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ABSTRACT

Using radiation data from the Automatic Weather Stations (AWSs) for thermal balance obser-
vations, which were set up at Lhasa, Nagqu, Xigaze and Nyingchi by the Sino—Japanese Asian
Monsoen Mechanism Co—operative Project in 19931996, and 19§5—1989 Earth Radiation Balance
Experiment (ERBE) measurements of Langley Rescarch Center / NASA of US, and 1961—199¢
monthly mean data from 148 surface siations over the Qinghai-Xizang Plateau (QXP) and its
neighbothood, study is performed on empirical calculation methads of surface albedo, surface total
radiation, planetary albedo and outgoing longwave radiation with the climatic features of radiation
balance at the surface and the atmospheric top examined,

Evidences suggest that the empirical formulae for surface albedo, planetary albedo, surface to-
tal radiation and outgoing longwave radiation from the atmospheric top are capable of describing
their seasonal and interannual variations over the QXP. The surface albedo is marked by noticeable
seasonal variation and yearly mean of 0.22 with the maximum of .29 in January and minimum of
0.17 in July and August; in winter the albedo has greal horizontal difference, bigger in the moun-
tains than in the river valieys, and small in summer. The planetary albedo shows 2 smaller range of
its annual variation with the yearly mean of 0,37, the maximum (minimum) occurfing in February
and March {autumn), In winter its high-value regions are mainly at Gar (Shiquanhe) in the westera
QXP and from the southwestern Qinghai to the northeastern Tibet and the low—value area at the
northern slope of the central Himalayas; in summer, however, the albedo distribution displays clear-
Iy a pragressive decrease from southeast to northwest. As for the surface total radiation, its values
and annual varying range are smaller in the east than in the southwest. Its high—value center is at
the southern slope of the Himalayas in winter and makes a conspicuous westward migration in spI-
ing, remaining there for a long lime, and it begins fo retreat eastward in autumn. Monthly mean
values of the surface net radiation are all positive and larger in summer than in winter, The net ra-
diation is significantly intensified under the combined effect of surface total radiation and surface
albedo from spring to carly summer, resulting in the strongest secter in the mid plaieaw with its
center staying nearly motionless from March to Sept¢mber, and is reduced in autumn dominantly
by surface effective radiation, The carth—atmosphere system loses heat outward from October to
next February and gains in other months, On an average, the plateau gains heat of 15 W m™? onan
annual basis,
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1. Introduction

To precisely estimate the values of albedos at surface and atmospheric top, surface total
radiation and earth—atmosphere outgoing longwave radiation is crucial to calculating radia-
tion balance at surface and atmospheric top and exploring of the effect of the QXP atmos-
pheric heat sources on atmospheric circulations.

Using 1958—1960 observations of surface total radiation, albedo and surface meteorolog-
ical observations over China, Chen and Gong et al. (1964, 1965) investigated, through an at-
mospheric radiation calculation scheme, (he distribution characteristics of planetary albedos
all over China, They indicated that the albedos are small over the QXP in winter and summer,
which leads 1o the fact that the greater part of solar radiation is absorbed by the earth—at-
mosphere system. Subsequently, Gao et al. {1977) and Xie (1984) made efforts to study the
problem as well. By use of data from the 1979 QXPMEX Sun and Weng (1987} developed
empirical expressions of surface albedo in relation to the number of snow—cover days and the
temperature in the plateau and discussed the long—term mean of the albedo, showing that
values of the albedo diminish conspicuously westward, From his study based on the QXP ra-
diation observed from August 1982 to July 1983, Ji (1985) asserted that the surface albedo
bears a relation to the class and intensity of precipitation and vegetation characteristics and
that the albedo values are larger in summer than in winter, With the aid of the augmentation
of satellite soundings, meteorologists made an approach to the relation ship between surface
and planetary albedos in the QXP. Zhong et al. (1584, 1985, 1988) calculated planetary
albedo by means of their model atmosphere over the plateau and soundings from
AVHRR / NOAA, and established the regression formulae between planetary and surface
albedos. Zhong (1998) recently investigated the features of surface albedo and the effect of
snow cover on the albedo through the use of data from experiment of observing the QXP heat
source from August 1982 to July 1983, Sun and Weng (1994) estimated the surface and plan-
etary albedos in the QXP in terms of satellite data of ISCCP. Based on an earth—atmosphere
physical model, Zhu and Zhu et al. (1993) derived the relation between surface and planetary
abbedos under a clear sky, They further conducted experiments on the relation by using the
measurements of surface radiation from the 1986 Sinc—US QXP Co—Operative Research and
the data from GAC of NOAA-D in the same period, Weng (1994) proposed an empirical
formula between planetary albedo and total cloudiness. By means of the radiation transfer
method under a range of atmospheric and surface conditions, Liand Garand (1994) derived a
paramelerization scheme for surface albedo on a global basis from satellite soundings, Zuo et
al (1963), Weng (1964) and Lu et al, (1976} developed a fitting formula between surface total
radiation and percentage of sunshine, Zhong et al. (1989) made an attempt to retrieve the
QXP surface total radiation from satellite soundings, Weng (1997) reported their study on fit-
ting the outgoing longwave radiation flux from the earth—atmosphere system by using surface
or atmospheric temperature. The above studies have achieved many meaningful results, On
the other hand, the complicated underlying surface of the plateau, paucity of measurements
which came largely from a small number of stations set up during May—August of 1979 and
August 1982—July 1983, and incompleteness of retrieval schemes from satellite data (e.g., no
spectroscopic part of the measured surface albedo and simplicity of physical models) have led
to the deviation of the gained surface albedo from its measurement in some parts of the pla-
teau (see Zhu et al., 1993; Sun et 2., 1994). As such, it is necessary lo make further research of
these preblems in terms of an up—to—date dataset.

