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ARSTRACT

Impacts of greenhouse effeets (2 x CO,) upon climate change over China as simulated by a regional cli-
mate model over China (RegCM # Cluna) have been investugated, The model was based on RegCM2 und
was nested ta a global coupled acean—atmosphere model (CSIRG R, L, AOGCM model). Results of the
control run (1 ¥ CC,) indicated thal simulations of surface air temperature and precipitation in China by
RepCM are much betler than that by the global coupled model because of 2 higher resolution. Results ot sen-
sitive experiment by RegCM wath 2 % CQ. showed that the surface air emperature over Ching might in
crease remarkably due to greenhouse effect, cspecially in winter season and in Narth China. Precipitation
might also increase in most parts of China due to the CO, doubling.
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1. Introduction

As well known, greenhouse effect caused by increase of CQ, in the atmosphere due to hu-
man activities may has strong polential impacts on climate, Study of the effect s u hot topic in
climate research today, Many investigations have been conducted on it by using gencral circu-
lation models (GCMs) in the world, also in China (Wang et al,, 1993; Chen et al., 1996: Song
and Chen, 1996), Because of the limitation of computer ability, the resolution of GCMs is usu-
ally not high enough to give betler representation on regional climate and its change, To solve
the problem, regional climate model (RCM) was developed. Using of RCMs in the study of
greenhouse effect began in China in the 1990s (L1 and Gong, 1996; Chen and Fu, 1997}, Fol.
lowing the recent developments of the coupled global atmosphere—ocean models, with their
simulation being used as the initial and boundary conditions of RCM, and developments in
computer techniques, further study on it becomes necessary.

In the research, a regional climate model over China (named RegCM / China) which is a
meodified version of the NCAR / RegCM2 (Giorgi et al,, 1993), was one way nested into the
Australian CSIRO (The Commonwealth Scientific and Industrial Research Organization)
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R. L, AOGCM (named CSIRQ) (Gordon and Farrell, 1997) to study the climate change due
to doubled CO- in China,

The atmospheric component of CSIRO has a horizontal resolution of about 5.6 x 3.2 de-
grees (longitude x latitude) and 9 layers in the vertical direction. Oceanic component of the
model is of 12 layers in the vertical. The coupled model has been run from 1881, A ten—year
simulation from 1981 to 1990 was used in this research as the present climate (control run).
The experiment of greenhouse gases has been run with an increase of 1% / year of the
CO, concentration from 1991, Another ten—year simulation with about doubled CO, has
been uged as the sensitive experiment,

Domain of RegCM / China covered over China with a center at | 10°E, 37.5°N. Horizon-
tal resolution of the model is 60 % 60 km and the vertical resolution is 16 layers with 10 hPa
at 1op. Numbers of grid points in north—south direction are 80, in east—wesl direction are 150
(the arca is roughly as 70°—150°E, 15°—60°N).

The initial and boundary conditions of RegUCM were derived from the second 5 years of
both control and sensitive runs of the GCM. Both control and sensitive experiments of the
RegCM have been run for 5 years respectively, CO, concentration in the sensitive run was ch-
anged accordingly as the GCM,

RegCM / China was linked with CSIRO by using one—way nesting skill. Boundary con-
ditions were updated every 12 hours, The present time and sensitive experiments have been
run for 5 years respectively,

2. Assessment of the simulations of surface air teperature and precipitation in China

Observation data of 35—vyear mean (1956—1990) in 160 standard stations of China were
taken as present climate. Surface air temperature (Ts) and precipitation (Pr) as simulated by
CSIRO and RegCM / China for the present time were interpolated from grids 1o the 160 sta-
tions respectively. Correlation coefficients between observations and simulations by the 2
models for monthly averaged temperature and precipitation is given in Fig, 1.

