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ABSTRACT

Ultraviolet (UV) radiation has significant effects on ecosystems, environments, and human health, as well as atmospheric
processes and climate change. Two ultraviolet radiation datasets are described in this paper. One contains hourly observa-
tions of UV radiation measured at 40 Chinese Ecosystem Research Network stations from 2005 to 2015. CUV3 broadband
radiometers were used to observe the UV radiation, with an accuracy of 5%, which meets the World Meteorology Organi-
zation’s measurement standards. The extremum method was used to control the quality of the measured datasets. The other
dataset contains daily cumulative UV radiation estimates that were calculated using an all-sky estimation model combined
with a hybrid model. The reconstructed daily UV radiation data span from 1961 to 2014. The mean absolute bias error and
root-mean-square error are smaller than 30% at most stations, and most of the mean bias error values are negative, which
indicates underestimation of the UV radiation intensity. These datasets can improve our basic knowledge of the spatial and
temporal variations in UV radiation. Additionally, these datasets can be used in studies of potential ozone formation and
atmospheric oxidation, as well as simulations of ecological processes.
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Dataset Profile
Dataset title UV radiation datasets covering China
Time range Observed hourly UV radiation: 2005-15

Reconstructed daily UV radiation: 1961-2014
Geographical scope  China’s mainland

Data format “xlsx” for the observed data;
“.txt” for the reconstructed data
Data volume 80 MB for the hourly observations of UV radiation;

60 MB for the reconstructed daily UV radiation

Data service system  http://www.dx.doi.org/10.11922/sciencedb.332
DOI: 10.11922/sciencedb.332
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Dataset Profile

Sources of funding

Strategic Priority Research Program of the Chinese Academy of Sciences (Grant No. XDB05020402)

National Basic Research Program (Grant No. 41275165);
Science and Technology Service Network Project of the Chinese Academy of Sciences (Grant No. KFJ-SW-

STS-168)
Dataset composition
uv radiation.zip”.

The dataset consists of two compressed files, with the file names “observed uv radiation.zip” and “reconstructed

1. The file “observed uv radiation.zip” contains the in situ—measured UV radiation dataset and comprises 40
Excel worksheets. Each file contains the data collected at a single station.

2. The file “reconstructed uv radiation.zip” contains the reconstructed UV radiation dataset, which consists of
725 .txt files. The file named “station information.txt” contains information on the site locations, and the other
724 file names correspond to the station codes.

1. Introduction

Although the ultraviolet (UV) solar spectrum contributes
only approximately 8.0% of the entire solar radiation at
the top of the atmosphere (Gueymard, 2004), it is vital for
ecosystems and the environment (Williamson et al., 2014),
human health and climate change (Ferrero et al., 2006;
Thomas et al., 2012). UV radiation has gradually become
one of the major topics investigated in current studies, espe-
cially since the discovery of the ozone hole. It is an indica-
tor of the amount of ozone that will form. UV radiation can
inhibit plant photosynthesis by destroying leaves, which sub-
sequently affects the balance of ecosystems. The absorption
cross section of a gas multiplied by the amount of UV ra-
diation gives the rate of photolysis, which determines atmo-
spheric oxidation, affects photochemical reactions and pro-
duces secondary pollutants in the near-surface layer. More-
over, excess UV radiation may induce sunburn, skin cancer,
and eye cataracts. In the stratosphere, the absorption of so-
lar UV radiation by ozone counteracts the effect of radiative
cooling caused by increases in carbon dioxide and water va-
por.

