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292 . H %

2.2 FitiREEK
DMBIE G R A 52 RE L)y A7 &, S
TR Ev AR S Gt B . SR PR
T —JCZRAE AR | i Z2 0 ] TR | =y
Z2 35 5[] A A5 Y g B8 [m] I AR B 55 6 K5 (] ) A AR
(£1),
F1 FitEREX

Tab.1 Equations of empirical models

Il TR Il JH 7
— TR ] AR Y Ev=al +b
T EZEEHBER Ev=a L +ayl | +b
Z 2 a3 A Elﬂ:alLl3+a2le+a3Lv +b
FRA nl LT Ev = elel1+D)
o B ] T A Ev=aln(L ) +b

2.3 REBEWRR

AW R B — 3 AR ) J7 12 X A5 ARG 2 0
FTgik e HAEA BAE R BRI N A FEA LR U
— AR, RN N = 1 AEEAAE I
OREE HA AT IR N W ARG T A5 B30 1 O 56
UESE , e JrRe BT A Al 1 P B3R 2 AR O e AR 2 1Y)
filith. DLAE RE R 5P 394 XHR 2 (mean abso-
lute error, MAE ) A0 PR B BRUAE BE 146 4, 7157

BoE 2022 4
1 -
MAE = —% | (y,=5) ]+ (5
z (y; _92')2
R=1-"—, (6)

; (y: = 5)2

Ay, IREAE v, AT R AR RS IO 5 ¥ A
FEASEEIE ;s m WA B

3 BREAM
3.1 ERERN

WS BRI (R A PR S 2 ] 1
A (1 4) AT A 5 R0 0 i 0 RO
0.42 ~0.87 Z[a] , MAE 7£ 4.71 ~23.18 Ix Z[a], H
B T B R s, 15 0. 87, MAE Jy
BB, 471 Ixo PRILR T =B 2R 600
I TR LB AR

Ev=-0.22L ° +2.96L > -1.15L +3.56 , (7)

e Ev sl soien B Ixs L) 9B IEJR MR A

N N 2 -6 2
A DR SISERE, 107 W/ (m® - st um)
70
70 ee p 60
60 27—
% ol moom 5 O Eoos 2 2 poo
4]*_5; . MAE =538 % 5 4 o @ MAE =471
= I L B s f% 40
HI I
~ ~ ® ~
B30 w30 . w30
rZ X 90 s 000 ‘e e
=90 =2 * 2 % =20
= JExy ol @ JE
= 10 =10 g = 10
0 0 ® 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60
1) F R 51T /1x R0 PR S /1x TR 8 S /1
(a) —JoZeMpim (b) ZF IRy (¢) =M Zmi=piR
- 70
200 » 60} =074
o &= 50
= 150 =
z Z 40
# 100 i 0
& =20
E 5 = 10
& =
0
0

0 50 100 150 200
A1) J2 8 S e/ 1x
(d) F5 %t

0 10 20 30 40 50 60 70
A 1] 8 S /1x
(e) X HHER

4 FEERGEENSHUNEZ BHRE

Fig.4 Scatter plots between observed and estimated horizontal Ev from five empirical models

3.2 R
T = Z2 101 AR S 2 R 2T 7 8] R 4 (]
AT CELS) o INE AT DLE P 5 T 7 0] B8

ERIIGTE 0 ~ 55 Ix Z (8], 23 (6] 43 A 22 S o

A 1) 8 g L IX. 2 A B T X, R X
X X SR X IR X AR & S8 IR X,
[ 2R A2 1 AP B O AL AR B IX., o) g A A 2 V1T Y L
Je s X AT B 1 BN G a1 AR



2

TREAF FT BIN— 5 BOGE A )  H T B R)IG TS 3 - 293 -

T RIRX R AR (e X I Bk 1 P IRIX
G, 5 DX F2 30 DX A R I o T S s X, TR
AL e R DX

MNP F AT LA B Rl 50 8 0 X B B HE A v 114
W, 455 Google Earth % B 48 [X Ik {5 5 K B 7
Yy KRIUT) SZm AR GE L MEE X, Fn

e i O3
Muuouwoooo

BT RN R O E PR AL AL K IE A
M X S REAE 2] 1 25 Ik DL ko
B R, 2SI AR AL AN R TRt L o R
X, 3 s AR ) e BERE I AN R 5 (H M XS AR e 2
1) B IX, A 47 10 S5 AR X ] AR S5 iR e X
DL ANBAHA 25 4 S X B A 3 2 A 2 0 A o

