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Abstract. This study investigated the decadal variation of crease DfSR simultaneously. Results show that aerosol load-
the direct surface solar radiation (DiSR) and the diffuse sur-ing from the anthropogenic emissions is an important modu-

face solar radiation (DfSR) during 1961-2008 in the Shang-ator for the long term variation of SSR in Shanghai.

hai megacity as well as their relationships to Aerosol Opti-
cal Depth (AOD) under clear-sky conditions. Three succes-

sive periods with unique features of long term variation of 1
DiSR were identified for both clear-sky and all-sky condi-

tions: a "dimming” period from the late 1960 to the mid gqar radiation at the Earth's surface (surface solar radiation,
1980s, a “stabilization"/"slight brightening” period from the  ggR) is the ultimate energy source for life on the planet.
mid 1980s to the mid 1990s, and a “renewed dimming” pe- governs diverse surface processes, such as evaporation
riod thereafter. During the two dimming periods of DiSR, anq associated hydrological cycles. Various studies analyz-
DfSR brightened significantly under clear-sky conditions, in-jnq ong-term surface radiation measurements suggested a
dicating that chgnge in atmo§pher|c transparency res“'“”gvidespread decrease in SSR between the 1950s and 1980s
frgm aerosol emission has. an important role on_decadal Varieglobal dimming”) and a partial recovery or level off beyond
ation of surface solar radiation (SSR) over this area. Thepe 1990s, which is in line with some independent long-term

analysis on the relationship between the Moderate-resolutiogoyy observations of sunshine duration, diurnal temperature
Imaging Spectroradiometer (MODIS) retrieved AOD and the range, pan evaporation and more recently satellite-derived

corresponding hourly measurements of DiSR and DfSR Un+stimates (Wild et al., 2005; Wild, 2009). A number of

der clear-sky conditions clearly revealed that AOD is signif- ¢t,dies which focus on the region of China discovered some
icantly correlated and anti-correlated with DfSR and DiSR, gimilar results on SSR variations. For example, Liang and
respectively, both above 99% confidence in all seasons, indiy (2005) found an overall decreasing trend in SSR in China

cating the great impact of aerosols on SSR through absorpsenyveen 1961 and 2000 by an average of 3.3% dedade
tion and/or scattering in the atmosphere. In addition, both(N5Wm—2 decade?) at 38 out of 42 sites, while Che et

AOD and the corresponding DiSR and DfSR measured dur (2005) concluded a decrease of 4.5 WPrdecade? at
ing the satellite passage over Shanghai show obvious weekl¥4 sites over the same time period. Similarly, for the pe-
cycles. Onweekends, AOD is lower than the weekly averageyiog petween 1955 and 2000, Qian et al. (2006) determined
corresponding to higher DiSR and lower DfSR, while the op- 5, average decrease of 3.1 Whdecade® in SSR at 85

posite pattern was true for weekdays. Less AOD on weeksiies in China, and Shi et al. (2008) found a decreasing trend
ends due to the reduction of transportation and industrial acyf 2 504 decade! (~3.8W m2 decade?) with a more pro-

tivities results in enhancement of atmospheric transparency,gunced dimming of 4.6% decadefor the sub-period of
under cloud free conditions so as to increase DiSR and dejgg1 tg 1989.

Introduction

The decadal and inter-annual variations of SSR can be
caused by many reasons, such as changes of cloud optical