The amount of UV radiation that penetrates to the sur-
face depends mainly on the solar zenith angle, the presence
of clouds, aerosols, ozone, and surface reflectivity (Bais et al.,
1993; Arola, 2003; Bernhard et al., 2007; Kerr and Fioletov,
2008). The interactions between UV radiation and these fac-
tors are complex and not yet fully understood. den Outer et
al. (2010) reconstructed UV radiation back to 1960 in Europe
and found that UV levels have gradually increased over the
last four decades, particularly since the 1980s. With regard
to the period from 1980 to 2006, approximately two-thirds
of the increase in UV radiation can be attributed to a decline
in cloudiness or aerosol optical depth (AOD) and one-third
can be attributed to reductions in ozone. Wei et al. (2006)
analyzed the long-term changes in ozone and noontime ery-
themal UV radiation from 1978 to 2011 using Total Ozone
Mapping Spectrometer data products. They found that, in
the eastern and southern parts of China, the ozone layer is
not the main reason for the trend in UV irradiance; rainfall
and the related cloud variations have significant correlations
with UV radiation in these regions, and approximately 40%—

70% of the variability in UV radiation there can be explained
by precipitation change. On the other hand, in the western
and northern parts of China, variations in ozone can explain
approximately 30%—70% of the variations in UV radiation.
Measurements from October 2004 to September 2006 at Xi-
anghe Station were used to analyze the relationships between
UV radiation and meteorological factors (Xia et al., 2008).
It was found that aerosols can cause a reduction of approxi-
mately 0.0091 in Fyy (the ratio of UV radiation to the amount
of solar radiation reaching the surface) per unit increase in
AOD (500 nm) for precipitable water vapor content within a
range of 1.5-2.0 cm. Additionally, an increase of 17% in Fyy
resulted from an increase of 1.0 cm in the precipitable water
vapor content; Fyy increased by 20% when the ground was
covered with snow. It was difficult to quantify the role of each
factor because the contribution of each factor is different in
different time periods and regions. Thus, accurate measure-
ments of UV radiation and the main factors controlling its
levels at the surface of the Earth are of great importance for
achieving better understanding of the interactions between
UV radiation, ozone, aerosols, clouds and surface reflectiv-
ity (Schwander et al., 1997;Mayer and Kylling, 2005).

Unfortunately, as UV radiation is not a routinely mea-
sured parameter, in situ measurements of UV radiation are
very scarce, especially in China. The network for observing
UV radiation in China started very late. In the early 1990s,
the UV radiation observation system of Brewer was first built
in the background stations of Waliguan and Zhongshan for
long-term continuous observations. Additionally, domestic
scientific researchers have established UV radiation observa-
tion stations at a few, widely distributed locations. Although
many characteristics of UV radiation have been obtained, the
time scale is very short, and the results are local and not re-
gionally representative. Therefore, it is important to carry out
research on the measurement of UV radiation on a national
scale.

The aim of this paper is to introduce two datasets de-
scribing UV radiation. One contains hourly observations
of UV radiation from 40 Chinese Ecosystem Research Net-
work (CERN) stations in China, and the other contains re-
constructed daily UV radiation amounts at 724 China Mete-
orological Administration (CMA) stations. The latter used
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a UV estimation model combined with a hybrid model that
was proposed and then improved by Yang et al. (2001, 2006).
Basic information on the observed and reconstructed data is
provided in section 2. A sample description of the datasets is
presented in section 3, and some applications of the data are
described in section 4.

2. Basic data information

Basic information on the dataset is presented in the data
profile table, including the time range and geographical scope
that it covers, the dataset’s composition, and so on. In sec-
tions 2.1 and 2.2, detailed information on the observed and
reconstructed properties of the data are described.

2.1. Collection of the observed UV radiation data

The UV radiation data were obtained from a national-
scale network, CERN, which was the first standard network
established to measure solar radiation for investigating the
radiation budget and its spatial and temporal variations over
China. CERN consists of 40 stations that provide in situ
measurements of UV radiation, covering almost all typical
ecosystems. Two stations are in grassland ecosystems, there
is one urban station, three for bays, two for lakes, six for
deserts, fifteen for agriculture, ten for forests, and one for
marshland. The spatial distribution of the 40 CERN stations
in China is shown in Fig. 1, and the geographical locations,
altitudes and ecosystem types of the stations are provided in
Table 1. The urban station, in Beijing, which is located at
the Institute of Atmospheric Physics of the Chinese Academy
of Sciences, is the center of data collection, quality control
and instrument calibration for the entire radiation observation
system.

