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a b s t r a c t

In this paper, the surface solar radiation data from 1960 to 2000 gathered from 40 weather stations over
China were reexamined, and the relationship of long-term trends of the solar radiation and climate
factors were analyzed. The results indicate that the surface solar radiation in most regions of China
begins to increase after 1990. Decreases in cirrus and cirrostratus clouds, which account for a larger
percentage of the total cloud amount over China, have an important contribution to the increasing trend
of the surface solar radiation. Further examination of the surface water vapor changes reveals that the
surface solar radiation negatively correlates with the near surface water vapor in most region of China,
and this negative correlation is more pronounced in higher latitudes of China where the atmosphere is
compared to regions in southern China.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

During the past decades, precipitation, temperature, evapora-
tion, sea level pressure and vegetation cover have changed signif-
icantly (Easterling et al., 1997; Henderson-Sellers, 1986; Liu et al.,
2004). Among various climate factors, the solar radiation varia-
tion is the most dramatic. Previous studies have showed that both
the surface solar radiation and atmospheric visibility in China
exhibit a decreasing trend from 1961 to 1990 (Li et al., 1998). This
decadal surface global radiation variation does not match
continued surface temperature increases in most regions of China.
Similar results were found in other regions of the world (Stanhill
and Moreshet, 1992; Peterson et al., 2002; Lawrimore and
Peterson, 2000; Roderick and Farquhar, 2002). Che et al. (2005)
analyzed the direct and diffuse solar radiation before 1990 in
China and concluded that decreased surface solar radiation is
mainly resulted from increased emissions of anthropogenic aero-
sols, especially in the eastern part of the China. Qian et al. (2006)
also pointed out that increasing aerosol loading from emissions of
pollutants is responsible for the observed global radiation and
diffuse radiation trends under cloud-free conditions. However,
Liepert et al. (1994) found that the surface solar radiation data in
Germany also has a decreasing trend between 1964 and 1990 and
they attributed this decreasing trend to cloud changes over
Germany. If cloud changes over China are also responsible for the
All rights reserved.
decreasing surface solar radiation trend, the cloud cover over China
should increase, but Kaiser (2000) reported a decreasing trend of
cloud cover over China. Some other studies also found that the
annual mean total cloud amount over China has a decreasing trend
before 1990 (Liang and Xia, 2003; Qian et al., 2007).

A recent observational study by Wild et al. (2005) showed that
global radiation in the last several years start increase. Pinker et al.
(2005) found from satellite data that the surface solar radiation
increased at a rate 0.16 Wm�2/yr since 1990, which is consistent
with decreasing cloudiness observed from satellite. They concluded
that clouds are the most important modulator of solar radiation
reaching the land surface.

Another prevailing opinion for the negative global radiation
(GR) trend in China is related to greenhouse gases (GHGs). Qian
et al. (2006) reported that the relativity humidity in China
decreases since 1992 and they suggested that decreasing water
vapor may be responsible for decreasing GR in China. However, this
result does not coincide with average countrywide lower tropo-
sphere total atmospheric water vapor across China, which is
increasing during 1970e1990 (Zhai and Zhou, 1997).

The studies mentioned above add our understanding on the
radiation changes over China, but the factors impacting the radia-
tion trends are still under debate. The relationships between long-
term surface solar radiation changes and cloud or aerosol changes
are still a subject of much debate. In these previous studies which
used the observational data of China, the analysis mainly based on
the data from large cities (Capital cities of provinces of China) and
limited sites of China, which sustain heavy pollution. However,
aerosol emissions are much lower in small cities than in big cities.
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An investigation of GR decadal variations in a broader area which
covers both large and small cities can help clarify the effects of
aerosols and cloud cover on the GR trend in China.

