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1. INTRODUCTION 

Clouds play a primary role in governing the heat 
balance of the earth-atmosphere system. Analysis of 
historical cloudiness data is important in attempts to 
understand the nature of past climate changes and potential 
future changes. Changes in cloudiness on large scales 
would be expected to have subsequent effects on 
temperature and precipitation regimes. As databases of 
surface-based cloud observations have become available 
over recent decades, researchers have examined trends in 
basic quantities such as mean annual and seasonal total 
cloud amount [e.& Kaiser and Razuvaev (1995) for the 
former Soviet Union, Angel1 et al. (1984) for the United 
States, Henderson-Sellers (1986) for Europe, and Jones and 
Henderson-Sellers (1992) for Australia]. All have found 
significant evidence of increasing total cloud cover over 
land. However, Kaiser (1993). Kaiser and Vose (1994), and 
Baker et al. (1994). have shown that mean annual cloud 
amount averaged over China as a whole shows no 
significant change over the past 3 4  decades. The studies 
by Kaiser (1993) and Kaiser and Vose (1994) (hereafter 
referred to as KKV) do show some evidence of significant 
regional and seasonal changes. 

In KKV, monthly records of cloud amount from 60 
ststions, made abailable to the U.S. Department of Energy's 
(DOE'S) Carbon Dioxide Information Analysis Center 
(CDIAC) through an agreement with the Chinese Academy 
of Sciences (CAS) (Tao et al. 1991). were analyzed for 
trends over the period 1954-88. Significant findings for the 
35-year period included (1) cloud amount increused by -6% 
over the southeastern coast of China for the "cold" half of 
the year (at-Mar), (2) cloud amount decreawd by -5% 
in northeastern China in both the "warm" (Apr-Sep) and 

<. cold halves of the year. and (3) cloud amount decreased by 
-6% in the warm half of the year in east-central China. 
Since the work of KKV, much more historical weather data 
have been made available to CDIAC via a recently 
established research agreement between DOE and the 
Chinese Meteorological Administration (CMA). Here we 
use some of these data to take a closer look at cloudiness 
changes over China in recent decades. 
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2. DATA 
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The cloud data analyzed here were extracted from a 
larger database of daily and 6-hourly weather observations 
provided by the CMA. Six-hourly observations of cloud 
amount (0-10 tenths of sky cover) are available from 194 
Chinese stations covering the period 1954-90. Fifty-two of 
these stations contributed data to the monthly mean cloud 
data in Tao et al. (1991) (hereafter referred to as the CAS 
database) which were previously analyzed in KKV. 
(Monthly averaging of the &hourly values from these 52 
stations confirmed their matching the monthly mean values 
from the CAS database for the common period of record, 
1954-88.) The 6-hourly records contained in the CMA 
database enable more thorough spatial and temporal 
analysis of cloud amount. . 

3. ANALYSIS PROCEDURE 

The CMA cloud amount data were first examined for 
completeness at each station. Although the data extend 
back to 1951, consistent &hourly observations are not 
present for many stations until 1954. From 195490, 194 
stations have nearly complete records at the standard local 
times of 0200.0800, 1400, and 2000. At the present time 
we have no knowledge of any changes in cloud amount 
estimation procedures which may have been instituted in 
China over this period of record; however, P. M. Zhai of 
CMA is researching this matter presently (personal 
communication). 

The bhourly observations were averaged for each 
station to produce monthly means of cloud amount as 
follows. First. daily means were computed in two ways. 
One daily mean is simply the arithmetic average of all 4 
daily observations-thc w i g k t  mean. The second was 
computed using only the 0800 and 1400 observations--the 
daylight mean. (The 2OOO observations will only be made 
in daylight for, at most, a few months of the year at most 
stations; therefore, for simplicity, we considered this hour 
a nighttime observation.) The daylight mean was computed 
as a separate statistic because it has long been recognized 
that it is much mote difficult to accurately estimate cloud 
amount at night, especially if thin cirrus clouds are present 
(c.f., Schneider (1972); Hahn et al. (1996)). The two types 
of daily means were then averaged over each month to 
produce monthly mean daylnight cloud amount, CLD,,,. and 
daylight cloud amount, CLD, 

Another type of simple statistic we computed for each 
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month was the frequency of Occurrence of daylight clear 
sky, FCI.R,, expressed simply as the percentage value of 
the nunlher of daylight observations of 0 tenths sky cover 
divided hy the total number of daylight observations present 
in that month. This is a revealing variable that was 
computed over the globe by Warren et al. (1986). and is 
used here as a potential corroborating variable in 
interpreting changes in total cloud amount. 

