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Abstract

Solar radiation has a significant impact on the urban thermal environment. The characteristics of the
hard underlying surface and dense buildings not only provide direct and scattered short wave radia-
tion, but also strong reflection and long wave radiation. The urban radiation environment has a sig-
nificant impact on the heat gain and loss of buildings, thus having a significant impact on building en-
ergy consumption; In addition, it also has a significant impact on the thermal comfort of the human
body in outdoor environments. Urban radiation is an important issue in urban environmental protec-
tion and building energy conservation. This project aims to conduct a systematic study on the impact
of urban underlying surfaces on outdoor radiation and thermal environment. Using five Landsat se-
ries images in the central urban area of Dalian from 2013 to 2022, combined with the land surface
temperature, land use classification and geographical weighted regression model, this paper dis-
cusses the analysis of spatial heterogeneity of factors affecting urban surface temperature, and then
puts forward effective suggestions for the next step of urbanization. The research results indicate that:
(1) The thermal environment in the study area is showing a continuous upward trend, rising from
22.57°Cin 2013 to 31.77°Cin 2022, with the largest increase in temperature between 2019 and 2022;
(2 In the land use classification of the research area, construction land has been increasing year by
year, resulting in consistently high and increasing urban surface temperature. Urban green space has
improved but is not significant. It has the strongest correlation with changes in urban surface temper-
ature; (3) The GWR analysis results of LST and its driving factors indicate that overall, there is a signif-
icant spatial correlation between NDVI and land use classification and LST, that is, the more green
vegetation, the lower the surface temperature; The higher the building coverage, the higher the sur-
face temperature. However, the relationship between DEM and the distance from the street to the
coastline and LST has obvious spatial heterogeneity, which needs further comprehensive considera-
tion in combination with other factors.
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Figure 1. Location of the study area and street locations
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Table 1. Predefined constants for satellites
1. EDEMEES

K1 K2
Landsat5 TM (band6) 607.76 1260.56
Landsat7 ETM+ (band6) 666.09 1260.56
Landsat8 TIRS (band10) 774.89 1321.08
Landsat8 TIRS (band11) 480.89 1201.14

B(T) i RAE ST 50 . I NASA Wl 3R EC 7 KA B RESERE Loy [ MR 52 Ld FUR GBS 2

DOI: 10.12677/gser.2026.152019 189 PRI


https://doi.org/10.12677/gser.2026.152019

o fEZREHR AR R ML T, T LA H AR M T A BN ER S 52 B B (Ts), b ifiadiid A2 (5) it
RS LR (LST).

3.2. :MFIR S

A HURE LA HIUIR35) (GB/T 21010-2017) 94K 35, £ 78 [X 1o FH 2R AL ) 46 b
fE, T X LR SRR R R . AkHb . EESTA ML, KA. #RHBEE S PPSRAL, G HRERGEBAER
WEEREA . EIERE b, B 029, REL 2013~2022 4E X 3R R R0 AR 1. S5 R EH, %
J7 L B2 ZEUER 2R A Kappa 25020 5114 84.09%F1 83.5% . S2 I 45 2 B, A S ia 7 2K 88 % Landsat8
PREEBAR B G RUFRAR, et BE S B30 R . BT BRI R K R 4
FBLRY S IERR IR R, R T8 B ENE A 30 28 (9]

3.3. MEELZAIIREL

R RS BUR i S B B, B e F SR BGE R T 1. R S BRI B TR

RGN R BRI RN b 22 4 PR AR SR AR T U R AR IO VA AR BEE . Al
I KGAGE . T PUERHAE I S T R B 7555 . b BUEVA R R Rk, i i
B R g K AN 2 BTk, AT S BB 7 4 o 30 5k 32k mT LAt o e ) PRI o P s (s Re AR A Y 0 25
RGN AIRIAGIE NG AR IA G ) T, 15BN R 2. T B EURFAIE 1) 75 925 U R
ZNCRIt 3t R P €0 22 S R SR O 2 2 o i T v R e (0 5 92 U R P v R 00l ) AR RS- B P 2. AR
SRR ) 30 oL 5 T R 7 A A it b 7 T AT B BB o R (L 2)

N

A

&

W LR
BRI F £ 2 (k) [ L
o 2 4

6 8 10 12

0 10Tk
L

Figure 2. Coastline and its area of influence
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Figure 3. Mean land surface temperature of the study area from 2013 to 2022
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Figure 4. Land use classification in the central urban area of Dalian from 2013 to 2022
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Figure 5. Elevation map of the study area
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Figure 6. Distance to the coastline
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ORI AT PO R AR IR BIERAIEE . R NDVI FREGH S R, Wnd 2 For.

