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Abstract The research is to assess the uncertainty of aerosol optical depth (AOD) and Angstrom exponent
products retrieved from the Multi-angle Imaging SpectroRadiometer (MISR) data by means of comparing them
with ground measured data in Hong Kong in the period of 2005 to 2013. Further analysis of how these uncertainties
are spread into the calculation of UV Index (UVI) is conducted based on a radiative transfer model. The results
indicate that the maximum values of UVI uncertainty caused by MISR/AOD uncertainty are 0.55 and 0.36 in
summer and winter, respectively. The maximum of UVI uncertainty caused by Angstrédm exponent uncertainty are
0.13 and 0.11 in summer and winter, respectively. Compared with the UVI exposure grades put forward by the
World Health Organization, the uncertainty of both AOD and Angstrdm exponent can cause at most one grade
deviation in the worst situation. In this sense, MISR/AOD and Angstrém exponent products are reliable as input in
the calculation of UVI.
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Table 1 Data sets used in the study

SRS AR BRG] JTIR LU
AOD MIL3DAE Level 3 2005-01-01  2013-12-31
Ozone OMTO3e Level 3 2005-01-01  2013-12-31
SSA OMAERUV  Level2  2005-01-01  2013-12-21
Albedo OMAERUV  Level2  2005-01-01 2013-12-21
Water MODO5_L2  Level2  2005-01-01 2013-12-21
AERONET  PolyU Level2  2005-11-04  2013-06-18
AERONET  Hok Level 2 2007-10-17  2010-07-19
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Fig. 1

Regression relationship between AERONET AOD and MISR/AOD in Hong Kong
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Table 2 Statistical characteristics of remotely sensed
AOD and ground measured AOD

LYy PKmm  RER r MBE MABE SD

440 0.41 074 -0.30 0.32 0.28
Polyu

675 0.45 0.69 —0.14 0.15 0.18

440 0.71 0.84 —0.13 0.13 0.14
Hok

675 1.05 0.88  —0.02 0.07 0.09

440 0.42 0.74  -0.27 0.29 0.27
PG

675 0.48 0.69 —0.12 0.14 0.17

%3 IDIEERKEN Angstrom 3555 HE ik AT LE

Table 3  Statistical characteristics of remotely sensed
Angstrdm exponent and ground measured
Angstrom exponent

A REE r MBE MABE SD
Polyu 0.12 0.05 -0.18 0.49 0.58
Hok 1.16 0.43 -027 0.45 0.43
Wik &It 0.27 0.10 -0.19 0.49 0.55
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Fig.2 AUVIP caused by MISR AOD443 uncertainty

BLUF, RNIREE ML, AN AR B XA AL
TEHEJ7 B 12:00 Y52 e/, JF Hmpiihsis. 5
HEM L, 4732 S0 IR W 4R AN AR Bor X A8 4k
R

2005—2013 4EE % 443 nm AOD “FH{E N
0.21, M =8(9)AT %1 AOD A Hf % T H 0.2707, A8 4k
TH/NFO, B 3 b, lARE T B 5
HMRIR B i E S . R 3 AT, REE SR
JEBERER, AW I H 55 G i, 28 A0 2k S ok
55, SFAMEIRERMC . SHMEAEEZ MISR 443 nm
B AT 2 PR R, e K46 X AR fRAE (0.55) K AETE
B, XS AR AR EAE - T I 12:00 A8 fbfR/NELT
A o T 2R AN B0 38 2o DU < A U A5 2],
BT LA de R 25H 0.55 I 208 FEOR MR FE L +1 1947
b o e B B T A 1 U6 T 4R AR SR L A )
(1~2: fi&; 3~5: H; 6~7: &= 8~10: 1R, >11: W
1), AOD N 22 M A7 1T B UL BT 1 52 A2k X
5 A 25—

K ZRAN ARG RS, R 4 ATH, IR A
LAGEKRATE 6~7 Z 0] o1 TV e T LAk 559
AN RS, I MISR/AOD 75 4k | 7L () 48 Ah &
FEBUAG, AT AR LN IR S . S E M
b, & 252 AOD (1Y 35% 28 fhtn B/, B KAR 4k
(0.36) K HEAEIES, VU4 B A Z )5 e £ i i A
FEE + 1 A8 Mk, SRAMNZR KU e 22 A1 25— 2

