, and three drainage classes. A 
soil type archive has been constructed f rom these data  and t ransferred into the 4 ~  
5 ~ model  grids, but par t ly  modif ied for China region according to "Soil  of  Ch ina"  (Li et 
al., 1988). According to the methodologies  of  BATS used to define the global dis t r ibut ion 

of  soil types and to at t r ibute it into climate models,  eight color classes ( l igh t -dark) ,  twelve 
texture classes, ranging f rom 1 = very coarse (sand) to 12 = very fine (heavy clay) are as- 
signed by averaging the texture f rom the 1 ~ x 1 ~ da ta  set. Soil propert ies  associated with 

the twelve texture classes, dry and saturated albedos in two wavelength regions associated 
with the eight color classes are f rom the BATS assignment  (Dickinson et al., 1986) and 
other scientific literatures. 
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4. Experimental Design 

Two 100-yr  simulations have been made with IAP GCM.  One simulation was made by 
using of IAP94 to represent the complicated land-sur face  ( I A P 9 4 - G C M ) ,  while another  was 
made by using of  a "bucket  hydrology"  model ( C T L - G C M ) .  The atmospheric variables of  
the control run (by using C T L - G C M )  and the coupled run (by using IAP94 G C M )  were 
initialized using 1 January,  with the same initial states. For  the run coupled with IAP94, the 

initial ground temperature of  each soil layer was taken as equal to the single initial ground 
surface temperature as in the control run. The canopy water storage was initially equal to zero 
everywhere, the initial soil moisture is the same value in each soil layer as in the control run. I f  
the soil temperatures are less than the freezing temperature  273.15K, the soil water is 
initialized as ice grain. In the control run, the initial surface field provides only the water  
equivalent of  snow, while the initial snow thickness is required for running I A P 9 4 - G C M .  In 
order to obtain the initial snow thickness, we arbitrarily set the snow density as 300 kg / m 3. 
When the initial snow thickness is greater than 1 cm, the snow layers are initiated according 

to the rule of  IAP94 snow layer division. The effect of  the glaciers is treated like snow cover, 
the volume fraction of frozen water in three ice layers is taken as that in which ice density is 
equal to 917 k g / m  3, the thermal properties of  ice are used for each layer, and no infiltration 
of water is allowed at the surface. 

The SST and sea ice in these two experiments are taken f rom the climatological data  av- 
eraged during the period of  1979-1988. 

III. RESULTS A N D  COMPARISON WITH A C O N T R O L  R U N  A N D  WITH OBSER- 
VATIONS 

In this section, the simulations generated by the I A P 9 4 - G C M  and C T L - G C M  are com- 

pared with each other and with the observed climatologies. First of  all, analyses of  some pri- 
mary variables for describing global climate are presented. Secondly, the impact  of  IAP94 on 
surface climatology and fluxes are examined in the selected five regions. 

All simulated fields are the monthly means averaged over the last 25 years of  a fully 
equilibrated 100 year run. We compared  the model 's  cl imatology with that of  N C E P  / N C A R  
reanalysis (hereafter referred to as reanalysis) for 11 years (1982-1992) of  monthly  
climatological data  (Kalnay et al., 1996). 

1. Simulation o f  Global Seasonal Mean Climate 

(1) Surface air temperature 
The geographic distributions of  surface air temperature  in the D J F  and JJA seasons 

(winter and summer) simulated by IAP94 and C T L  G C M  are shown in Fig.l ,  together with 
the observations. Overall, both models have successfully simulated the large-scale  features of  
the observed surface air temperature,  for example, cold centers in Siberia, Greenland and 
Antarctic in winter and high temperature region extending f rom Nor th  Africa to South Asia 

in summer are well reproduced by the models. Compar i son  further shows that the control 
simulation is greatly warmer  than the observed over continent, examples are the Sahara and 
Saud i -Arab  deserts, South and East Asia and Antarctic,  with the overestimations by 5~ to 
10~ This model 's  anomalous  feature is contrary to the high resolution models '  (Randall  et 
al., 1996). In general, I A P 9 4 - G C M  leads to a general and fairly dramatic  improvement  of  the 

