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ABSTRACT

The trends and features of China’s climatic change in the past and future are analysed by applying statton obser-
vations and GCM simulation resulis. Nationally, the country has warmed by 0.3°C in annual mean air temperature
and decreased by 5% in annual precipitation over 1951-1990. Regionally, temperature change has varied from a
cooling of 0.3°C in Southwest China to a warming of 1.0°C in Northeast China. With the exception of South China,
all regions of China have shown a declination in precipitation, Climatic change has the features of increasing remark-
ably in winter temperature and decreasing obviously in summer precipitation. Under doubled CO, concentration,
climatic change in China will tend to be warmer and moister, with increases of 4.5°C in annual mean air temperature
and [1% in annuval precipitation on the national scale. Future climatic change will reduce the temporal and spatial

differences of climatic factors.
Key words: Climatic change, Carbon dioxide concentration, Regional climate
L INTRODUCTION

The global climatic change due to the greenhouse effect has been greatly concerned by
the government and people of various nations of the world today, Scientists are studying this
important environmental problem extensively and thoroughly. Research results indicate that
the expected global temperature would rise by between 1.5°C and 4.5°C for a doubling
CO,concentration that may occur in the future several decades. This warming would be larger
in polar and high—latitudinal zones than in equatorial and lew—latitudinal zones and larger in
winter half year than in summer half year. In addition, the global precipitation would increase
by between 3%, and 15% and changes would occur in precipitation intensity and distribution
{Houghton, et al., 19%0). For a specific region of the world (e.g., China), however, the trends
of future changes of temperature and precipitation are considerably different from the global
trends. They have local features of temporal and spatial variations that are influenced by va-
rious factors such as geography (latitude, altitude, the distance off the coast, etc.), topography
(mountains, hills, plains, etc.), climaiic characteristics {continental climate, ocean climate,
etc.), and the degree of economic development of the region (Gullett, et al., 1992). Many
researchers have studied the actual and future trends of climatic change in China under the
background of the global warming (Chen Longxun et al., 1990; Chen Longxun et al., 1991;
Zhao Zongci, 1989). This paper will analyse China’s climatic change trends in the past and fu-
ture by applying meteorological observations and GCMs outpuis so as to provide necessary
climatic background for subsequent impact study.
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Fig. 1. The schematic diagram of station distribution and climatic regions.

II. ANALYSIS METHOD

First, the features of climatic change in China for the past 40 years are analysed by ap-
plying observations on monthly mean surface air temperature and monthly precipitation at
160 stations in the period of January 1951-—December 1990 from National Meteorological
Center of China. The analysis for past trends is the basis of testing simulation results of mod-
els and verifying prediction for future climatic change.

Table 1. Some Characteristics of 7 GCMs

Model Resolution Vertical layers Ocean model ATeq (T) | APeq (%)
Longitude Latitude
UKMO-L 7.5 5 11 mixed—layer 5.2 t5
UKMO—H 3.75 2.5 1t mixed—layer 3.5 11
GFDL 7.5 4.5 9 mixed—layer 4.0 9
GISS 10 7.8 9 mixed—layer 4.2 11
osu 5 4 2 mixed—laysr 2.8 8
LLNL 5 4 2 2-layer ocean 3B 11
MPI 5.6 5.6 19 11—layer ocean 1.6 3

Note: ATeq and APeq are the global mean differences of iemperature and precipitation between disturbed and con-

trolled values under doubled CO, concentration except MPI GCM, where they refer to 10—-year mean of (2%

CO,~1 x CO,) of simulated temperature and precipitation during 6 lst~70th model year {i.c., 2045-2054),

Second, the trends of future climatic change in China are analysed by applying 1x
CO, and 2x CO, outputs of 7 GCMs. Seven GCMs are referred to as UKMO—low resolu-
tion (UKMO-L), UKMO-high resolution (UKMO—-H), GFDL, GISS, OSU, LLNL and
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MPI GCM, their relevant characteristics are given in Table 1. In order to compare simulation
results of every model, all outputs are interpolated on the same space mesh {5° x 5°%).

Fig. 1 gives the distribution of 160 stations and climatic regionalization applied in analy-
sis over gridded Chinese regions. In Fig. 1, abscissa is the longitude {east) and ordinale is the
latitude (north); dots represent stations and numbers above dots refer to station indexes from
1 to 160; thick solid lines represent the bounds of climatic regions which correspond to
Northeast China (I}, North China (II), the middle and lower reaches of the Yangtze River
(II1), South China (I'V), Southwest China (V), Northwest China (¥} and Xinjiang (VII). Ob-
viously. this is a simplified schematic diagram in which the bounds of the country and climatic
regions are represented approximately to facilitate computing and analyzing.

