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ABSTRACT

In situ measured data of broadband solar radiafiR) and ultraviolet(Uy) radiation were used to investigate the spa-
tiotemporal variation properties &f, radiation and the ratio df, radiation toRs over the North China Plain (NCP). Based
on the analysis, an empirical model for estimatihgradiation under all weather conditions in this region wasgetigped.

The results showed that the annUglradiation over the NCP ranges from 0.38-0.52 MPrd—1. The highest value during
the study period was recorded at the Changwu site, whictcatdd near the margin of the Loess Plateau, while the lowest
value appeared at the station in Beijing. The seasonalti@ripattern of the ratio of), radiation toRs is similar to that

of Uy radiation; namely, the highest value appears in August hed tlecreases gradually until the lowest value appears
in November. A small increasing trend in thig radiation levels and the ratio &f, radiation toRs was observed over the
NCP. The evaluation results showed that the empirical esiim model can be widely used to estimbiteradiation under

all atmospheric conditions. The relative error betweemtioeleled and measured daily values were withitb%.
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1. Introduction of plants and ecosystems may also be influenced by high

Ultraviolet (Uy) radiation is defined as the sum of UVBUVB rad!atlon doses. In g.eneral, excesswe-UV!B radiation
N . can modify DNA and protein structure, resulting in changes
and UVA radiation. The solar spectrum ranging from 280= hvsioloaical and biochemical brocesses. The promertie
315 nm is defined as UVB radiation and that from 315—460 B yradiagon also need to be inF\)/esti ated. o stu?j E?; o-
nm is termed UVA radiation. Research indicates thatra- v 9 y trop

diation received at the surface of the Earth is 10% UVB arz(?S F(ejzc r;zz?;tr(é?Qﬂsogﬁgnﬁgg?gryigsgkr I\(/:Iirll(;?wrzizngt :r-
90% UVA. Even at the top of the atmosphere, the perce 9 : ' v

age ol radiation to broadban solar radatichy) s o 2oy, KNOWIEdge oflng (e vartion propertesy
more than 10%. So, the proportiond§ radiation toRs that P P 9

reaches the Earth’s surface is smaller than that at the topad':;]fj environmental risks it causes (Slaper and Koskela,;1997

the atmosphere. Many research results have showb§hiat anda etal., 2000).

o o . . Early research noted that solar zenith angles, altitude,
diation is an indispensable parameter in the study of enviro . : .
. ; cloud micro-properties, concentration of the ozone column
mental issues and ecological processes. Many adversé hea

: . and the physico-chemical characteristics of aerosols have
and environmental effects can be caused by excessjve . - - ;
. ) - strong influence on the variation characteristictJpfradia-
radiation doses [Slaper and Koskela, 1997; National Radjp- ", =. i ] .
) ; o : . jon (Piazena, 1996; Seckmeyer et al., 1997; McKenzie et al.
logical Protection Board, 2002; United Nations Environine .
) . 001). However, to meet the demands of studies on health
Programme (UNEP), 2003; Outer et al., 2005]. For instance : .
- risks and environmental problems, more detailed knowledge
enhanced), radiation can delay the growth and developmen

of plants. An especially excessive dose of UVB radiation can Uy radiation was required. Thus, numerous further studies

. . . n the variation characteristics 0f, radiation and the ratio
penetrate through the leaf epidermis, and thus may injwre { ) )
: ; of Uy to Rs have also been carried out, and still need to be
photosynthetic system and cell membrane and disrupt phy-". i
. . rried out. Many such studies have reported a number of
tohormones. Correspondingly, the photosynthetic capaci

. ) : . - different estimation methods that can be used to calculate h
biomolecules, biomass, and ecophysiological charatitsis_ _ . L "
toric Uy radiation under clear sky conditions (Foyo-Moreno