In terms of 1993—1996 AWS data, 19851989 ERBE observations at 2.5°% 2.5°
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Fig. |. The 148 stations over the QXP and its vicinity {The dotted line denotes the heights of 3000 m or more),

resolution of US Langley Research Center / NASA and 1984-1996 conventional
measurements from the 148 stations over the QXP and its vicinity {Fig. 1), developed were the
empirical expressions of surface albedo, surface total radiation, planetary albedo and outgo-
ing longwave radiation that were then used to investigate the surface albedo and radiation
balance at the surface and atmospheric top in the contest of 1961-1995 monthly mean
conventional data from the 148 stations, followed by the examination of their climatic fea-
tures averaged over 1961-1930 that is known to be a WMQ—defined period for the reference
climatic means for the use in research,

2. Computational methodology

The expressions of radiation balance at the surface and atmospheric top are in the form,
respectively

Rm‘s=Sl(1— Ay— R, )

R._..= 8u(l— 4p)~ Rs, 2)

nett

where R, represents the surface net radiation, R, the net radiation at the atmospheric
top, Le., the earth—atmosphere net radiation, R, the surface effective radiation {(whose calcu-
lation and discussion are presented in Zhao and Chen (10 be published in 2000)), 4 is the so-
lar radiation reflected by surface, ie., surface albedo, S, the solar radiation arriving at the
atmospheric top, A, the solar radition reflected by the atmospheric top, ie., planetary

2
albedo, and R, the outgeing longwave radiation from the atmospheric top.

2.1 The empirical formula of surface afbedo

The surface albedo 4 is defined as

4= (3)
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where §; denotes the surface—reflected solar radiation and 5, the surface total radiation,
Through (3) we calculate the surface albedo by use of AWS observations of $; and §, at dif-
ferent intervals from July of 1993 to July of 1996 (sez Table 1). Here, the solar radiztion wave-
kength ranges over 0,25—3 x m. We tock the data of radiation at a 10—minute interval, from
which we obtained the daily and monthly means.

Tablke L. Time intervals of the employed AWS daia

1993 1994 1995 1994 months
Lhasa July—Dec, Jan ~Dec, Jan.—Dec, Jan.—June 36
Nagqu Oct.—Dec. Jan.~Dec, Jan.—Dec. Jan.—June 33
Xigaze July—Dee, Jan.~July July—Dec. Jan.—July 2%
Nyingchi Aug. Apr.~—Nov, July-Sept. Jan.—June 18

Surface albedo refers to the ability of surface reflecting solar radiation and is in close as-
sociation with the solar zenith angle and the surface condition, the latter bearing an intimale
relation to climatic characteristics of a given region, The interannual and seasonal variations
of local climate, differing from yearly growth of vegetation and soil condition, result from the
integrative effects of meteorological elements, e.g., air temperature, pressure, vapor, wind,
precipitation, cloud and snow cover. Therefore, the surface albedo is assumed to depend
strongly on these elements. For instance, snow cover, if available, has conspicuous impacts on
the albedo; in its absence, temperature, vapor, cloud and rainfall influence the surface albedo
by affecting the growth and development of plants there. Analysis of the AWS surface albedo
in relation to monthly means of surface weather elements indicates that the mean albedo is in
correlation with mean temperature, relative humidity, pressure, total cloudiness, number of
snow cover days and total rainfall on a monthly basis. As a result, we established a regression
formula between the elements and the surface albedo on a monthly mean basis of July,
1993—July, 1996 for each of Lhasa (at 29.7°N, 91,1°E), Nagqu (at 31.5°N, 92°E), Xigaze (at
29.2°N, 88.9°E) and Nyingchi (at 29.6°N, 94.5°E) stations. The fitting formula for each has
the following form:

for Lhasa, A= (g, p+ a,ng ™0, + askf® | )
for Nagqu, A= la;p+ a; g+ a)e™ e+ a; Jeerin b U (5)
for Xigaze, A= (g pt a))tgt ay)g™ (e, + as)e, + ag) ©)
for Nyingchi, A= (a pt+ ay g+ a; )™ 5% (o) + aghs, + a7) | 7)

where 4 is the fitted value of 4, £, the surface air temperature (K}, p= p / P withp, denoting
monthly mean pressure and P the climatic mean of g, ¢ the relative humidity (%), r, the rain-
fall (mm), ¢, the total cloudiness in decimal form, s, {= n" / x) the relative number of snow
cover days with n” signifying the total number of smow cover days in study months
and n the mumber of days in a giver month thereof, and a,, a,, &;, a4, 25, 45 and a, the
regression coefficients (see Table 2 for their values). Moreover, to make Egs.(4-(7)
meaningful, we set v, = 0.01 or ¢, = 0.01 provided that r, = D ore; = 0.

It is evident from Eqgs.(4)—(7) that the discrepancy in form among the fitting expressions
suggests so complicated topography of the plateau as to display vast difference in climatic fea-
tures and surface condition and even in relative importance of the same element to the surface
albedo for the different AWSs. We notice from Table 2 that the regression coefficients of
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Fig. 2. The abserved (solid line) and fitted (dotied) surface albedo on a monthly mean basis,

some of the elements involved differ in sign from staticn to station, Based on the correlation
coeflicients of these elements with the albedo, we discovered that for a single element, the sign
of its correlation with the surface albedo is identical for all the AWSs except the magnitudes.
The difference in the sign of the regression coefFicients comes dominantly from the establish-
meni of the multivariate regression equation, As we know, these meteorological factors are
both inter—independent and inter—dependent, When one of the factors was introduced into
the equation, possibly the role of the next was incorporated partially and has to be adjusted in
order to get better fitting, thereby resulting in the fact that the regression coefficient of o given
factor may differ in sign from one expression to another.

Fig. 2 presents the variation in monthly mean surface albedo observed and fitted at sta-
tions of Lhasa and Nagqu. One can see that the fitted curve describes the seasonal and
interannual evolution in an approximate manner in comparison to the observations. To
objectively verify the utility of the fitting formula for each of the AWSs, we calculated the
statistic E of the time sequence X, (i= 1, 2, «=, n) of an element X, viz,,

it

where X, denoting the fitted X, and £ the averaged relative error of X, from X, It follows
from Eq.(8) that the smaller the £, the better would the fitling be. Table 3 gives the correla-
tion coefficients » of the fitted surface albedo with the observed, and E for the four AWSs,
from which we notice that all correlations are >0.8 and have passed test at = 0.01 signifi-
cance, with r= 0,88 and 0,92 separately for Lhasa and Nagqu and £=11.0% and 6.0% for
Nagqu and Nyingchi in turn. The mean r and £ over the four AWSs reach 0.89 and 8.7%,
respectively. As such, the correlation coefficients and the relative error (£) between the fitted
and observed albedos meet the needs of climatic research such that we were allowed to use
{(4)—(7) to reveal the variation of the QXP surface albedo in a climatic context.

Table 2. Regression coefficients a, to a; for the four AWSs

@y a, d; a, 05 ag dq
Lhasa 3axi0¥ —38xi0" -7.45 5.19x107 -789.9 0.0734
Nagqu —54x107"  5x107 —572.4 0.0113 —0.0574 -9.85 0.863
Xiguze —4.4% 107 505%x107° —-430.6 -0.3352 -1510.0 5.104
Myingchi  343x107% —227x10™* 8831 275%107  —177%x10° 3426 0.904
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Table 3. Relation coefficients r and relative error E for the AWSs

Station r E (%)
Lhasa 0.88 10.6
Nagqu 092 11.0
Xigaze 0.83 72

Nyingchi 0.91 6.0

2.2 The empirical formula of surface totaf radiation 8,

Using the 19931996 AWS surface total radiation and the monthiy total of sunshine
hours we calculated the monthly mean surface total radiation and the percentage of sunshine.
Subsequently, following Lu et al. (1976), we obtained an empirical expression for §; by vir-
tue of the percentage of sunshine through a linear regression scheme, We have

S =Sylatg+ay), )

where 74, slands for the percentage of sunshine; 4, and a, are the regression coefficienis
whose values are given in Table 4.