III. RESULTS
1. Climatic Charnge in China over Past 40 Years
(1) Nation—wide changes

Figs. 2 and 3 show the trends of air temperature and precipitation frem 1951 to 1990
nationally where dotted lines represent the annual departures of temperature or precipitation
from long—term climate mean (i.c., average over past 30 years from 1951 to 1980 in this ana-
lysis). Using departures rather than actual lemperatore or precipitation makes it possible to
relate all of the station data to the same reference point (e.g., normal climate conditions). This
technique greatly reduces the effect of local influences on a single dataset. Thin solid lines rep-
resent 10—year running mean variations corresponding lo the depariures mentioned above.
Thick solid lines represent the best—fit linear trends for the series of departures.

As Fig, 2 shows, the trend of tlemperature change in China over recent 40 years is warm-
ing with an increase of 0.3°C based on national annual mean temperature, But fluctuations al-
so occurred in the context of general trend of warming. Since the 1950s, annual mean air tem-
perature has shown an upward trend that persisted to the early 1960s with a peak value. Then
temperature began cooling until the mid—1970s and rose gradually again to reach maximum
temperature during the 1980s. As Fig. 3 shows, the trend of precipitation change on the na-
tional scale is decreasing with a percentage of 5 in annual precipitation cver past 40 years.
The feature of precipitation change is that the 1950s was above—normal precipitation period
and precipitation began to decrease to enter a dry period in the 1960s. During the 1970s, pre-
cipitation increased somewhal. Since the late 1970s to the 1980s, precipitation began to de-
crease again.

The patterns of the seasonal mean temperature and seasonal precipitation indicate that
climatic change has seasonal differences. Temperature change ranges of various seasons are
0.8°C (winter), 0.3°C (spring), —0.2°C (summer) and 0.2°C (autumn) and precipitation
change ranges are -2% (winter), —4% (spring), —10% (summer} and 3% (awtumn).
Therefore, winter mean temperature greatly contributes to temperature change (i.e., warming)
and summer precipitation considerably contributes to precipitation change (i.e., drying).

(2) Regional changes

This paper also analyses climatic changes of various regions according to China’s climat-
ic regionalization in order to identify spatial differences in climatic change.
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Fig. 2. National trends of annual (top), winter (middle) Fig. 3. National trends of annual (top), winter (middle)
and summer (bottom) mean air temperature. and summer {bottom) precipitation.

Table 2. The Trends of Temperatures and Precipitations of Various Regions (1951-1990)

Climaltic regions Temperature changes (T) Precipitation changes (%)
Anoual  Winter Summer Annuzal  Wipler  Summer
1 1.0 16 0.3 -7 =12 —4
)i | 08 1.5 -1 -17 | =21
in 0 0.3 —0.4 —4 -4 -4
1y Q Q Q3 2 16 -12
v —0.3 —0.2 —0.2 -5 -2 -9
V1 0.1 t.1 -0.8 2 =12 3
vl 0.7 23 0.3 i -19 -1
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Fig. 4. National averzge simulation results of the composite GCM. (Top map is temperature
change curve; bottom map is precipMation change curve. Thick solid lines represemt 1%
CO, simulations; thin solid lines represent 2 x CO, simulations. Dotted lines represent change
amounts which are the absolute differences between the 2 x CO, and 1 x CO, outputs for tempera-
ture and the percentage changes of the absolute differences between the 2 x CQ, and 1 x CO; out-
puls divided by the | x CO, outputs for precipitation.)

Table 2 lists trend values of temperature and precipitation of 7 climatic regions over past
40 years from 1951 to 1990, As for temperature, temperature 6hanges of various regions tend-
ed lo be warming except Southwest China, where a cooling of 0.3°C was observed, particular-
ly in Northeast China, North China and Xinjiang with an increase of 1.0°, 0.8" and 0.7°C in
annual mean air temperature respectively. In addition, winter temperature increased remark-
ably and summer temperature had a downward trend in most regions. As for precipitation,
annual precipitation decreased by 7%, 17%, 4% and 5% in Northeast China, North China,
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the middie and lower reaches of the Yangtze River, and Southwest China, respectively and in-
creased somewhat in other regions. Seasonal precipitations of various regions had a general
downward trend. Obviously, there are considerable spatial differences in changes of tempera-
ture and precipitation. The trends of temperatures and precipitations of various regions are
much more complicated than those of national average.