In this paper, we re-examine surface solar radiation data over
China in an attempt to provide more understanding of GR changes
in China. The GR changes are investigated on different climate
regions over China. As previous studies (e.g., Che et al., 2005, 2007;
Qian and Giorgi, 2000, Qian et al., 2006) have investigated radiation
changes in cloudy and cloud-free conditions. We will focus mainly
on the effects of clouds, alto-clouds in particular, on the GR trend
over China. We also analyzed potential relationships between
changing solar radiation and water vapor trends.
2. Data

This study will first discuss the regional surface radiation trends
in the context of the climate regions of China classified by Zhang
et al. (1985). The study area is divided into 8 climate regions
(Fig. 1), i.e., the Western arid/semi-arid regions (WA), Tibetan
plateau (TP), Eastern arid regions (EA), Southwest China (SW),
North China (NC), Central China (CC), South China (SC) and
Northeast China (NE). In each region, 3 or 4 stations with long-term
records were chosen to analyze the surface solar radiation trend
and its relationship with other climatological parameters.

Monthly mean radiation, water vapor data from 1961 to 2000
were also collected from 40 weather stations in China. It is well
known that the instrumental record for the early part of this
period had some biases such as lack of temperature compensation.
According to a World Radiation Revised (WRR) suggestion, radia-
tion values were multiplied 1.022 before 1981. The above datasets
have also been calibrated and used by Che et al. (2005). Recently,
Shi et al. (2007) reported that the percentage of erroneous and
suspicious data is 0.77% with the monthly GR in above data after
taking data preprocessing. Cirrus and cirrostratus clouds data are
extracted from NOAA ISCCP data set. ISCCP collects and analyzes
satellite radiance measurements to infer global distributions of
clouds, and their diurnal, seasonal, and interannual variations.
Data covers the period from July 1983 to 2009. In this study we
use the ISCCP-D2 monthly mean cloud amount data from 1983 to
2000. The ISCCP cloud amount actually represents fractional area
coverage of clouds. In the gridded ISCCP products, several cloud
types are defined to give more detailed information on the
Fig. 1. The Climatic regions used in this study (classified by Zhang et al., 1985). 1. WA
(Western arid/semi-arid regions), 2. TP (Tibetan plateau), 3. EA (Eastern arid regions),
4. SW (Southwest China), 5. NC (North China), 6. CC (Central China), 7. SC(South China),
8. NE (Northeast China).
variations of cloud properties. In this investigation, we only use
the cirrus and cirrostratus clouds data since alto-clouds are
supposed to have a greater impact on the solar radiation reaches
the Earth’s surface. The Interpolated OLR (outgoing long wave
radiation) data, which serves as a proxy for total cloud amount, is
provided by National Oceanic and Atmospheric Administration-
Cooperative Institute for Research in Environmental Sciences
(NOAA-CIRES).
3. The radiation change over China between 1960 and 2000

Fig. 2 shows the trends of the surface solar radiation in different
time periods. The surface solar radiation in most regions of China
decreased from 1961 to 1980. The lowest values were observed
during the period from 1981 to 1990. The surface solar radiation
over most regions of China then exhibits an increasing trend from
1991 to 1999 except in the NC where the surface solar radiation
continues to decrease (Fig. 2).
Fig. 2. The trends of the surface solar radiation in different time period: (a)
1970se1960s; (b) 1980se1970s and (c) 1990se1980s (up-triangle denotes increasing
trend, and down-triangle denotes decreasing trend, and the size of triangles is
proportional to magnitudes of the trends.).



Table 1
Decade change rates (%) of the surface solar radiation in 8 climate regions.

Years WA TP EA SW NC CC SC NE

1970e1960 �3.62 1.84 �3.43 �6.57 �4.34 �6.71 �7.34 �1.41
1980e1970 �2.56 �14.75 �5.29 �9.91 �6.93 �11.63 �6.02 �6.40
1990e1980 �0.37 10.37 7.03 10.16 �1.64 6.35 20.07 8.16
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Decadal change rates of surface solar radiation in the 8 climate
regions are listed in Table 1. We can see that surface solar radia-
tion changes have evident spatial variation. The surface solar
radiation over CC and TP changed most significantly and
decreased by 11% and 12%, respectively, during 1970e1980. It is
also obvious that surface solar radiation increases during the
Fig. 3. The long-term trends of the GR solar radiation of four seasons
period 1980e1990 except in NC. The radiation changes in WA are
less significant. After 1990, the largest change occurred in SC with
a 20% increase.