CUV3 broadband radiometers (Kipp & Zonen, The
Netherlands), which have an accuracy of 5%, have been in-
stalled at all CERN stations to make observations of UV
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radiation (290-400 nm). This level of accuracy meets the
World Meteorological Organization’s (WMO) measurement
standards. UV pyranometers are calibrated using standard
lamps with a known spectroradiometer, and this calibration
system is at the forefront of UV radiation research in China.
A spectrometer measures a standard lamp spectral irradiance
and then retrieves the spectral sensitivity under standard lamp
conditions (K;). Using the same method, the spectral sensi-
tivity under sunshine conditions (Kj) can be deduced. The K,
is considered equal to K in narrow wavebands. For each nar-
row waveband, K. can be obtained by using the lamp spec-
tral irradiance, and the spectroradiometer can then be used to
measure solar irradiance. The UV radiation can be derived
by integrating the solar spectral irradiance between 290 and
400 nm. At the same time, the calibrated UV pyranometers
measure the response voltage. All CUV3 pyranometers are
calibrated and inter-compared at the beginning and the end
of data collection to ensure the accuracy of the calibration.
Daily checks are made to ensure that the radiometers are free
of dirt and positioned horizontally to guarantee the data qual-
ity. M520 (Vaisala) data collectors are used to collect the
data. All radiation data are recorded at 1-min intervals, and
hourly values are derived from the 1-min values through in-
tegration.

2.2. Quality control of the observed UV radiation

UV radiation data quality controls are conducted on two
aspects. One of these aspects is the observation system, and
the other involves a quality assessment of the UV radiation
measurement data.

In terms of the first aspect, all radiation sensors and data
collectors used at the CERN stations meet the WMO’s stan-
dards for radiation observations. The UV pyranometers at in-
dividual stations are calibrated monthly against reference in-
struments that have been calibrated against regional reference
instruments, which in turn are calibrated against Chinese ref-
erence instruments every two years. Data that are missing due
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Fig. 1. Spatial distribution of the CERN radiation stations.
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Table 1. Information on the dataset’s sites belonging to the CERN network.

Station code Station name Longitude (E)  Latitude (N)  Elevation (m)  Ecological type  Effective data magnitude
AKA Akesu 80.83 40.62 1028 Agriculture 24613
ASA Ansai 109.32 36.86 1189 Agriculture 38600
CSA Changshu 120.68 31.53 1.3 Agriculture 36444
CWA Changwu 107.67 35.2 1120 Agriculture 32016
FQA Fengqiu 1144 35 67.5 Agriculture 38651
HIA Huanjiang 108.32 24.73 279 Agriculture 24287
HLA Hailun 126.92 47.45 240 Agriculture 39259
LCA Luancheng 114.69 37.89 50.1 Agriculture 37576
LSA Lhasa 91.33 29.67 3688 Agriculture 40750
QYA Qianyanzhou 115.05 26.73 100 Agriculture 39385
SYA Shenyang 1234 41.52 31 Agriculture 40025
TYA Taoyuan 111.43 28.92 71.5 Agriculture 38719
YCA Yucheng 116.57 36.87 21 Agriculture 40383
YGA Yanting 105.45 31.27 460 Agriculture 37780
YTA Yingtan 116.92 28.2 35.6 Agriculture 39255
DYB Daya Bay 114.52 22.55 21 Bay 37557
JZB Jiaozhou Bay 120.27 36.05 15 Bay 35578
SYB Sanya 109.48 18.22 3 Bay 39715
CLD Cele 80.72 37.02 1371 Desert 42058
ESD Eerduosi 110.18 39.48 1290 Desert 36442
FKD Fukang 87.93 47.29 460 Desert 39112
LZD Linze 100.12 39.33 1120 Desert 43042
NMD Naiman 120.7 42.93 358 Desert 39145
SPD Shapoutou 105 37.47 1357 Desert 40331
ALF Ailao Mountain 101.02 24.53 2450 Forest 40079