et al., 2003; Paulescu et al., 2010). For instameeitu ob-
* Corresponding author: HU Bo served and reconstructéf radiation data have been used
E-mail: hbooo@163.com to investigate the long-term variation trendsl&f radiation
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(Kaurola et al., 2000; Fioletov et al., 2001; Lindfors et alcradle of Chinese civilization, and the region is among the
2007, Feister et al., 2008; Hu et al., 2010). However, stidimost densely populated in the world. Six radiation observa-
on the long-term variation characteristicslf radiation are tion stations were involved in this study and are affiliatéhw
very scarce, especially over the North China Plain (NCP). the Chinese Ecosystem Research Network (CERN) (Fig. 1).
To further understand the mechanisms of interaction be- Rs,Uy radiation, photosynthetically active radiation, re-
tween enhanced, radiation and the ecosystem, and to bettdélected radiation, net radiation and routine meteoroldgica
prevent damage to plants and ecosystems causdg tadia- parameters are measured simultaneously by this observatio
tion, larger-scale and long-term field researctugmadiation network. Then situ measuredl, radiation andR; data were
should be carried out. However, the observer networks fesed to investigate the variation characteristict)pfadia-
Uy radiation are extremely scarce, particularly in the NCRon and the ratio ob), radiation toRs over the NCP region.
Thus, investigating the spatiotemporal variation chamast Measured data from January 2005 to December 2011 were
tics of Uy radiation has great significance for agriculture, assed in this study, with the exception of the Jiaozhouwan sit
the NCP is one of the most important agricultural regions die to its late installation.
China.
In the above context, the goal of the present reportéd- !Nstrumentsand data quality control
study—besides investigating the temporal variation atvara A CM-11 radiometer (Kipp and Zonen, Delft, Nether-
teristics ofUy and the ratio olJ, radiation toR—was to lands) was used to measurg, and the uncertainty of the
present an efficient and accurate parameterization metinodrheasuredRs values was less than 3%. A CUV3 (Delft,
estimatindJ, radiation through more routinely measui®gd Netherlands) was used to measure the sum of direct and
The estimation model was validated, and the transfergbilgcatterU, radiation with a relative error less than 5%. An
of the model evaluated. HMP45D apparatus (Vaisala, Finland) was used to measure
the relative humidity (RH) and temperature. The measured
accuracies for RH and temperature were 3% andQ@.te-
2. Materialsand methods spectively. The solar radiation and meteorological param-
! eters were observed at 1-minute intervals. The hourly and
21 Ste daily values were integrated from the minute data. All in-
The NCP is known as China’s “granary”, as more thastruments were calibrated every two years. In additiorlydai
40% and 25% of China’s wheat and corn production is praiaintenance work was performed to ensure the radiometers
duced in this region, respectively (Zhang et al., 2010). Theere clear, free of dirt and positioned horizontally. Hu et
NCP is located in the Yellow River valley, and is the largestl. (2010) reported a detailed description of the calibrati
alluvial plain in eastern Asia. The northern and westermspamethod.
of the NCP are surrounded by the Yanshan Mountains and The control criteria employed for the measutédradi-
the Taihang Mountains, respectively. In the southern paatjon data were as follows. First, the measured valués, of
the Yangtze Plain is situated adjacent to the NCP. The Badiation could not be higher than the flux value of the
hai Sea, Shandong Peninsula and the Yellow Sea lie in tlagliation at the top of the atmosphere in the same geograph-
eastern part of the NCP. The vast majority of Henan, Hebieal coordinates. Second, the ratioldf radiation toRs had
and Shandong provinces consist of the NCP. It covers an ate@ange from 0.02 to 0.08. Otherwise, the measlueda-
of approximately 409 500 kfand the elevation of the ma-diation data were deleted from the measured dataset. The
jority of the region is less than 50 m. The NCP formed thguality control method foRs was similar to that fot), radia-
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Fig. 1. Geographical locations of the observation sites in the NCP.
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tion. First, the values of the measurRdcould not be higher with elevations between 1000 and 3500 m above sea level.
than the values at the top of the atmosphere in the same fke southern and eastern parts of the city are adjacent to the
ographical coordinates. Moreover, the minimum valu®of NCP. There are many heavily industrialized areas from the
that could be accepted had to be higher than the minimwouthwest to the east (Streets et al., 2007). Air pollutson i
value appearing in continuous overcast conditions; ngmekgry severe in Beijing, especially atmospheric fine aerosol
the clearness index (the ratio Bf to the extraterrestrial ir- pollution. Rapid economic development, population expan-
radiance flux ofRs at the top of the atmosphere) had to bsion and urbanization are the main factors causing the heavy
larger than 0.03. The value of 0.03 represents a continudegels of air pollution in Beijing. Many research resultv@a
heavily overcast sky condition (Geiger et al., 2002). Otheshown that fine aerosol particles are the main air pollutant.
wise, the measurdg; was deleted from the measured dataséRecently, the concentration of B has also been found to
No more than 2% of the measured data were eliminated after very high in Beijing (Chan and Yao, 2008; Zhao et al.,
the quality control procedure. 2011). As is known, fine particles can have a strong ex-
tinction effect onU, radiation through selective scattering
and absorption (Eck et al., 2005). A higher concentration
3. Resultsand discussion of fine particles causes a greater abatement of short-wave ra
diation by scattering and absorption effects, so the loWest
radiation values appear in Beijing. A high concentration of

