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Abstract

In this paper, we analyze the spatial and temporal distribution characteristics of surface UV in
China and that in major urban groups in China based on the daily surface UV index data from
TEMIS of European Space Agency from January 2016 to December 2020. And combined with WHO
related sun protection standards, a scientific use guide of sun protection products based on the
spatial and temporal distribution characteristics of UV index in China was given. The main conclu-
sions are as follows: 1) The distribution of UV index in China is lower in high latitudes than in low
latitudes during the same period; the western region as a whole is higher than the eastern region
as a whole, and the Qinghai-Tibet Plateau is a special region whose UV index is higher than the
surrounding areas in all four seasons. The annual UV index is highest in July in summer and lowest
in December in winter, and the spring UV index is significantly higher than the autumn UV index.
2) The major cities in China’s seven major city clusters, except Beijing, Shanghai, Zhengzhou, Xi’an,
Wuhan, Chengdu and Shenzhen all need to apply SPF15+ sunscreen products for more than half of
the days each year. 3) For outdoor activities, in summer, Beijing and Shanghai need to apply
SPF15+ sunscreen products for 24 and 27 days per month, respectively. In winter, Beijing has
about 24 days in December when you go out without sun protection and more than 15 days in
January and February when you don’t need sun protection; Shanghai has only 2~3 days per month
when you go out without sun protection measures. In Shenzhen, it is recommended to use at least
SPF15+ sunscreen products throughout the year. Especially from April to August, the average UV
index can remain above 11 (25 mW/m?) for a long period of time, and sun protection should be
strengthened when going out.
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11. ARER

b TR E 25 R R, AT aaE IR B i T B B S AR . AR 4% CBNData T R A3 M3k
AR A €2019 By G 28 &AREE) BoR, B e SRS T A I BUEAE I, AATTRT 97 P ok e
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— AR R BB TR R A
1.1.1. $JIMRE R RIER

R0 73 b A B 2 S A X SR A 2R 58 S (UV, Ultraviolet Radiation) . 48 4h 2R 4 5 A 38t 4 ¥ [ 78
100~400 nm . [&], $Z3 K 7T R 2 ik K E FE 7E 315~400 nm (K3 R AR (UVA), 3 K YEFITE 280~315 nm
) HR £ AR (UVB) AT KV Rl 7E 100~280 nm K I R AME(UVC). HhR KM T Bk B KBRS, H
IR/ SR B Tolk, AR SR B S5 N T . MR S /MR AR E R AR R T M, RARE, =, A
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BIRER k. HPRKARERTHEENREK[L] [2]. HTREH SHEE, T RKBEREIE, H
Mo R iR, Rz, WRISERES. DRI UVA ] 5 B K AN 1 95%, UVB AT 21l 3 S84 26 1) 5%,
UVC KEBEREJZ e, ToikBik £ [3]. UVA F1 UVB #Fa] if A ek lifsi % . UVA #201f
RESBUL I E AL, B BEA UVA LR . UVB 385 T REST A B2 K= 2R ST BE AL, 550 DNA
RAG T2 7= e kg o UVB AHEE T UVA X R BRI T 0K, [FIFRIER ) UVB R Bz JPai T 4 o £ =2 )57 &=
UVA £ 800~1000 1% .

TE AT DL AL DA 250 R SR T SR AN Ot N B SR R 453 55 (R B o £ B A 80k R A i i SR A 2
SF PR T A R A58 D 2 21 AL 2 IR AR U S K AT AR 0 S B o P SR AR LL B R 1 A
[ 33K 1R 55 A/ 20 R S R R g I i 77 A £ R R PR 3 55 5K 3R [4] o

NGB E RN R, A DA SU(WHO), BES EIEEE, {5/ R AR 2002 4E K
T CEAMRIEIER) , HAPA T —MIsELrIRR Tk, BRI E(UVI), KNP XL
ARV, wE 1. RSk, HARSE B EL, DI SRR A R 2 BN R — R T

JIHR & TT 1R1[5] [6].
H,M 2 Rl & Yl &
|50 145 E5ANS
2 guvl =2 U &
A% b5 E5RNS
=2 uwl &
S5 (53ES
A

Figure 1. UV index sun protection symbols issued by the World Health Organization
1. AR DERD L RIMRIE RIS

