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Abstract

Gross Domestic Product (GDP) is an important indicator used to measure the economic conditions
of a country or region. Traditional GDP statistics provide numerical information on the macroe-
conomic situation of regions, but they fail to reflect internal spatial variations. To better under-
stand regional economic disparities and conditions, this study utilized NPP-VIIRS nighttime light
data and employed correlation and regression analysis to establish a relationship model between
the Composite Nighttime Light Index (CNLI) and GDP in Qinghai Province. Through this model, the
spatial distribution of GDP in Qinghai Province was preliminarily simulated, and linear adjust-
ments were made to the simulated GDP values of each pixel. This resulted in the generation of a
spatial density map of GDP for the years 2016~2020 in Qinghai Province. The results demonstrat-
ed that the model exhibited a high level of accuracy in simulating the GDP of various munici-
pal-level administrative regions in Qinghai Province, effectively depicting the economic distribu-
tion and growth. Nighttime light data showed a significant correlation with the level of economic
activity in different regions of Qinghai Province, revealing certain spatial distribution patterns.
Specifically, in terms of spatial distribution, the density of GDP in Qinghai Province over the five
years was higher in the eastern region compared to the western region, with the southwestern
part being the lowest. Xining City and Haidong City emerged as the focal points of economic con-
centration, with a gradual radial decrease in GDP density towards the surrounding areas. Particu-
larly, Xining City displayed the characteristic of the dominance of the urban area’s economy, with
significantly higher levels of economic development compared to other regions. The research find-
ings can provide important references for future regional development planning and policy for-
mulation in Qinghai Province.
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1. 5|

P AR S B (GDP)VE i i — AN [ SR Bl [X 7R A4 58 I 3] P A P s sl i 24 45 SR i Fa v, 5 T VP A 3L
ST IR AIRBL[L] . SR, &40 GDP Suit-Hdis AT E L e AL fll, TiETR A 24 B kw1 25 [0S
B[2]. XAERIGETT 5 R 2 MR T AN FRATBUX Z R GDP 25, 1 Gy I i S BAT EUX P GDP (1)
HARAS A3 A 0, AT BR ) 7 32— 25 0 M AN i X 2 5 R AR IR AT g ik o 3B BB Atk GDP (%S
) o3 A fR it T —Fhe e AR T8, A R (AT e B Vo SR )R B, HA BB B AR TR &
R, AT T RO R A FHE SR [2] . BAAT G HHE AR Al 8 ) 1 5 SR 18 DA R I 28 v 55
Fri[3], BT ZE. Bk, W2 ENIMEE SIS X B RIFIT T, AT k. AR
JE . MR N VS BRI A R S AN 4] . R AR G LT LRI 5 N A 1Y) GDP Geit- A it =
AN A3 (R 0 A, AR IRIAT JeBE AR 4 T8 L A, v GDP Rl A4t T8 245 ..

TIALKT S 18 B (R v] LB I 21 20 g 70 °AR, eyl isad 36 J E B <R P2 1R 1) T2 (DMSP)
AR OLS AR IR A5 SR BRI AT Ve - BRIz Ab, U542k K AT I Suomi-NPPVIIRS. SAC-C. SAC-D.
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EROS-D Al [ = [A) ik 55 PR AL 7 & (BT SCEAR[5]. BRI REER RN A st b, 3 S rh A fdl
F DMSP-OLS #1 NPP-VIIRS Fift##s . 2011 4F, 3£E &S 1 Suomi NPP P&, % TEHEH 54 VIIRS
FE RS, A0FE 22 N B, Hodh 54NN 375 m KU BoA—A DNB i BL, 43 #3% v 500 m. 4 LT DMSP/OLS,
NPP T 1) DNB J#BUREHAMBE AL, Kbt 53 T A3 Eh i 7. B —1R1 NPP-VIIRS ¥ A 209K
T DMSP-OLS ¥ 7625 A1 3 28 . B[R] 73 HE SRR S 0 R T THI AN 2, WK & T 0t 9077 1) R .
FH 4535[6] -

LR, SEA VR R AT S B m 34T 7 2 07 A 78, TR T — AR 5838 BB TR &
Elvidge Z&[7]R I BT YETHIAR S GDP Z [AIfA/E i 3 LR R ZIE%E[8]2E T NPP-VIIRS $idiss &
Landsat 8 - A &, %L i GDP #ET T A5 5 . Chen Z8[9]UFSE T NPP-VIIRS 4T 644 72
N B S (B S0 AT i s b (A R, F R 4 SRR B 3 I A O it i S 2 UF R K AR
PV FER PIAR G o VLS (1013248 1 AT 6 AL B vt 7 i S A, R IAE Bk e 7R X, AN BB AE X
Bt K BOR J5 2 SR B E fa s AR, ERTELRE S s X, AR SWRIIC R A B L. 7
PR [11]7] ) NPP-VIIRS ¥4 . POl #4E 1 Landsat 8 %4, X R Ui AT 17 AN LB 7T . IXLEHF 5%
SERRE, RRAT YR A BER AL KT o B, R ReitE B JOk . WARAT KR SIS, R rE 2
LU SHAGE . W SIS ANDRRSME . EREA PSS R A T2 S A R