Figure 2 shows box plots of the monthly statisticdgf column-integrated water vapor will increase attenuatibn o
radiation over the NCP. We can see that the lowest valulg of solar radiation. In contrast, fewer fine particles and leas w
radiation appears in winter and the highest value in sumnter vapor result in relatively higbl, radiation. This is based
(June). An increasing trend &f, radiation can be observedon the principle that the absorption of water vapor to the so-
from winter to summer. Thé), radiation values then de-lar band is stronger than to th& band. The effects of fine
crease gradually until reaching the minimum in winter. Thearticles and water vapor lead to the highégtadiation be-
monthly variation feature of thid, radiation is similar to that ing observed at Changwu, which is situated near the margin
of Rs. The variation characteristics of the solar zenith angté the Loess Plateau, and where there are much lower fine
are mainly responsible for the type of monthly variation aierosol concentrations (Wang et al., 2008) and lower water
theU, radiation. vapor.

The annual average valuesldf radiation are 0.38, 0.43,  In the present study we focused on the station at Beijing
0.47,0.51,0.52 and 0.46 MJThd ! at Beijing, Luancheng, due to the comprehensive measurements carried out there.
Yucheng, Jiaozhouwan, Changwu and Fenggiu, respectivég.shown in Fig. 3, we can see that there is a smaller increas-
The measuret, radiation at the Beijing site was the lowesing trend. Moreover, there is a quasi-biennial oscillatidn
Uy value in the NCP region. Uy radiation, mainly due to monsoon activity. The increas-

Beijing is capital of China and is one of the largest citiefig trend ofU, radiation is mainly caused by the slightly
in the world. There are more than 14 million people in Bedecreasing amounts of ozone and fine aerosols in the re-
jing. The northern and western parts of Beijing are surreuncent period. The ozone data were obtained from TOMS
ing by the Yanshan Mountains and the Taihang Mountair(bttp:/toms.gsfc.nasa.gov/). The total amount of ozorex o

3.1. Temporal variation characteristics of Uy radiation
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Fig. 2. Box plots of monthly ultraviolet radiation over the NCP.
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[—e— UV radiation O, - PM25] is an obvious seasonal variation feature of this ratio. &her
08T Tt ‘ * * * 340 is a gradually increasing trend of this ratio from April unti
*-; Beijing <*>.’E\ the highest values appear in summer (August). Then, there
wE o is a gradual decrease until the lowest values appear in winte
- 1 The seasonal variation trend of this ratio is caused by tae se

= N sonal variation feature of water vapor content (Fig. 4). \s i

= T o2 = well known, the NCP is mainly influenced by the East Asian

T oul . . i * Lo 528 monsoon. In general, water vapor increases from spring un-

g \/ a0 8 til a maximum value appears in summer caused by enriched

. \/\./ e rainfall in this period. From August, water vapor starts to
2 O decrease gradually, due to the withdrawal of the monsoon.

0 In theory, water vapor has a stronger extinction effect @n th
solar band than the, band.

The spatial distribution of the ratio &f, radiation toRs is
shown in Table 1. The range of this ratio varies from 0.@31
0.004 to 0.42+ 0.006 over the NCP. As expected, the high-
est values of this ratio were recorded at the Jiaozhouwang

. . ite due to the higher content of water vapor and low,BEM
Beijing decreased from 330 DU in 2005 to 228 DU in 201§o?centration in the atmosphere (Table 1). Results have in-

This decreasing trend of total ozone can also be seen atﬂalleéated that there is heavy aerosol loading in coarse-mode

other obse_rvation_sites in the NCP regi_on. F_grthermore, ; rticles due to the humidity-swelling of sea salt aerqsals
concentration of fine aerosol (PM2.5) in Beijing decreas%?e abatement effect of PM on Uy radiation is relatively
from 83 ug m—3in 2005 to 67ug m~3in 2011. A lower ex- i N

L mall (Wang et al., 2008). The Jiaozhouwan site is located on
tinction effect of ozone and aerosol on short wavelengthrso . . :

e e e he Shandong Peninsula, and is well known for its monsoon-
radiation results in highdy, radiation.

influenced climate. Temperature and precipitation measure
ments classify this site as “intermediate humid subtrdpica
and “humid continental”, respectively.