BJF Beijing forest 115.43 39.97 1150 Forest 31660
BNF Xishuangbanna 101.27 21.92 570 Forest 39375
CBF Changbai Mountain 128.1 42.4 736 Forest 40851
DHF Dinghu Mountain 112.55 23.17 1000.3 Forest 40941
GGF Gongga Mountain 102 29.58 3000 Forest 38885
HSF He Mountain 112.9 22.68 80 Forest 38299
HTF Huitong 109.6 26.85 305 Forest 37237
MXF Maoxian 103.9 31.7 1816 Forest 37909
SNF Shennongjia 110.22 31.38 1290 Forest 27536
HBG Haibei 101.25 37.53 3230 Grassland 32841
NMG Inner Mongolia 116.7 43.63 1187 Grassland 37483
DHL Lake Dong 114.35 30.62 18 Lake 37322
THL Lake Tai 120.22 31.42 10 Lake 38864
SIM Sanjiang 133.52 47.58 56.2 Marshland 37561
ASC Beijing 116.46 39.22 53 Urban 38797

to human error or sensor failure are represented by 32766. As
there is no UV radiation at night, the UV radiation data are
blank in the Excel cells for when the solar elevation angle is
negative.

The quality assessment for the UV radiation measurement
data is primarily based on three principles. First, considering
the cosine response, the UV radiation data are replaced with
9999 when the solar elevation angle is less than 5° (Huang et
al., 2011). Second, each observed hourly UV radiation value
should be less than the hourly extraterrestrial UV radiation at
the top of the atmosphere at the same geographical location;
otherwise, it is flagged as questionable data and replaced with

9999. The extraterrestrial UV radiation (UVey), is calculated
using Eq. (1), which was proposed by Foyo-Moreno et al.

(1999):
12 w2
UVext = Ly (_2)f sin(a)dw ,
p w

1

ey

where I,y is the ultraviolet spectral irradiance and is equal
to 78 W m~2; p is the distance correction factor between the
Sun and Earth; « is the solar zenith angle; and w is the time
angle. Third, the ratio of UV radiation to the global solar
radiation (Rs) should be limited to values between 0.02 and
0.08; otherwise, the data are replaced with 9999 (Hu et al.,
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2007). All the quality control procedures were carried out
using the FORTRAN 90 program. The values in the last col-
umn of Table 1 are the effective data quantities after quality
control.

2.3. Development of the reconstructed UV radiation data

The UV radiation observation system in China started rel-
atively late compared to similar systems elsewhere around the
world. Most of the observed UV datasets described above be-
gin in 2005, and the observation sites are very sparse. To ob-
tain high spatial resolution and long records of historical UV
radiation data, either empirical and semi-physical methods
or satellite inversion algorithms can be used. In this study,
daily UV radiation datasets for the period before the use of
instrumentation were obtained from solar radiation measure-
ments through an all-sky UV estimation model. However, in
the CMA radiation network, only around 120 sites can pro-
vide daily solar radiation. Moreover, due to the retrofitting of
many of the radiation instruments before 1993, the accuracy
of the observed solar radiation data was relatively low during
that period (Tang et al., 2011). Instead of using these data, so-
lar radiation amounts reconstructed with a hybrid model were
used to calculate the UV radiation.