Correspondence tcC. Li properties, radiative active gases, and mass and optical prop-
BY (ccli@pku.edu.cn) erties of aerosols. Of these causes, clouds and aerosols have
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been regarded as the most important ones to explain the dimikely explanation of the global dimming/brightening transi-
ming and brightening phenomenon. These two candidatetion. The goal of this study is to elucidate the role of aerosol
are not completely independent of each other because of theon the secular variation of SSR through analysis on AOD,
interactions in various ways. The question of which oneDiSR and DfSR measured in Shanghai, the largest megacity
is the more important contributor for changing the SSR isof China, and to investigate a new insight into the origin of
not confirmed by previous studies because the relative imdimming and brightening in the east china monsoon region
portance of aerosols, clouds and aerosol-cloud interactionfVu et al., 2009; Li et al., 2010). This paper is organized as
may differ depending on the region and pollution level (Wild, follows. Data and methodology are presented in Sect. 2. In
2009). Several studies suggested that the increasing anthr&ect. 3.1, analyses on decadal variations of DiSR and DfSR
pogenic aerosol amount due to air pollution is a major factorunder clear-sky and all-sky conditions are conducted to de-
for the SSR decreasing between the 1960s and the 1990s termine the impact of aerosol on SSR. In Sect. 3.2, relation-
China and the subsequent partial recovery in SSR is also iships between AOD and DiSR and DfSR are investigated.
line with some reduction in fossil fuel emissions (Che et al., The weekly variations of AOD as well as the corresponding
2005; Streets et al., 2006; Qian et al., 2007). As is broadlyhourly DiSR and DfSR measured during the satellite passage
agreed in recent studies, the cause of dimming and/or brightare studied in Sect. 3.3. The discussion and conclusions are
ening is quite inconsistent in regions depending on differ-given in the last section.
ent influence factors of SSR. It was revealed by Norris and
Wild (2009) that aerosol was the major modulator in the first
half of the SSR trend during 1971-1989, while cloud cover2 Data and methodology
reduction was the major modulator in the second half of the
SSR trend during 1990-2002 in China. Xia (2010) sug-2.1 Data
gested a complex spatial-temporal variation of decadal trends
in SSR with a renewed dimming during 1991-2005 in North There is only one pyranometer site (312N, 121.43 E) in
China, while a slight brightening appeared in South China.the surrounding area of the Shanghai megacity. It is a class-
Now that the SSR variations tend to be more complicatedone site of Chinese Meteorological Administration (CMA)
in different regions especially since the new millennium, it located in an industrial area and belongs to the SSR mon-
suggests that the influences of aerosols and/or clouds as wdtbring network of CMA. SSR, DiSR and DfSR have being
as their interactions on SSR are strongly dependant on remeasured at this site since the end of 1950s. The Yanishevsky
gional climate and pollution levels. Consequently, investi- thermoelectric pyranometer was used to measure SSR before
gations on SSR and associated factors in some typical areél991 and since then was replaced by the DFY-4 pyranometer.
such as megacities or remote sites are necessary for the purhe uncertainty of the measurements has been estimated to
pose to better understand the leading cause of SSR variatiod® less than 5% (Shi et al., 2008). Daily DiSR and DfSR
in a more detailed and accurate way. data measured at this site from 1961 to 2008 are used in
In recent years, long-term SSR records were investigatedhis study to examine their decadal variations except for the
under all-sky and clear-sky conditions to exclude possibleyear 1991 because of the instrument replacement. Ground-
effects of changes of cloud cover and cloud properties orbased observations of Total Cloud Cover (TCC) from 1961 to