Many studies have been carried out to obtain mdye  The lowest value of the ratio df, radiation toRs was
radiation data based on the relationship between simultagBserved at Beijing due to the highest fine aerosol concentra
ous observation values &f, radiation andRs (Barbero et tions and the relatively low RH. Beijing is located withireth
al., 2006; Mateos-Villan et al., 2010). The climatic variaBeijing—Tianjin—Hebei (BTH) mega-city cluster. Air poHu
tion characteristics ofl, radiation and the effect dfly ra- tion in the BTH region has recently been very severe due to
diation on ecology are investigated using these long-téfm rapid economic development, population expansion and ur-
radiation data. The), radiation estimation method obtainganization. Aerosol pollution—especially the concembrat
the relationship betweed, radiation andRs through a lin- of PM, s—is more serious (Parrish and Zhu, 2009) in Bei-
ear regression process. Based on this linear relationt@p, jing. The annual average concentration of #Ms higher
history ofUy radiation is calculated from more routinely meathan 101 mg m? (He et al., 2001; Zheng et al., 2005).
suredRs data. However, the ratio &, to Ry must be recal-  The physical foundation is that the extinction of aerosol
ibrated according to local climate conditions and geogyapparticles is negatively related with wavelength. So the ex-
(Udo, 2000). The spatiotemporal variation properties ef thinction toU, radiation is more than tB. The water vapor
ratio of Uy radiation toRs are very useful for studying the absorption of théJ, band is smaller than the solar band, so
long-term variation characteristics 0f radiation, especially the observet), radiation is almost constant afg decreases
for sites withoutin situ measurement data &f, radiation. with increasing water vapor. Figure 4 shows a small increas-
The monthly variation properties of the ratiold§ radiation ing trend of the ratio ob), radiation toRs in this region due
to Rs are shown in Fig. 4. From this figure, we can see thefgthe decreasing fine aerosol and increasing water vaper con
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Fig. 3. Annual variations ob), vs. the total values of ozone and
the concentration of PM2.5 at the Beijing site.

3.2. Variation characteristics of daily average Uy /Rs

Table 1. Annual average dailyy radiation (MJ nT2 d—1) and ratio ofUy radiation toRs over the NCP.

Observation Site Lat. Lon. Altitude Uy Ratio ofUy radiation toRs; ~ Column-integrated water vapor
Beijing 356'N 11617'E 75m 038+0.16 0031+0.004 136+1.06
Luancheng 373N 11441'E 50 m 043+0.20 0035+0.009 165+1.18
Yuchen 3640'N  11622'E 21m 047+0.19 0037+ 0.005 188+1.26
Jiaozhouwan 3®W3IN 120°16'E 6.8 m 0514-0.19 0042+ 0.006 194+1.15
Changwu 3312'N  10740E 1120 m 052+0.20 0040+ 0.006 135+0.85

Fengqiu 3800N  11424'E 67 m 046+£0.22 0040+ 0.006 192+1.19




114 ULTRAVIOLET RADIATION OVER NORTH CHINA VOLUME 31

I Beijing I Luancheng [ Yucheng

9.05 a Jiaozhouwan Changwu Fenqgit
> 5
)
= =20.04-
° 5
o =
= ©0.03-
o .=
x g
- _~0.02 T
o E
@S 2
—_ - b
S)
£§ I !
T >
c
Ez | (
S | i
° g 0 © ~ © o)) ) -
o o o o =} S - -
o o o o o o o
N N N N N N N
(b) I Beijing [ Luancheng M Yucheng
S I Jiaozhouwan [ Changwu [ Fenggiu
= 0.00 —— T S 7
0.
2 0.
5 0.
-(*%-O.
©-0.00
o

vapor (cm)

Departure of water Departure of U,

2005
2006
2007
2008
2009
2010
2011

Fig. 4. Variation characteristics dfy/Rs vs. column-integrated water va-
por during the 2005-11 period over the NCP: (a) annual andéparture
variation.