ASC A B 5 [H E AR E VRS - BT A R ST B A (NPP-VIIRS) 42 (8] KT Y6 4040 2 o7
54 GDP GuitHd vl i AR, A= s 2016-2020 A1) GDP 75 [m] % BE 1, AT S ikt 75 i
BETIATBIX A GDP 17 8] 73 A B, AR E A LT Hho R RBER I H) E St 4H B (5
B, DUESEIURSHERE S H bR. teoh, ARWFFERDT TR AT S EE AL XA Graft 78 i i S 7, IR
T — SRSk — IR N T RT Re A 1], DU 2 T8 B (1 X A B o TR AR S B R4 2

2. FREXBR S HREIE
2.1. MREXER

HiEE, @R “F”, RPRARLHMESZATHX, BeT. A TFhEEIRNR, AT
45 31°36'~39°19', 7<% 89°35'~103°04 2 1], ALIBFIAIR A H i AHEE, VLIRS B smAHAL, e R VU RS
SVGRBLE, RS U, A F UK X R R X . Fi R SR 2 A, AdEE R L
M, FERE. AR X B SR, R ERRRKES, S E RK R AR
R, DmEREREEAE, AR, A TN S . EREmmK, £AFBKMES, i
YRy o € M X 3

B R 7223 T3P AR, 2 Mg, 6 MEEM, FEETBEXYENE 1R, 2021
AR BN EVE 3346.63 14T, HL EAERIIING K 5.7%, WAETIIEK 3.6%. o, kg
{8 352.65 12,70, LMK 4.5%, BETHEK 4.5%; 5 b3 1332.61 1276, [FHK 6.5%,
P 4.5%; 28 =\ INME 1661.37 127G, [FILEIEK 5.4%, PWAFHHEK 2.7%. #Z2 2021 F
A, EAENE 594 G, EERMIN L N %Ik 2 5y, WEEE A AN 3625 AN, 62 A, &
AN ECE (AN DB 2R) 2 61.02%, 21 0.94 N H 58 .

2.2. BUEXIE

AT e E e KI8T NPP-VIIRS %¥E4
(https://www.ngdc.noaa.gov/eog/viirs/download dnb_composites.html). NPP-VIIRS 4% 8a8 5 4E &k T 3£
I [E AR BUIE £k £ 22 (National Polar-orbiting Partnership Satellite) - f#] Visible Infrared Imaging Radiome-
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ter Suite (A] WOGLLA AR AR ST B ATF) o 1245 B2 1 58 [ [ S S R S5 (NAS A) R S AR U B

JE(NOAA) A F & FIZE 1]
18 414 %) (http://tjj.ginghai.gov.cn/tjData/ghtinj/) -

HiEE S W RATEUIX ) GDP Giit Hulikii T H B gt RS E M (F
AR T S LR DX AT X R B R T R e st

PRET CRUEFAE SEHE 0 ) Bk (https://www.resde.cn/data.aspx?DATAID=284).
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Figure 1. Administrative divisions of Qinghai Province
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Figure 2. Technical roadmap for specialization of GDP in Qinghai Province
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3.2. HuETALIE

W55 EE 2] NPP-VIIRS & [AIAT Y RAARTE R AR AR R AFAE L JE 36 R RAAR A& 4 /N il /2 [12], N T
WEG LI, B S HE Y Asia Lambert Conformal Conic #25. H K& (RS LERT 78 Y8 Bl N 1Y
Wk RS R AR R e 1 B G 51 R B 12 2 o Jeri it 7e e s A5 B SR A Bk 9 RBE, 1 km
B 5 km A Wk EE, T T T X I8, 100~1000 m 2 8] FA% 0 RS 58 R id [13] . M4 75 ¥ 44 1 S b
B, T HEE T 5 4RE R, ARRBEFRIERE T 500 KA W RBEE A B R ARG, N T
TRFFEE 1 — 8, SR T Sl A8 VERT SR AT R AL, W R IRRAAR G n 7 HE R 45— 500 K. %
Tk, A THAFEEITEXNREEBITERT, 15 700 XKIERA & H ERG8dE. X— by
AT ORFEEAR U, RN 7800 25 58 T H A8 10 25 (8] U R GDP 20 A IR 5, s B0 o0 S5 T 2
BT R R A B A

N T EBRAG TR SUEA SHE R, JF5 i T IX 0% R R BB, ABEFUCRA T RIE
PANAMEE[14]. B, RIBARQ), H&HEREA T DN AT 0 MEICIREH 0, FEHTREE £ & 5k
FrRif LI Rl b, JHBR SUE X S R A T, 1R T BRI B E AR . SRS R SME A TR
FoIX & A A G E . WER R THRE — NS AR EAE - E, BRFEERER . XM
RS REA AR A I BE, 153 A TR E AR R R, AN SR At AER A B T R b
5T

DN, =

{o, DN, <0 @

DN,, DN, >0

N T HERG BEE LR RAE R, B R ATt R RN R E R XIS % fEA T,
WESE 1 75 8 22 R AR B A 08 7 T, R a2 b DR TR AT D 0 v 1) e s A A Dy e R AT 6 B
(DNw), i & oa B4 LR AR P i Tz B E AT G e iR e, R RS AT B QAL B . A
ArcGIS Mtk it 5 g, $IEA K@) FG B BEAT AL BE, LA ROH R & B B R AR B R AR s (B0 0T 7
ZERIIF .