Table 4. Regression coefficients @, and 2, for the AWSs

Station Lhasa Nagqu Xigaze Nyingchi
a, 0,4259 0.5331 06,5005 0.6795
o3 0.3703 0.3173 0.3265 0.2564

Fig. 3 delineates the variation of monthly mean observed and fitted S, for Lhasa and
Nagqu, indicating that the fitted one describes well its seasonal and interannual variation,
Further, the calculations show that the stations of Lhasa and Nagqu have the correlation of
0.88% and 0.85 and E of 4% and 5.4%, respectively. It is roughly the case at Xigaze and
Nyingchi. Thus, the empirical expressions based on the percentage of sunshine for 5§ have
ability to depict variation of the surface total radiation over the platleau in a clhimatic context.
We can employ them as an approximate scheme for the surface total radiation in climatic re-
search.
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Fig. 3. The observed (solid line) and fitted (dotied line) values of surface total radiation (W m™)

on 2 monthly mean basis,
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Also, the fitting formulae of the surface total radiation for Chengdu (at 30.7°N, 104°E),
Qamdo (at 31.1°N, 97.2°E) and Kunming (at 25.°N, 102,7°E) were uvsed in dealing with S,
for the QXP and its vicinity (Zhang et al., 1988). It is noted that the QXP involved was at a
height of 3000 m or more, denoled by dotted line in Fig. 1, excluding those west of 90°E,
north of 33°N,

2.3 Empirical formulae of planetary Albedo (A, ) and earth—atmosphere ouigoing longwave ra-
diation R .,

Monthly mean 4, and R, from the ERBE during January of 1985 and December of
1989 were interpolated into the 148 stations for corresponding 4, and R, , to which
multivariate regression expressions were established with the aid of the monthly mean surface
temperature, total cloudiness, relative humidity and the monthly total rainfall of these sta-
tions on a synchronous basis, Finally, we obtain the fitting formulae of 4, and R, ie.

A,=a iyt aye + ayr, t agqtoas (10)
Ro=bty+ byo + byr,+ byg+ bs (1
where a, through a; and &, to b, are the regressions of 4, and R, , respeclively, whose

means are given in Table 5, where averaging was conducted over the QXP including the part
east of 90°F and that west of 90°E, south of 33°N.

Tabie 5. Regression coefficients of #; 1o a, and b, to b averaged over the plateau

CocefTicients a, /by a, /b, ay /by a, /by as /by
Ay -38%107 0.212 6.6%107* —-6.1x107° 1.27
R 222 609 —439 %107 0.229 -366.%

The horizontal distributions of correlation coefficients r of the fitted 4, and R, with
the observed ones and their respective relative error £ (figure not shown) indicate that practi-
cally al! the plateau 4, have the correlation larger than 0.80 with the minimum of the order
of 0,70, and the QXP mean of 0.81; its values of £ range over $%—8% in most of the QXP,
with the maximum of 8.6% at few stations and the QXP mean of 6.7%. The correlation
coefficients of the fitted R,, with the observed are >0.90 except a limited number of regions
in the south and the QXP mean attains 0.92; for R, , the values of E are <4% in most of the
stations, with the maximurn of 4.2% and the QXP mean of 2.7%. Fig. 4 portrays the distribu-
tion of 1985—1989 mean earth—atmosphere net radiation by dint of Eq.(2} as well as the
fitted 4, and R, versus the distribution of corresponding ERBE data in January and July,
So we can see that the situation of the fitted values is similar to the observed in both January
and July with the central regions well corresponding one to another, It follows that the empir-
ical expressions for planetary albedo and atmospheric top outgoing longwave radiation, for-
mulated with the aid of surface temperature, total cloudiness, precipitation and relative hu-
midity, have considerable ability to describe their climatic features,

3. Climatic features of albedos in the QXP

3.1 Surface albedo
Using 1961—1990 conventional monthly mean data from the 148 stations and the fitting

- -
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Fig. 4. 1985—198% mean monthly earth—atmosphere net radiation flux (W m™). {a) January with
the regions of fitted values >—50 W m™? shaded; (b) July with the regions of fitted values >80 W
m 2 shaded; (¢} January with the regions of observed values >—50 W m™ shaded; (d) July with the

regions of observed values >80 W m™ shaded,

expressions of surface albedo (4)—(7) for the four AWSs, calculation was performed of month-
ly mean albedos over the 30 years in such a way that for the AWSs (at Lhasa, Nagqu, Xigaze
and Nyingchi) we adopted their own fitting formula and for the other stations took into ac-
count in choosing the fitting formula as follows: 1} the shortest distance in horizontal, 2} con-
ditions of vegetation and soil, and 3} the Nyingchi expression used largely for the stations east
of 95°E.,