Fig. 3 shows the seasonal GR trends. Note that GR trends are
overall consistent in different seasons. However, the trends in
spring and fall are not always smaller than that in winter. Also note
that the seasonal trends of the surface solar radiation have signif-
icant spatial variation.

Figs. 2 and 3 indicates that the surface solar radiation changes in
most regions of China have a similar variation. The surface solar
radiation decreased in 1970e1990 and started increasing after
1990. The long-term surface solar radiation changes can be classi-
fied into two types: persistent/continuous decrease (in WA, NE and
NC) and parabolic change (in the other regions). The parabolic
in different climate regions of China (the radiation unit is MJ/m2).
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change is characterized by decreasing surface solar radiation
through the 1970s, followed by an increasing in the 1980s.

4. Effect of alto-clouds on GR trend

Previous studies have showed that cloud cover is a major
modulator of solar radiation reaching the surface. Some observa-
tional studies reported that global total cloud decreases in the
1980s (Ding et al., 2004, Liu et al., 2003), although the decreases in
total cloud in most regions of China start later than 1980s. In order
to further investigate the effect of clouds on the surface GR, Fig. 4
shows long-term changes in surface solar radiation, atmospheric
optical depth (AOD), total cloud and OLR averaged over China. Note
that the trends of the global radiation and the cloud cover are
opposite to each other, suggesting that a decease/increase in clouds
corresponds to an increase/decrease in the GR. The observed cloud
cover measured by satellite also shows a negative trend in China
from 1984 to 2000 (Kaiser, 1993, 1998, 2000; Kaiser and Vose,
1997), which is in accordance with the positive surface solar radi-
ation trend. These results indicate that cloud is a crucial factor
impacting on the GR.

From Fig. 4 we can see that both the OLR (a proxy for total cloud
amount) (Liebmann and Smith, 1996; Takahashi et al., 2009) and
cloud cover observed from the surface decrease after 1990, but an
increase can be noted around 1995, and then decreases again. As we
know, the surface absorbs short wave radiation and emits long
wave radiation and warms the atmosphere. Fig. 4 indicates that
both the OLR and GR have the same trends, i.e., the temperature
trend is closely correlated with the OLR trend. The AOD has been
increasing before 1990 (Luo et al., 2001), suggesting that negative
surface solar radiation trends before 1990 can be attributed at least
partly to increases in aerosol loading over China (Fig. 4b). But the
trend in the GR reverses after 1986, while there is no sufficient
evidence that aerosols are decreasing in these regions in the recent
years. Therefore, the change in aerosol loading is not a sole factor
that impacts on the GR trend.

Table 2 lists the correlations between GR and cloud cover over
different climate regions of China. We can see that there is a large
negative correlation between total cloud cover and GR in EA, CC,
but in other regions, correlations between GR and total cloud cover
are relatively small. Table 2 also indicates that there are significant
negative correlations between alto-cloud cover and the GR,
particularly in TP, EA, SW, NE (over 99% significance level). Cirro-
stratus clouds are strongly correlated with surface solar radiation in
Fig. 4. The long-term variations of (a) the surface solar radiation (MJ/m2), (b) atmosphere
radiation (OLR: W/m2) averaged over China.
NE, WA. This is because cirrus and cirrostratus are mainly ice
particles, which can significantly weaken the GR through reflection
and scatting of the solar radiation. In CC, although the correlation
between GR and both cirrostratus and cirrus clouds are less
significant, the effect of total cloud on the GR change is evident. This
result is in contrast to the results of Qian et al. (2007). One possible
reason for this discrepancy is that the cloud cover in China used by
Qian et al. (2007) is observed in midday (Kaiser, 2000), while the
cloud cover in our study is from ISCCP. Kaiser (2000) also pointed
out that it is much more difficult to accurately estimate cloud
amount at night, especially when thin cirrus clouds are present.