SSR. Furthermore, the partition of SSR into direct surface2008 at the same site are also used to determine the clear-sky
solar radiation (DiSR) and diffuse surface solar radiationcondition which is defined as daily mean TCC (an average
(DfSR) provides additional insight to analyze the origins of of 4 TCC observations each day at 02:00, 08:00, 14:00:00
SSR dimming and brightening (Che et al., 2005; Qian et al.,and 20:00:00LT) is less than 0.10 (Qian et al., 200)]. The
2007). Clear-sky changes in China, which have been studaforementioned DiSR, DfSR and TCC data were provided
ied by Qian et al. (2006), showed a downward trend from theby the Climate Data Center, Chinese Meteorological Bureau
1960s to the 1990s and a partial recovery thereafter, which i§CDC/CMA) and have partially been used in several stud-
in line with the changes noticed under all-sky conditions. Asies in the past to investigate secular trends of SSR and cloud
is well known, aerosols can change SSR by scattering and/otover in China (e.g., Qian et al., 2006, 2007; Xia, 2010).
absorbing solar radiation in its transfer path from the top The ground-based AOD monitoring in Shanghai started
of atmosphere to the Earth surface. However, the columnfrom 2007 with data for less than 2 years. Thus the AOD
integrated aerosol observation such as Aerosol Optical Deptproduct from the MODIS is selected in this study due to its
(AOD) has not been used directly to investigate its impactrelatively long term record and high accuracy. The MODIS
on SSR variation in China because of the lack of relativeinstrument is one of the first passive satellite radiometers
long term AOD observations and high temporal resolution ofdesigned to retrieve aerosols over land and ocean. The in-
SSR records (at least hourly data). Streets et al. (2006) sugstrument aboard the Terra (EOS AM) and Aqua (EOS PM)
gested that a two-decadal trend between 1980 and 2000 afatellites provides high radiometric sensitivity (12 bit) in 36
SO, and black carbon which together contribute about one-spectral bands ranging in wavelength from 0.4 umto 14.4 ym
third of global aerosol optical depth has been thought as dhttp://modis.gsfc.nasa.gov/about/design)phaufman et
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al. (1997) introduced an approach to retrieve aerosols ovethe weekends (Saturday to Monday). We choose to define
land from the MODIS measurements. The algorithm hasthe weekends as a 3-day period (from Saturday to Monday)
been modified periodically and designated by different ver-rather than 2-day period (Saturday and Sunday) for the pur-
sions of collections since the launch of MODIS(Remer etpose of more robust statistics (Xia et al., 2008). All daily data
al., 2005). Previous validation of the MODIS collection 005 for a week are converted as a percentage departure (%) from
showed much improved retrievals of AOD (Levy et al., 2007; the weekly average. This method can render weekly cycle
Mi et al., 2007). This data has been widely used for aerosokvidently and has been carried out by Peterson et al. (1981)
and climate change related studies in China (e.g., Chu et aland Smirnov et al. (2002) for weekly analysis on AOD. Sim-
2002; Li et al., 2003; Yang et al., 2010). The daily level- ilar with the analysis technique for AOD weekly variation by
2 AOD data (Collection 005) at 550 nm from the Terra and Xia et al. (2008) and Quaas et al. (2009), we introduce the
Aqua MODIS aerosol products (MODO4&, MYDO04_L2) “weekend effect” to quantify the variable difference between
are applied in this study. For the consistence in location andveekdays and weekend. Itis defined as the percentage differ-
time of observations between AOD and SSR, we extractedence of averaged departure of Tuesday, Wednesday, Thurs-
the MODIS AOD over a 1& 10km area, exactly covering day and Friday from the weekly average, and that of Satur-
the ground SSR site from both Terra and Aqua, which over-day, Sunday and Monday, in order to quantify the variable
pass Shanghai once a day at 09:00:00-10:00:00 LT (Terrajifference between weekdays and weekends. The statistical
