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Summary 

Two numerical experiments were performed for sensitivity 
study of surface albedo, one was a control run in which the 
albedo values for snow-free surfaces were prescribed as con- 
stant; the other was a sensitivity run in which an albedo with 
seasonal variation was incorporated into the model show 
that the simulation of precipitation is sensitive to the surface 
albedo variations, especially those over Eastern Asia and the 
Sahara. Changes in surface albedo also have an impact on the 
monthly mean sea level pressure, especially on the July-mean 
Western Pacific subtropical high. Surface air temperature 
decreased over most of the Eastern Asia but increases over 
most of the Antarctica in July. 

1. Introduction 

The climate system is driven mainly by energy 
absorbed at the earth's surface. Surface albedo is 
not only one of the most important factors deter- 
mining the energy budget, but also a critical pa- 
rameter in feedbacks between the land surface 
and the atmosphere. Human activities, such as 
deforestation and overgrazing, variations in ice 
distribution, and the modification of vegetation 
all have significant effects on the geographical 
distribution and seasonal variability of the surface 
albedo. 

Many experiments have been performed to test 
the sensitivity of simple climate models to surface 
albedo variations. Using a 1-dimensional radi- 
ative-convective climate model, Hummel and 
Reck (1979) showed that there is a 1 K change in 
surface air temperature due to a one percent 

change in the global mean albedo. Hansen et al. 
(1981) found from their model a change of 1.3 K in 
surface air temperature due to a change of five 
percent in the albedo of the land surface. Since the 
land surface makes up about one fifth of the 
earth's surface, their results are broadly consis- 
tent. In contrast, using the Lawrence Livermore 
2-dimensional statistical-dynamic model, Potter 
etal. (1981) noted that there was only a 0.2K 
change in the global mean surface temperature 
when the albedo was changed by one percent. 
Moreover, Thermodynamic ice models (Maykut 
and Untersteiner, 1971; Semtner, 1976) have 
shown that the equilibrium ice thickness is strong- 
ly dependent on the value of the summertime 
albedo and where a decrease of the ice albedo by 
0.2 can reduce the ice thickness from three meters 
to zero. 

Besides these experiments using simple climate 
models, the sensitivity of more complex General 
Circulation Models (GCMs) to surface albedo 
changes has also been examined. When Charney 
et al. (1977) studied the effects of regional albedo 
changes on local climate using the GISS GCM 
(early version of the GLAS GCM), they found 
that an increase of surface albedo causes a net 
decrease of radiative flux into the ground and 
therefore a decrease of convective cloud and pre- 
cipitation. Sud and Fennessy (1992) also found 
that, at least locally, small changes in albedo can 
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affect the simulation of regional climate. Rown- 
tree and Sangster (1986) have shown that restric- 
tion of soil moisture (as well as albedo increases) 
in the Sahel has a substantial impact on rainfall in 
this area. 

Although the parameterization of surface al- 
bedo has been considered in many types of climate 
models, with different schemes, these studies have 
shown that the correct specification of the surface 
albedo value is likely to be important for climate 
modelling. In this paper, the geographical dis- 
tribution and seasonal variation of surface albedo 
are incorporated into the two-level atmospheric 
general circulation model designed by the Insti- 
tute of Atmospheric Physics (IAP-2L-AGCM) in 
order to assess the sensitivity of variables to sur- 
face albedo changes. We concentrate our atten- 
tion on the simulation of climate over Eastern 
Asia, Africa, and Antarctica in order to under- 
stand better the regional climate sensitivity to 
albedo changes. 

2. Surface Albedo Data and Experiments 

The model used for this research is a global grid- 
point GCM which has been documented by Zeng 
et al. (1989). The horizontal resolution of this 
model is 4 ° of latitude x 5 ° of longitude. A surface 
type index is used to account for the albedo values 
prescribed according to different surface types. 
Following Manabe and Holloway (1975), the 
variation of albedo for any non-water surface type 
is regarded simply as a function of snow mass, i.e. 

fC~sb + (S)1/2(% c - cqb), for S < Sc = 1 g/cm: 
%=~c%, for S > S c 

The values of albedo for different surface types 
were prescribed according to the data of Posey 
and Clapp (1964) and the Reader's Digest Great 
World Atlas (1963). However, these data only 
represented the characteristic values of surface 
albedo in summer instead of their annual aver- 
aged values. The albedo of the ocean was set 
constant at 0.07. The albedo for snow-free 
surfaces in the model were not changed with 
season. 