2.3.1. Reconstructing solar radiation using a hybrid model

The hybrid model put forward and improved by Yang et
al. (2001, 2006) was applied to estimate solar radiation us-
ing the AOD and total column ozone measurements retrieved
from satellite data and routine meteorological observations
obtained from the CMA. The details of this hybrid model
have been described by Yang et al. (2006), so only a brief de-
scription is given here. Physical processes, such as Rayleigh
scattering, aerosol extinction, ozone absorption, water va-
por absorption, permanent gas absorption, and the effects of
clouds, which are represented by the transmittance functions
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Tr, Tas Toz, Tw and 7¢, respectively, are considered, and the
simplicity of the Angstrém correlation is also maintained in
the hybrid radiative transfer model. The solar beam radia-
tive transmittance (74) and the solar diffuse radiative trans-
mittance (74) under clear skies can be calculated using Egs.
(2) and (3):

(@)
(€)

Tb = TrTaTozTwTg 5

Tq = 0.5[70,TgTw (1 —7a70)] .

Solar radiation reaching the surface of the Earth can be ob-
tained using the following equation:

Ry =1 f (rb + Ta)Rodr @
At=24

where Ry is the solar radiation at the top of the atmosphere, ¢
is time, and At is the integration period.

More detail on the methods for calculating 7y, 7, Toz,
7, and 7. can be found in the paper by Yang et al. (2006).
The data required by the model as the input, including sur-
face pressure, surface relative humidity, air temperature, and
sunshine duration, which were obtained from routine obser-
vations at 724 weather stations (Fig. 2) with specified lati-
tudes and longitudes, underwent quality control by the CMA.
Other input values, such as the AOD and total column ozone
at the 724 stations, were interpolated from satellite retrievals.
The column ozone concentrations were obtained from the So-
lar Backscatter Ultraviolet Merged Ozone Data Set, Version
8.6 (http://acd-ext.gsfc.nasa.gov/Data_services/merged/index.
html). The AOD was obtained from a MODIS data prod-
uct (MODO08-M3, level 3, Collection 5.1) (http://ladsweb.
nascom.nasa.gov/data/search.html) with a spatial resolution
of 1°x 1°. As no AOD data were available before 2000, and
no ozone data before 1970, climatic mean AOD and ozone
values were used in the hybrid model.
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Fig. 2. Map of the CMA sites that contributed data to the reconstruction of daily solar radiation values.
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All the calculations involved in the hybrid model were
conducted using the FORTRAN 90 program. Using this hy-
brid model, daily solar radiation values from 1961 to 2014
were obtained and could be used to reconstruct the daily UV
radiation.

2.3.2. Reconstructing UV radiation by combining the hy-
brid model results with an all-sky UV estimation
model

As UV radiation is highly correlated with solar radiation,
most published experimental results use measured solar radi-
ation to calculate UV radiation by considering the ratio of UV
radiation to solar radiation as an empirical constant (Calbd
et al., 2005; Podstawczynska, 2010). Long and Ackerman
(2000) used a power law equation to describe the dependence
of solar radiation on the cosine of the solar zenith angle un-
der clear-sky conditions. The clearness index (K;) is defined
as the ratio of the solar irradiance reaching the surface of the
Earth to the extraterrestrial solar irradiance, and it provides a
general indication of scattering and absorption processes due
to aerosols, gases, clouds, etc. Earlier studies of the effects
of K, and the solar zenith angle on UV radiation have been
analyzed and confirmed under different sky conditions (Hu et
al., 2010; Wang et al., 2013; Liu et al., 2016). To develop
the estimation model, the entire hourly dataset from Lhasa
Station under all weather conditions was studied. Figure 3a
displays the UV radiation plotted against the cosine of the
solar zenith angle (u). Different colors represent different K;
values. For a given specific K; interval, it is recommended
that the relationship between UV radiation and the cosine of
the solar zenith angle is calculated with the following power
law equation:

UV =UVou©, &)

where UV indicates the UV radiation for one unit of y, and
e determines how UV varies with . Unfortunately, it is not
straightforward to obtain direct measurements of UVy, as that
requires the solar zenith angle to be zero.

