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l. INTRODUCTION

In recent years many compilations and analyses
of instrumental climate records from around the world
have been undertaken, in no small part due to widespread
concern that anthropogenic activities may be enhancing
the greenhouse effect Several well-known studies (e.g.,
Jones et al. 1986; Hansen and Lebedeff 1987) have found
that the mean global surface temperature has risen
-0.5*C over the past hundred years or so, and the
debate rages over how much (if any) of this warming is
anthropogenic (especially in regard to CO2 emissions since
the onset of the industrial revolution), how much is simply
due to the natural variability of the earth-atmosphere
system, and whether this upward temperature trend will
continue in the future. Whatever the case, it is expected
that long-term temperature variations on a global or
regional scale would be linked to variations in other
observable and important components of the climate
system, such as cloud amount and type, precipitation, and
snow-cover and sea-ice extent.

Interest is especially great in the relationship
between clouds and surface temperature, since clouds play
a dominant role in controlling the radiation budget of the
earth through both their reflection of incoming solar
radiation and their absorption of outgoing longwave
radiation. Two questions historically addressed in the
literature are (1) would rising surface temperature
increase evaporation and thus cloudiness, and (2) if it did,
would this increase in cloudiness have a positive or
negative feedback on surface temperature (Ohring and
Clapp 1980; Henderson-Sellers 1986)? The answers are
thought to depend on the type, height, and structure of
clouds (Schneider 1972; Wetherald and Manabe 1986).
Results of the Earth Radiation Budget Experiment
(ERBE) (Ramanathan et al. 1989) indicate that foi the
earth as a whole, clouds have a net cooling effect
(negative cloud-radiative forcing), but the sign and
magnitude of the forcing are regionally dependent (e.g.,
strong negative forcing is found over the mid- to
high-latitude oceans; positive forcing (the degree of which
is uncertain) is found over the snow-covered regions of
Canada and the Arctic].

Because of the attention given the enhanced
greenhouse warming issue, and the important role clouds
play in the climate system, many studies over the past
decade have examined variations in cloudiness. Most
have used surface observations, since satellite
measurements, although providing several distinct

advantages (e.g., greater areal coverage and objectivity),
do not offer perio>", o, record nearly as long. Lengthy
cloudiness records -? confined to regions of the world
where other types f ~u.idard meteorological observations
have been made for some time. Consequently, previous
studies of historical cloudiness records include those for
the United States (Angell 1990; Angell et al. 1984; Karl
and Steurer 1990), the United States and Canada
(Henderson-Sellers 1989), Europe (Henderson-Sellers
1986), and Australia (Jones and Henderson-Sellers 1992).

Another part of the world with extensive records
of cloudiness is the People's Republic of China (PRC).
These data, along with records of other meteorological
observations, have recently been made available through
a joint research agreement established between the U.S.
Department of Energy (DOE) and the PRC Chinese
Academy of Sciences (CAS) for the purpose of studying
possible global wanning due to an enhanced greenhouse
effect (Koomanoff et al. 1988; Riches et al. 1992). This
paper examines the variation of PRC cloudiness, along
with that of sunshine duration (a useful indirect measure
of cloudiness), over the 35-year period 1954-88.

2. PRC CLOUD AND SUNSHINE DATA

CAS has compiled and digitized records of
monthly mean cloud amount and monthly sunshine
duration from 60 PRC stations. TtKse and other types of
climate data from this station network are described in
Tao et al. (1991). Further details pertaining to the cloud
and sunshine data as described in this section are taken
from this source.

Records of cloud amount and sunshine duration
from most stations begin about 1950, although for a few
stations they date back to about 1900. Records that
predate 1950 typically lack data from the 1940s,
presumably because of the effects of World War II.
Records for all 60 stations extend through 1988.