Fig. 5 shows long-term trends in cirrus, cirrostratus and
cirrusþ cirrostratus, as well as the correlations between the surface
solar radiation and the clouds all over China. We can see that cirrus
and cirrus þ cirrostratus clouds exhibit a negative trend from 1984
to 2000, while cirrostratus amount shows a positive trend after
1990. Recall that the GR trend is positive after 1990 implying that
the contribution of cirrostratus in the GR change is greater than
that of cirrus. As cirrostratus clouds are generally mixed with ice
particles and water droplets while cirrus clouds are all ice particles,
it is understandable that cirrostratus clouds can have a more
significant impact on the GR change than cirrus clouds.

Fig. 6 further shows the percentage distribution of cirrus and
cirrostratus in total clouds at different climate regions. The
percentage cirrus and cirrostratus amounts within each climate
regions are the averages of the ISCCP gridded data for time period
from 1984 to 2000 over all grid points within a corresponding
climate region. We can see that cirrus and cirrostratus clouds
account for a larger percentage of total cloud amounts over China.
Though cirrus fractions over SW, CC, SC and NE are all less than 30%
of total cloud cover and cirrostratus is less than 30% in all regions,
but the sum of cirrostratus and cirrus amount is greater than 30%
except in CC. This further confirms that alto-clouds are the most
important modulator of the solar radiation over China.

Previous studies have showed that aerosols also have a large
impact on the surface solar radiation trend (Chuang and Penner,
1996; Russak, 1990; Qian et al., 2006; Che et al., 2005). Some
studies pointed out that volcanic eruptions could cause significant
increases in atmospheric aerosol loading, hence weakening the
solar radiation reaching the surface (Lukac, 1994; Cadle et al., 1976).
We have alsomentioned above that aerosols may be responsible for
the positive GR trend before 1990. It is worth noting that the
famous Pinatubo volcano eruption happened in 1991, surface solar
radiation minima occurred before 1991 in most regions of China
optical depth (AOD) (Luo et al., 2000), (c) total cloud (%), and (d) outgoing long wave



Table 2
Correlations between the surface solar radiation and clouds in 8 climate regions based on the data the period from1961 to 2000.

WA TP EA SW NC CC SC NE

Cirrus �0.16 �0.48a �0.60b �0.68b 0.28 �0.10 �0.16 �0.68b

Cirrostratus �0.62b �0.17 �0.23 �0.37 �0.38 0.04 �0.09 �0.53a

Cirrus & Cirrostratus �0.35 �0.53a �0.67b �0.79b 0.14 �0.08 �0.10 �0.71b

Total cloud �0.21 �0.18 �0.67b �0.38 �0.24 �0.55a �0.14 �0.27

a a ¼ 0.05.
b a ¼ 0.01.
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(except TP and SW). Therefore, changes in clouds after 1990 is more
likely responsible for the positive surface solar radiation trend.
5. The connections between the radiation trend and near
surface water vapor

The analysis in Section 4 reveals that the clouds, particularly
alto-clouds are mainly responsible for the surface solar radiation
trends in China. However, Qian et al. (2006) suggested that
decreasing water vapor may be also responsible for decreasing GR
in China. Thomas (2000) reported that sunshine strongly associ-
ated with evapotranspiration changes in south of 35�N of China. In
this section, we further examine whether the water vapor changes
Fig. 5. Long-term trends of (a) cirrus, (b) cirrostratus and (c) cirrus þ cirrostratus (%), als
(e) cirrostratus and (f) cirrus þ cirrostratus (horizontal axis is cloud cover rate (%), and ver
also have a contribution to the surface solar radiation trends in
China.

