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Abstract

Tongzhou District, as a sub-center of Beijing and the northern starting point of the Beijing-Hang-
zhou Grand Canal, holds significant reference value for regional coordinated development in terms
of its socio-economic development. This study constructs a four-dimensional nighttime light index
system comprising total light intensity, average brightness, kinetic-like energy, and average kinetic-
like energy, based on nighttime light data from 1984 to 2020. By integrating statistical data such as
resident population, gross regional product, and air pollutants from 2006 to 2020, this research
systematically analyzes the socio-economic development changes in Tongzhou District and com-
pares them with six other districts along the Beijing section of the Grand Canal (Chaoyang, Xicheng,
Dongcheng, Haidian, Changping, and Shunyi). The results indicate that from 1984 to 2020, the four
nighttime light indices in Tongzhou District showed an overall sustained growth trend: kinetic-like
energy increased significantly since 2000, and total nighttime light intensity has remained higher
than that of the other five districts except Changping since 2004. Although the average brightness
and average Kinetic-like energy are lower than those of central urban districts such as Dongcheng
and Xicheng, they are higher than those of Changping and Shunyi. The changing trends of nighttime
light indices are consistent with the statistical results of steady growth in Tongzhou’s gross regional
product and resident population, along with the continuous decline in air pollutant concentrations
from 2006 to 2020. This study verifies the effectiveness of the nighttime light index system in multi-
dimensional assessment of urban development and provides scientific reference for sustainable ur-
ban development evaluation and regional policy formulation.

Keywords

Total Nighttime Light Intensity, Kinetic-Like Energy, Four-Dimensional Nighttime Light Index
System, Urban Development, Tongzhou District

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

T DX AE A S T @ O AT B AR s, Mk s AR RS, bR RO RIX, mEAR
WAL 5 R, N U R R R R R A T B BN K B AT E SR 1]-[3]0 ATAESR, M X IEAbF
B R RIS B, Bh . BMHEAG HAE S 25 R BRI, X R I B e SR R R R R T A )
RIEAAGEES MY,

A& G5 (RIRAE AL 25 2 5 R IR LI BAR M 11« A SR BF R e b S Ge i 4845, SR 2R3
Wi A7 B R . ST R R S R S e . AL R, RN e fE 0% 2 O hid s ER
RIMM NG e, BAEDEET . WEeR. ZWIELS. GFRIEERSE . Az g mid 5 i g msTr
HE R 5IEE GDP. AN 0. REJRVHFE. PMos IREE . BRHFCEAE S SRR I OCEL, TESE T RIMAT %
Bl /I A RO W R R BN AS[4]-[9]. ©AVIFEY, &I OCEIRE A B R aME G ST R A 2,
W BEHR AN T 25 (B Z5 A0 ARG, D BR AR T R R AR SR A TR A, OB IR et 2 25K
JEARVLI B Z R . HAT, 200 TR FE 800 A% K28 7T DUR U (B) AT 2 % 5214, 41 DMSP/OLS.
NPP/VIIRS. EROS-B. “I&#ll—5" 01 BA “EHk—57 F5[4], FKBFE 75 30 T R it jedeft 7+

DOI: 10.12677/sd.2025.1512361 323 CIESES 93


https://doi.org/10.12677/sd.2025.1512361
http://creativecommons.org/licenses/by/4.0/

SR, &R

B P S

FER VKT Y4B AR T, KT B B A RAE X I R U R AR, 12 P ) s ok Ao T AR 1) 48 57 R 2
. XK SR ARG MR AT Y6 28BN REFREU S 0 HT PE K AT Seni B 5 2= () R I ARG &, BER WU
BUYRET R R, IR ARRR RIS, IR R I B i 2 RS, BE A TR
TSNS KR JI[5]. SR, BUARRTT 24 TR — T CIRbr N, B X 2 4EFELT Jetabnik R 19
CEA B, R AER T R H O IR SR S XS R RIS, R R KRR KT Y I SR A R

KL, ARBFFTILSE 1984~2020 F K P RAIT RS, tHER BTG E . 5. KalmeA
PR RETUIAT e T E, FF45 G 2006~2020 HEEM X H TEN L 3 X A 72 A8 DA K 25 S35 e (] i
NBRII(PMio) LR (SO2) s —AMENO)NEG i Eid, R HTEM X 4248 5 KB I AR R,
HERKigiAb st By R b S X @A . PEIR. ARI. HiE. B°F. ISO#T R, LAt —B 35 i@ M X
FE G R R I EEALUSARS S, S Bl O R RIS SR AL ET I T S .