Monthly mean cloud amount (percentage of sky
covered by clouds) has been computed from observers'
estimates (in tenths of sky cover) of both daytime and
nighttime cloud amount. At many stations details
regarding observing schedules are incomplete but
geneially show great variation before 1954. Observations
since 1954 however, have been standardized to 6-h
intervals. Daily (24-h) mean doud amounts were
computed by taking a straight average of all observations
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for the day, and the monthly means were obtained by
averaging the daily means. It is, in a sense, unfortunate
that the monthly means have incorporated nighttime
estimates of cloud amount, as this may affect
interpretations drawn from their direct comparison with
monthly sunshine duration. It is more difficult to
estimate cloud amount at night, especially if thin cirrus
are present, and cloud development is known to exhibit a
diurnal cycle, which for land areas typically peaks during
daylight hours (Warren et al. 1986). Any systematic
effects of including estimates of nighttime cloud amount,
while perhaps yielding lower mean cloud amounts, should
not affect trends analyses if observing procedures were
consistent over the period examined.

Monthly sunshine duration (houis) has been
tabulated from daily records of sunshine duration,
measured using two instruments: the Jordan photographic
sunshine recorder prior to 1954 and the Campbell-Stokes
sunshine recorder since 1954. Descriptions of these
instruments may be found in Middleton and Spilhaus
(1953). Beth use light-sensitive paper that preserves a
daily trace of the sun's motion across the sky. A
technician translates the length of ihe trace(s) into
sunshine duration. The accuracy of both instruments is
known to potentially suffer from errors in alignment and
orientation and, for the Jordan recorder especially, from
errors and subjectivity in tabulating the traces.

3. PROCEDURES

In choosing a method by which to analyze the
variation of PRC cloud amount over time, the period for
which data were available for the entire station network
(1951-88) was the first determining factor. Because
World War II caused all but a few of the then existing
stations to have data gaps centered on the early 1940s, an
expansion of the period of analysis using fewer stations
was not undertaken. The period 1954-88 was eventually
chosen for analysis for reasons related to the sunshine
duration record, the character of which is much the same
as that of the cloud amount record in terms of length and
constancy. Records of sunshine duration, being essentially
an objective indirect measure of cloud amount, are
valuable in corroborating the more subjective records of
cloud amount (Angell 1990; Angell et al. 1984; Karl and
Steurer 1990; Jones and Henderson-Sellers 1992). Tbe
PRC records of sunshine duration, however, contain
potential inhomogencities because of the change in
recorder type that occurred in 1954. Therefore, rather
than combine records from the two instruments or
attempt to adjust the data to account for differing
instrument sensitivities (perhaps an impossible task), the
record is only examined from 1954 onward. This seems
practical in consideration of previous discussions in tbe
literature of the likely inhomogeneities imparted on the
sunshine duration record of the United States as a result
of evolving instrumentation over the years (Steurer and
Karl 1991; Karl and Steurer 1990; Angell et al. 1984).

Once the period of analysis was chosen, monthly

sunshine durations were convened to monthly percentages
of possible sunshine (hereafter referred to as sunshine) by
calculating the maximum possible sunshine duration for
each month, assuming a smooth spherical earth with no
natural or artificial obstructions (hat could block the sun's
rays. The sunshine values were plotted versus the
corresponding cloud amounts to check for any obvious
outlier values (a few were found and omitted) and to
examine the relationship between the two variables at
eacb station. As pointed out in several previous studies
(e.g., Angell et al. 1984; Jones and Henderson-Sellers
1992), cloud amount and sunshine typically do not add to
100% as might be expected. The monthly PRC sums
were found to range from -80% to as much as 150%,
depending on season and location. Sums less than 100%
may result from procedural or calibration problems with
sunshine recorders (discussed below), whereas those
greater than 100% may be explained Sy (1) the
observation of thin mid- or high-level clouds which
transmit enough sunshine to activate the sunshine
recorder, and (2) ground-based observers overestimating
cloud amount because of their inability to detect clear
areas between individual clouds that have significant
vertical extent (Malberg 1973). The discovery of monthly
sums less than 100% is not surprising or unique to the
PRC data, but this phenomenon has seemingly not been
discussed in the literature. This author examined U.S.
cloud and sunshine data from Steurer aud Karl (1991)
and found a significant number ot monthly sums less than
100% at three locations (Seattle, Denver, and New
Orleans) from a random sampling of ten stations. These
low sums more likely relate to the sensitivity or calibration
of sunshine recorders, or any number of procedural
problems associated with recording sunshine, rather than
to errors in the determination of cloud amount. In the
United States, observers have been instructed since 1893
to include "observed" but unrecorded sunshine in their
daily totals of sunshine duration (Steurer and Karl 1991).
This means that if the sky in the region of the sun is
clear, but natural/artificial obstructions or the insensitivity
of the sunshine recorder at low solar elevation angles
prevents sunshine from being recorded, observers should
add the corresponding amount of time to that which is
actually recorded by the instrument. The instructions for
correcting sunshine duration may not have been followed
rigorously at all times at certain U.S. stations.