LA HEZEMAZNEDL, MISR/AOD B ANH E T
SRR IMEFE R ShTE 1 2N, It MISR J2

) AOD AE N SHOHA /MR ARHOEA LAl EE
2.2.2 Angstrom 5%

H & 5 B AL UVI 5% Angstrom $8 BUN & P52
M 458 2 A TS X 58 AN B R T 7N (1.1%~2.0% 22 [1]),
B E G G ETE 1.1%~1.6% 2 [6), HiJ5 i 12:00
At shfh, #aT 07:15 F1 16:45 S0k
UVI & Z=35 811 BBl 7E 1.6%~2.0% 2 [], 1€ H 5 Aif
09:00 FI 15:00 S MR A, X4 4585 Roman 45!
PGP LRI 2 52 1) 512 56 485 18 O BH 73 £ 76 0~90° 78
LB, S8R B S 5 MO R S =2 Y A Bl LA
0.5%~2.0% Z AT, 22 5I7E T4 SCRIFFE Y i 52 4h
LRIRHL, AR SR HMI A B RS DL ROmAUR . F
T5 22,1 Wi B FEAEMER, 4 1% EUVI
KT 2.5 B, NigHE . £, Angstrom F5E0 UVI
43 HCAR AR 8 5 M A7 15 A7 B /0, [R] B 7 2
W NET BE, %% Angstrom 85U E M
AT A=y NS

AR AT, B AN AE B0 4 %t
A A AR AR M B 12:00 e K, 4358 0.13 5 011,
N T Z (R K2 0.55), &Z2 SR/
(R KAWZ 0.36). Angstrom 5000 A I E P i
UVI B E /DN, e 22 18 15 SRR B 1 1928k
TE A 5 A 2 40 28 A 2% 48 BOXR: 2> G bn ofE R,
MISR Angstrom Fi§ £ A9 AN 2 P 0T 58 S 2 XU 45 2
AR /N, CHIEA T, SO EIET
BHMERATE 6~7 ZIH), SIMEXT AR R GifE A
BR, /TSR0 Bl R 25 0 3 i s

215



IR AR (A AR EM) S s28 2

2016 4F 3 A

T T T T T T T T T T L — T T T T T T T
13 — AOD,, ]
ﬁ —— AOD,, +0(AOD,,)

10 -

9 HFERKME =0.55
g s
g 7

6
2

5 F

4 .

3 -

2

1

0

06:30  07:30  08:30  09:30 10:30  11:30 12:30 13:30  14:30  15:30  16:30  17:30
5 I
3 MISR443nm SERAFEEFHEMSIBHEFTEIINEIERETU
Fig. 3 UVI uncertainty caused by MISR AOD.4; uncertainty in summer
T 1 | —

13 —— AOD,, ]

12 F i —— AOD,,+5 (AOD,,,) N

1 —— AOD, ,~0 (AOD, ) 7

10 -

o TR R AFBKRE =036 -
g 7 i
¢ 6

5

4

3

2

1

0

06:30  07:30  08:30  09:30 10:30  11:330 12:30 13:30  14:30  15:30  16:30  17:30
5 I
4 MISR443nm SEKAFEETHEMSIENETEMEERTU
Fig. 4 UVI uncertainty caused by MISR AOD443 uncertainty in winter
3 B PERERY 2250 o WETEE R W], PRI RZ R I
AT

ARSI R 2005—2013 4E[H] MISR AU G
FEim Al AERONET Hb s 8cdls, 205315 T MISR
443 F1 670 nm b TIAE AR EE LI K Angstrom 4
BT ENE o R BRI TR S AL f R, Al TR
I C2A R FE R Angstrom $5 B0 1 1 1 3 A A8
FRIMR IR B R, DAKORTE 22T 52

216

62 JREEE TN Angstrom 5 B0 ASH 2 5 i LA —
HRLE, RIS RS RSN OR T 2.5 B, A
WHE . &F, T BOLFEE R Angstrom #8501
AN 2 VR BN 28 SR B AR AR A ERAE IE 7 I
ZIR BB TR E L A&, IR EOLE R
Angstrom F8 BN & P T BUW 58 SR A8 B 45 %)
AL IE I ZIA R RoK . B 54 M, T