1.1.2. BFHA=mkY SPF {E

SPF {f (Sun Protection Factor) & —# 3= 3 (I 57 W37 ik 7= i R A 2R B 3P S 3R Tk . SPR RN 2
S T 7 O Bk 7 i ) B B AR MED i e B[] R0 A ASE FH A AT 87 P 977 JB = it P4 52 Jk 72 A2 MED i 75 N (1) 22
tt. Hr MED (Minimal Erythema Dose) N i /INALBE R, RN TE L AZ 30 1 Bk b 3d pl B S 20 BT 75 1)
LR AN T I K R AR R AN i B (U m?) o BN Sl R EANA], MED XA 26l I B A
FHIA

BB 4EHCA SPFS0 7 WS 7 i, BRI b ] DUEAZ K FH BELG 10 23 5 0 L0 B 808 (1) A TEIR K
BWiFE 5 500 7380 5 A4 HIMAL BN o ABAESEPRA g, AT RE i@ BN, sl mmRE, Y
By R S0, B DL SR B 47 N 1) AT Re s b V2 [ 7]

1.2. Wk

ELUERIBE T B, JE T [ A 75 R G050 M 2% (CERN) 2005~2014 4F ()48 4Mg S ik 70 b, @it
G M8 MLk AN (R 2 2 F T R AR T 5 I S FR BU(Ks, NS B ZKF T 1 K BH B 58 5 & 5 R SCHE I 2 L)
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AURBEAD A BRSO T — DN RIME R AG FAEAL . 2 AR O 1 ERA (10 R SN N A, P33
TIMRRZEN 14.31%. Kz HBM SRS HME &, EHitE TP EASRR 724 MERAG
1961~2014 £EAIZ H RN ST P78t o PRI S i p se 8, 530 1 AU X R AN SR S 1 2
Al A AN TR AR AL o 598 0 rh R AL 5 A5 bR A L b (R R 5 2, o [ PG A A SR A 2R AR A LE P [ AR B 2
T e 5 R 46 A R B R (0.66mjm-2d-1) . 1961 4R 2 1984 4F, FH e KSR B R Es, 5
S A X S ARG S A RT[8]. R T MR I X, A e X 2 M ) SR b H R ey W R s, A
WAk 4000m AL At 28 A 2 4 B I AT IA 12, AT I RBR IR0 3 X 24t 25% [9]. 7R3 T
TEMIS (2002/07 % 2016/06) 1t % 58 AL AR BOAAR BT FT b, A0 As oy [ i A4 58 AR 18 8000 A1 7 T
AR, PR E T ALES . AR (E AT B EERAN AR B M e N T, R/AMEHRIE—H . {E
N LR R FRAMAREON, KFRINRAGEBUNIRS R[10]

BT HE, AT B BT AN B A A B NS R H 1992 ST a8 1 AN AR HU TR
i T R AT A BRI BTG DAZE S B kA e [11] o AEFRIE, AATAT LR o SR 6 10 Pl 125 160 2 5 7y 5
R H e I B SR AN L, DL A st AT B, A 2. EH RTA A o A A R o
AR AR SR G T T T R B R P 197 0 2 TS A A SR F T2l IRt AR ST VI T AR B

BR WRESR RN
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Figure 2. UV conditions in major cities at 17:00 on April 1, 2019 released by NMC
B2 FREKAELMN2019E 4 A 1 H 17 HESEHEIMLER

1.3. fIREX

73 AP Xt AATTI B JR i e+ o> B2, Rk AT TR i R0 H 2R3 AR P Bl . 1 58 A a 0T
AT R A SN IR, 3 TR WA 15 S . SRANIR B I 2 o0 A 5 BT AR 45 & BEAT I 7T, A
TRV 2B A NIy, A PR B dh B 27 ) X2, SR 12

XEFEENARYL, T 8 TR X 58 Sh 2k 5 M1 4R A2k i B2 BN TR AE A, AN(ELRT DL SE S b e
A A LA h A AR ) A RANERAR T, R IE REFE B B 5 BE 4 Mk I i& & B SR/ DX T Ak
=15 (BT 7 i o