The question of how to treat the physically
unrealistic case of doud amount and sunshine adding to
less than 100% is obviously important. In the case of tbe
PRC data, it was found that almost all sums that were
significantly less than 100% were from observations made
in the northern half of the country during the period
November-February (hereafter referred to in this
section, in an astronomical sense, as winter). During this
time of year, stations in the middle and high northern
latitudes experience very low average solar elevation
angles and therefore are especially susceptible to sunshine
not being recorded early and late in the day because of
factors such as those mentioned above. Documentation
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Figure la. Scatter plot of monthly mean cloud amount
and monthly sunshine (percent of possible) for Qiqihaer,
China for the period 1954-88.
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Figure lb. As in Figure la, but after applying the 5*
adjustment to the sunshine data.

of the PRC data makes no mention of observers including
unrecorded sunshine on a daily basis as has been called
for in toe United States. It is known that the
Campbell-Stokes sunshine recorder is not sensitive at solar
elevation angles below - 3 ' (Middleton and Spilhaus
19S3). Also, station histories show a large number of the
60 stations have been or still are located within city limits,
and locale descriptions contained therein make many
references to city gates, streets/alleys, sea fronts, and
mountains. It seems reasonable therefore that low sun,
especially in winter at northern stations, may not have
been consistently recorded because of instrumental,
procedural, and environmental factors.

Jones and Henderson-Sellers (1992), in their
analysis of Australian cloud amount and sunshine data,
also considered the low sun angle insensitrvity of the
Campbell-Stokes sunshine recorder (the only recorder
mentioned in ttieir study). They do not say how
Australian observers are supposed to account for this
factor, but the implication is that any missing sunshine
duration was not added back to the dairy totals, as they
defined maximum possible sunshine duration as the time
during which the sun is more than 5* above the horizon
(assumabiy calculated for a smooth earth, i.e., ignoring
any station-specific terrain effects). Their reason for using
5- rather than 3* is not stated, but this was deemed a
reasonable convention in converting PRC sunshine
duration to percent of possible sunshine, given the use of
the same instrument and the locale descriptions provided
in station histories.

The effect of recalculating PRC sunshine values
using the 5* solar elevation angle adjustment (hereafter

referred to as tnc 5 ' adjustment) is illustrated in Figs,
la-b. Figure la shows cloud amount plotted versus
unadjusted sunshine for the Qiqihaer station, located in
northeastern China near latitude 47* N. Numerous
points lie below the line drawn to depict sunshine and
cloud amount adding to 100%. Practically all are from
the winter months. This type of scatter plot was made for
each of the 60 staiioas, and this phenomenon was
confirmed to be seasonal and especially pronounced for
northern stations. Figure lb shows the effect of the 5*
adjustment on the Qiqihaer data. The adjustment
increases the higher values of sunshine the most because
these are mainly from winter, when the sun's path
through the sky is more oblique and the solar elevation is
less than 5* for a greater portion of the day. For ten
stations (all from the northern half of the PRC), a
significant number of sums were well below 100%, even
after the 5* adjustment. It is impossible, given simply
the monthly data, to explain the cause of these remaining
low sums. Therefore, rather than simply excluding these
suspect values, and thereby skewing the character of the
data, these ten stations were not used in the study.