Table 6. 1961—1990 monthly mean surface albedos for the southwestern QXP. the eastern QXP and the QXP, and

their annual means

Month 1 F M A M I J A b 0 N D ANN.MEAN

SWQXP 029 028 025 021 020 018 017 017 18 019 021 025 0.22
EQXP 029 028 024 022 020 018 017 017 018 021 024 027 0.22
QXP 029 028 024 022 020 018 017 017 018 021 0.4 027 0.22

Table § gives the 1961—1990 monthly mean surface albedos for the two study segments.
As stated earlier, the plateau involved was all at a height of 3000 m or more in the eastern part
{east of 50°E) (EQXP) and in the southwestern part (west of the longitude, south of 33°N)
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Fig. 5. 1961—1990 mean surface albede ona monthly basis. (a) January with the regions of >03
shaded; (b} April with the regions of >0.2 shaded; (c) July with the regions of >0.18 shaded: (d)
Qctober with the regions of >0.2 shaded.

(SWQXP). The whole QXP refers to the sum of the two portions. The regional mean was ob-
tained through the intetpolation of data into 1° % 1° gridpoints, followed by the addition and
divided by the number of gridpoints. We notice from the table that the surface albedos in the
two parts exhibit remarkable seasonal variation. it diminishes (increases) little by little from
winter 1o summer (from summer to winter), maximizing at 0.29 in January and minimizing at
0.17 in July and August, and the regional means differ insignificantly,

Fig. 5 presents the distributions of QXP surface albedo on a monthly basis averaged over
1861—1990. In January (Fig. 5a) practically all the values are >0.20, The albedo differs great-
ly in the horizontal direction. Its high value sectors are dominantly in the mountains of the
Tanggula, Bayan Har and Anyemaqen in the eastern QXP and the Himalayas and the
Gangdise mountains in the southwestern QXP with the highest center of (.46 situated around
Madoi (at 34.9°N, 98,2°E) and Chindu (at 33 8°N, 97 1°E). The albedos are smaller over the
Yarlung Zangbo River vaileys, the southeast and northeast fringes of the plateau, In April
(Fig. 5b) the pattern is similar to that in winter except remarkable reduction in magnitude. In
July (Fig. 5¢) the albedo keeps on decreasing and its horizontal difference is much smaller
compared to the wintertime case, the values ranging over 0.16—0.18 for most of the plateau,
This illustrates that in the wet season the vegetation develops well there, soil humidity in-
creases, and the underlying surface approaches homogeneity such that the surface albedo and
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its horizontal difference are reduced. In October (Fig, 5d) the albedo for the eastern plateau is
greatly augmented with the high—value sector over the Bayan Har mountains and a low—val-
ue center in the Yarlung Zangbo River valleys,

3.2 Planetary albedo

The 1961-1690 monthly mean data of the 148 stations and (he fitting formula {10) for
planetary albedo were employed to investigate the featores of the QXP planetary albedo aver-
aged over this period,

The monthly means are summarized in Table 7 for three regions, One can see that the
planetary albedo is conspicuously larger compared to the surface albedo, nearly twice as big
as the surface albedo in summer, and that the planetary albedo has its annual range of 0.03
for either of the parts, much smaller than that of the surface albedo. Besides, the planetary
albedo is slightly larger in the east than in the southwest and the yearly mean over the plateau
reaches 0.37. It is large in February and March and small in October and November for either
of the segments.

Table 7. 1961-1990 monthly mean planetary albedos in the southwestern QXP, the castern QXP and the QXP, and

their annuai means

Month 1 F M A M } ! A ] &) N D ANNMEAN

SWQXP 036 037 037 036 035 033 036 035 033 031 032 0.35 0.35
EQXP 038 040 040 039 038 038 037 036 037 035 035 036 037
QXPp 037 039 039 03% 037 03 037 036 0356 034 034 036 0.37

Fig. 6 depicts the distribution of planetary albedo (4, } on a monthly basis averaged over
1961-1990. In January (Fig. 6a) the high—value sectors are at Shiquanhe (at 32°N, 79°E) in
the western QXP with its central value of 0.43 and from Tutu Heyan (at 34,2°N, 92.4°E) and
Qumarleb (at 34.1°N, 95.8°E) in the southwestern Qinghai to Sog County (at 31.9°N, 93.8°E)
in the northeastern Tibet with the center of 0.45; a low—value region resides at the northern
slope of the mid—eastern Himalayas in the southern QXP and another is in the southeastern
QXP. Inspection of Fig. 6a and the distribution of the number of snow—cover days and total
cloudiness in January averaged over the same pericd {figure not given) show that the high—
and low—value regions of planetary albedo well correspond to those of the latter two factors.
As the warm season sets in, snow cover begins to melt, cloudiness grows, and the albedo in-
creases slightly in value in the eastern and southern QXP as opposed to the slight reduction in
the northern and southwestern QXP. In April (Fig. 6b) the high center that is in the eastern
QXP in winter has moved southward to Zayu (at 28.7°N, §7.5°E} of the southeastern QXP;
the high and low values are distributed in concord with the total cloudiness in most cases, In-
fluenced by the total cloudiness in the wet season in July (Fig. 6c), A » decreases gradually
from southeast o northwest with its maximum value of 0.43 emerging in the southeast corner,
significantly differing from those in Figs. 6a and 6b. It reduces to its annual minimum under
the influence of diminishing cloudiness in October (Fig. 6d) when the rainy season has ended
but no snow cover is available on ground and 4, values are larger in the eastern QXP than in
the southwestern QXP,