DOI: 10.12677/0jns.2021.96107 988 H ARl


https://doi.org/10.12677/ojns.2021.96107

FRA

S FORFORBII = i UVB (BRI B4 20 1) FPS fH, % FPS {EXS BRI UVB il =40
Bl ATLAW) Rt i FPS (ERIM NS UVB MR K K A RELL . il SPF25 IR
72 i oYk 5 A 2R ik % A [(25-1)/25*100% = 96% . SPF50 [ By i 7= i o 9 5 40 23 i R Ay
[(50-1)/50]*100% = 98% , LIk ML T SPF25 IR i R TH T 2%k, anfl 3. ZLFEps
PGP i AN S35 S8 0 0 7 i, 1747 5 0 e A A ARG 72 ik i 7 O 7 2 BB 22 ™ i oy
SN A o AN )5 T 0 P B B B IR R KB RI R, A A e B n B B4R, SE X B
ik ) f I A5 A R TR 13]
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Figure 3. UVB coverage rate corresponding to each FPS value of sunscreen products
3. FEEEA~ S E FPS EXT A UVB il 3%

D] b [ R P 5 58 471 288 16 50T 23 430 A 0 AR o175 G 7 5 PO 2 96 2R, T LA 7 7 £ 2 7= il
I R BB B I SR BT RR 77 s AEAN ) M DCAS [ 215 SRS A e Rt 22 A B ™ o X T AT
MIfRE, iR A BRI HI[14]

R T R SRS FE Bn 25 0 A RHE AAH DRI 9L, 6 BT RV X 2019 SR T . H g 3.
[l 58 AN AR B 2 0 AT REAE 7 A B b S P A ARSI/ . A SCAE ] 1 A 2020 4 12 A
BORTERAMRAR B, BN T SO Y] GOME-2B TR RN . EF R AU xHEAL ., B2,
el e SR S5 RV Bl X G AT AL, L IR B B it (1 B 2 i, BRI K,
ASCEIER T FE > T EIR AT HEAT 7 E AT AR TR AN A A7 R fk B
G AR SCHE T AR WF FC B A ST M) P SR AN R 2 3 AT AR I 2 T N ATT S £ 7 ™ ot £ FH S 38
2. REHE
2.1. ZERR
RIMNERIER I

SC A R Sk B AR J (¥ TEMIS (Tropospheric Enission Monitoring Internet Service) B3t .
TEMIS [t o A7 H 2 (3t 10 SR AP 2 1 B8t (1 L AR A 2, TS Lk Ak hittps:/iwww.temis.nl 7

M EE = A H T GOME-2A (2012/04/01 % 2019/03/20)F1 GOME-2B (2019/03/21 4 1 2 #244E 1 4>
BREES S, I T Allaart 5 A (2004) & H 1S54k 5B H R AN TR 5. BRI 2 K B 1E - 4R 5
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A ) R E A RSB E, RN AREEA, FRHYPE 2k R EIMERE. 25
SR PR RS, MR R MR, MR R, KA IR AR LR I m R ol HE AT R R, AT
BRI R B [15] [16]

TEMIS Wl F 324 T35 H ) 2BRE AR B8R 8, Wil 4 Fios. T EEIEHE #4208 hdfa
B S T M H RN EEE . SR 179.875°'W & 179.875°E, 3400k 1440 %1, &
FEHK N 0.25°, AifENEFElN 89.875°N % 89.875°S, 4k 720 17, 4AifEH KN 0.25°, 1HE A REL
fEE N 1.034236, REBREREIEEN 0.1, HIFRRIEFHET GOME-2A (2012/04/01 % 2019/03/20)xK,
GOME-2B (2019/03/21 % 4-) /2 340 nm 4t 0.25° x 0.25° 1 3R S I8 3R, R AMNEFRBOALI N “1 UV index unit
equals 25 mW/m?” (1 & AMEFEEAAI ST 25 mW/m?).

SCHTAE S, IR S D 2016 4F 01 H 01 H % 2020 4 12 A 12 H.