and 13:00:00-14:00:00 LT (Aqua). Therefore, the AOD usedsignificance is indicated when it exceeds a 90% confidence
herein are composed of Terra-AOD and Aqua-AOD, eachlevel based on the t-test technique.
covering a period of 4 years from 1 January 2004 to 31 De-
cember 2007. Herein the AOD measurements with values are
greater than 2.0 have been removed due to the large unceg Results
tainty in AOD retrieval algorithm which resulted in overesti-
mate of MODIS AOD in and around Shanghai area (Pan et3.1 The dimming and brightening characters in the
al., 2010). The DiSR and DfSR measured during 09:00:00— secular variations of DiSR and DfSR
10:00:00 LT and 13:00:00-14:00:00 LT, corresponding to the
passage of Terra and Aqua, respectively, are also collectedtigures 1 and 2 present the long term variations of DiSR
Consequently, one valid Terra-AOD record corresponds toand DfSR from 1961 to 2008 under clear-sky and all-sky
one DfSR and DiSR measurement, denoted as Terra-DiSRonditions, respectively. By 5-year average smoothing, the
and Terra-DfSR, respectively. The same is done for Aqua-secular trends of DiSR in clear-sky and all-sky days are
AOD and the corresponding Aqua-DiSR and Aqua-DfSR. both divided into three successive periods, ranging from the
end of 1960s to the mid 1980s, then to the mid 1990s, and
2.2 Methodology thereafter. These three periods can be described as “dim-
ming”, “stabilization”, and “renewed dimming” for clear-
A 5-year moving average is used to describe the temporasky days, and “dimming”, “slight brightening”, and “re-
change of DiSR and DfSR, especially to distinguish the dim-newed dimming” for all-sky days. In the dimming peri-
ming and brightening periods in their secular variations. Theods, DiSR decreased dramatically from 1968-1984 with a
linear regression method is used to estimate the magnitude-34.2 W nT2decade? (—23.8% decade!) trend for clear-
of dimming/brightening by W m? decade?® with a t-test of ~ sky days and a-15.5W nT2decade’ (—22.7% decade')
90% confidence or greater. The long term variations of DiSRdecrease for all-sky days, both above 99% confidence. In
and DfSR are investigated under both all-sky and clear-skythe second period, DiSR remained stable in clear-sky days
conditions. The linear regression is also done to analyzavhile it showed a slight brightening in all-sky days by
the relationship between AOD and corresponding DiSR andan increase of 8.62 Wnf decade! (13.4% decade!) with
DfSR under clear-sky conditions in different seasons. The timore than 90% confidence from 1984 to 1996. A re-
test method is also applied to determine whether the slope ofiewed dimming occurred for both all-sky and clear-sky days
the fitted trend is significant enough to have the confidencean the third period. DiSR decreased from 1996 to 2008
level reach 90% or greater. by —6.9Wn1?decade! (—5.9% decade!) for clear-sky
Terra-AOD and the corresponding Terra-DiSR and Terra-days and—5.3 W nt 2 decade! (—8.4% decade') for all-
DfSR are examined for their weekly variations and the im- sky days, but both without significant confidence. It suggests
pact of AOD on DiSR and DfSR. The same procedure is alsathat such “dimming” and “renewed dimming” phenomenon
performed for Aqua-AOD and the associated Aqua-DiSRare not only a characteristic in cloudy atmospheres but also
and DfSR in order to study the role of aerosol on SSR moreare evident under cloudless skies, indicative of potential im-
fully and rigorously. All of the data used for weekly analy- pacts on SSR through changes in aerosol emission related to
sis meet the following requirements: the variable should beeconomic development and air pollution regulation.
observed at least 2 days per week, of which at least 1 day The secular variations of DfSR under all-sky and clear-
among the weekdays (Tuesday to Friday) and 1 day amongky conditions show less coherence than that of DiSR from
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Fig. 1. Annual mean of direct surface solar radiation (DiSR, shown Fig. 2. Same as Fig. 1, but for all-sky days.