The characteristics Figs. 6a and 6b show are different, to some degree, from the result of
Chen, Gong and Wang et al. (1964) that a large-range low—value area of A, is west of 100°E
in January and July, centered around Lhasa, This arises from lack of data at that time.




150 Advances in Atmospheric Sciences Vol 17

p1]

LN -

Jak

25k

Fig. 6. 1961-1990 mean planetary albedo (%) on a monthly basis, {a} January with regions of
> 0.40 shaded; (b} April with regions of >0.40 shaded; (c} July with regions of >0.35 shaded; (d)
QOctober with regions of >0,35 shaded,

4. Climatic features of the QXP surface total radiation (S, )

Table 8. 1961—1990 mean monthly surface total radiations (W m™>} in the southwestern QXP, the eastern QXP and
the QXP, and their annual means

Month J F M A M il J A 5 o N b ANN.MEAN

SWQXFP 180 209 259 304 335 340 307 291 276 248 24 174 261
EQXP 148 171 213 251 270 264 256 248 215 195 166 143 212
QAP 156 181 225 264 286 283 269 259 230 208 175 151 224

Values of surface total radiation (S, ) were calculated by use of (9) with the monthly
means averaged over 1961—1990 and summarized in Table 8. We can see that S| is larger in
the southwestern QXP than in the eastern QXP under the impacts of cloudiness, The
southwestern QXP has its vearly range of 166 W m ™~ in contrast to 127 W m™? in the eastern
QXP, The maximum §; occurs in May and Jure for both the portions and minimum 11 De-
cember and January, The mean maximum and minimum in the plateau reach 286 W w2 and
151 W m™2, respectively, annually averaging 224 W m™>, 5, grows most substantially in
March in its course from spring to summer, with the monthly increment attaining

w—
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Fig. 7. 1961—19%0 mean surface tota] radiation flux (W ) on a monthly basis. (a) Janvary with
regions of > 160 W m™ shaded; (b) April with regions of > 260 W m~? shaded; (c} July with re-
gions of >280 W m? shaded; (d) October with regions of > 200 W m~? shaded.

50 W m~2 and 42 W m? in (he southwestern and eastern QXP, respectively, while from sum-
mer to winter it diminishes at a relatively slow pace.

Fig. 7 gives the distribution of the surface total radiation on a monthly basis averaged
over the 30 years. In January (Fig. 7a) the high—value regions are located south of the
Yarlung Zangbo River valieys and the Hengduan mountains of the southeastern plateau.
Their strongest heating center is at Yadong (at 27.7°N, $9.1°E) on the southern slope of the
Himalayas, staying there from December 1o March and peaking at 271 W m™? in March and
minimizing at the eastern fringe of the plateau. And later §, is greatly enhanced as spring
comes. In April (Fig. 7b) the maximum heating center has moved westward to around
Shiquanhe and Burang (at 30.5°E, 81 .4°E) of the southwestern QXP from the Yarlung
Zangbo River valleys and remains there during April-September, maximizing at 374 W
m~? as ils annaul maximum in June, Also, Fig. 7b shows that a low sector covers Dege (at
317°N, 98.6°E) of the western Sichuan, Bomi (at 29.9°N, 95.8°E) and Zayu of the
southeastern Tibet and the Gongshan (at 27,8°N, 98.7°E) of the northwestern Yunnan, In Ju-
ly (Fig. 7¢) 8§, is reduced under the wet—season influence, and the heating center of the
southwestern QXP has decreased to 342 W m™2, Subsequently, the total radiation continues
to diminish till October (Fig. 7d) during which the S, center of the southwestern QXP has re-

treated eastward into the Yarlung Zangbo River valleys (257 W m 2), Comparison to the
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result of Weng (1997) shows agreement in the paitern and central value during Decemnber and
June,

5. Climatic features of surface and earth—atmosphere net radiation over the QXP

Substituting the monthly mean surface air temperature, relative humidity and total
cloudiness, monthly total rainfall, sunshine hours and the fitted surface albedo inte (1) and
(2), we calculated the surface and earth—atmosphere net radiation on a monthly basis aver-
aged over 1961-1990,