centration during the observation period. cloud parametersKs was also used to analyze the influence
of clouds on the ratio of), radiation toRs. The definition
3.3. Effect of the clearnessindex on theratio of Uy radia- of K is the ratio ofRs that reaches the surface to the solar
tion to Rg irradiance flux at the top of the atmosphere.
Numerous factors can influence the amountUof ra- Figure 5 shows opposite variation featureskaf com-
diation reaching the Earth’s surface, such as solar agjtudp@red with the ratio obly radiation toRs. MinimumKs values
the ozone column, aerosol concentrations, and micropalysieccur in the rainy season (i.e., the summer period), whieh in
aerosol and cloud properties. Altitude is another factat thdicates higher extinction causes higher water conceatrati
can greatly influencey radiation (Piazena, 1996; Seckmeyepamely, more clouds appear at this time. In contrast, a high
etal., 1997; McKenzie et al., 2001). Ks indicates low fine aerosols and water vapor, resulting in a
The extinction effect of clouds od, radiation depends small ratio due to a small abatement effect on shortwave sola
on the microphysical characteristics of clouds, such asccloradiation; namelyy radiation.
cover, cloud level, cloud optical thickness, cloud watem-co _ o :
tent, and cloud droplet spectra. To investigate the inflaafic 34. !Evaluaﬂon OT a parameterlzatlon model for estimat-
clouds orlJ, radiation, microphysical chemical parameters of ing Uy radiation in the NCP
clouds, such as cloud cover, level, type, and albedo, are nec As mentioned above, non-dimensional parameters are
essary (Nemeth et al., 1996; Diaz et al., 2000; Foyo-Moreimfluenced less by local features, so a parameterization es-
et al., 2003). Unfortunately, these parameters are difftoul timation model forU, radiation was developed based &g
obtain due to the high degree of variability of clouds. and the solar zenith angle with high accuracy (Foyo-Moreno
Many studies have indicated that the clearness irfdlgx et al., 2003; Varo et al., 2005; Barbero et al., 2006; Hu et
can be used as a general indicator for extinction effect pral:, 2010; Mateos Villan et al., 2010). Xia et al. (2008) re-
cesses caused by aerosols, gases and clouds during the traorsed that a power law equation can be used to describe the
fer of solar radiation through the atmosphere (Liu and Jdnfluence of the cosine of the solar zenith anglg 6n U,
dan, 1960). Accordingly, this parameter was used insteadratliation. The power law equation fo, radiation within a
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Fig. 5. Monthly daily average obly /Rs andKs in the NCP re-

gion: (a) temporal variation and (b) scatter plotlf/Rs and
Ks at Beijing Station.

narrow range oK; can be written as

Uy =Ujpx M, 1)

maximum value obJ, radiation based oKs:
o= 0.954 74Ks— 74K2 + 55K 3, 2)

A parameterization model for estimating, radiation
based on the maximum value Uf, radiation andu can be
obtained. Xia et al. (2008) found that their equation [EQ] (1
could obtain theJ, radiation highly accurately in Xianghe
when parameteN is set as 1.06. Xianhe belongs to Hebei
Province, which is located between two megacities, Beijing
and Tianjin, 70 km to the northwest and to the southeast, re-
spectively. According to Xia et al. (2008), we set parameter
N as 1.06 in the parameterization model for estimatikg
radiation developed for the Beijing site.

Uy = (0.95+ 74Ks— 74K2 4 55K3) x u1% . (3)

The evaluated results indicate that this parameterization
model can obtain a more accurate estimatioblpfadiation
from more routinely measurdg; data. Only solar elevation
angle and cloudiness index parameters are involved in this
parameterization estimation model. Furthermore, these tw
parameters can be easily obtained through more routinely ob
served data.

To test the transferability of the parameterization model,
Eq. (3) was used to model houtly, radiation data through
highly accurate measurd®l datasets collected at five other
sites in the NCP. As shown in Table 2, the statistical param-
eters of the linear regression equation between the oliserve
and modeled), radiation data show that this parameteriza-
tion model can obtain accurdtl radiation through the mea-
suredRs datasets. The slope and intercept of the linear regres-
sion are close to 1 and 0, respectively. The relative deriati
between the modeled and observed ddilyadiation are less
than 15%. The mean bias errors (MBEs) at@04, —0.02,
0.01, 0.04, and-0.01 MJ nT2 d~1, for Luancheng, Yuchen,
Jiaozhouwan, Changwu, and Fenggiu, respectively. The root

whereU/, is the maximum value df, radiation per unit of mean square errors (RMSEs) are 0.08, 0.06, 0.08, 0.08, and
u. N determines howJ, changes withu. Xia et al. (2008) 0.07 MJ m? d~%, for Luancheng, Yuchen, Jiaozhouwan,
also reported that the relationship betwégrand the maxi- Changwu, and Fengqiu, respectively. These results iraicat
mum value olJ, radiation can be described by a polynomighat this parameterization model can be used to estilhate
equation. Hu et al. (2010) used measured data from 2005-+a8iation at observation sites in the NCP region other than
in Beijing to develop a parametric equation to calculate thigeijing, where the estimation model was developed.