P N B I v X B
@ Fa AN

@ T

@ ilibRil

@ Wi 5T L [E R HL
® H UK

® #rHin
(GEAREN

3T P

© HARApL

@ L

BS BmRREREZESHE

Fig.S Spatial distribution of the nighttime horizontal illuminance over Nanjing City

2% [ [y B8 B 23 51 2= (International Commission
on illumination , CIE ) ¥ { % 5 37, 181 >t 1= 3 FI% il {81 45
122 ) AR R A BRAE R R T R I IS e R
I3h S DEEH(FK2) .
R2 AEFERTZHRSRIRAE
Tab.2 Classification standards for light

pollution of different grades

G GG YR TEBEE/ Ix

0 %% Jootrs g < 2.00
14 BRPEGIG Y [2.00,5.00)
2 %% TS Y [5.00,10.00)
3% ENES R [10.00,25.00]
4 % JUEETS >25.00

X R AT A A XOE T Y RE B T A o kAT SE T
(F6) o HRFM], v at T EIRIX 65 Je e B
o A KX R SR IX R X DL KA
X, R EELL ESeTs de i B b it 15% 5 Horh gtk
DX ANZE XA ETs Bt ™ T, BB 4T 70% AT AR o5 LL
FAAEETT e LTS Y B I i T HABAS X X 28X
FEZ AR SO OO E,, TE RS R R, &

DF R AKFAER , RIM I XA AR AR T I, KR Y
e . PRI SR YO R P 3 o [ R R A v

ZbX J

X N

SRR R /x
IR .

RIS

W wimR .
WHR
NEK 2
TR
PRAK X

VR X

0 2.0 4I0 GIO SIO 100
i LE/%
B6 JBRXAREFERKENTHREM G
Fig.6 Area proportion of each light pollution
level in 11 districts of Nanjing City

5 EWIXAHI L, F At RB X 0675 YL A B A XS
Bess MR Xl X VLT X oS KRR XA K
i XA TG TS e T AR IR B 80% 5 Hivh
X BRI GNA KOETs Gere B 51k, 97 % LA L/ i
FRBIICI TG0 o LA DAY T BRAR X BOR



£ 294 - H & % OH & & 2022 4
N FVEE AR, TEIRRE b DU R AR SR G5 BI85 35 1362.
[2] Jason J,Chalres M Francis. The effects of light characteristices on

Sl T ARSI A R AR, R 2R T AR
PR B, AR A PR TR AF 5 [l 4% DXt 1 T o
U, STIEAT SRy AN S I, I Rl DX A /b, 1 I i
AR

4 i

BT LI 1 01 38R 18 g ot T[] RS,
JF38 25 7% 15 REBE 43 A7 Rt T A A 8 DY 75 G 43 A1 AR
WAL D

1) AHES T B HEF ] 1052 4 0 28 I 8 7 i) B
FE B TE I b A ST B 55 S0 R RE A 5 5 880
5, A8 0. 91, F B IL T b e A5 B o] LASRICE
YERR A ] HEEE

2) S B UESE R R, = B 2 0 B RRS B A
LR M 0.87 ,MAE Fy 4. 71 Ix, K5 B dss A PRAR

3)F LT R AI R BEAE O ~ 55 Ix Z[|], %5 6] 43
2SR . AR b, 3 XA 78 T) R R v 4B
X, H =3 DX ) U SR s g A, BR EIRIX 2 A8, &
EEX IR IXIE R T 2 F RO m X . FETH A
BB, R DX I L A e B B (30 Ix LA ), ax sk
XA HE R AR by R T Al AR AL B B LA 2
WA EEX . RIS T DL A TEAX ALY 3 L7 o s
BOIX, 52 M A X 58 /0N, E Al DX 388 o 30 8 A7 7 T IR
X, fF ST A ARG .