The locations of the 50 stations that were used
are shown in Fig. 2. The extreme western part of the
country is not mapped, as its only stations (in the extreme
northwest) were two of the ten stations not used. Along
with analyzing data from individual stations and the region
represented by the 50 stations as a whole (mainly the
eastern half of the country, but hereafter referred to as
China), it was decided to focus on three subregions, which
are denoted by different station locator symbols in Fig. 2
and will be referred to as the Northern, Southern, and
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n^uic z. me locations of PRC cloud amount and
sunshine stations used in the study. The Northern,
Southern, and Plateau regions are denoted by different
station locator symbols.

Plateau regions. The regional grouping was based on the
characterization of regional cloud amount derived from
(1) clustering which is apparent in the scatter plot of
annual mean cloud amount and sunshine data for all 50
stations (Fig. 3); (2) the mean spatial distribution of cloud
amount over the analysis period (Fig. 4); and (3) seasonal
variations of cloud amount and sunshine at individual
stations.

The scatter plot of mean annual cloud amount
versus annual sunshine from all stations (Fig. 3) shows
two main clusters: one centered near 50% cloud amount
and 70% sunshine, the other near 70% cloud amount and
v5% sunshine. These clusters were found to represent
data from northern and southern China, respectively.
Given this regional contrast in mean cloud amount, the
60% east-west isopleth in the cloud amount analysis
shown in Fig. 4 was used to delineate the Northern and
Southern regions, as it approximates (in a mean annual
sense) a transition region distinguishing "sunny" (sunshine
> cloud amount) from "cloudy" (sunshine < cloud
amount) stations. This east-west zone also has been
shown to nearly coincide with the mean northern fringe of
especially high cold cloud tops, heavy convective rainfall,
and general upward air motion associated with the
southwest summer monsoon, as indicated by analyses of
outgoing longwave radiation (Rasmussen and Arltin
1987).

The 60% isopleth in south-central China (Fig. 4)
was used in defining a third region, termed the Plateau
region, as its four stations are located on the Xizang
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Figure 3. Scatter plot of mean annual cloud a.Tiount and
sunshine over the period 1954-88 from the 50 stations
used in the study. Each point represents the mean for
one year's data at one station.

(Tibet) and Yunnan plateaus. Data from these stations
were analyzed separately, not only because of the stations'
unique topography, but also because they exhibit extreme
seasonal variations in cloud amount (very high in summer,

Figure 4. Analysis of mean cloud amount (percent) over
the period 1954-88.



very low in winter). Most of the data points indicating
cloud amounts of 55-60% in Fig. 3 are from these
stations.

4. AVERAGE CLOUD AMOUNT AND
SUNSHINE

Table 1 gives average seasonal (winter is
December-January-February, etc.) and annual values of
cloud amount, sunshine, and their sum over the period
1954-88 for China and the three subregions depicted in
Fig. 2. For China, cloud amount has averaged 62% and
sunshine 55% over the period. The sum of these two
values (117%) is slightly less than that reported by Angell
(1990) for the United States and Jones and
Henderson-Sellers (1992) for Australia (each used only
daytime cloud amount, and both found a sum near
120%V Without the 5' adjustment to the sunshine data
described in Sect. 3, the PRC sum would have been even
lower. It is uncertain how much of the difference in sums
is related to sunshine measurement and adjustment
factors, nighttime cloud amount estimates, or the cloud
climatology of this part of the world.