Fig. 7 shows long-term trends in near surface water vapor
pressure and GR anomaly. Note that the water vapor pressure
exhibits an overall increasing trend in all climate regions from 1961
to 2000. Zhai and Zhou (1997) also showed that the average
countrywide atmospheric water vapor has increased since 1978,
particularly in the lower troposphere over NC, SW and SC (note in
their definition SC includes CC and SC of this paper). The water
vapor trends in Fig. 7 have large spatial variations. The increasing
trends of the near surface water vapor in SW, CC, NE is obviously
less significant than those in other regions.

Due to the absorption of solar radiation by the atmospheric
water vapor, increases in water vapor will cause decreases in
o shown are the correlation plots between the surface solar radiation and (d) cirrus,
tical axis is radiation (MJ/m2). r represents correlation coefficients.



Fig. 6. The percentage distribution of cirrus and cirrostratus in total cloud at different
climate regions. The percentage cirrus and cirrostratus amounts within each climate
regions are the averages of the ISCCP gridded data for time period from 1984 to 2000
over all grid points within a corresponding climate region.

Table 3
Correlation coefficients between the GR and near surface water vapor pressure, for
the period from1961 to 2000.

WA TP EA SW NC CC SC NE

e vs GR �0.583a �0.198 �0.196 0.251 �0.582a �0.183 �0.008 �0.519a

a a ¼ 0.01.
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surface solar radiation, i.e., the surface solar radiation should
negatively correlated with the atmospheric water vapor. Fig. 7
indicates that surface solar radiation trends and the atmospheric
water vapor trends in WA, NC, CC and NE regions have reversed
Fig. 7. Long-term trends in the surface solar radiation and water vapor pressure in different
respectively. The thin dash and solid lines indicate the trend of radiation and water vapor,
signs, but in SC and SW, especially in SC where the atmospheric
water vapor is more abundant, the near surface water vapor trends
have the same sign as the surface radiation trends. The results here
suggest that the atmospheric water vapor changes indeed have an
anti correlation with the surface radiation changes, particularly in
relatively dry regions of China.

Table 3 lists the correlation coefficients between the surface GR
and the near surface water vapor. We can see that the GR has
a significant negative correlation (at 90% confidence level) with the
near surface water vapor. Comparing Table 2 with Table 3, we can
find that regions with significant correlations between near surface
water vapor and GR are also marked with significant correlations
between alto-clouds and GR, such as in WA, NE except in NC. It is
apparent from above analysis that both alto-clouds and the atmo-
spheric water vapor can affect the long-term surface radiation
trends. The relative importance of the alto-clouds and the lower
tropospheric water vapor in modulating the long-term surface
radiation trend is worth further investigation.
climate regions of China. Triangle and square lines indicate radiation and water vapor,
respectively.
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6. Summary and conclusion

In this study the long-term trends in the surface solar radiation
in China are investigated using various observational data. Our
analysis indicates that cirrus and cirrostratus account for a larger
percentage of total cloud amounts over China and these alto-clouds
have a large impact on the surface solar radiation trends in China.

An interesting result found in this study is that there is a strong
correlation between the GR and alto-clouds in WA, EA, NE, where
the near surface water vapor also increases since the late 1990’s.
The analysis suggests that the surface solar radiation negatively
correlates with the near surface water vapor in most region of
China. However, this negative correlation is more pronounced in
regions at higher latitudes, for instance in WA, NE where the
atmosphere is relatively dry compared to that in regions on
southern China.

It should be pointed out that the solar radiation reaching the
surface can be affected by various factors. To provide a complete
and plausible explanation why radiation, cloud cover are changing
in different manners, it requires more observational data combined
with the numerical modeling to understand the relative impor-
tance of various climate factors in affecting the surface solar radi-
ation trends.