DN, =

{DNi, x < DN,, @

DN,,, x> DN,,

EIR A DNy RoR S W MMATEUCR A S 1 AR TCK AR s DNy N R KL B . i bk A2 Bl R]
133075148 %4 % NPP-VIIRS & IAIT 614 .

3.3. GDP = a{k 75%

3.3.1. fThIEHHE
AL H 2016~2020 4L 5 R AT Y EdE 2 57544 1) GDP 4% (RGN, IELRAE M It Hr s
T LR 2 (R ) 22 S5 . ROIRAT Y68 20T DL it DX 38 28 55 R R R FE A Tl Ak gk Je, R bk T 25
LR BIRLBUER I CAFFRRY, L8 % IEAT 6464 CNLI (Compounded Night Light Index)
Lj GDP [H] BA & E AN E[15]. Ak, ASCEEX CNLI FIE#E4 GDP 48t S 347 #0 5 HEA A1 )5 4
#r, @32 CNLI 5 GDP (ARl #EAY, B J5 A 46 45 20 1 AR 8 1E 4T Fig 4 GDP ()4, 1H5H CNLI
RS W I
CNLI=1xS (3)

Hr:
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L ¥ (DN )
= XN,
N, x DN,, * é ( ' ')
S Area, (5)
Area

ERAKA, DNy AT my 73 B R & T RATEX KN AR | AR IO AR SR EE B T E DNy AR
IRPEAERE: Ni+ Areay 73 N & T RATEUX A DN AEAL T 1 2 DNy Z (8] KGR TC SO T &5 BT AR Area
T ATBUX R T AR

3.3.2. GDP Z|a{L &%

THEAS 24 2016~2020 4R [A] &R FE ) CNLI A, JFFIH SPSS B A WHZAE 5 & T AT EUX 1) GDP
GUUHEAE AT T AR M. @ i 45 RAR 2 T ¥4 S5 GDP 5 CNLI el A8 (3 I3
1). W48 ER, NPP-VIIRS % alT 514 5 GDP 2 i £HLH BT ek ml H < &, R AT 6E
185 GDP Z [AIfFAE 4 Bem A oM

Table 1. Regression model of GDP and CNLI in Qinghai Province based on NPP-VIIRS images
& 1. T NPP-VIIRS # K EE4 GDP 5 CNLI ElJ3RE

Ay EVEpry i R?

2016 y = 80.901%5 % R? = 0.8604
2017 y = 100.12e%5 % R? =0.7097
2018 y = 81.295¢%E 06 R? = 0.8005
2019 y = 90.829¢%E 06 R? = 0.7902
2020 y = 9412706 R?=0.8323

3.3.3. GDP £ 4|1E
N T ARSI GDP R AR %, FATAT DAAI 2 (6) AT e th A Ik, e IR R, A5 Fiti
TEAISEBRGETHE ARG & X FE X N SR T AL GDP (B HEAT VB, AT S AR Al b s B e i) GDP
B0, FFPR eI R HE w5 s, A IEA I
GDP, = GDP, (GDR/GDPa") (6)

X, GDPr M2 IEid () GDP {i; GDP; NH/MEJG j WY GDP 1; GDP, A%t %i#i ¥ GDP
{8; GDPy AKX I TR i) GDP {8,

3.4. BEMLER

Y2 IE 5 1) GDP i BLHE R AR T 45 2% [X ) GDP Jff, A2 /il 2016~2020 45544 GDP % FE 4]
el 3~7 Frox. M 4EE B, 2016~2020 F75i4E GDP 4 [AALUR T R o lE ik 2 TR, 3
LU KBS WA LA, TEETFEE 1 GDP % S AR m T iy, mrhe
LX) GDP % BB AK . R AETE T I A AR TR AL, BRI R AR, H UK AT
thats, fi A DB D o ZEBERDN AR PE T T AR T L HEPU M R AT e B, Herh GDP
e R T, ERTEENESMAT G, BARKKAFIE, k. st Rk,
HlGEL A . HOORMEARTT, %0 BAEUF B B AL, AR T 25 R St K.
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Figure 3. Spatial density map of GDP in Qinghai Province, 2016
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Figure 4. Spatial density map of GDP in Qinghai Province, 2017
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Figure 5. Spatial density map of GDP in Qinghai Province, 2018
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Figure 6. Spatial density map of GDP in Qinghai Province, 2019
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Figure 7. Spatial density map of GDP in Qinghai Province, 2020
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