In order to investigate the model's sensitivity to 
surface albedo changes and also to improve the 
climate simulation, we used the surface albedo 
data set with seasonal cycle compiled by Hummel 
and Reck (1979) as the new albedo scheme. Since 

the resolution of the original data set is 10 ° x 10 °, 
we have interpolated these values to every grid 
point of the IAP-2L-AGCM for the numerical 
experiment. Two experiments were performed for 
the sensitivity study, one is the so-called control 
run (CR) in which the previous parameterization 
of surface albedo is applied, the other is the sensi- 
tivity test (ST), in which the new albedo scheme 
(Hummel and Reck, 1979) is incorporated. Both 
CR and ST are integrated for 24 months from 
January 1st and only the outputs from the last 
July are selected for analysis. 

3. Results and Analysis 

We compare the results of simulated monthly 
mean sea level pressure, precipitation and surface 
air temperature between the control run and the 
sensitivity test. We pay greater attention to East- 
ern Asia (10°S-60°N, 60°E-150°E) and the 
African continent (30 ° S-30 °N, 20 °W-60 °E) 
because most current GCMs simulate climate 
poorly in these two regions. 

3.1 M e a n  Sea-Level  Pressure 

Figure 1 shows the observed and simulated (by 
the CR and ST) July mean sea-level pressure. 
Even though the patterns of pressure field in both 
Fig. la  and Fig. lb are quite similar to the obser- 
vations (Fig. lc), the Western Pacific subtropical 
high in the ST extends westward more obviously 
and its axis agrees with observation better than in 
the Control Run. Moreover, as shown in Fig. lb, 
the Atlantic subtropical high weakens, the Indian 
Monsoon low shallows, and its domain is also in 
good accordance with the observations. Japan is 
not dominated by the Western Pacific subtropical 
high in the ST as it is in the CR. 

3.2 Precipi tat ion 

3.1.1 Eastern Asia 

Figure 2 shows the difference between the surface 
albedo for the ST and the CR over Eastern Asia. It 
is apparent that the domain of positive departure 
covers almost all of this region which means that 
the value of surface albedo in the ST is larger than 
that in the CR, especially in the Qinghai-Tibetan 
Plateau, where the maximum positive departure is 
14.9%. Change in surface albedo has influenced 
the distribution of precipitation (shown in Fig. 3). 
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Fig. 1. Global pattern of July mean sea level 
pressure (hPa). (a) Simulation of control run 
test (CR); (b) Simulation of sensitivity test 
(ST); (c) Observation (from Schlesinger, M. 
E., Gates, W. L., 1980) 

In comparison with the CR, the rainbelt in East- 
ern Asia shifts southwards as in observations, and 
the July-mean precipitation over Japan during 
the hot  season increases from less than 2 mm/day  
to more than 4 ram/day in the ST, which is a gen- 
eral feature over Japan in the summer. In north- 
west China, where the dominant  surface types are 
desert and steppe and precipitation is very rare 
there is a false precipitation center in this area 
(95E-40N) simulated by the CR, whereas this 
center is not present in ST. We can also see that 

the ITCZ has retracted southwards and its do- 
main has been simulated better in the ST than in 
the CR. 