For China and the three subregions, the sum of
cloud amount and sunshine is found to be lowest in
winter and highest in summer. Factors which may
produce low sums include the prevalence of clear sides,
overcast skies produced by low thick clouds, or partly
cloudy skies dominated by low clouds with little vertical
extent. High sums may result from large amounts of high
thin clouds visible from the surface and/or clouds with low
bases and significant vertical extent (see Sect. 3). These
interpretations are confirmed by data presented in the
cloud atlases compiled by Hahn et al. (1984) for the
period 1971-80 and Warren et al. (1986) for 1971-81,
which describe in detail cloud cover and type over global

TABLE 1. Average seasonal and annual percentage
values of cloud amount (C), sunshine (S), and their total
(T) over the period 1954-88 for China and the three
subregions depicted in Fig. 2.

North

South

Plateau

China

c
s
T

C
S
T

C

s
T

C
S
T

Winter

38
74

112
70
37

107

?2
79

111

54
55

109

Spring

56
67

123

79
35

114

53
66

119

68
50

118

Summer

62
62

124

73
54

127

84
43

127

70
56

126

Autumn

44
71

115

65
49

114

58
61

119

56
59

115

Year

50
68

118

72
44

116
57
62

119

62
55

117

land areas. Although these atlases cover only a relatively
small portion of the period examined here, they still
provide useful insight. For example, the low winter sum
(112%) for the Northern region is related to the high
frequency (-30-50%) of completely clear skies in this
region during winter (Warren et al. 1986, map 184),
resulting from the influence of the Siberian High. The
lowest sum, 107% for winter in the Southern region, may
be explained by the frequent occurrence of stratus in that
season (Warren et aL 1986, Map 192; Trcwartha 1981).
The very high sum (127%) in summer (the heart of the
monsoon season) in the Southern region is mainly the
result of this season receiving the most sunshine (54%),
which is apparently related to cloud type since clc^d
amount, as expected, is very high (73%). Map 194 in
Warren ct al. (1986) shows cirrus to be the most
frequently observed cloud type in summer for the whole
region, implying that any lower ievel clouds are often
scattered or broken, thereby increasing sunshine.

5. VARIATION OF CLOUD AMOUNT AND
SUNSHINE

As a first step in analyzing the variation of PRC
cloud amount and sunshine over time, annual deviations
from the 1954-88 means (percentage of the means) were
calculated for each station. The annual deviations were
then regressed against time using a simple linear
regression modcL The sign and magnitude (percent
change) of the linear trends for eacn station are depicted
in Figs. 5a-b. For cloud amount (Fig. 5a), 32 stations
show a decrease and 18 an increase, but the trends at
only 11 stations (filled triangles) were found to bs
significantly different from zero at the 5% level; 9 of the
11 experiencing a decrease in cloud amount. Trends for
19 of the 20 stations in the Northern region are negative,
and 6 of the 9 significant decreases are found there. This
uniformity in sign suggests that annual mean cloud
amount may have decreased in northern China over the
35-year period, perhaps most significantly in the northeast,
where four neighboring stations show significant
decreases. The Southern region shows a less coherent
pattern; an area of decreasing cloud amount extends into
the eastern part of the region, but the sign reverses along
the entire length of the southeast coast In total for the
Southern region, 15 stations show an increase (2
significant) and 11 a decrease (3 significant) in cloud
amount. The Plateau region shows BO evident trend in
annual mean cloud amount over the period.

For sunshine (Fig. 5b), 44 stations show a
decrease and 6 an increase, and trends at 29 stations are
significant at least at the 5% level (all decreases). In fact,
trends for 16 of these 29 (mainly in the Southern region)
are significant at the 0.1% level. In the Northern region,
16 of 20 stations show a decreasing trend in sunshine (7
significant), which is surprising since 19 of 20 siiow
decreasing cloud amount (Eg. 5a). In the Southern
region all 26 stations exhibit decreasing trends in sunshine
(16 are significant), and in the Plateau region 3 of 4 show



Figure 5a. Sign (a for positive, v foi negative) and
magnitude (percent deviation from each station's
1954-88 mean) of linear trends in cloud amount at each
station. Filled triangles denote trends significantly
different from zero at the 5% level or better.

decreases (2 are significant). It seems quite certain, given
the trends depicted in Fig. 5b, that sunshine has
decreased in parts of the Southern region—perhaps most
notably along the southeast coast, where most sunshine
trends are significant and cloud amount trends are
opposite in sign. The trend toward decreasing sunshine
inland in the Southern region is less certain, as cloud
amount trends for many stations are also decreasing.