K; was first allocated as 0.03, with a step size of 0.01. The
relationship between UV and u was fitted using the power law
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equation [Eq. (5)] within each specific K; interval. The rela-
tionship between UV and K; was then analyzed (Fig. 3b).
The dependence of UV on K is described by Eq. (6):

UV = a+bK, +cK? +dK} , (6)

where the units of @, b, ¢ and d are W m™2.

The long-term observed daily values of R could be easily
obtained from the hybrid model, but long-term hourly values
of Ry were not obtainable. Therefore, Egs. (5) and (6) were
modified to calculate daily UV radiation amounts using the
daily values of Ry, as follows:

UVaaity = (A+BK, +CK, + DK )if14 . %)

where UV a1y is the daily amount of UV radiation; the units
of this quantity are MJ (m? d)~!. K, is the ratio of daily R,
to daily extraterrestrial solar irradiance; f is the average of
the cosine of the solar zenith angle from sunrise to sunset; 74
is the daily sunshine duration (hours); and A, B, C, D and E
are parameters that differ between climatic zones. Therefore,
China was divided into eight climatic zones, and the UV radi-
ation data were reconstructed using the corresponding values
of the parameters A to E, given in Table 2, and combined with
the solar radiation estimates obtained from the hybrid model.

Table 2. UV radiation estimation models in different climate re-
gions.

Typical station Subregion A B C D E

FKD NWC -0.001 033 -0.25 0.14 1.22
LSA TP 0.038 0.08 036 -0.28 1.31
SPD NC 0.000 036 -0.40 033 141
YGA SWC -0.004 041 -0.57 049 1.36
HLA NEC 0.003 030 -024 0.16 1.27
BIJF NCP 0.003 026 -024 0.19 095
DHL EC 0.000 039 -048 042 1.56
DHF SEC -0.002 036 -0.38 0.29 1.37
70

UV,=a+bxK +oxK *+dxK®

T T T T T T T T T T
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K

t

Fig. 3. The effects of K; and  on UV radiation at Lhasa (left) and a scatter plot showing UV and K; (right).
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2.3.3. Validation of the reconstructed UV radiation esti-
mates

To validate the accuracy of the UV radiation reconstruc-
tion model, the UV radiation amounts measured in situ at 40
CERN stations from 2005 to 2014 were chosen for compari-
son with the reconstructed UV radiation data obtained by ap-
plying the hybrid model and an all-sky UV estimation model
to the nearest CMA station. Statistical estimators, such as
the correlation coeflicient (R), the mean bias error (MBE),
the mean absolute bias error (MABE), and the root-mean-
square error (RMSE) were used as benchmarks for the radia-
tion products. These metrics are defined as follows:

Z;zllv(Et - Eave)(Mi - Mave)

R=—— ’ ;D ®)

JEEV Ei— B 2020 (M= Moo
vpE = 100 (ZEVE M) ©
B Mave N |

100 (ZiZY 1Ei— M;

MABE = Zioy 1B~ M) (10)
Mave N

i 0.5

1 =NE; - M;)?

RMSE _ 00 Zl*l ( 1 l) ) (1 1)
Mave N

Here, E; is the estimated value (ith number), M; is the mea-
sured value, Eyy. is the average of the estimated values, Myye
is the average of the measured values, and N is the number of
observations.

Table 3 shows the four statistical parameters calculated
using the CERN-observed UV radiation and the calculated
UV radiation at the nearest CMA stations. The correlation
coefficient is larger than 0.8 for all stations except BNF and
MXEF. The MBE values are negative at 35 of the stations,
which indicates that the reconstructed UV radiation values
represent slight underestimates compared with the observa-
tions. Only MXF and THL have MABE values larger than
25% and RMSE values larger than 30%. All of the statistical
results show that the reconstructed UV radiation values are
reliable.