Table 2. Indicators for streets in the study area

2. AREXAENERIER

BiE 2 A FrgIX WwErC W /m B /m NDVI Land use
J\—ER T IE P RIX 2823155785 93 1494.59021 0.786046505 R
B E YWIOX 38.40237808 26 2280.789307 0.357622921 e85
KIETEHIE HIFX  33.37250519 50 2732.635986 0.116043836 i
B GiiE il X 31.67761803 40 1499.399902 0.090650044 i
B WX 32.58829117 35 1138.419922 0.630482137 =83
Mg #iE HHFFX 3413194656 32 4754.219238 0.519067109 jZi85
W& L IE HHFX 29.4141674 86 2532.11377 0.710349679 PRt
H i P X 38.42524338 24 750 0.068500541 i
BT EIE HIFX 3093006516 17 2160 0.671150267 B
H =i Vo X 28.58891296 148 2353.040527 0.80050379 Pt
HIFiiE HHFX  32.82235718 51 1739.223999 0.753012061 jZi85
ANIC3pCE] HHFX 2655965233 120 9381.177734 0.732721686 PRt
2R M E il X 27.1453228 87 1784.432739 0.755454063 Pt
W RRTIE HHFX  29.60753441 49 1986.579956 0.35007298 i
YA IE Flx 34.22695541 84 3167.238525 0.403338403 e85
AR AIE WROX 3517107773 59 3923.123779 0.384469688 i
BIKTIE HHFX 2859130478 76 3996.76123 0.795932412 Fih
B E Vo X 35.09619522 13 823.7717896 0.421397388 e85
g e WHOX  36.17355347 19 1355.322876 0.225413397 i
L triE WX 36.12537384 22 4438.783691 0.384849638 i
T RIS T TE HIFTFX  34.42034149 72 3681.086914 0.24210526 i
HEN==3pE HHFX  33.80057907 59 6012.586914 0.259405941 jZi85
LRI HE HHFX  33.19664383 14 1979.090698 0.247869074 e85
H IR IE Flx 35.90899277 54 1663.309937 0.289009511 i
BRIR A E il X 31.11733627 42 1500.299927 0.200845659 jZi85
JAKTHIE HIHFIX 31.4575386 17 1660.873291 0.636548936 i
M EIE WX 29.24593544 76 2609.310303 0.755051732 R
SRKBTIE HHFX 3045577431 10 2283.549805 0.487353712 e85
AR fiE P IX 35.63854218 43 1985.673706 0.277692318 jei8%ts
NN SETRG il X 35.68719101 10 657.951355 0.246385366 jZi85
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FHETHIE HHIHFX  28.16648102 96 5343.032715 0.632251203 e85
VG 22 P A WX 3474935913 21 2248.999756 0.614430666 i
AR AT TE HHFX 3721414566 71 4429.446777 0.313443303 i
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T AL G 22 1 [ VA AR, — B ST A e /D - ei(OLS) Jk il A6 06 Hh R I 5 R AR B 2 1) (1) 5% &
[151[16], W3 3.

Table 3. OLS regression results
% 3.OLS EVILER

flREA EVEES WAL R 2 t BEMp VIF
5% -0.020 0.017 —1.164 0.155 2.145
FEHE 0.000 0.000 -0.015 0.982 1.302
NDVI -5.511 2320 -2.375 0.017 1.815
Land use 0.806 0.510 1.581 0.044 2.434

AR TR R0 LST MR R RIDN T WUFR: LRI 2325, g3k 5ifg R 4R 0 & DL KM w78
FECARSCR H 2 AR — 52 NDVI) . 78, R R R . By 1. ARy 20
BN 5. 1E ArcGIS BAF R H 2 (8] F AR SRR & 7 e iREAS S z 1990 v 2.19, W BB AR I SR 2R A8
A ATREYE /N T 5%, R24 0.533345, VIF #i/hT 7.15, DUFREBASRIE 7L MRIe. R E M p <
0.05 A K, NDVI Al Land use 70514 0.017 A1 0.044, #Ri@E 7B EMARL, HH A EEMR, 5
b I P AR AN A DS P A

4.5.2. HIBNNEER(GWR) 5= B BHEXER (OLS) &R TE:

BT GWR HIHR M, ATLAVERIS R, ek 4. Xtk GWR B 5 OLS HME H 45 Rl HI(GE 4),
GWR A1) $h g R E R AN JS B D€ R 50500108 0.5919 10 0.533446, 5T OLS B E RE L %
WE RZEL Kk GWR BRI AR T OLS. GWR ) AICe 1N 157.345, PR AICe fHAHZE N
0.003, FH] GWR 1] LA U Hu Ul & A HE[17]. 548, GWR fhiHkriE iR 2 (Sigma) v 2.262 /T
OLS 1 3.332, izf GWR BRI AL 45 K i b OLS S Wkdfi, Jm¥iftiit it GWR R L3 T4 /i) OLS
AL B8 4 138 P A