simulation of surface air temperature and thus gives a more realistic distribution. This result 
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Fig. 1. Observed and simulated global geographical distributions of DJF and JJA surface air tem- 

perature (~ Dark-shaded areas are the regions where temperature great than 30~ and 

grey-shaded areas are the regions where temperture less than -30~ 

shows tha t  the i n c o r p o r a t i o n  o f  a de ta i l ed  l and  surface  m o d e l  in to  a G C M  is necessary  to the 

s imula t ion  o f  surface air  t empera tu re .  

(2) Sea level pressure  

Fig .2  gives the D e c e m b e r - F e b r u a r y  and  J u n e - A u g u s t  d i s t r i bu t i ons  o f  the obse rved  as  

well as o f  the I A P 9 4 - G C M  and  C T L - G C M  s imula t ed  sea level p ressu re  fields. In  D J F ,  the 

An ta r c t i c  c i r c u m p o l a r  low and  the three  sub t rop i ca l  an t i cyc lones  in the S o u t h e r n  H e m i s p h e r e  

are cor rec t ly  r e p r o d u c e d  by  bo th  I A P 9 4 - G C M  and  C T L - G C M ,  bu t  the I A P 9 4 - G C M  

s imula t ion  is bet ter .  In  the N o r t h e r n  Hemisphe re ,  in c o m p a r i s o n  wi th  the reana lys i s ,  the  

S iber ian  an t i cyc lone  is s l ightly weaker ,  and  the A l e u t i a n  and  I ce l and ic  lows are  deepe r  and  re- 

sult in an ove res t ima t ion  o f  the wester l ies  in the m i d - l a t i t u d e s  in b o t h  I A P 9 4 - G C M  and  

C T L - G C M ,  bu t  the I A P 9 4 - G C M  s imu la t i on  is also bet ter .  
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Fig. 2. Observed and simulated global geographical distributions of DJF and JJA mean sea-level 
pressure (hPa). 

In JJA, the 40~176 cyclonic belt simulated in the C T L - G C M  is in good agreement 
with the reanalysis climatology. This belt is also well simulated by I A P 9 4 - G C M ,  however, it 
is slightly northwards than that in the reanalysis. The two Northern Hemisphere anticyclones 
(subtropic highs) are correctly simulated in general by both the I A P 9 4 - G C M  and CTL GCM 
except for a slightly northward of the location. The simulation by I A P 9 4 - G C M  is better ex- 
cept for overestimation of the intensity. Regarding the monsoon circulation, the low pressures 
over Southwest Asia are well reproduced by both models. The last point will be further dis- 
cussed in the next paper. 

The low-pressure belt around Antarctica, which is not deep enough and spreads too far 
equatorward. Boville (1991) has found similar performance in the N C A R  CCM1 general cir- 
culation model and described the improvements obtained at higher spatial resolutions. 
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Fig. 3. Observed and simulated global geographical distributions of DJF and JJA precipitation 
rate (mm / day). Contours are plotted at 2.5, 10 and 20 mm per day. 

(3) Precipitation rate 
Fig.3 gives the December -Feb rua ry  and June -Augus t  distributions of  the I A P 9 4 - G C M  

and C T L - G C M  simulated as well as the observed precipitation maps.  In the observation,  

during December -Feb rua ry  there is a strong tropical rain belt located in the equatorial  region 
and extended to about  15~ two rain regions respectively in the Eastern and Western Hemi- 
sphere in the Nor thern  Hemisphere along the s torm tracks, and one rain belt in the middle lat- 

itude of  the Southern Hemisphere are well simulated by both models, but the I A P 9 4 - G C M  
simulation is better, especially the rain intensity in the tropical belt. During June -Augus t ,  the 
rain belts associated with the storm tracks in the westerlies and the rain belt located in the 
tropical region and extended to the Asian monsoon  rain regions all appear  in the observat ion 
and both simulations. However,  the I A P 9 4 - G C M  very much improves the simulation of  
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Fig. 4. Monthly averaged surface air temperature, precipitation, precipitation minus evaporation, 

net radiation, latent heat flux, and sensible heat flux for region of Central China (26~176 
105 ~ 120~ 

Asian monsoon rain belt both in the pattern similarity and in the intensity and thus is in good 
agreement with the observation. Especially, the Asian summer monsoon rain belt is extended 
from India Peninsular, the South China Sea and the vicinity of Philippines and the Warm 
Pool region, to the eastern coast area of Asian continent and Japan�9 This picture very well re- 
sembles the observation. 