3. Sample description of the dataset

3.1. Sample description of the observed UV radiation val-

ues

The dataset, which contains UV radiation values mea-
sured in situ, is composed of 40 files. The format of the file
names is “ABC.xIsx”, where AB represents the station code,
and C represents the type of ecosystem surrounding the sta-
tion. All the corresponding information can be found in Table
1. Beijing Station is chosen as an example for describing the
organization of the data (Table 4). Blank spaces in the last
column indicate that the solar elevation is less than 0°, and
there are no effective radiation data; 32766 represents a miss-
ing measurement caused by human error or sensor failure;
and 9999 indicates that the UV radiation data do not satisfy
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the quality control principles described in section 2.2. The di-
urnal variation of UV radiation on 9 July 2015 and the annual
average diurnal variation in UV radiation for 2015 at Beijing
Station are presented in Fig. 4. The measured value of UV

Table 3. Statistics regarding the relationship between the CERN-
observed UV radiation amounts and the UV radiation amounts cal-
culated for the nearest CMA stations. The bold numbers indicate
that MXF and THL have larger statistical results.

CERN station CMA station MBE MABE RMSE

code code R? (%) (%) (%)
AKA 51628 0.88 —8.01 19.14 2224
ALF 56856 0.83 -3.37 1537 182
ASA 53845 093 -2.16 129 15.42
BIC 54518 095 581 1326 1545
BJF 54405 097 721 111 12.8
BNF 56959 077 -7.51 1441 16.96
CBF 54285 092 -392 1278 1579
CLD 51828 09 -644 1364 15.82
CSA 58259 091 -10.78 1822 21.28
CWA 53929 0.9 033 1649 19.13
DHF 59278 0.87 -847 1859 21.5
DHL 57494 0.89 -11.71 21.18 244
DYB 59493 0.84 —-12.29 19.67 22.69
ESD 53545 091 -11.7 1644 187
FKD 51076 094 -10.87 1672 19.41
FQA 57091 09 -16.15 2205 253
GGS 56374 087 -6.69 1511 179
HBG 52765 091 =779 1326 16.03
HIA 59023 092 -213 159 18.52
HLA 50756 094 -6.19 13.17 1594
HSF 59478 0.87 -5.68 1564 18.27
HTF 57745 091 -1.87 2159 2484
JZB 54857 09  -633 1442 17.69
LCA 53698 0.93 323 1463 1721
LSA 55591 0.81 -10.12 1445 1645
LZD 52546 093 -885 1347 15.65
MXF 56188 075 -1588 26.6  30.56
NMD 54226 093 -548 12.02 15.08
NMG 54102 0.89 -11.21 16.66 1921
QYA 57799 089 —6.84 2282 26.09
SIM 50788 091 -11.3 1944 2275
SNF 57355 091 —421 1821 2097
SPD 53704 09 -10.64 1593 18.59
SYA 54342 093 -0.72 1245 1523
SYB 59948 0.85 -16.77 19.73 21.95
THL 58358 0.78 -20.07 3115 36.01
TYA 57662 0.89 -723 22.1 25.61
YCA 54715 091 -144 1403 16.79
YGA 57306 091 —4.11 1756 20.58
YTA 58626 087 -11.6 2493 283
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Table 4. Observed UV radiation data at the Beijing CERN station
on 9 July 2015. 32766 represents a missing measurement caused by
human error or sensor failure, and 9999 indicates that the UV radi-
ation data do not satisfy the quality control principles described in
section 2.2.

ULTRAVIOLET RADIATION DATASETS

VOLUME 34

latitudes, respectively. The file names of the other 724 files
correspond to the five-digit station codes. Data collected
during July 2014 at station 54511 (Beijing) are chosen as an
example to describe the organization of the data (Table 5).