4) LR FBUER B X IR X LA W AR
X AEHLL IR TS YR By, AR UE X g ik
X AT YRR e v, 6T G X3l T AR T B 3 ) Ak
N 77% F178% o ZRBIX {15 Y B, 6T Y 1
TGS A T 12% , Ho S X BOK XK 556
DXART 4% W9 1 R L AEAE TS G4, R8T HoAth 45
XOGTG Ye TR B g

I FH 3 SRR 5 S B R AR 25 0y =mT DAAR
WO ) 3k T BT e o A A7 8 (HE AR 5T ik
FAAE— S Lhn ik Y BR B T R A,
T R Bff 0 G DX R BROEE AL, AR S R R AT O T 1Y
TSR, Bk, BT 2R R BRI, ok
B 22 IR SR AR T R AR, R ROt e Bk
PR AT IR T ROBE A IR D Yt 52 AT A FAR R B
Bt AT — 25T .

S ik ( References) :
[1] Stevens R G,Blask E D, Brainard C G, et al. The role of environ-
mental lighting and circadian disruption in cancer and other disea-

ses[ J]. Environmental Health Perspect, 2007, 115 (9) ;1357 -

[13]

[14]

[15]

avian mortality at lighthouse[ J]. Journal of Avian Biology,2003,
34(4) .328 -333.

Stevens R G. Light — at — night, circadian disruption and breast
cancer; Assessment of existing evidence[ J ]. International Journal of
Epidemiology,2009,38(4) :963 —970.

Yurk H,Tirtes A W. Expeirmental attempts to reduce predation by
hahtor seals on out — migrating juvenile salm — onids|[ J ]. Transac-
tions of the American Fisheries Society, 2000, 129 (6) 1360 -
1366.

Gallaway T, Olsen R N, Mitchell D M. The economics of global
light pollution[ J]. Ecological Economics,2010,69(3) :685 —665.
Kohyama J. A newly proposed disease condition produced by light
exposure during night ; Asynchronyza — tion[ J ]. Brain & Develop-
ment,2009,31(4) :255 -273.

Pulgar José,Zeballos Danae, Vargas Juan,et al. Endogenous cycles,
activity patterns and energy expenditure of an intertidal fish is modi-
fied by artificial light pollution at night (ALAN) [ J]. Environmental
Pollution ( Barking,Essex:1987) ,2019,244.197 -201.

Navara K J,Nelson R J. The dark side of light at night: Physiologi-
cal, epidemiological , and ecological consequences [ J]. Journal of
Pineal Research,2007,43(3) :215 -224.

Lyytimiiki J, Rinne J. Voices for the darkness: Online survey on
public perceptions on light pollution as an environmental problem
[J]. Journal of Tntegrative Environmental Sciences,2013,10(2) ;
127 - 139.

Bedrosian T A, Nelson R J. Influence of the modern light environ-
ment on mood[ J]. Molecular Psychiatry,2013,18(7) :751 = 757.
Kooijman S, van den Berg R, Ramkisoensing A, et al. Prolonged
daily light exposure increases body fat mass through attenuation of
brown adipose tissue activity [ J]. Proceedings of the National A-
cademy of Sciences,2015,112(21) :6748 - 6753.

sk B ARk B, BRSO, 25 RIS B A 38 S s I 2 B 16 4
WA ()] PRI M4 5 1 ,2019,11(5) 108 ~ 112.

Zhang Y ,Xu Y M, Xiong W C, et al. Remote sensing monitoring
and prevention measures of night light pollution[ J ]. Environmental
Monitoring and Forewarning,2019,11(5) :108 - 112.
AR, K TEW], 7 B SR T X6 (8] BT D' T5 e R o A
FOHOEFE[ )] AR LR A4l , 2018 (2) -88 ~93.
Dai X M,Zhang K M,Lu Y. Analysis on the current situation and
countermeasures of light pollution in the urban area of Zhangjiakou
[J]. Journal of Hebei Institute of Architecture and Civil Engineer-
ing,2018(2) .88 —93.

Kyba C C M, Ruhtz T, Fischer J, et al. Cloud coverage acts as an
amplifier for ecological light pollution in urban ecosystems[ J].
PloS One,2011,6(3) :e17307.

Pun CS J,S0 C W, Leung W Y, et al. Contributions of artificial
lighting sources on light pollution in Hong Kong measured through
a night sky brightness monitoring network[ J]. Journal of Quantita-
tive Spectroscopy and Radiative Transfer,2014,139.90 - 108.
Dobler G, Ghandehari M, Koonin S E et al. Dynamics of the urban
lightscape[ J . Information Systems,2015,54:115 - 126.