Acknowledgments

This research was financially supported by the Natural Science
Foundation of China (Grants No 40875050, 41071028). We thank
for Dr. Xinzhong Liang (Illinois State Water Survey, University of
Illinois) and Dr. Arthur N. Samel (Department of Geography
Bowling Green State University) for his advice on this research. The
authors are grateful to anonymous reviewers for their constructive
comments.

References

Cadle, R.D., Kiang, C.S., Louis, J.F., 1976. The global scale dispersion of the eruption
clouds from major volcanic eruptions. J. Geophys. Res. 81, 3125e3132.

Che, H.Z., Shi, G.Y., Zhang, X.Y., Arimoto, R., Zhao, J.Q., Xu, L., Wang, B., Chen, Z.H.,
2005. Analysis of 40 years of solar radiation data from China, 1961e2000.
Geophys. Res. Lett. 32, L06803. doi:10.1029/2004GL022322.

Che, H.Z., Shi, G.Y., Zhang, X.Y., Zhao, J.Q., Li, Y., 2007. Analysis of sky conditions
using 40 year records of solar radiation data in China. Theor. Appl. Climat. 89,
83e94. doi:10.1007/s00704-006-02580.

Chuang, C.C., Penner, J.E., 1996. The Role of Aerosols in Cloud Drop Parameteri-
zations and Its Application in Global Climate Models. 5th Atmospheric Radi-
ation Measurement Science Team Meeting. Dept. of Energy, San Diego, CA, pp.
49e51.

Ding, S.G., Shi, G., Zhao, C., 2004. Analysis changes and probably impacts of climate
of different cloud type and mount in past 20a using ISCCP-D2. Chin. Sci. Bull. 49,
1105e1111.

Easterling, D.R., Horton, B., Jones, P.D., Peterson, T.C., Karl, T.R., Parker, D.E.,
Salinger, M.J., Razuvayev, V., Plummer, N., Jamason, P., Folland, C.K., 1997.
Maximum and minimum temperature for the globe. Science 277, 364e367.

Henderson-Sellers, A., 1986. Cloud changes in a warmer Europe. Clim. Change 8,
25e52.
Kaiser, D.P., 1993. Cloud amount and sunshine duration in the People’s Republic of
China 1954e1988. In: Proceedings of the 8th Conference on Applied Clima-
tology. American Meteorological Society, pp. 92e97.

Kaiser, D.P., Vose, R.S., 1997. Change in mean monthly cloud amount over China:
a closer look. In: Proceedings of the 8th Symposium on Global Studies, February
2e7, Long Beach, CA. American Meteorological Society, Boston, pp. 92e97.

Kaiser, D.P., 1998. Analysis of total cloud amount over China: 1951e1994. In:
Proceedings of the Ninth Symposium on Global Change Studies, January 11-16,
Phoenix, AZ. American Meteorological Society, Boston, pp. 168e171.

Kaiser, D.P., 2000. Decreasing cloudiness over China: an updated analysis examining
additional variables. Geophys. Res. Lett. 27, 2193e2196.

Lawrimore, J.H., Peterson, T.C., 2000. Pan evaporation trends in dry and humid
regions of Union States. J. Hydrometeorol. 1, 543e546.

Liang, F., Xia, X.A., 2003. Long-term trends in solar radiation and the associated
climatic factors over China for 1961e2000. Ann. Geophysic. 23, 2425e2432.

Liepert, B.G., Fabian, P., Grassl, H., 1994. Solar radiation in Germany: observed trends
and assessment of their causes, part I: regional approach. Atmos. Phys. 67,15e29.

Li, X., Li, W., Zhou, X., 1998. Analysis of the solar radiation variation of China in
recent 30 years. Quart. J. Appl. Meteorol. 9, 21e31 (in Chinese).

Liebmann, B., Smith, C.A., 1996. Description of a complete (interpolated) outgoing
longwave radiation dataset. B. Am. Meteorol. Soc. 77, 1275e1277.

Liu, B., Xu, M., Henderson, M., Gong, W., 2004. A spatial analysis of pan evaporation
trends in China 1955e2000. J. Geophys. Res. 109, D15102. doi:10.1029/
2004JD004511.