ﬁ
B
&
&
A

B L 2 TR e Angstrom 5 B8 81 Y AN B A2 1 X 5% AR A8 B0 B R T

HZE

UVI>25

AUVIP/ %

...... | E. -
12:00 1530 17:30
HuJ7

0= i
06:30  08:30

AUVIP/ %

20

1.5

UvIi>2.5

[ | ..... ! R
15:30  17:30

06:30  08:30 12:00
Hu 5 b

5 MISR Angstrom 5 A HEMES RHEIMEEHNE. LTAFELAUVIP)
Fig. 5 AUVIP caused by MISR Angstrom exponent uncertainty

WSO R JE Angstrom F55L, XJ 5P
FRBCA o LR AR & T T %, XA

A HE R AR E S T AR, IEBOLFE
5 Angstrom $550HI H, Rig H b &2, 4B
TS VS B AN A 2 M X 5 1 8 B A 52 i T
K, Ui EH SR AN i BORH A O 2 5 B AT o 1 T
gk

T O 2 R BE AN Angstrom 18 %50 %Y
AN ER ZETE £1 JEE N, BT MISR KB K
JEF IR EE R Angstrom F5 807 i F 48 AL 5y 72
TR IR GBI A FIETTEEN . RIS R
FeR B Angstrom FEELIAHIETE, FEE S
FNA TR LA bR AS 23 5% i 31 X6 R AR & A 19 58 A1 2k
SR, EZENIL N S R BUR MRS A —
T2 .

ANFEV AT BEJE BN, T 18 Rk s i 45
RS2SR . T—H T/EP A LI R
He2E R o s T IR, 255 MISR i 45
SEAEAN R 2 TR B X ] R e, DA
TEW YA OGS R B A T R L X (R B,
MISR [ {8 [ S0 2 IR B F AT 4R AR 2
B AR

¥ 4 Janet Elizabeth Nichol 1# 4 %
AERONET #( 42 UL B b 4 22 51 fn 248 37 4 ¥ PolyU Fo
Hok Tsui # AN Wl 3540 B9 5 A Fo ik o [5] B R 34t
MISR f1 MODIS # % H A #2 # T 2 $ 4 .

(1]

(2]

(3]

(4]

[5]

(6]

[7]

Sk
Sklar L R, Almutawa F, Lim H W, et al. Effects of
ultraviolet radiation, visible light, and infrared

radiation on erythema and pigmentation: a review.
Photochemical & Photobiological Sciences, 2013,
12(1): 54-64

Norval M, Lucas R M, Cullen A P, et al. The human
health effects of ozone depletion and interactions with
climate change. Photochemical & Photobiological
Sciences, 2011, 10(2): 199-225

Lucas R M, McMichael A J, Armstrong B K, et al.
Estimating the global disease burden due to ultra-
violet radiation exposure. International Journal of
Epidemiology, 2008, 37(3): 654-667

Juzeniene A, Brekke P, Dahlback A, et al. Solar
radiation and human health. Reports on Progress in
Physics, 2011, 74(6): 066701

Holick M F. Vitamin D: importance in the prevention
of cancers, type 1 diabetes, heart disease, and osteo-
porosis. The American Journal of Clinical Nutrition,
2004, 79(3): 362-371

Moreno J C, Serrano M A, Lorente M, et al. An
empirical model of erythemal ultraviolet radiation in
the city of Valencia, Photochemical &
Photobiological Sciences, 2013, 12(9): 1707-1716
Den Outer P N, Slaper H, Tax R B. UV radiation in

the Netherlands: assessing long-term variability and

Spain.

trends in relation to ozone and clouds. Journal of

217



LR (A SR B2 R

2k o

2016 4F 3 A

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

218

Geophysical Research, 2005, 110(D2): 169-190
Lindfors A, Kaurola J, Arola A, et al. A method for
reconstruction of past UV radiation based on radiative
transfer modeling: applied to four stations in northern
Europe. Journal of Geophysical Research, 2007, 112
(D23): 209-232