2. BIEKRIESMHESE
2.1. BUEEIE 2006~2020 FEA O &5, MEFHEXEIE

WM AP RBEND . G5 S CHWE A EZAI . R 2012~2020 FFiEM X [EH RE
GrAAE 2 KBS AR[10]-[18]4 2020 FILR 4R A A ST EL[19]1LA K& 2006~2020 FAL TR
BRI A IR[20], ASHFFHZEL T 2006~2020 4F[EEEM X AN D XA SE . 2505 TR
BURAI(PMio) AHATRIAI(PM2s)s S AR(SO2). A (NOL))SEF S TR bR .

FHF7E 2006~2020 F AL A BRI AR F, PMos A 2013~2020 S350, A 7 RFRI H]
FE B — 8 E T R 8255 00, AHE TR rTTR R ) (PMo) s AL (SO2) A E(NO,) HI T 1)
WEEIE, 1B 2006~2020 438 X 75 GP a1 1) S R ik B i AR B i A

BT R FH ) 1984~2020 AF IR IRNKT S 25030 KR T 1 5 75 8 e S Bk 22 8008 v 0o A A7 1 b I 1] 5
P NI AT Y B 4 PANDA [21]. ZEdR4E Ol T B 5 RS IE, & RIFIR 25—
S AT .

2.2. WIEKTIEHTE

AWEFFIH MATLAB %af2, #&ATEIX IR =D 5 PANDA BT S is £ 2 hn, #2507 Jbat
AW UGEM . B WU T, RIR. FARH . SO XA RUG e EEE , mROR T B SR A (R
PEo FESRIEAL b, tFE T %X 1984~2020 3k 37 EMDU T (A ATOG4RE: IR R R0 &IEAT G
SPRIFEEM) RBNRE(E) 2B RE(mE) -

RLIEKT B N2 SO IXIRA T A U8 3 DN BB, AT DLV Sk X 357 il A N At 2 2 0
BRI LR A7), HHAKXIT:

N:fDM (1)
X, DN RREE i MEEM DN E.

AT Y50 B M e SONIX SN BT A 8500 DN BRI AR I9(E, & N 284 E 2450 25
FEL R R EE R bR, THEARWT:

N
n

M = )

DOI: 10.12677/sd.2025.1512361 324 CIESES 93


https://doi.org/10.12677/sd.2025.1512361

R, 0 I P A R TN R R
RIESCIRIS], TR 8 N T ERRT SRR E, . o AR
E=MXW’K=£L 3)
R, NONE ¢ EIKIRRIAAT A, VO ¢ A -1 ERUAAT S R R A R (B <
).
TELIERE b, AR B s T BT Y P E B8 M mE, , ARIT :

mE, =M, xmV}, th=& “4)
Mt—l
A, MRS R DR PSR RE, mV, 5  SERIRS SR 1 AERURIT OGP 358 FE I £ 4
R SCHER(S], WIEIT RN R IR EAE % T L SR RIS TE N, BT B EWPN R,
FHEAAROI A CHE” , FHEA =AM R —REGEBSE, @id N5 12 HREGR R
SR GG ACBREE, L — I AR B R T AR SR X AR R A ks TR R AR, 12 T
BTTRREY, B8AH BORAE TR RN B =R AR 2 BARN, H5 SARE (V) 5 BT A4k (V)
gity, ERRIEDIVE KBRS . S EMIL, KRR R, SHuEmLL, whg%
TEMGKAE T HhE AL, B RS SBURME S TS S
Zi ERTR, WIET 68 S AR E T S X IUR R 1 AR S 3 SR A, T P55
RENBEAE NG IT R LI EME bR, TE R R X UR R B IR &S5 )

2.3. AO - &5 - I8 - WETH 4 NMEE ST

5, BN, WEINIX 2006~2020 FEE 15 F)RIFEAENA L XEL A EE. TR
TSR BAARIREE . BRI OGRS AT e sh RE SRRt AT I P2 b, #8230 A1 N X AR 22 DR K
ARAES .