in black line) and diffuse surface solar radiation (DfSR, shown in

blue line) observed on clear-sky days during the period of 1961—

2008 in Shanghai. Five year moving averages are also shown inre8.2 The relationships between AOD and DiSR and
lines. Units are W m2. DfSR

Atmospheric aerosols can directly modify SSR by scattering

_ and/or absorbing solar radiation during its path from the top

1961 to 2008 in clear-sky days by 5.2Wdecade' _ of the atmosphere to the surface of the Earth. In general,
(8.3% decade?) with 99% confidence. However, the oscil- jncreasing column-integrated aerosols can lead to a decline
lated inter-annual variability of DISR was observed in all-sky j, piSR under clouds free conditions. However, if the in-

days with a few peaks around 1982, 1992 and 2007 without &reasing aerosols have not yet exceeded a threshold they will
very significant increasing trend compared to that in a cloudigaqg to an increase in DfSR. otherwise. the extreme heavy

free condition. Similar studies have also been conducted byargsol loading will also lead to a decline in DfSR (such
Qian etal. (2006) and they suggested that the lack of increasgs heavy dust-storm). In this section, the relationships be-

in all-sky diffuse radiation might be due to the concurrent de-yyeen AOD and DiSR and DfSR under cloud free condi-
crease in cloudiness. _ . tion are investigated based on the MODIS AOD and corre-
It is noteworthy to mention that during the two ghonding hourly DISR and DISR measurements in Shanghai.
dimming periods of DiSR, DfSR presented an oppo- The study period ranges from 1 January 2004 to 31 Decem-
site_trend of remark%ble brlglhtenlng underl clear-sky per 2007. Considering the seasonal changes of DiSR, DfSR
condmonsz by 9.7;Nm decade 1(16% decade’) and  ang AOD, we analyze the data from seasonal collections in-
15.5Wn1“decade™ (22%decade’), respectively, and  giead of from whole year data sets. There are 264 AOD sam-
both above 99% confidence. DfSR also leveled off from ples in spring (defined as March, April and May), 172 sam-
the mid 1980s to the mid 1990s corresponding to the stapjes in summer (defined as June, July and August), 186 sam-
bilization of DiSR during the same period. An increase in ples in autumn (defined as September, October and Novem-
the diffuse radiation can be expected in areas with strongber)' and 109 samples in winter (defined as December, Jan-
dimming of DiSR owing to enhanced scattering in the atmo—uary and February). Figures 3-6 showed the scatter plots
sphere from the increased aerosol loads under clear sky cos AOD vs. DiSR and AOD vs. DfSR for the four seasons.
_ditions. It impl_ies that incre_ased aerosol loading reSL_JItingWe can see that AOD is significantly correlated with DfSR,
in a decrease in atmospheric transparency plays an impoiynq anti-correlated with DiSR in all seasons, both above 99%
tant role on DiSR dimming and corresponding brightening confidence, indicating that the increase (decrease) of AOD
of DfSR on cloud-free days in the Shanghai megacity. will change the atmospheric transparency notably so as to

1961 to 2008. Overall, DfSR increased significantly from
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Fig. 3. Scatter plots of AOD and DfSR (denoted by black cycles on Fi9- 4. Same as Fig. 3, but in summer.

the top) and DiSR (denoted by blue cycles on the bottom) measured
in spring from 2004 to 2007 in Shanghai. The AOD data is from
the daily level 2 MODIS Aqua and Terra products (collection 005)
at 550 nm. The DiSR and DfSR were measured during the satellite
passage over this area. Linear fittings are red lines.

enhance (decline) the DfSR, and decline (enhance) the DiSF
simultaneously. DiISR and DfSR are affected by AOD most
significantly in spring with a-1.19 W n1? decrease and a
0.735Wn1? increase per 0.1 AOD increase, respectively,
with above 99% confidence. The significant relationships
between AOD and DiSR and DfSR abovementioned directly
proved the great impact of ambient aerosol on SSR under
clear skies. Thus we speculated that aerosol is a potentia
modulator for SSR dimming and brightening during its long
term variations.

The difference of the correlations between AOD and SSR
among spring, summer, autumn and winter indicates the sea
sonal variations of the aerosol optical properties. Based on
the MODIS AOD measurements from 2004 to 2007, the
mean Terra AOD in Shanghai megacity is 1.00, 0.98, 0.69,
0.66, and the mean Aqua AOD is 1.06, 0.97, 0.73, 0.72 for
spring, summer, autumn, winter respectively. It is worth to
note that the AOD in Shanghai megacity show obvious sea-
sonal difference, in spring and summer AOD is much higher
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than that in autumn and winter. This is possibly attributed Fig. 5. Same as Fig. 3, but in autumn.