Table 4. Comparison of OLS and GWR results
F 4. OLS 1 GWR £5R 3ttt

R R? THE R? AlCc Sigma
OLS 0.5917 0.533445 157.342 3.332
GWR 0.5919 0.533446 157.345 2.262

4.5.3. XMERPZEFRESH
FIH] Arcgis10.2 BAFXF GWR A58 b 2% e A8 b [m] A SR A AT 2 (Al w44k, 7530 & AR AR B R 8L
B R A, SBE T A S R ER 22 IR P 22 7 e g 4 SRl 7.
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Figure 7. Spatial distribution of regression coefficients for explanatory variables

7. BBBREERRARK=ES 5

FIREN = W B R 7 fos, ATUUE S IR R RS LST Z IR KRR . EHERE
@R ES, NDVI, gtk S LST EE B ICIC R, MM HE o Ao, ke s, HRiR
FERRAR . 10 ORI RIS S LST 2 1A fI55 R LAIEM SN 3, SR M 5) R RIE s w1
M AR BAE S 2 A DI R IE AR . HAR PN FEma B 206 LST (52 25 0] = S # AN I 2, 76
WX G X3, NDVIL 4R S LST S IMAAM IR R, MAERS X X 3, NDVI. 4k &5 LST
BEIEMRK R, LK E LST FEEI MM KR, MAEH ORI X, L5k S LST 2HIE
ISR FTLA, AEHE o5 B LR R 020355 LST M6 R HAT R A28 a) S ik o S0 it i 2 1)
SRR R, AT 3 — B PR FE[18] [19].

5. &t 511
5.1. &g

i L AR LI T A B R T2 R BRI ER[20] [21]0 AN FUIE T ORE T LI IX 2013~2022 4F 5
W EGAR, BRI & O I X LST LEA R4 125 A1 43 A REAE s 32E A GWR BRI b 5678 55
RFAE. WK A HTIE B R LR PR B AN - MR 2R A LST AT JA B IR (5 my, 45 H DUF 24

(1) KT H TR &y o] @™ B, TR & T 33 CHIhIX, JLF ke 7 A X, & X
Kb R AR S T A L X S PR WO HIHTIX . WFFCIX R 1 23 8] 4 A
U0 B BRI (B AR AGRRAE, 2022 AEIR TR RSB AR T 2013 4R, LI X (>30°C)EH A T
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I P8 XA L X, b 2022 SRR X AR 2 TR iR X A

(2) WX A2 2K, i BN, S EOR T R A 2 o A T i BB R
T 2RI A PITSCE AH I F AN G o X 9k T b 28 L PR A A AR S AP 5 i o

(3) LST SIHLAKANH Z A GWR 70 Hr&s REW], BRI =, MR AE S 1) 70 A b B W2 A &)
PERIE A, TEARNE EAAER S HRREAR. K, DINDVIL Wk A3 R 2088 B o1
bR, T IR A AR 23 b X AAAE W A A (A A SR, B AR 3t X T Sl 2 . iy L B
A B, MRAR P, Al B R HE MY AT o T LR SR 4R RS, LST (10245 8] 57 ik
PEAEZE R ER 7y M X W, RIFEZR AN R FR A oo X W I iR 2, SRR B2 2 JLU e 2, M
RSB . TR R AR, AR R R R A

5.2. ¥1ig

F A5 S DR 200 T % TR 5 % AR 5 ) B MR R A A O 22 57, AT AR A 25 500 R 2 11 2 1) S o
SRR A . BB ST X AR R, BRI X PO X R R il X, R R g s il /b, 9k
WA BRI R EIZ DCRT DUE 4 G Ay, e A B A3 T AL A R ik o ] DRI T
BRI B I /K 55 it Ok P (IR M R R B2 [22]

o T Bl I SRR, H AT, FRATA RS 7 i — S 1, IR AR R ) —F,
AR ISINEZ T, DUEGF U S B R SR i . edh, ST i S5 23 R G X — I 5
MIEZRRZ o BRI, 14 Tolk, EHEHSERE R NOx. CO, AHAE. diFHmEEMK
IR ORL, 250 AT 0 AR R B A PR IBATR S RN, BT 3 BOR Rt — P T
RIS, 2= PR AR A th A Rl T R L ) — DN LR 3K A Ja BRI 7T mT DU i P R AL i
A DA 25 3 77 THIRE 78 LST S R ZR ) A3 18] 3 B, DA ANTR] 8 DX R ORI 2= 1 3 A 2% AR TR s iy
A RONLFRE A AT H A AR R I [24] -
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