Katz Y, Levin N. Quantifying urban light pollution; A comparison

between field measurements and EROS — B imagery [ J ]. Remote



2

FRE A FET BN 5RO B B R BT R DIG TS e

- 205 -

[18]

[19]

[20]

[21]

Sensing of Environment,2016,177 .65 —-77.

Kollath Z. Measuring and modelling light pollution at the Zselic
Starry Sky Park [ J]. Journal of Physics: Conference Series,2010,
218(1):012001.

SRR A o [ 5B T e S T A D ¥ R AR TS
[J]. BRHA R 241 ,2015,26 (4) <124 - 128.

Su X,Hao Z,Zhang M. Study on the characteristics of light pollu-
tion in the night sky of Hohhot City[ J]. Journal of Lighting Engi-
neering,2015,26(4) :124 —128.

Elvidge C D,Baugh K E,Zhizhin M, et al. Why VIIRS data are su-
perior to DMSP for mapping nighttime lights[ J]. Proceedings of the
Asia — Pacific Advanced Network ,2013,35.62.

Bennie J,Davies T W, Duffy J P, et al. Contrasting trends in light
pollution across Europe based on satellite observed night time lights

[7]. Scientific Reports,2014 ,4.3789.

[23]

[24]

Guo H. Luojia — 1 scientific experiment satellite[ J ]. Satellite Ap-
plication,2018(7) :70.

F BRSNS R DR SR R
RS BEATAL [ 1], BRI (fF BB 2 IR , 2018, 43
(12):2191 -2196.

Wang L,Chen R Z,Li D R, et al. Signal quality assessment of Luo-
jia =1 LEO satellite navigation enhancement system|[ J]. Geomatics
and Information Science of Wuhan University,2018,43 (12):2191 -
2196.

Li J,Xu Y, Cui W,et al. Investigation of nighttime light pollution
in Nanjing, China by mapping illuminance from field observations
and Luojia 1 =01 imagery[ J |. Sustainability,2020,12(2) :681.
Commission Internationale de Léclairage. Guide on the limitation of
the effects of obtrusive light from outdoor lighting installations:

Technical Report:CIE 150[ R].2003.

[22] 26 05 —RbrialB LA TT]. TR L2018(7) :70.

Monitoring of nighttime light pollution in Nanjing City
based on Luojia 1 —01 remote sensing data

LI Jiayi, XU Yongming, CUI Weiping, WU Yuyang, WANG Jing, SU Boyang, JI Meng
(School of Remote Sensing and Geomatics Engineering, Nanjing University of Informaiion
Science and Technology, Nanjing 210044, China)

Abstract: To obtain the distribution of nighttime light pollution on a city scale, this study monitors the nighttime
light pollution in Nanjing City based on Luojia 1 —01 nighttime light remote sensing images. The apparent radiance
of the remote sensing images was converted into the surface incident luminance according to surface reflectance and
building coverage ratio. Based on this and the illuminance values observed in the field, various empirical models
were established to calculate the nighttime illuminance of Nanjing City. Finally, the distribution of nighttime light
pollution in Nanjing City was analyzed according to the calculated nighttime illuminance. The results show that the
third — order polynomial regression model had the highest accuracy, with a determination coefficient of 0. 87 and a
mean absolute error (MAE) of 4.71 Ix. The nighttime illuminance in Nanjing City varied in the range of 0 ~55 Ix,
with obvious spatial distribution differences. In general, the areas with high illuminance were mainly concentrated
in the main urban area and the illuminance showed a decreasing trend from the main urban area to the surrounding
area. Light pollution was the most serious in Gulou and Qinhuai districts, where light pollution covered more than
70% in terms of area. The light pollution in the suburb was relatively weak, and the three districts with the weakest
light pollution included Gaochun, Lishui, and Liuhe districts successively, where light pollution covered less than
4% in terms of area. Some areas in Nanjing City showed exiremely high illuminance ( > 30 Ix), including large
shopping malls, large factories, traffic hubs, roads, and some residential areas. It should be noted that there are
many residential areas near these places except for traffic hubs and large factories. This study explored a method of
monitoring urban light pollution at night based on Luojia 1 —01 remote sensing data. It will provide data support for
the light pollution control and management in Nanjing City and a scientific reference for the light pollution
monitoring in other areas.
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