As an additional aid in trends analysis, seasonal
and annual deviations from the 1954-88 means at each
station were averaged for China and for the three
subregions. The time series of these deviations and their
respective linear trends are shown in Fig. 6 (annual) and
Figs. 7a-b (seasonal). Deviations are expressed as a
percentage of the mean over the analysis period, and
magnitudes of linear trends are given at right (with an
accompanying significance level if significant at the 5%
level or better). Correlation coefficients are also given for
each of the corresponding cloud amount and sunshine
time series. The seasonal/annual cloud amount and
sunshine deviations, as expected, generally show a high
inverse correlation. Correlations are generally highest
(more negative) in the winter and lowest in the summer.
Angell et al. (1984) found for the United States that the
inverse correlation is highest in autumn and lowest in
spring, stating that this possibly relates to seasonal
differences in vertical temperature lapse rates, e.g., the
relative instability of spring may result in a wider variety
of cloud types, which affect sunshine differently. This

Figure 5b. As in Figure 5a, but for sunshine.

explanation makes good physical sense for the PRC
seasonal correlations, considering the highly monsoonal
nature of the climate (the winter/summer
characterizations discussed in Sect. 4).

The time series generally confirm the findings
discussed above relating to individual stations' trends is
cloud amount and sunshine (Figs. 5a-b). There is
evidence (Fig. 6) that the Northern region has
experienced a significant decrease in mean annual cloud
amount (-6.6%, significant at the 5% level), due mainly
to the 8.4% decrease for spring. However, a 4.2%
decrease (significant at the 5% level) in mean annual
sunshine is also indicated for the Northern region.
Although this relationship seems surprising, a few similar
regional-scale parallels were found by Angeli et al. (1984)
for the United States. It seems that analysis of individual
station trends (Figs. 5a-b) can offer insight into questions
that may arise in the regional lime series analyses. For
example, the strong evidence of decreasing cloud amount
at several stations in northeastern China (Manchuria) is
corroborated by some evidence of increased sunshine.
Likewise, at stations in the southeastern part of the
Northern region (south of the Huang (Yellow) River,
centered on Xuzhou), evidence of decreasing sunshine is
more significant than that of decreasing cloud amount.

Certainly the most striking feature in the annual
and seasonal time series is the marked downward trend in
sunshine over '.he period in the Southern region. All
seasons exhibit strong trends; only winter (which shows
the most interannual variability) is not statistically
significant (barely missing at the 5% level). Sunshine has
decreased the most in autumn (21.4%) and the least in
summer (13.2%) and both trends are significant at the
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Figure 6. Variation in mean annual cloud amount and
sunshine for China and three subregions over the period
1954-88, expressed as percentage deviations from the
mean over the period. Dashed lines are linear regression
lines. Th.? correlation between each series pair is given
between the series. Magnitudes of the linear trends are
given at right (with an accompanying significance level if
significant at the '.% level or better).

1% level. Annually, sunshine has decreased 16.8% over
the period (significant at the 0.1% level). Given the
strong downward trends in sunshine, it is interesting that
the time series of cloud amount for the Southern region
show little evidence of increases on a seasonal or annual
basis over the period, with the exception of an autumn
increase of 6.8%, which is not found to be statistically
significant. (The -4.7% trend in summer steins from the
19S4 and 1988 deviations, which are the most positive and
negative, respectively, over the period.) The large
decrease in sunshine for the Southern region, with little
evidence of increasing cloud amount, could possibly relate
to a changing cloud climatology. For example, increasing
thick, low-level cloudiness coupled with fixed or decreasing
amounts of high, thin clouds would result in less recorded
sunshine but not necessarily a detectable change in overall
cloud amount. (If cloud type data such as those
contained in Hahn et al. (1984) could be obtained for the
PRC over the entire period 1954-88, the dynamics of
cloud distributions could be explored.) Again,
interpretations of the time series for these large regions