5.1 Surface net radiation R,

Table9. 1961—1990 monthly mean surface net radiations (W m ™) in the southwestern QXP, the eastern QXP and the

QXP, and their anaual means

Maonth i F M A M T J A 8 0 N D ANMN MEAN

SWQXP 23 45 84 117 136 142 158 144 106 57 28 20 B3
EQXP 19 43 83 112 128 137 13 111 % 58 15 13 81
QXP 20 44 B3 113 130 138 140 127 99 8 26 15 83

From Table 9 we notice that the monthly means of surface net radiation are all positive.
The magnitudes are somewhat larger in the southwesiern QXP than in the eastern QXP, and
their greatest difference arises in July and August (18% larger in the southwestern QXP), The
maximum takes place in June and July for both the parts and the minimum in December and
January, The means of the net radiation over the plateau are 140 W m ™ and 15 W m™? in July
and December, respectively, with the annual average 83 W m 2. The net radiation grows dur-
ing December—June, with minimum monthly increment of the order of 40 W m™ in March,
and begins to reduce from August, with the maximum monthly increment in October arriving
at —41, —38 and —49 W m™2 for the QXP mean, the eastern and southwestern QXP,
respectively. Inspection of Tables 6, 8 and 9, and the calculations of the surface effective radi-
ation (Zhao et al, 2000) show that from spring to carly summer, the surface net radiation
grows due to increasing of the surface total radiation and decreasing of the surface albedo,
and the persistent increase of the SW net radiation in July is mainly associated with weak-
ening of the surface effective radiation there. When autumn starts, the varjation in the surface
effective radiation in particular, the surface total radiation and the surface albedo give rise 10
the reduction of the surface net radiation,

Fig. 8 presents the monthly patterns of the 1361-1990 mean surface net radiation. In
January (Fig. 8a) the values are quite small in the plateau and even negative in parts of the
eastern mountains, suggesting the heat loss from the surface. As spring comes, the surface net
radiation begins to be reinforced, more strongly in the southwestern QXP than in the eastern
QXP, which generates the strongest heating sector in the mid QXP to the south of the
Tanggulas and north of the Himalayas. The heating area is maintained there from March to
September with its center located dominantly at Amdo (at 32.5°N, 91. 1°E) of the northeastern
Tibet to Tutu Heyan of southwestern Qinghai from spring to mid—summer, The center peaks
at 172 W m™ as its yearly maximum in July (Fig. 8¢c). From August the center begins to move
southeastward considerably with its value diminishing, and reaches Nyingchi of the eastern
Tibet in October (Fig. 8d) with the central value of 101 W m™2, Furthermore, we notice that in
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Fig. 8. 1961-1990 mean surface net radiation fiux (W m ) on a monthly basis. (a) January with
regions of >20 W m™ shaded: {b) April with regions of >110 W m™? shaded; (c) July with regions
of > 130 W m? shaded; {d) October with regions of > 60 W m™* shaded,

spring and summer the low—value regions are mainly in the mountains of the eastern Kunlun,
Bayan Har and Qilian in the eastern QXP.

5.2 Earth—aimosphere net radiation

Table 10 shows the 1961-1990 monthly means of earth—atmosphere net radiation in the
plateau. We notice that the monthly values are slightly larger in the southwestern QXP and
increase {decrease)} during January—June (July-December), In contrast to the surface net ra-
diation. the earth—atmosphere counterpart has its negative values from October to February
{suggestive of heat loss from the system), The earth—atmosphere net radiation has minima in
December for the southwestern QXP, the eastern QXP and the QXP, with the value of 64 W
m 2 as the QXP mean in December. It has positive values in March—September and the max-
imum in June, with the value of 83 W m? as the QXP mean in June. The earth—atmosphere.
system, on an average, gains heat of 15 W m™ on an annual basis.

Tahle 10. 1961-1990 monthly means of earth—atmosphere net radiations (W m™) for the southwestern QXP, the
eastern QXP and the QXP, and their annual means

Maonth 1 F M A M J I A 5 o] N D ANN.MEAM

SWQXP -—45 -13 26 60 83 30 9 61 33 -6 -2 SR 22
EQXP 54 -23 14 49 73 30 73 52 19 -19 52 47 12
QXFP =3 -21 17 52 75 8 15 55 22 -6 —3 4 15
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Fig. 9. 1961-1990 mean earth—atmosphere net radiation fTux (W m™) oo 2 monthly basis. (a)
January with regions of >—50 W m™ shaded; (b) April with regions of > 50 W m™ shaded; {c) Ju-
ty with regions of >80 W m™’ shaded; (d)} October with regions of >—-10W m™* shaded.