2. Simulation o f  Regional Surface Climatology 

The impact of IAP94 on surface climatology and fluxes will be examined by selecting 
four geographic regions: Central China (cultivation), Tibetan Plateau (snow and 
semi-desert), East Siberia (forest and frozen soil), Central Sahel (desert), Amazon basin 
(rainforest). Monthly and regional averaged surface air temperature, precipitation, precipita- 
tion minus evaporation (P-E), net radiation, latent heat flux, and sensible heat flux are com- 
pared between simulation and the reanalysis. 

(1) Central China 
Fig.4 shows the monthly averaged surface air temperature, precipitation, precipitation 

minus evaporation (P-E), net radiation, latent heat flux and sensible heat flux over Central 
China (26~176 105~176 Although both models give a higher surface air temperature 
than the reanalysis throughout the year, the simulation of IAP94-GCM is closer to observa- 
tion. Precipitation is also well simulated by IAP94-GCM except for rather high amount in 
rainy season. However, CTL-GCM simulation gives too warmer summer and insufficient 
precipitation. The simulation of P-E is similar to precipitation, i.e., the IAP94-GCM 
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Fig .  5. S a m e  as r igA,  bu t  fo r  the  T i b e t a n  P l a t e a u  ( 2 8 ~ 1 7 6  8 0 ~ 1 7 6  

gives more realistic simulation of  P - E ,  but the value is larger than the reanalysis during sum- 

mer (Note, that there are some uncertainties in both measurement  and simulation of evapora- 
tion). The net radiation simulated by two models is well consistent with the reanalysis. The la- 
tent heat flux simulated by I A P 9 4 - G C M  is similar to the reanalysis, but slightly higher in 
winter. While C T L - G C M  underestimates latent heat throughout  the year, especially, latent 

heat decreases in summer due to a small precipitation. The sensible heat flux simulated by 
I A P 9 4 - G C M  is consistent with the reanalysis, but C T L - G C M  largely overestimates the sen- 
sible heat flux due to a less latent heat partit ioning the high solar heating in summer. 

(2) Tibetan Plateau 

Fig. 5 is the same as Fig.4 but for the Tibetan Plateau (28~176 80~176 
I A P 9 4 - G C M  overestimates the surface air temperature  by 8~ in comparison with the obser- 
vation. While, the C T k - G C M  gives a less overestimation of  the surface air temperature.  Pre- 
cipitation is underestimated by both I A P 9 4 - G C M  and C T L - G C M  during the period of  May  
to September, however, I A P 9 4 - G C M  has a closer P - E  to the reanalysis than C T L - G C M  
due to smaller latent heat flux. Compared  with the reanalysis, both models have a slightly 
higher net radiation during the Tibetan Plateau colder season but have lower values in sum- 
mer (the time of the peak value is different, I A P 9 4 - G C M  in Apr i l -May ,  C T L - G C M  in July, 
and the reanalysis in June). F rom April to November ,  I A P 9 4 - G C M  largely underestimates 
the latent heat flux, but the C T L - G C M  is similar to the reanalysis. For  sensible heat 
simulation, both models provide a positive contr ibution to the atmosphere,  so that there ex- 

ists a heat source throughout  the year, but I A P 9 4 - G C M  has a more sensible heat than 
C T L - G C M  from March  to September, and thus is closer to the reanalysis. 
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(3) East siberia 

Fig. 6 is the same as Fig.4 but for East Siberia (50~176 90~176 Both models 
overestimate the surface air temperature  by a similar amount  except for June to August. Dur- 

ing this period, I A P 9 4 - G C M  gives a correct simulation. Precipitation is reasonably simulated 
by both models compared to the observation. The simulated P - E  by the two models does dif- 
fer from that of  the reanalysis in the snow melting season (Apr i l -May) ,  during this period the 
simulated P - E  is positive instead of  negative in the reanalysis. Net  radiation and latent heat 

flux are similar for both models and the reanalysis. Both models have a more sensible heat 
than observation, however, I A P 9 4 - G C M  aggravates this bias in spring and early summer.  