We chose to perform a gridded, rather than simply a 
regional analysis, of the cloud amount and clear sky 
statistics to better identify specific areas of change. Station 
data were equally weighted and averaged over 4" latitude 
by 5" longitude grid boxes. A few of the 194 stations lie 
on the fringes of China and did not provide satisfactory 
coverage of fringe grid boxes; thus, only 187 stations were 
retained for analysis within 43 grid boxes (Fig. 1). 

Using the grid box averages of the statistics introduced 
above, linear regression of the following time series over 
the period 1954-90 was performed: 

1 ) Annual mean cloud amount (annual mean of CLD, and 
CLD,, computed separately), 

2) CLD, (Le., 37-month series of January CLD,. 
37-month series of February CLD,, etc.), 

3) Annual mean FCLR,, and 
4) FCLR, (i.e.. 37-month series of January FCLR, 

37-month series of February FCLR, etc.), 

The linear regression of monthly time series (series 2 and 
4) are performed to specifically identify the times of year 
responsible for any significant changes in the annual mean 
statistics. 

4. RESULTS 

Results of the linear regression analysis are depicted 
graphically in Figs. 2-6, and are discussed separately for 
each variable. 

4.1 Annul  mean cloud amount 

Figure 2 depicts grid box average time series of 
departures from the mean annual CLD, (percent sky cover) 
for 1954-90. Bolded series indicate that the slope of the 
regression line (not drawn) is significant at the 5% level or 
better. The grid box mean of CLD, over all years is given 
in the upper left of each box. and the slope of the 
regression Line (percent of sky cover per decade) is given in 
the upper right. Over north-centrai (NC) and northeastern 
(NE) China (east of -95"E and north of -38"N). linear 
regression of cloud amount vs. time shows very significant 
decreases (most grid boxes in fact at better than the 1% 
level) amounting to -1.4% per decade (-5.0% over 
1954-90). There is also evidence of decreasing cloud 
amount near Sichuan Province in south-central China. Over 
all of the region analyzed, 13 of 43 grid boxes exhibit 
decreases that are significant (5% level). There is no 
significant evidence of increasing annual mean cloud 

amount over the analysis period. 
Figure 3 depicts grid box average time series of 

departures from the mean annual CLD, for 1954-90. 
Findings are similar to those for CLD,, but decreases are 
smaller (-1.1% per decade) with less significant decreases 
over north-ctntrai China. Mean annual cloud amounts are 
seen to be higher for all grid boxes as compared to Fig. 2, 
as would be expected since only daylight observations are 
used here. Twelve of 43 grid boxes exhibit significant 
decreases (5% level). There is no significant evidence of 
increasing annual mean cloud amount. - 

4.2 Monthly time series of CLD, 

Figure 4, instead of showing actual annual time series, 
presents the sign and magnitude of regression results from 
individual monthly time series of departures from the mean 
monthly CLD, (37 January means, 37 February means, 
etc.) over 1954-90. The ban in each grid box represent 
January-December trend magnitudes. Filled bars denote 
trends significant at the 5% level or better. Tk monthly 
trends depicted here show that decreasing trends in annual 
mean cloud amount over NC-NE China (Fig. 2) are driven 
by decreasing trends over essentially all months. The 
largest and most significant decreases an Seen over NE 
China for generally the first half of the year. In extreme 
NE China, strong decreases an also seen in September and 
October. Although no significant changes in annual mean 
CLD, were observed over southeast (SE) China (Fig. 2). 
significant changes over the period are evident for certain 
months: decreases around May/June and in December (far 
east). 

4.3 Annual frequency of daytime clear sky 

These results are depicted in Fig. 5, in the same manner 
as cloud amount trends were shown in Figs. 2 and 3. A 
generally significant increasing trend in FCLR, is observed 
for China north of -30"N. Twenty of the 33 grid boxes 
north of this latitude exhibit increasing trends significant at 
the 5% level or better. Areas south of -30"N show no 
significant trends. The average increase for the northern 
region is -1.3% per decade (-4.8% over 1954-90). 