Table 2. Statistical parameters of linear regression between reddeid observed daily, radiation (MJ nT2d—1) over the NCP.

Observation Site a b c? MBE RMSE Relative error (%)
Beijing 0.98 —0.009 0.94 -0.01 0.04 6.5
Luancheng 1.02 0.01 0.92 —-0.04 0.08 13.3
Yuchen 1.02 0.0 0.93 —0.02 0.06 131
Jiaozhouwan 1.02 —0.05 0.92 0.01 0.08 13.6
Changwu 0.98 —-0.05 0.93 0.04 0.08 13.8
Fengqiu 0.98 —-0.01 0.92 -0.01 0.07 13.9
> [0 -RI/O
Note: Relative error(%)= - x 100%. a, slope of the linear regression equatitnjntercept of the linear regression equati@;correlation

parameter(;, observedJ, radiation;R, modeledJ, radiation;n, number of observed data.
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Fig. 6. Temporal variation characteristics of measured and mpilictedJy, radiation values in the NCP region.

The temporal variation characteristics of observed afelver fine particles at this site are the main factors leatiing
modeled data are shown in Fig. 6. The same variation fdhe highest values. In contrast, the strong extinctionceffe
tures of the modeled, radiation can be seenin thg radia- caused by the high fine aerosol burden results in the lowest
tion in Fig. 6, which indicates that the parameterizatiomlelo value (053+0.22 MJ n12 d~1), as measured at the Beijing
can be used to calculdtk radiation from theRs dataset with site.
high accuracy. The average of the ratio &f, radiation toRs was found

The advantage of this parameterization model is thattit range from 031+ 0.004 to 0042+ 0.006 in the NCP re-
involves the cosine of the solar zenith angle and the magen. The temporal variation characteristics of this ratie
surement data dRs. These two parameters can be obtaingtle same as tHd, radiation. A high value appearsin summer,
more easily becaud®; is a routinely measured parameter imnd a low value appears in winter, with this variation patter
weather observation stations. However, there is a weaknasainly being influenced by water vapor. The highest value of
in the parameterization model when transferred to other lihvis ratio was observed at Jiaozhouwan due to the high water
cations, especially for the relative deviation parameidre vapor and lower fine aerosol. A slight increasing trentpf
results of Zerefos (2002) indicate that the total ozone coradiation was discovered, and the ratidfradiation toRg
centration has a stronger influence on UVB than UVA under this region is caused by the decreasing trend of the coencen
clear skies, so the effect of ozone Op radiation is not in- tration of fine aerosol and ozone and the increasing trend of
volved in this parameterization model. However, the efédct water vapor.
ozone onlJy radiation should be considered in further stud- A parameterization model was developed through the
ies. This parameterization model can be easily modified noeasured dataset of the Beijing observation site. This mode
calculate dailyJy radiation with dailyRs by using the length was evaluated using measured data collected at the Beijing
of daytime, the daily average cosine of the solar zenithegngsite and five other stations in the NCP. The regression re-
andKs. sults showed that this parameterization model can be used to

obtain more accuratd, radiation data from routinely mea-
) suredRs data. These results can provide more information
4. Conclusions for studyingUy radiation and climate change in the NCP re-

The spatiotemporal variation properties @f radiation gion. Moreover_, the_parame_terization model can improve the
and the ratio ob)y radiation toRs were analyzed in this Studyaccuracy of estlmat_mg\, rad|at|qn fromRS ona Iarge_r spale
using in situ measurement datalf radiation ancRs from than that of only using the relationship betwe&nradiation
2005-11 at six observation stations located in the NCP. Tﬂ@dRS'
results showed thdty, radiation presents a similar seasonal ) ] )
variation to that of solar activity; that is, the valuesufra- Acknowledgements.  This work was supported financially by
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