Liu, H.L., Zhu, W., Shu, Y., Li, W., Chen, L., Bai, L., 2003. Climatic analysis of Clund
cover over China. Acta Meteorol. Sin. 61, 466e473 (in Chinese).

Lukac, J., 1994. Trend of solar radiation attenuation by atmospheric aerosols. Atmos.
Environ. 28, 961e962.

Luo, Y.F., Lu, D., Zhou, X., Li, W., Zhou, X, 2000. Characteristics of atmospheric
aerosol optical depth variation over China in recent 30 years. Chin. Sci. Bull. 45,
1328e1334.

Luo, Y.F., Lu, D., Zhou, X., Li, W., He, Q., 2001. Characteristics of spatial distribution
and yearly variation of aerosol optical depth over China in last 30 years.
J. Geophys. Res. 106, 14501e14514.

Peterson, T.C., Golubev, V.S., Groisman, P.Y., 2002. Evaporation losing its strength.
Nature 377, 687e688.

Pinker, R.T., Zhang, B., Dutton, E.G., 2005. Do satellite detect trends in surface
radiation? Science 308, 850e854.

Qian, Y., Giorgi, F., 2000. Regional climatic effects of anthropogenic aerosols? The
case of southwestern China. Geophys. Res. Lett. 27, 3521e3524.

Qian, Y., Kaiser, D.P., Leung, L.R., Xu, M., 2006. More frequent cloud-free sky and less
surface solar radiation in China from 1955 to 2000. Geophys. Res. Lett. 33,
L01812. doi:10.1029/2005GL024586.

Qian, Y., Wang, W., Leung, L., Kaiser, D.P., 2007. Variability of solar radiation under
cloud-free skies in China: the role of aerosols. Geophys. Res. Lett. 34, L12804.
doi:10.1029/2006GL028800.

Roderick, M.L., Farquhar, G.D., 2002. The cause of decreased pan evaporation over
the past 50 years. Science 298, 1410e1411.

Russak, V., 1990. Trends of solar radiation, cloudiness and atmospheric transparency
during recent decades in Estonia. Tellus B 42, 206e210.

Shi, G., Hayasaka, T., Ohmura, A., Chen, C., Wang, B., Zhao, J., Che, H., 2007. Data
quality assessment and the long-term trend of ground solar radiation in China.
J. Appl. Meteorol. Climatol. 47, 1006e1016.

Stanhill, G., Moreshet, S., 1992. Global radiation climate changes, the world
network. Clim. Change 21, 57e75.

Takahashi, Y., Okazaki, Y., Sato, M., Miyahara, H., Sakanoi, K., Hong, P.K., 2009. 27-
day variation in cloud amount and relationship to the solar cycle. Atmos. Chem.
Phys. Discuss. 9, 15327e15338.

Thomas, A., 2000. Spatial and temporal characteristics of potential evapotranspi-
ration trends over China. Inter. J. Climat. 20, 381e396.

Wild, M., Gilgen, H., Roesch, A., Ohmura, A., Long, C.N., Dutton, E.G., Forgan, B.,
Kallis, A., Russak, V., Tsvetkov, A., 2005. From dimming to brightening: decade
change in solar radiation at earth’s surface. Science 308, 847e850.

Zhang, J., Lin, Z., 1985. Climate in China. Technology Publishing Company, ShangHai,
pp. 467e506 (in Chinese).

Zhai, P., Zhou, Q., 1997. A study of climate changes of atmospheric water vapour in
China. Quart. J. Appl. Meteorol. 8, 342e351 (in Chinese).


	Factors affecting the surface radiation trends over China between 1960 and 2000
	Introduction
	Data
	The radiation change over China between 1960 and 2000
	Effect of alto-clouds on GR trend
	The connections between the radiation trend and near surface water vapor
	Summary and conclusion
	Acknowledgments
	References