4.4 Monthh time series of FCLR, 

These results an depicted in Fig. 6 (in the same manner 
as for cloud amount in Fig. 4). and present somewhat of a 
complicated picture. Two main conclusions may be drawn: 
(1) the large increases in frequency of FCLR, in north- 
central and northwestern China are mainly due to increases 
during the "winter" months, or when the winter monsoon 
dominates the atmospheric circulation; roughly 
October-April (Domf6s and Gongbing (1988)), and (2) 
December frequency of FCLR, has increased over the SE 
China coastal regions, corresponding with the decreased 
cloud amount obwved there in December (Fig. 4.), 



6. SUMMARY AND CONCLUSIONS 

Aniictal mean cloud amount was found to have 
decreacd significantly by -5% over a large, contiguous 
portion of north-central and northeastern China over 
1954-90. Analysis of monthly trends in mean clwd 
amount shows that changes over essentially all months of 
the year are driving the annual trends observed in the north. 
The remainder of the country shows no evidence of 
significant changes in annual mean cloud amount; however, 
significant decreases are observed for the late spring and 
early summer months over much of southeastern China. 
Examination of the frequency of Occurrence of clear sky 
conditions over 1954-90 indicates that the decrease 
observed in monthly and annual mean cloud amount in the 
north is partly due to significant increares (-5%) in the 
frequency of clear sky, which arc most pronounced during 
the "winter" months; roughly October-April. This finding 
may be indicative of shifts in the strength and/or mean 
position of the Siberian winter high pressure system, and 
should be investigated further. 

The above findings arc especially interesting in light of 
results from two recent studies. Baker et d. (1994) 
analyzed temperature data from the CMA database and 
found that temperature (especially daily minimum 
temperature) increased significantly over China from 
1951-90. especially in the north. This runs counter to the 
intuitive theory proposed in much of the literature (e.g., 
Karl et al. (1993))that decreasing cloud amount (observed 
for northern China in this study) at night would result in 
lower minimum temperatures. 

The evidence for decreasing cloud amount in northern 
China would also seem to contrast with that found for cloud 
amount changes over nearby p m  of Russia by Kaiser and 
Razuvaev (1995). Using Russian 6- and 3-hourly data for 
193683. they found significant increases in cloud amount 
over all seasons for this entire period, but also for the 1954 
and later period. Given the opposite sign of the cloud 
amount changes found over these two large regions that arc 
in close proximity with one another, further analysis of 
these data-including examination of parameters that can 
elucidate the nature of the atmospheric circulation over this 
region as a whole-would be warranted. 
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Figure 1. Locations of the 187 CMA stations used in the analysis and the 4' x 5" grid used for area averaging. 
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Figure 2. Time series of d e p a ~ ~ r e s  from the mean annual dayhight cloud amount CLD,, 1954-90, in units of percent sky 
cover. Bolded series indicate that the slope of the regression tine (not drawn) is significant at the 5% level or better. The 
mean annual cloud amount (percent sky cover) over 1954-90 is given at the upper left of each grid box. while the magnitude 
of each trend is given in the upper right of each box in units of percent sky cover per decade. 
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Figure 3. As in Fig. 2, but for mean annual daylight cloud amount CLD,. 
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Figure 4. Sign and magnitude of regression results from individual monthly time series of departures from the mean monthly 
CLD, (37 January means, 37 February means, etc.) over 1954-90 in units of percent sky cover. The bars in each grid box 
represent January-December trend magnitudes. Filled bars denote trends significant at the 5% level or better. 
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Figure 5. Time series of departures from the mean annual frequency of Occurrence of daytime clear sky FCLR,. 1954-90, in 
units of percent. Bolded series indicate that the slope of the regression line (not drawn) is significant at the 5% level or 
better. The mean annual frequency of occurrence of daytime clear sky (percent of all daytime observations) over 1954-90 is 
given at the upper left of each grid box, while the magnitude of each trend is given in the upper right of each box in units of 
percent per decade. 
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Figure 6 As in Fig. 4, but for mean monthly FCLR, in units of percent. 