(4) Central sahel 

Fig.7 is the same as Fig.4 but for Central Sahel (15~176 10~176 Both models 
have a warmer  surface temperature  bias throughout  the year, but I A P 9 4 - G C M  is statistically 
colder than C T L - G C M ,  hence the simulated temperature  by I A P 9 4 - G C M  is closer to obser- 
vations. I A P 9 4 - G C M  and C T L - G C M ,  especially the C T L - G C M ,  largely overestimate pre- 
cipitation and latent heat flux throughout  the year. As a result, more  rainfall stores in soil and 
then provides to evaporat ion,  the latent heat flux is higher than that  of  the reanalysis. It  is no- 
ticeable that I A P 9 4 - G C M  P - E  is in deficit except in July and August. P - E  in the reanalysis 

is negative but in the C T L - G C M  is positive throughout  the year. Both models well simulate 
net radiation. The simulated sensible heat flux by I A P 9 4 - G C M  is close to observations,  but 
the C T L - G C M  largely overestimates the sensible heat flux. 

(5) Amazon  basin 

Fig.8 is the same as Fig.4 but for Amazon  Basin (12~ - 0  ~ 70~176 The observed 
surface air temperature shows a slight variation throughout  the year, I A P 9 4 - G C M  repro- 
duces this observed variation, but underestimate it by about  3~ While C T L - G C M  poorly 

reproduces this picture, instead, a large unrealistic warming occurs f rom May to September in 
the simulation. Both models underest imate precipitation and P - E ,  but clearly reproduce the 
variation of the dry and rainy seasons and the annual  cycle of  P - E .  The seasonal variat ion of  
net radiation, latent and sensible heat fluxes are well simulated by I A P 9 4 - G C M  in compari-  
son with the reanalysis, except for overestimation of net radiation and sensible heat and 
underestimation of latent heat. 

In summary,  IAP94 G C M  has a better performance in simulating the regional climate 
for all the selected five regions than the previous model, the most  striking improvements  are 
found in Central China, where all the simulated variables by the coupled model are much 

more accurate than the old one. The rather large bias is found in Amason  region, where the 
bias is systematic and larger than that in other regions. Besides, the simulated precipitation in 
Sahel region is also systematically larger than the observed one al though the simulation by 
IAP94 G C M  seems better. 

IV. S U M M A R Y  

The lAP land surface model (IAP94) has been successfully coupled to lAP A G C M  as an 
operational,  standard component  of  the coupled model. The coupled G C M  makes a more  

realistic simulation of  the global distribution of  surface air temperature,  and an improved 
simulation of sea surface pressure and the precipitation, especially, the improvement  of  pre- 
cipitation pattern and intensity of  Asian monsoon  is very significant. Besides, in the five se- 
lected regions representing typical different surface regimes, for most  of  some impor tant  sur- 

face variables such as surface air temperature,  precipitation, precipitation minus evaporat ion,  
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Fig. 8. Same as Fig. 4, but for Amazon basin (10~ ~ 70~176 

net radiation, latent heat flux and sensible heat flux, the coupled model provides improved 

and more realistic simulations. Therefore, it can be concluded that the incorporation of  an 

advanced land surface model into A G C M  is necessary for climate simulation in both global 

and regional scale. In particular, due to the improvement of simulation in East Asian mon- 

soon region, IAP94 GCM may open a new prospect to the shor t - range climate prediction in 

China following our pioneering work (Zeng et al., 1997). 
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