to the regional climate which has an important role on the
dynamical and chemical processes of aerosol such as the pe-
ripheral aerosol transportation, mixing layer height which
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As we known, aerosol can be exhausted from either anthro-
pogenic origins such as industrial activities and transporta-
tions, or natural sources e.g., sea salt and volcanic eruption.
Both of them can modify SSR by scattering and/or absorbing
solar radiation in the atmosphere. Streets et al. (2009) esti-
mated that natural contributions to aerosol optical depth over
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44 DSR = 5.1*AOD+4.38 1980 to 2006 showed no significant trendsl@oyear?),
2] AdiR-Squa = 0.38 (89% confidence) except for a small increase in Europe and a small decrease
in South America and Southeast Asia. This suggests that
01 . DISR =-7.21"AOD+19.2 gg anthropogenic aerosols indeed play a dominant role in the
o R PeSaua =015 (99% confidence) 1 o6 decadal variations of aerosol optical depth, furthermore af-

fect SSR changes probably in many areas. In this section, we
will depict the impact of anthropogenic activities on AOD
and corresponding DiSR and DfSR by weekly analysis.
Based on multi-year MODIS AOD data, Xia et al. (2008)
reported that during the weekdays, the MODIS AOD over
much of eastern China is generally less than that during the
weekends, especially in the Yangtze River Delta (YRD) re-
gion. On the other hand, measurements made in Shanghai
indicate that the surface concentration of NO,NO3 and
surface Aerosol Scattering Coefficient (ASC) exhibit clear
weekly cycles. During the weekdays, N@nd ASC are sig-

Fig. 6. Same as Fig. 3, but in winter. nificantly larger, while @ is lower than that during the week-
ends (Geng et al., 2008; Xu et al., 2009). These cycles are
likely due to the anthropogenic activities, such as traffic and

impacts the aerosol vertical distribution, as well as the gasindustrial related emissions, which are reduced during the

particulate transformation (Li et al., 2003). In spring, fre- weekend. Studies done for the large cities in the US and Cen-
quent dust storm originated from North China can affect eastral Europe also showed the similar weekly cycles for AOD

of China significantly (Li et al., 2003). The migration of the (Jin et al., 2005; Bumer et al., 2008).

dust storm transports large number of coarse particulate mat- The seemingly inconsistency of AOD weekend effects be-

ters from north to south in China, thus enhancing the aerosolween Xia et al.'s (2008) study and those of Geng et al. (2008)

level and leading to high AOD in the Yangtze Delta region and Xu et al. (2009) are perhaps because Xia et al. (2008)

including Shanghai megacity. In summer, the weather inused the MODIS Terra level-3 products (collection 005) with

Shanghai is typically hot and wet, which is beneficial for the 1° x 1° resolution, which represents the characteristics of

gas-particulates transformation process and the hydroscopi8OD in a large scale. Furthermore, the ground-based AOD

increasing in diameter size of water-soluble aerosols. Theobservation Xia et al. (2008) used is over a rural site which

two processes tend to mutually result in high AOD in this is located at the edge of the Taihu Lake, and is about 150

season despite the wet removal on ambient aerosol by prekilometers away from the Shanghai megacity. They found

cipitation during Meiyu period. In autumn and winter, AOD that AOD at 440 nm on Sunday exceeds the weekly mean
values in Shanghai decrease dramatically compared to thoday 10% at this site. In this study, we use both Terra and
in spring and summer, and usually reach the minimum inAqua AOD data from MODIS level-2 products (collection
winter. In these two seasons, Shanghai is always controlle®05) with much finer resolution of 10 k10 km, thus has

by the cold high pressure. The westerly and northerly pre-the ability to reveal the AOD variation in more detail within

vail in this area with high velocity both on surface and high a limited area. In fact, on an urban scale, the weekend ef-

level, leading to good dispersion condition for airborne pol- fect of AOD has been reported in some megacities (Jin et
lutants. Therefore in autumn and winter the AOD is quite al., 2005), such as New York City, which has much similar-
lower than that in the other two seasons. As pointed out by Liity with Shanghai in terms of urban area, population, and the
et al. (2003), besides regional climate, there are some otheamount of vehicles in the city.