Fig, 9 illustrates the distributions of the earth—atmosphere net radiation on a monthly
basis. In January (Fig, 9a) the values are <0 with maxima of —33 and -38 W m?
respectively at Nyemo (at 29.4°N, 90.2°E) of Tibet and Daocheng (at 29.1°N, 100.3°E) of
Sichuan, which shows the situation typical of the winter half year. Referring to cloudiness da-
ta, the high sectors at Nyemo and Daocheng correspond to cloudiess regions, suggesting that
the small cloudiness is responsible for the augmentation of the absorption of solar radiation
in the earth—atmosphere system, In spring the net radiation is enhanced conspicuously, par-
ticular in the southwestern QXP. Again, Fig. 9b indicates that the most intense center, al-
though experiencing only small displacement in positiont in compatison to the wintertime
case, is noliceably intensified and peaks at 94 W m™ as the annual maximum in June. More-
over, another high sector emerges in April over the Baryan Har of the eastern QXP. In
mid—summer (Fig. 9¢) the earth—atmosphere net radiation is reduced to some extent because
of considerably reinforced cloudiness and rainfall and its high center (87 W m™) has a
short—distance eastward movement to Baingoin (at 31.4°N, 90°E) and Amdo of Tibet, fol-
lowed by dramatic reduction, In October (Fig. d) the values of the net radiation have become
negative practically all over the QXP.
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6. Conclusions

In the context of the AWS measurements, the ERBE observations and the monthly mean
data from the 148 stations, the empirical calculation schemes have been developed of surface
albedo, surface total radiation, planetary albedo and cutgoing longwave radiation. With the
empirical formulae we first made the computation of monthly mean surface and atmospheric
top albedos and radiation balance averaged over 1961—1990, alongside with their climatic fea-
tures investigated. The following results are notable,

(1) The fitting expressions for surface and planetary albedos, surface total radiation and
atmospheric—top outgoing longwave radiation are able to describe the seasonal and
interannual variation of these factors over the QXP,

(2) The QXP surface albedo has its maximum of 0.27 (minimum of 0.17), on an average,
in January (July—August). In wintertime months, it shows vast difference in horizontal, with
its high—value regions dominating in the mountains of the eastern and southwestern QXP and
its lower—value areas in the valleys of the Yarlung Zangbo River and the river valleys of the
southeastern QXP. In summer the rainy season makes the underlying surface condition hom-
ogeneous, thereby reducing the horizontal difference.

(3) The yearly mean planetary albedo has the value of 0.37 for the QXP and small annual
range of 0.05. The maximum of the albedo occurs in February—March, and the minimum in
October—November. Influenced in winter by snow cover and total cloudiness, the albedo has
its high—value regions at Shiquanhe and from Tutuhe and Qumarleb in the sauthwestern
Qinghai to Sog in the northeastern Tibet, The low sectors are dominantly at the northern
slope of the Himalayas in the southern QXP. As it becomes warm, the planetary albedo
slightly grows in the eastern and southern QXP and diminishes in the southwestérn and
northern QXP. When the rainy season sets in, it exhibits 2 noticeable diminution from the
southeastern QXP 1o the northwestern QXP. When the season has ended, cloudingss de-
creases there but no snow cover is present, thus leading to the reduction of the albedo 1o its
annual minimum,

(4) Under the effect of cloudiness and rainfall, the surface total radiation (S, ) shows
lower monthly mean and yearly range in the eastern QXP than in the southwestern QXP. In
winter the maximum center is at the southern slope of the Himalayas where precipitation is
scanty. As water vapor comes into the platean from the eastern QXP in spring, the center of
§, moves considerably westward and remains in the southwestern QXP till September, Af-
terwards, the center begins to withdraw eastward, accompanied by its noticeable reduction in
the southwestern QXP,

(5) Surface net radiation values averaged in the QXP are positive on a monthly basis,
maximizing (minimizing} at 140 (15) W m™ in July (December), From spring to ¢arly
summer, the net radiation is greatly enhanced under the joint action of surface total radiation
and surface albedo, generating its strongest region in the mid plateau with its center almost
motionless in March—September. In spring and summer, low—value regions of the net radia-
tion are available mainly in the eastern mountains, In mid—summer, besides, its growth in the
southwestern QXP is ascribed predominantly to the greatly reduced surface effective radia-
tion, which contributes even more to the diminution of surface net radiation in autumn,

(6) The QXP earth—atmosphere system loses heal to outer space from October to next
February and gains in the other months, It receives the heat of 15 W m™, on an average, each
year. In spring the earth—atmosphere net radiation is enhanced to great extent, centering in

the mid QXP and peaking in early summer,
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