From the above analyses for the changing trends of temperature and precipitation over
past 40 years in China, we came lo the conclusion that regional climatic anomalies do not oc-
cur consistently across the country, although there exists a general warming trend in higher
latitude zones. In other words, there are significant temporal and spatial variations in climatic
change, even in the China’s region,

2. Climatic Change in China for the Future

This analysis shows possibly changing trends of temperature and precipitation fields for
a doubling CO, concentration by comparing 2x CO, simulation wvalues with 1x
CQ, simulation values of GCM.

(1) Nation—wide changes

Fig. 4 shows 2 x CO, and 1 x CQ, simulation results of the composite GCM generated
by the average of seven GCM experiments. As Fig. 4 shows, when CO, concentration in the
atmosphere is doubled, the general trends of climatic change in China would tend to be
warmer and moister with 2 warming of 4.5°C in menthly mean temperature and an increase
of 11% in monthly precipitation.

Fig. 4 shows national distribution of contour lines of future changes for temperature and
precipitation simulated by GCM (results shown in the Fig. 5 being simulations of the compo-
site GCM). As Fig. 4 shows, temperature will increase by between 2.8°C and 5.3°C. Contour
lines of temperature exhibit the variations from east to west and from southeast to northwest.
Temperature change in Southeast China is smaller with 2 minimum warming of 2.8°C; warm-
ing in Northwest and Northeast China s most striking with a maximum of 5.3°C in Xinjiang.
Generally, temperatures in all regions over the country tend to increase, But there are regional
differences in warming ranges. For precipitation, the range of future change is between —1.9%
and 19.7%. Precipitations in most regions tend to increase except part of South Chima, where
the precipitation has a downward trend (less than 2%), particularly in Tibet and Xinjiang
with a maximum increase of 19.7%. Second maximum values occur in Northeast China with
an increase range of 10%. Conltour lines of precipitation change exhibit the variation from
_ south to north. Precipitation change tends to increase from east to west.

(2} Regional changes

Table 3 lists possible future changes of temperatures and precipitations of various re-
gions simulated by seven GCM:ss (results shown in Table 3 being simulations of the composite
GCM). From Table 3, when CO, concentration in the atmosphere is doubled, temperatures
of various regions tend to increase and precipitations have also an upward trend except indi-
vidual months. Similar to climatic change over past 40 years, there are regional differences in
future climatic change. For temperature, warming ranges (annual average) of various regions
are 4.6°C in Northeast China, 4.5°C in North China, 3.8°C in the middle and lower reaches
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of the Yangtze River, 3.2°C in South China, 4.3°C in Southwest China, 4.6°C in Northwest
China, and 4.8°C in Xinjiang. Obviously, warming ranges in higher latitudes {e.g., Northeast
China, North China, Northwest China, Xinjiang) are greater than those in lower latitudes
{e.g., the middie and lower reaches of the Yangtze River, South China, Southwest China). In
addition, warming ranges of most regions in winter are greater than those in summer except
Northwest China and Xinjiang. The results are generally consistent with the global simulation
resulis. For precipitation, precipitations of various regions tend to increase (except individual
months) except South China. And increase ranges of precipitations in most regions in winter
are greater than those in summer except Southwest China. In South China, precipitations in
spring and autumn have a downward trend and those in winter and summer have an upward
trend. Similar to temperature changes, precipitation changes in higher latitudes are greater
than those in lower latitudes.

Table 3. Fuiurc Climatic Changes of Vartous Regions Simulated by GCM

Climatic temperature changes (T)
regions | Jan. | Feb, | Mar. | Apr. | May | Jun, Jul. | Aug. | Sep. | Oect. | Nov. | Dec.
1 5.1 4.7 4.3 4.6 4.7 4.7 39 39 4.2 4.8 53 4.7
1 4.6 40 4.5 4.6 4.4 4.6 4.6 4.2 4.2 4.6 50 4.7
I kN 38 4.0 38 37 4.0 3.6 33 34 37 4.1 44
v 3.3 35 31 3.1 32 30 2.4 23 27 33 3.8 33
v 4.8 i 3.8 39 4.3 4.5 4.7 38 4.2 4.4 4.7 43
Vi 48 3.6 4.0 44 4.2 4.5 5.4 4.7 4.8 4.7 49 4.6
VI 47 4.1 44 48 4.4 4.9 53 5.2 5.1 4.7 4.6 4.5
Climatic precipitation changes (T}
regions | Jan. | Feb. | Mar. | Apr. | May | Jun Jul. | Aug. | Sep. | Oct. { Nov. | Dec.
1 252 17.4 11.8 17.2 122 8.0 11.3 2.2 141 100 17.5 10.7
1 16.5 18.9 0.1 287 43 4.8 2.1 —1.4 5.2 0.4 209 119
HI 15.1 0.6 6.1 1.9 29 13.0 1.1 04 7.7 34 10.5 2.7
v 4.5 —18.0 | —11.3 | —6.2 9.7 41.1 13.3 8.1 —5.3 -1.8 10.7 32
v 79 9.1 13.7 12.3 11.8 14.1 13.0 14.7 6.2 1.5 6.0 9.6
VI 214 20.4 222 29.4 21.0 12.2 6.6 5.6 24 4.9 24.8 227
¥Il 21.2 274 178 249 10.9 139 0.0 —4.7 7.6 8.1 19.3 24.1