elements can influence the vertical distribution of aerosol sig- In Fig. 7, Terra-AOD is obviously lower on Saturday

nificantly such as Land Use/Land Cover Change (LUCC), lo-and Sunday than its weekly average, which is corresponded

cal emission, etc. So detailed investigations on the seasondly the significance of higher DiSR and lower DfSR in the
variation of AOD in Shanghai megacity should be performedsame days, while on Wednesday and Friday, it exhibits an
in the future studies. opposite pattern in which greater Terra-AOD is observed

Direct solar radiation (Wm'z)

o DISR vs MODIS AOD (550 nm)

T T T T T
00 02 04 06 08 10 12 14 16 18 20
MODIS AOD (550 nm)
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Table 1. AOD Percentage Departure from Weekly Average at
440 nm at Shanghai Pudong Site (%), the italic numbers indicates
that the values are different from the weekly average above 90%
confidence.

104 [EEETerraAOD ..,

Mon Tue Wed Thu  Fri Sat Sun
3.25 457 -282 155 -1.04 -176 -6.02

mean Terra AOD
550nm
o

Percent departure from weekly

Mon Tue Wed Thu Fri Sat Sun

and simultaneously accompanied by higher DfSR, and less ¢ E0sR

DiSR than their weekly averages. Through the analysis of
weekly cycles for 104 weeks, the mean weekend effect of
Terra-AOD, Terra-DiSR and Terra-DfSR are determined to
be 2.5%,-10.1% and 6.7%, respectively, and all above 90%
confidence. Aqua-AOD (in Fig. 8) is remarkably smaller

on Monday and Sunday, with higher DfSR and lower DiSR 147
compared to their weekly averages. On the contrary, on Mon ~ Tue  Wed  Thu Fri Sat  Sun
Tuesday, Thursday and Friday, Aqua-AQOD is larger than the ] ] [CJDfsR

weekly average. Meanwhile, Aqua-DfSR and Aqua-DiSR

are higher and lower than their weekly averages, respectively.
The averaged weekend effect of Aqua-AOD calculated from
a total of 76 weeks’ valid data is 5.2% and the corresponding
weekend effects of Aqua-DiSR and Aqua-DfSR a#18%

and 2.7%, respectively. On average, both Terra and Aqua
AOD on weekends are lower than that on weekdays perhaps 144
due to the reduced anthropogenic aerosol emissions resulting

from the lessening qf _transportation, industrial production Fig. 7. Percentage departures of AOD (top), DISR (middle) and
and other human activities on weekends. Reduced AOD OThfsSR (bottom) from their weekly averages in Shanghai. Red filled

weekends significantly enhanced atmospheric transparencyrcles mean the departure from weekly average is above 90% con-
under cloud free conditions so as to increase the DiSR an@idence. The AOD data are from the MODIS Terra Level 2 prod-
decrease the DfSR. It is suggested that aerosol loading exicts (collection 005) at 550 nm. Terra overpasses Shanghai between
hausted from anthropogenic activities has an important role9:00:00-10:00:00 LT each day. The DiSR and DfSR are measured
on SSR in Shanghai through the scattering and/or absorbinffom 09:00:00 to 10:00:00 LT, in line with the satellite passage. Sta-
of incoming solar radiation on clear-sky days. tistical data range from 1 January 2004 to 31 December 2007.

weekly mean DiSR

Percent departure fro

weekly mean DfSR

Percent departure from

Mon Tue Wed Thu Fri Sat Sun

In addition to the instruments aboard on the satellite,

AOD can also been measured by the ground-based equip- . 0
ments. In 2007, Shanghai meteorological bureau starte hursday and is 15.5% larger than the weekly average. Sat-

. day and Sunday have the two minimum AODs during the
- AOD H
to operate ground-based AOD measurements in an urbaweek and are lower than the weekly average by 17.6% and

site which is located in the Shanghai Pudong New Area .