can be clarified somewhat by examining the trends for
individual stations (Figs. 5a-b). As noted in the
preceding, the southeastern coastal region of the PRC
shows strong decreasing trends in mean annual sunshine,
accompanied by increasing (although weaker and less
significant) trends in cloud amount over the period.

The significant findings regarding trends for the
Plateau region are basically the same as those for the
Southern region. There is strong evidence of decreasing
sunshine over the period and no disccmabte change in
cloud amount. The trend in annual deviations of -6.5%
(significant at the 0.1% level) is driven by the -14.7%
trend for autumn. It is important to note that these
"regional" trends are produced only by the strong treeds
of the two southernmost stations in the Plateau region
(Tengchong and Kunming), as indicated in Fig. 5b.

The -10.9% decrease (significant at the 0.1%
level) in annual mean sunshine amount for China is
mainly the result of decreasing sunshine in the Southern
region, which contains 26 of the 50 China stations and
exhibits by far the greatest regional sunshine decrease. A
nonsignificant -2.6% trend in mean annual cioud amount
is found for China, mainly resulting from negative trends
in me Northern region. Tbc time series for China as a
whole provide much less insight into the dynamics of
cloud amount and sunshine over the period than that
gained by regional and individual station analyses.

6. SUMMARY AND CONCLUSIONS

Records of monthly mean ckxid amount and
monthly sunshine duration from 50 stations distributed
mainly over the eastern half of the PRC have beso
analyzed for the period 1954-88. The main results of tbc
study are as follows:

1) Cloud amount has averaged 62% and
sunshine 55% over the 35-year period for the region as a
whole. The sum of these averages (117%) is about 3%
lower than has been found for both the United States and
Australia in similar studies. It is not known how much of
this difference is due to sunshine instrumentation and
adjustment factors, inclusion/exclusion of nighttime cloud
observations, or doud climatology. The sum of cloud
amount and sunshine is lowest in winter and highest in
summer, owing to seasonal differences in cloud type.

2) For the region as a whole, linear regression
analysis snows a significant (at the 0.1% level) 10.9%
decrease in annual mean sunshine and a nonsignificant (at
the 5% level) 2.6% decrease in mean annual cloud
amount. This decrease in sunshine, with no evidence of
increasing cloud amount, could possibly be explained by
a change in cloud climatology. Increases in thick,
low-level cloudiness coupled with fixed or decreasing
amounts of high, thin clouds would result in less recorded
sunshine but not necessariiy a detectable change in overall
cloud amount. Detailed information on the frequency of
occurrence of various cloud types over the 35-year period
examined here would be required to test this theory.
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Figure 7a. As in Figure 6, but for winter.
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Figure 7c. As in Figure 6, but for summer.
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Figure 7d. As in Figure 6, but for autumn.



3) A large decrease in sunshine (16.8%,
significant at the 0.1% level) in southern China is mainly
responsible for the overall decrease in sunshine. The
decreasing trend in the south has been strongest in
autumn (21.4%). Trends in cloud amount in southern
China are not uniform, showing some evidence of a
decrease inland and an increase along the southeast coast.
Strong decreasing trends in sunshine along the southeast
coast seem to confirm decreasing cloud amount there.

4) A decrease in annual mean sunshine of 4.2%
was found for northern China, along with a 6.6%
decrease in annual mean cloud amount. Both trends are
significant at the 5% level. Analysis of individual station
trends suggests that evidence of decreased sunshine is
confined mainly to an area in east-central China south of
the Huang (Yellow) River. The strongest evidence of
decreasing cloud amount in northern China is found in
the northeast (Manchuria).
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