Synthesizing future change trends of temperature and precipitation, one can draw the
conclusion that future climatic change shows not only obvious regicnal and seasonal differ-
ences but also a kind of characteristic feature, that is, the ranges of temperature change in ex-
isting lower temperature regions {e.g., higher latitudes such as Northeast China, North China)
or seasons (e.g., winter) are greater than those in existing higher femperature regions (e.g.,
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contour lines is 2.5%.)

Fig. 5. Contour lines of future changes of temperature and precipitation. (Top map is temperature
change, the interval of contour lines is 0.2°C; bottom map is precipitation change, the _intcrval of

lower latitudes such as South China} or seasons (e.g., summer) and the ranges of precipitation
change in existing less precipitation regions {e.g., Northwest China) or seasons (e.g., winter)
have a greater trend than those in existing more precipitation regions (e.g., South China} or
seasons (e.g., summer). In other words, the greater ranges of future climatic change occur in
regions or seasons with higher values of climate factors; the relatively smaller ranges of future
climatic change occur in ‘regions or seasons with lower values of climate factors. Therefore,
future climatic change will reduce spatial and seasonal differences in climate factors.

V. CONCLUSION AND DISCUSSION

According to the above analyses, air temperature of national average warmed by
0.3°C over 1951—-1990, with a most remarkable increase of 0.8°C in winter temperature and a
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decrease of 0.2°C in summer temperature. Precipitation decreased by 5%, particularly with a
decrease by 10% in summer precipitation. Regionally, temperature changes have varied from
a moderate cooling of 0.3°C in Southwest China to no obvious changes in the middie and
lower reaches of the Yangtze River and South China to a substantial warming of 1.0°C and
0.8°C in Northeast and North China, respectively. Precipitation changes have varied from an
increase of 2% in South China to no obvious changes in Northwest China and Xinjiang to a
downward trend in other regions with decrease ranges of 7% in Northeast China, 17% in
North China, 4% in the middle and lower reaches of the Yangtze River, and 5% in Southwest
China. Like national changes, regional changes exhibit the features of increasing remarkably
in winter temperature and decreasing obviously in summer precipitation.

When CO, concentration is doubled, the general trends of China’s climatic change show
increases in temperature and precipitation and China’s climate tends to be warmier and moist-
er, with increase ranges of 4.5°C in annual mean air temperature and 11% in annual precipi-
tation. There are regional differences in futvre climatic change. Warming ranges in higher lat-
itudes (warmed by 4.6°C in Northeast China, 4.5°C in North China, 4.6°C in Northwest
China, 4.3°C in Xinjiang) are greater than those in lower latitudes (3.8°C in the middle and
lower reaches of the Yangtze River, 3.2°C in South China, 4.3°C in Southwest China); precip-
itation changes in higher latitudes (increased by 11.2% in Northeast China, 7.1% in North
China, 13.8% in Morthwest China, 14.3% in Xinjiang} are also greater than those in lower
latitudes (6.1% in the middle and lower reaches of the Yangtze River, 6.4% in South China,
10.8% in Southwest China). Moreover, future climatic change tends to reduce seasonal differ-
ences. This is due to the fact that warming ranges in winter are greater than those in summer
and increase ranges in winter precipitation are often greaier than those in summer precipita-
tion, Therefore, future climatic change wiil tend to reduce temporal and spatial differences in
climate.

Because there are considerable spatial and seasonal differences in the past and future
climatic change, it should consider seasonal and regioal variations in analysing climatic
change and carrying out related research. But it must be pointed out that the application of
regional results of GCM s limited by less reliable GCM outputs in limited area due to the
limitation and uncertainties of GCM simulation. In addition, the future research should go
further into how to carry out the regionalizalion reasonably. From the viewpoint of climatic
impact study, the trends of climalic change in smaller regions are more important than those
of the global scale or in larger regions. This will be demonstrated clearly in impact studies
which will be reported in Part I1 of the present paper.
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