Local time UV radiation  Taple 5. Reconstructed UV radiation data at the Beijing CERN sta-
Year Month Day (hour) (Wm™)  tion in July 2014.
2015 7 9 0 — UV radiati
2015 7 9 1 _ radiation
2015 7 9 2 _ Year Month Day (MJ (m? d)~"]
2015 7 2 3 - 2014 7 1 0.308
2015 7 9 4 — 2014 7 2 0.306
2015 7 9 5 9999 '
2015 7 9 6 28 2014 7 3 0.343
’ 2014 7 4 0.404
2015 7 9 7 6.2 2014 4
2015 7 9 8 10.4 0 7 3 0.646
2015 7 9 9 15.7 2014 7 6 0.304
2015 7 9 10 20.6 2014 7 7 0.303
2015 7 9 11 25.7 2014 7 8 0.628
2015 7 9 12 27.7 2014 7 9 0.571
2015 7 9 13 275 2014 7 10 0.891
2015 7 9 14 32766 2014 7 11 0.855
2015 7 9 15 20.5 2014 7 12 0.915
2015 7 9 16 15.2 2014 7 13 0.847
2015 7 9 17 8.4 2014 7 14 0.834
2015 7 9 18 3.9 2014 7 15 0.802
2015 7 9 19 9999 2014 7 16 0.461
2015 7 9 20 — 2014 7 17 0.298
2015 7 9 21 — 2014 7 18 0.637
%8}2 ; g gg - 2014 7 19 0.813
_ 2014 7 20 0.838
2014 7 21 0.53
.. . . 2014 7 22 0.299
radlatlpn .corr.espondmg to 1400 LST 9 Jully 201§ is abseqt. 2014 7 23 0.296
The distribution of annual mean UV radiation in 2015 is (14 7 24 0.366
shown in Fig. 5. 2014 7 25 0.832
2014 7 26 0.835
3.2. Sample description of the reconstructed UV radiation 014 7 27 0.83
The reconstructed UV radiation dataset comprises 725 %gii ; ;g gggg
files. The file named “station information.txt” contains infor- 2014 - 20 0'287
mation on. each s1te"s location and consists gf thre'e columns 2014 7 31 0.408
that contain the station codes, as well as their longitudes and
309 AsC 309 Asc
1 2015/07/09 o-e 12015
25 4 25 4
-~ i i
§ 20 / \ 20 //.\\
< 154 . 15 4 g "
g ] / - [\
i) ’ 0
S 10 / 10 - / \
> 4 4 °
®
- 54 / \ 54 ./ \o\
i i /
(a) ¢ (b) ¢ *
o+ r" O0+r—Tr"T"TT T T 7T
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22

Time (LST)

Time (LST)

Fig. 4. Diurnal variation in UV radiation at Beijing Station: (a) 9 July 2015; (b) annual average for 2015.
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Fig. 5. Spatial distribution of observed UV radiation at the CERN stations in 2015 (units: W m2).
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UV radiation may have serious effects on public health,
Date (month-day)

such as skin cancer, accelerated aging of the skin, cataracts
and other eye diseases. It can also reduce the ability to re-  Fig. 6. Annual variation in the reconstructed UV radiation in
sist infectious diseases. Increased UV radiation may reduce 2014 at Beijing Station.
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Fig. 7. Spatial distribution of reconstructed UV radiation at the CMA stations in 2014 [units: MJ m2 d)~'].
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growth in several plant species or diminish photosynthetic ac-
tivity. UV radiation also plays important roles in atmospheric
chemistry processes, such as the production of dimethyl sul-
fide, hydroxyl radicals, tropospheric ozone and ozone pre-
cursors. Thus, UV radiation datasets are essential in a wide
range of fields, including cancer research, ecology, tropo-
spheric chemistry, agriculture and climate science.

The two UV radiation datasets described in this paper
have the potential to improve our basic knowledge of the
distribution of UV radiation over large temporal and spatial
scales, which should contribute substantially to engineering
applications in China and provide a scientific basis for sus-
tainable energy and atmospheric environmental protection.
Moreover, these datasets contain scientific data that support
biological studies, ecological process simulations, and stud-
ies of atmosphere—land surface interactions. The datasets
have been archived in the Science Data Bank (http://www.dx.
doi.org/10.11922/sciencedb.332).
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