3.1.2 Africa 

Figure 4 shows the difference between the surface 
albedo for the ST and CR over the African conti- 
nent. The most  obvious and largest difference 
occurs in the Sahara region (10N-30N). Figure 
5 illustrates the simulated precipitation for both 
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Fig. 2. Difference of surface albedo between sensitivity test 
and control run (ST-CR) over Eastern Asia in July (%) 

Fig. 4. Difference of surface albedo between sensitivity test 
and control run (ST-CR) over African Continent in July (%) 
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Fig. 3. Distribution of July-mean precipitation over Eastern 
Asia (mm/day) (a) Simulation of control run test; (b) Simula- 
tion of sensitivity test 
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Fig. 5. Distribution of July-mean precipitation over African 
Continent (mm/day). (a) Simulation of control run test (CR); 
(b) simulation of sensitivity test (ST) 

experiments. In Fig. 5a (CR), the precipitation is 
too high over the Sahara desert and there are two 
false centers of heavy rainfall in this region. How- 
ever, in Fig. 5b (ST) the rainbelt shifts southwards 
by about 5 ° to the equatorial monsoon area, the 
precipitation decreases and the two false centers 
in the desert weaken. 

3.1.3 Surface Air Temperature 

Figure 6 shows the difference of surface air tem- 
perature between the CR and ST over Eastern 
Asia (Fig. 6a) and Africa (Fig. 6b), respectively. 
Comparing with Fig. 2, in which the positive 
departure of surface albedo is dominant in East- 
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Fig. 6. Difference of surface air temperature between control 
run and sensitivity test (CR-ST) in July (°C). (a) over Eastern 
Asia; (b) Over African Continent 

ern Asia, it can be seen from Fig. 6a that the 
domain of positive departure covers almost all of 
the same region. The mean decrease of surface air 
temperature in Eastern Asia exceeds nearly 2 °C 
in the ST and the maximum departure of surface 
air temperature is 9.98 °C. In contrast, there are 
two large negative centres for the temperature 
departure in the Sahara desert region (shown in 
Fig. 6b) and their locations are the same as that of 
the two false centres of heavy rainfall shown in 
Fig. 5a. 

The situation in the Antarctic continent, how- 
ever, is quite different from that in Asia and Africa. 
In the CR, the simulated July-mean surface air 
temperature in the Antarctic continent is colder 
than the observed, even though the albedo is 
larger in the ST than that in the CR. The 
simulated result from the ST has been improved, 
with increasing surface air temperature in large 
areas of this region. 

4. Conclusion 

Two numerical experiments were performed as 
sensitivity studies of the IAP-AGCM to surface 
albedo variations. One was the so-called control 
run (CR) in which the albedo for any snow-free 
surfaces was prescribed as constant over time, the 
other was the so-called sensitivity test (ST) in 
which a new albedo data set, with a seasonal cycle, 
was incorporated into the model. Some con- 
clusions can be drawn from comparisons of the 
two numerical experiments: 

(1) Precipitation is sensitive to changes in surface 
albedo. With seasonal varying surface albedo 
data, the distribution of continental precipita- 
tion is well simulated in both Eastern Asia and 
the Sahara desert region. We note that pre- 
cipitation decreases when the surface albedo is 
increased. 

(2) The global pattern of sea level pressure, es- 
pecially the location and domain of the West- 
ern Pacific subtropical high, is improved by 
incorporating the seasonal variability of sur- 
face albedo into the model. 

(3) The relationship between surface air tempera- 
ture variations and surface albedo variations 
is complex. In some regions this relationship 
can be determined by different phases, e.g., 
surface air temperature decreases due to the 
increase in surface albedo over Eastern Asia; 
whereas, temperature increases over most of 
the Antarctic region after an increase of sur- 
face albedo. 

The impact of the variation of surface albedo on 
climate variability at the global scale through 
dynamic-physical processes, has frequently been 
discussed. However, the effect of this influence 
only occurs in some variables and in particular 
areas. Therefore, for further studies of air-land 
interactions, regional, as well as global, effects 
need to be considered separately. Because of their 
regional sensitivity, land surface processes and the 
physical mechanism of albedo variations should 
be considered to a greater extent in GCMs. 

The IAP Two-Level AGCM exhibits signifi- 
cant sensitivity to surface albedo changes. This 
indicates that the practical specificity of surface 
albedo is essential for climate simulation. In order 
to improve the parameterization of surface albedo 
in climate models, and then to enhance the ability 
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of the mode l  to predic t  cl imatic change,  accura te  
and  high reso lu t ion  surface a lbedo  da ta  are ur- 
gent ly  needed.  
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