BiJE, FET 1984~2020 M X IRIAMT A& SO PR KEhReMT- B shre s, i
HAIAR R s Rl Xt Ll X 5 KIS AL B IR P AR e B0 SRS X
FAb R WA s A 22K 8 Be L RIARAL, 48R % IXAE 37 IR MR e % 7t S HREAR S H .

3. ERESH
3.1. BHXAO. £5%. FEBIRSGHERE

H# 2006~2020 FE N X HAE N X AP SAH . BRI (PMLs). SEALER(SO2). ~HEALE(NO,)
SR FE R 2 Excel 248, IR AT BRII(PM 0). BRSO AL B (NOL) AR -F 2k Ji
I, AEAIN X 75 e ARSI B o R Bxcel 8GRI/ br TR, LA TR, 2 H@ 34k
FERME R AR KR HAEN O R KRS EI(E 1) 8 PMig, PMas, SOz Fl NO, - F3iK E
Guit (A 2). 205 YR T AR K R g E (A 3).

TRAE & 1 R, 2006~2020 4F (A1 M X X AL P2 S 55N D8 SRR KA. BARE, #
NIRRT, SR G TR T 6%; miHhX AP @l K 83, K501/ 7E 2009, 2010 F12019
G, EMK RSB 20%, SR RIS TR Rk,

K 2 IR, JEIMIX PMios PMass SOz Fll NO, 55 3 B2y5 Ye (1 AE-F- 29 2 S LI 2 R R #s . 2014 4F
Ja B TG Pk B RF SR BRI, R IX s SR E AR B .

DOI: 10.12677/sd.2025.1512361 325 CIESES 93


https://doi.org/10.12677/sd.2025.1512361

SR, &R

Kl 3 JEZR T PMio~ SOz Al NOp 4P ¥R B i J 1 28 05 e AR 784k . i DL Y, 2006~2020
SR ) 2S5 G iR B S A B T kA A . o 2006 AT ST P IS, 2008 424 AT AT,
2009~2014 4F [8]5 Wik FE4ERFE R R /KT, 2015 48 5 R 2 T B o WSS K ZORE, I KME N 14.98%,
BMEN-15.24%. £ 15 DWIESR T, H 5 ADMFEAHILUERK, 9 MEMR RFIEK, KBTS RYIK
FEAE SRR B I AR R A TE — B BB

TN DX HE X A P S S AR N DI RR SR K, B T XIS S S B I PR s 1 205 e ik
ST R, MIAREL T A S R0 B IS AR R . 3K 1 7 THT A2 A 3% [ ) )y HH s X PR 28 B B
SR P HE I R R B A2

30.00%
25.00%
20.00%
15.00%

FHRZ(T )

ERKR
(a) EIHEF Ml R AR K %

200 12.00%

9.85% 10.00%
8.00%

% 6.00%

HEACAA)
TR EEH )

I —— KR

(b) FAENI R IR

Figure 1. Statistics of Tongzhou’s annual average GDP and its growth rate, resident population and its growth rate

B 1 BNFRE S B EREFIERER BEAQRREFERRGITE

=®=PM,, =@=S0O, =@=NO, =@=PM,;

Figure 2. Statistics of Tongzhou’s annual average concentration of PMio, PM25, SO2 and NO2
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Figure 3. Statistics of annual average concentration and annual growth rate of air pollutants
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Figure 4. Statistics of total nighttime light, average nighttime light brightness, kinetic-like
energy, and average kinetic-like energy in Tongzhou from 1984 to 2020
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Table 1. Statistics of total nighttime light, kinetic-like energy, average brightness, average kinetic-like energy and area of each
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Figure 5. Comparison of four nighttime light indices in seven districts from 1984 to 2020
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