Erythemal UV index Clear-sky

KNMI/ESA 1 January 2021
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Figure 4. Global UV index data available on TEMIS (Date 1/Jan./2021)
E 4. TEMIS LRIV Tk SN I HEIE, ElhA 2021 1 A 1 BEIE

RN VB 2, W Re e, X A O S SRR

ASCHIE 2018 47 11 H 18 H, whdbrrde, B Be kA ) (bt e [ 55 f5e 56T 3 5 A =0 X
MR R RFALHRIE Y DL SIR TR KA. BT BT R, KT
TR T BE . R AT A OC PPV S T R A I T R HE B [ K R A R . 7 B R BIR R R E
F BN TR AE IR 6 JUA B B AR E T4, B H R A B By i = Sy S M S 2 . RSk
BT U SR T B R b, K= MR a0 i, BSOS X RN, Rk T 3 ) A
KA A T A R B L, R R T B AN, O P RIS TR P 2. S AME N T AR JEH XL
o 3R T 94 3k B RS T2 ] g ot A e it 0 30 T R BSAE X  R R ANITT , — IER JRV

FIF, Bt B, K= AT, SSEIR T R A B E A SR AT = T R, R
e, R AERYIEELARRE T B

22. MIRF*

2.2.1. #igaE
A R E TEMIS 1 hdf4 #5300 2016 45 01 H 01 H % 2020 4 12 A 12 HiZ H &4 15505
Bl ZJE{EH T NCL (The NCAR Command Language) i 48 42k 48 B 80t 17047 1 B0 1 AT AL AN 503 2
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ARFE. NCL 22—+ & A B NS HOE S, B r LEHEEH hdf, nc &% AR BERL +
BT REAT R B A B AT AR o
R TR H R AN AR R, ARG E — 2+ T A& AR FEME, &F5K
RS RIZ P EE, R IR R ME . USRI M v B R A2 B 22 70 A R
ZJaPRHAst, B, RN SRR, mRBG ML TR, PERH, WRJREE, =W b
(K138 H SR AP RO - 45 5 T 5 T A 4 20 (2002) 4 5 [ WA A, A B S0 75 30 48 T % 45 bk 2 R 25 20
TR R RS WS RIpr R EdE, T a0 7T i Al

222 MIRENDFE

TSI AT B Bk H O R AN ECT R, T B 53 E 2016 4 2020 F—E
JERBOF CINAE (oo < P8 T A ek 2 NI 2 =) il Rnla R [ R

2 JE A8 BRI T B, AT I TR R T R AR AR B S B WA 4 S T . A B TR R A
LR AR 2 0 A 5 A N AR 25 & AT W 7C . DA AS BT 70 e SR AT DA E S /e A AT TS Br A= 3% vh A5 21 B
R T 53 T AE 4 41(2002) 8 5 177 PG A v R 5 6] R 58 0477 285 2 S 140 AF 56 (977 G 917 0 8 13 T A 48 Hh 2k 48 8 5
77 P it 7 P P A AR SR, R 1 [17].

Table 1. UV index protection table for each level according to WHO standards and U.S. Environmental Protection Agency
sun protection recommendations

& 1. R#E WHO (R DAEAL)RE R R EFERIFE HIBEILEIEN & FREIMRIBHPTIFER

AL BREER G PR BT OL N HERE P
B0 B HLLT PRSI (] fRH

XN SEFEB, E R BT RS AT K T 7T AE 4
0~2 RIS RN TR . 5 SR MR N B 100~180 44 AAME
[oifii P
i EEREAT R, ATRIRR AR BB R B 8 Gy
AR B EL ST H T

JS2ZE /IR SPRAGHI B IAR il ] S rE B4 10
6~7 Y RVETNA VY R T BE A JEH N R R AR A 30~60 43-f SPF15+
I T 77 R B P L b 5 5 7

N2 /DR SPRLS+HIBHIGFE 1T R &2 4 H B

3-5 o R SR 60~100 4% i 4 i

~ IH B (& - ya
810  WRAR e, A, DK, D 20~30 7} & SPF15+
ol me | POAREREEAL, OERUSERRENL 0o S

P, G W 1R 2 A8 A L3R B B

ZJEMR A 1, AT Se PR AE BT T . BT 2016 4 01 H 01 H 55 4MAR %N 3.009,
WA R IR LB e R AR RE N P R, 75 EEHEAT T S A B, ELIBE S mh AR B B I HR T

DM ZEREA— A EE, WA T - A BRI RGN, K 2 K 18] SR R £
I A B o PR AT S 47 S5 R O o RS A AR B I B, K202 AR BDAT BE S R -
ZJE W AR, AT AN X R R A A TR B I A, =T, RN R E IR A T
L VA L, @ =N RO A A e WG, D 7 7 it LR E % SPF15 DAE [ it o