As shown in Fig. 1, simulations of both Ts and Pr by RegCM are improved significantly
as compared to those by CSIRQ. The annual mean correlation coefficient of simulated Ts
rises from 0.83 to 0.92, while the precipitation from 0,48 to 0.65. Simulation of Pr by CSIRO
in June. September and October did not pass 0,01 significance level (about 0.2) while the
simulation by RegCM passed in all months,

Correlation coefficient between the simulated annual mean Ts and observation rises from
0.90 by CSIRO to 0.94 by RegCM, while Pr from (.63 to 0.80. The main improvement of Ts
situlation by RegCM / China is that small Ts perturbation caused by small—scale topogra-
phy can be simulated (figure not shown). Simulations of annual mean precipitation by the two
models are given in Fig, 2. It is indicated in the figure that the most important improvement
of RegCM is that the virtual rainfall center in mid—west part of China which was simulated
by many GCMs (Zhao et al., 1992) as well as CSERO was removed. The rainfall simulated by
RegCM in north and northwest part of China is smaller than that by CSIRO, therefore, is
closer to the observation, One reason of the improvements might be the higher reselution,
and the better land process description in RegCM might be another,

The higher capacity of the simulations by RegCM indicated that the regional scale cli-
mate change scenario such as in China, as simulated by RegCM might be more reliable than
that by CSIRO in a regional scale region, Therefore, only simulations by RegCM were given
below.
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Fig, 1, Correlation coefficients of Ts and Pr belween simulations and observation (a: Ts simulited
by RegCM b: Ts simulated by CSIRO ¢: Prsimulated by RegCM d: Prsimulated by CSIRO).

3. Possible change of Ts and Pr in China due to doubled CO, (simulated by RegCM)
31 Change of Ts

Difference of Ts between the sensitive experiment (with doubled CO,) and present time
experiment was considered as Ts change in China due to doubled CO,. Seasonal mean Ts in
China is expected to increase in all the 4 seasons with a larger increase in winter and spring
{the second row of Table 1), The change of annual mean temperature distribution in China is
given in Fig, 3a. It is indicated in the figure that the increasing of Ts happens everywhere in
China, It is also indicated that the increase in North China by the range from 2,5-3.0°C is a
little higher than in South China with the range from 2.0-2.5°C. The average increase of Ts in
China is about 2.5°C.

Table 1. Seasonal change of Ts and Pr in China due to doubled CO,

Season Winter Spring Summer Autumn
Change of Ts (°C]) 30 2.6 24 21
Change of Pr (%) 17 6 19 6

3.2 Change of Pr

The third row in Table 1 shows the change of Pr in percentage (difference between sensi-
tive experiment and present experiment by present experiment > 100), It is indicated that Prin
China will also increase in all the seasons due to doubled CO,. The largest increase will hap-
pen in summer, and the second largest in winter. There will be less increase in spring and au-
tumn. Total increase in the whole area is 12%,

Figure 3b presents the distribution of annual mean Pr change in China. Similar to Ts, Pr
will increase in most part of China when CQ, is doubled, The largest area with a higher Pr
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Fig. 2. Annual mean Prin China as simulated by CSIRO (a) and RegCM (b) (unit: mm),
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Fig. 3. Climate change in China due to doubled CO, as simulated by RepgCMia: change of annual

mean Pri%). b: change of annuat mean Ts, unt: °C).
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increasing is located in West China, which extends from west part of Norih China 1o Xinjiang
with the value larger than 20%. The only area with decreasing Pr is located from the south
part of Northeast to the north of North China, The Pr increase in West China in the
simulation shows some coherence to the observational change (Ren et al., 2000},

4, Conclusion and discussion

(1} The climate scenario due to doubled CO, in China as simulated by RegCM / China
should be more reliable because of its higher capability in simulating the regional climate at
present as compared to the GCM,

(2) Ts in China will rise remarkably when CO, is doubled. The warming will be more ob-
vious in winter and spring than in the other seasons, and in the north than in the south, Annu-
al mean warming in Ching is 2.5°C. Meanwhile, Pr might also increase in most part of China
with a4 larger increase in summer and winter, and in the west. The annual / area mean in-
creasing is 12%.,

(3) There are still a lot of uncertainties in the study of greenhouse effects in China by nu-
merical models, Further research is needed to get more valuable conclusions,

Thanks are due to CSIRQ in Australia and the Institute of Botany, Chinese Academy of Sciences, for providing

the datu sets of the GCM and the vegelation cover,
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