Walker D. Cloud effects on erythemal UV radiation in
a complex topography [D]. Ziirich: Eidgendssische
Technische Hochschule, 2009

Bilbao J, Roman R, de Miguel A, et al. Long-term
solar erythemal UV irradiance data reconstruction in
Spain using a semiempirical method. Journal of
Geophysical Research, 2011, 116(D22): 898-908
Anton M, Serrano A, Cancillo M L, et al
Experimental and forecasted values of the ultraviolet
index in southwestern Spain. Journal of Geophysical
Research, 2009, 114(D5): 1007-1012

Tourpali K, Bais A F, Kazantzidis A, et al. Clear sky
UV simulations for the 21st century based on ozone
and temperature projections from Chemistry-Climate
Models. Atmospheric Chemistry and Physics, 2009,
9(4): 1165-1172

Roman R, Bilbao J, de Miguel A. Uncertainty and
variability in satellite-based water vapor column,
aerosol optical depth and Angstrém exponent, and its
effect on radiative transfer simulations in the Iberian
Peninsula. Atmospheric Environment, 2014, 89: 556—
569

Kahn R A, Garay M J, Nelson D L, et al. Satellite—
derived aerosol optical depth over dark water from
MISR and MODIS: comparisons with AERONET and
implications for climatological studies. Journal of
Geophysical Research, 2007, 112(D18): 1148-1154
Eck T F, Holben B N, Reid J S, et al. Optical
properties of boreal region biomass burning aerosols
in central Alaska and seasonal variation of aerosol
optical depth at an Arctic coastal site. Journal of
Geophysical Research, 2009, 114(D11): 1840—-1846
Levy R C, Remer L A, Kleidman R G, et al. Global
evaluation of the Collection 5 MODIS dark-target
aerosol products over land. Atmospheric Chemistry
and Physics, 2010, 10(21): 10399-10420

Angstrém A. On the atmospheric transmission of sun
radiation: II. Geografiska Annaler, 1930, 12: 130-159
Van de Hulst H C. Scattering
atmosphere. The Astrophysical Journal, 1948, 107(2):

in a planetary

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

220-246

IPCC. IPCC fourth assessment reports (AR4),
working group [ report: climate change 2007, the
physical science basis. Gevera: WMO/UNEP Report,
2007

WA, AT E. KSR 5 00 384 R BF
5. KPR, 2001, 22(4): 461-465

SRPSPH, kT, BHSE. AR Ab L e B TR AR AL
K4, 2000, 26(11): 56-57

WWegs, HET. FI LB LA TMBE AN A
R4, 2000, 21(3): 38-40

Holben B N, Eck T F, Slutsker I, et al. AERONET —
a federated instrument network and data archive for
aerosol characterization. Remote Sensing of Environ-
ment, 1998, 66(1): 1-16

Holben B N, Tanre D, Smirnov A, et al. An emerging
ground-based aerosol climatology:
depth from AERONET. Journal
Research, 2001, 106(D11): 12067-12097

Smirnov A, Holben B N, Eck T F, et al. Cloud-
screening and quality control algorithms for the
AERONET database. Remote Sensing of Environ-
ment, 2000, 73(3): 337-349

Buras R, Dowling T, Emde C. New secondary-
in DISORT with

efficiency for forward scattering. Journal of Quan-

aerosol optical

of Geophysical

scattering correction increased
titative Spectroscopy and Radiative Transfer, 2011,
112(12): 2028-2034

McKinlay A F, Diffey B L. A reference action
spectrum for ultraviolet induced erythema in human
skin. CIE J, 1987, 6(1): 17-22

WHO. International commission on non-ionizing

radiation protection. Global solar UV index: a
practical guide. 2002

Freeman R G. Data on the action spectrum for
ultraviolet carcinogenesis. Journal of the National
Cancer Institute, 1975, 55(5): 1119-1122

Kligman L H, Sayre R M. An action spectrum for

ultraviolet induced elastosis in hairless mice:
quantification of elastosis by image analysis.
Photochemistry and Photobiology, 1991, 53(2):
237-242

CIE Standard. Erythema reference action spectrum
and standard erythema dose. CIE S 007/E-1998.
Vienna:
1998

Commission Internationale del’Eclairage,