3. IRER
3.1. FERIMRIEBEEST
MK 5 B 45, 1E 2016 2 2020 ER[FE eEF B AR LI Ie B oA — KRB T EST
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677 o AR T e B — AR MBI, 5 B DR AN R AR B A R v T LI X, AR T 4
FCAb I X AT 5 50 A2 A A e A 17 R A (KU, (AT e SR DX A, SR MR B A AR TR AT
r H b ) R IE AT A o RN 2 T K e A HL PRIt ISR A A e R . R A TR 3
(P8 Bt X 5% A2 i v T e R X

2016-2020 JAN 2016-2020 FEB . 2016-2020 MAR
1[1 UV indexunit equals 25 mW/m?] 60N 1[1 UV indexunit equals 25 mW/m?] 1 [1 UV indexunit equals 25 mW/mZ]«

60N -

60N
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1[1 UV indexunit equals 25 mW/m?] 1[1 UV indexunit equals 26 mW/m?] 1[1 UV indexunit equals 25 mW/m?]
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Figure 5. Distribution of monthly average UV index from 2016 to 2020 over China
B 5. FE 2016 £ F 2020 4 B FHEIMNEIEH ST

WIS E] B, FRESE MR TR BB AR 2 . 7E 2016 4 55 2020 4F ) 3R 5 A 2k Fa i o A1 B 2R e
CA PRI EUR S I A . 5B R AMAREFET (S, AR EIRZ 2N BIREHTRE, B
BATE, KFEIMARBEUE N EFERICZT, + AR PR . +=HZ)GE, &
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[E SR ANAR R TR L b, A SN R A (B AWrE N, EE-C AR . FFMKER TR
LARBNL T HFME LR, (HEFEEFE RSN S T E T RN EL
3.2. PEEEHHRHEETRIMIER D HIHE

FEAE 2 Hg Iy A B AN, SRR GBS T Aas, ANHL, B TT R, B
DO I — AR, B T SRR S R G R EL

K6 TR 2, EE T E R, KM IR AR =0 2 I R R AN R R S SO E
BB L, b ik S 22 o7 G A P 1 O 7 i o

Table 2. Total number of days for each UV exposure level in selected major cities in China from 2016 to 2020

2. PESEEWT 2016~2020 £ R EINERBEZ R EITRE

I R TR

& i = R Wi
(0~2) (3~5) (6~7) (8~10) a1 vLt)
W IR 840 430 406 150 0
TERH 699 444 359 324 0
b= 604 429 285 507 1
FB 376 445 270 632 103
[liR73 255 467 233 438 433
i 38 590 276 601 321
Ew)e 47 572 281 567 359
% 32 558 247 439 550
wII 0 32 422 428 944
=i 0 0 237 468 1121
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Figure 6. Percentage of days without sun protection, requiring simple sun protection, and requiring SPF15+ sun protection
products by city from 2016 to 2020
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FERCESIR T RE . KA. BV B R KL R R KR
P SRR TR C ORI T R, R AU R R AN R R A R S DA B R BOA AR DA b, Hofhl T Y
AP UL ERBOL PR AN B Fa S5 0 m S A b, T T 2 R S A 2 USSR R SPR LG+ 97 i 45 45 1)
7 AP 7 iy o 2B T2 BT A R S ORI X R AR Y IR AN R AR HOA B 11 VAE, B iR Sl e i R AL
BT b E AR, NAES AN 20 702 RS, U SPR30+ AR I i o
=VAE TN 8] (R BT R BICER A 2 i S R AE v e DA, IS S S A RS S e ) 7 O Tt ) P
T, R WRE ™ i B B 4 S A S RIS T SPR15. e /RVEAE i Bl 4 P s (B ORIk T, 424
LOMARHN UK. FA —/NERYL BRI, w6,

3.3. db:. EigRIARINEITA5 1Bl anfE R I

FUESOTIRE, K=, SRR R E H AT R KT R, AN SE AT, &5
RS RS, s AR, AATTRE T B = A3 A A v R B, DR L2 F i 7 it A 5 22 7 SR
T AL ST, i, TRIIMBCRARDT FE 4. (R AT DL Sl i e A A v e R 2%