(31.22 N 121.5% E). This site belongs to the China Aerosol GS/S’[’h.reSpeCt'\éeg' Thgtwgel;%ngo/eﬁsct o(; thetﬁ0280bserl\(/edf

Remote Sensing Network (CARSNET) and is about 15 km@: tIS ground-base site Is LY. 76 based on e 56 Weeks o
valid data, which is in line with the weekend effect as seen

\?\,Vg?g r:g:sut:]eed p)flfﬁgog;r?]t;r 3sllga SVJ:ZrIfy ?Aigma;gr?gsaifrom the MODIS AOD analysis. Furthermore, the ASC mea-
plied to AOD observations at this site. Detailed informa- sured in the same site also showed a similar weekly character

hat the diurnal concentration of ASC on weekend was sig-

tion about the instrument calibration and data processingjq..
method has been introduced by Pan et al. (2010). For the pu nificantly lower than that on weekdays (Xu etal., 2009).

pose of examining the AOD weekend effect in the Shanghai

megacity more comprehensively, daily mean AOD measured; piscussions and conclusions

at 440 nm in this ground-based urban site from 16 Febru-

ary 2008 to 18 February 2009 are analyzed herein to investiThe decadal variation of SSR plays an important role on

gate its weekly variations. global and regional climate change. Since the global dim-
The weekly cycle of percentage departure of AOD from ming and partial brightening of SSR has been reported from

the weekly average observed at the Pudong ground-baseglobal to regional scales, more and more studies pay great at-

site is presented in Table 1. The maximum AOD occurs ontention to the contributions of aerosols or/and clouds on SSR.
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> 8- shows significant correlation and anti-correlation with DISR
3 . o] EEHAMAAOD o, and DfSR, respectively, and both above 99% confidence in
Z Oé 4 all seasons. It further proved that ambient aerosols have im-
% Q 21 * ® portant impacts on SSR by changing the atmospheric trans-
E S O T A ] parency due to the abilities of absorption and/or scattering of
§< 21 \_1 SSR.
% é 4. Aerosols come from not only anthropogenic origins but
s 67 also natural sources. We conducted the preliminary study
© B Mon  Tue  Wed  Thu Fri Sat  Sun on the influence of human activities on SSR by performing
81 ==jpisk weekly cycle analygis on Terra-AOD and Aqua-AOD as well
e 6 as the corresponding DiSR and DfSR. We found that both
% & 4 . . Terra and Aqua AOD show clear weekend effects. On week-
3 2 2 ends, AOD is lower than the weekly average, corresponded
gg 0 ' ' \—‘ - - ' by higher DiSR and lower DfSR. While on weekdays, AOD,
2227 ° DiSR, and DfSR show opposite patterns compared to those
% § 1 on weekends. Higher AOD and DfSR, and lower DiSR are
o z observed simultaneously. Less AOD on weekends due to
Mon  Tue Wed  Thu Fri Sat  Sun the reduction of transportation and industrial production en-
87 [IDfSR hanced atmospheric transparency under cloud free conditions
£, 6 so as to increase the DiSR and decrease the DfSR. It is sug-
2 41 ~ gested that aerosol loading related to anthropogenic activities
2 e 27 . N is an important modulator for decadal variation of SSR.
5‘ £ 2 - ' ' LI T ] In addition to aerosol loading, aerosol compositions also
£ ;E 2] C change with the changes of the fuel types and the develop-
ez 5] ment of fuel utilization technology, which in turn will mod-
. 8] ify the aerosol scattering and/or absorption abilities. The
Mon  Tue  Wed  Thu  Fri Sat  Sun change of scattering and absorption characteristics of am-

_ ) bient aerosols is a key in understanding the contribution of
Fig. 8. Same as Fig. 7, but for the AOD data are from the .MODIS anthropogenic aerosols on SSR. However, it is beyond the
Agua products at S50nm. Aqua overpasses Shanghai betvveegco e of this study, but will be investigated in the future stud-
13:00:00-14:00:00 LT each day. The DiSR and DfSR data are mea: P Y, . 9 .
sured from 13:00:00 to 14:00:00 LT, in line with the satellite pas- ies to further understand the impact of aerosols on direct and

sage. diffuse radiation.
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