3.3.1. JtH:
A LAb4: 39°54", K% 116°23'VE AL Tt FR AR AR . Siit bt & 4 &L AMR S g R N 3.

Table 3. Total number of days of exposure level by month in Beijing from 2016 to 2020
# 3. 4t 2016~2020 FE AN EBEZFR BT RE

- W\&%%%éﬁ @ o - - o
\ (0~2) (3~5) (6~7) (8~10) (11 BhL)
—f 102 38 5 10 0
—A 89 40 5 10 0
= 23 115 7 10 0
| 15 49 71 15 0
HH 14 7 69 65 0
AVE! 14 9 35 92 0
+ A 14 10 7 123 1
N:! 14 9 26 106 0
A 14 46 74 16 0
A 61 77 9 8 0
+—H 126 7 10 7 0
+=H 131 9 7 8 0

R B 7 ok s R EHR AR, B SO IRIE P R A

AT RIARECY 5.89, WA 7. FAMKIERAERT ARG AR
RAFAZA IR A S RIS = P 27 RANTA T AT D, @i mil. WHA—
RATR EIRIR SPRIG+IIII ] TR MR EOA B A LR B 5 MY, 240F 25
R B AR SPRLS+ I RE 17
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Figure 7. Average UV index distribution in Beijing, Tianjin and Hebei in spring and summer
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Figure 8. Average UV index distribution in Beijing, Tianjin and Hebei in autumn and winter
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Figure 9. The percentage of days in Beijing without sun protection, with simple sun protection and SPF15+ sun protection
products
E 9. dtRELFELFM, FELMAE, FEM SPRIS+RAE~ MRS

10 BRI T AR AR H ME AN AR A, B H AR, T H ASERI&. = A ¥EAME
THEK T 63.16% N i . RAMETREEUEN N = 1 B I A, AT T — AN A SR AN IRHL
BT 1700 +H¥MEMIUA FERT 39.54%, AHECT B SRAMERIRECT R T 2.42. bR, AMTTRER
76 2 DU H 3 F SPRAS+RIG7ARG, 17 JLE) -+ H AR .

[Yo]

8.48
7.72 7.88

W
=

6.12

3.7

——tx
$ .33

1 2 3 4 5 6 7 8 Yy 10 11 12

E VI EEE
O B N W b 1 O N ©®

Figure 10. Monthly average UV index of Beijing
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Table 4. Total number of days of exposure level by month in Beijing from 2016 to 2020
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Figure 11. Average UV index distribution in the Yangtze River Delta region in spring and summer
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Figure 12. Average UV index distribution in the Yangtze River Delta region in autumn and winter

E 12, K=AXHK, SEEFHRMERSH

R LT A AR IR T SR IUE B Wi . — P20 241 R T17 2014k SPR15+[Hf
Feh, HARAT 66 K, A@IAMHE. WE 13, = HERAMEIRECHEM LY A K T 46.73%, HEMGK T
2.29, &Fdm. THBME TR T 2.47, MU ENE 28.49%, ARFEERIER K. £ BHEAE AT
HERAE R = A XN SPRIS+EH = 5 I, 7E =2 DY A 3G TE 2 YRR G, W <4 . MifE LA
+ F ATAT LY JERH <-4 = i A A, an ] 14

TR SPE15+Bi
HA 7= R 2

mOCTIIRE m T AR R miE S B R TR AN m AR IESNES)

Figure 13. The proportion of days in Shanghai without sun protection, simple sun protection, SPF15+ sun protection, and
the proportion of days when SPF15+ sun protection is needed to avoid strong UV rays and not recommended to go out
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Figure 14. Monthly average UV index in Shanghai
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Table 5. Shenzhen total number of days of line exposure level from 2016 to 2020 by month
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Figure 15. Average UV index distribution in Guangdong, Hong Kong and Macau in spring and summer
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Figure 16. Average UV index distribution in Guangdong, Hong Kong and Macau in autumn and winter
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Figure 17. The percentage of days throughout the year that require simple sun protection and higher sun protection, requir-
ing SPF15+ sun protection products in Shenzhen
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Figure 18. Monthly average UV index of Shenzhen
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