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Abstract

Impervious layer, as a typical surface covering component, is one of the standards to measure the
level of urbanization and an important indicator to measure the ecological environment of a city. In
this study, Nanjing was taken as the study area, and Landsat8 images from 2013 to 2018 were taken
as the data source to extract impermeable layer and invert surface temperature. The spatial and
temporal changes of impervious layer and the correlation between impervious layer and surface
temperature in Nanjing from 2013 to 2018 were analyzed. The results show that: 1) Among the 11
administrative districts and counties in Nanjing, Gulou district occupies the largest area of imper-
vious layer, while Liuhe district occupies the smallest area. 2) The impervious layer of Nanjing in-
creases with the passage of time. The closer to the downtown area, the greater the impervious layer
coverage area. 3) Impervious layer has a high correlation with surface temperature.
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1. 5|15

BE AR T AW A, BRI T A KPR R, T VSRR FESR AR AR R, B
MBI . AEKZRIEY 5K [1]. ANEKZIRIR BB N RER) T8 sk, FEAREA.
125 MNMTE. R ) b HARA B A BE MR [2]. M —Fh gy (4 3 78 55 Loy
AT KR AT B T K bR 2 —, RIS mT DR R T AE S A B I Fa A

TE B AR BRI E K ZEBEA — @ R . A 70 R B BRI s, B AAE
KR SR AR, BRI T AN I 7K 2 R R R AR DG, AT Ak T B Ko B o >R e e B (b Ak 4 AR e
HLFF[3]

BRI T AN B K Z R B REOT, BRI RGO GIS R ik, o —sg
R EI T AE K Z IR TTAIAEE . R N2 R C R [4], SEd R A& K2 5 R B A G
PRSI T AE K JZ[5]

TEEOTT AR A I OGS RFAE,  $2 T DLECSE S A2 s D R R AIE DA S S22 [X 3T He At b P 1)
Ta e, A ZFR BCRIAT Z M SR 7T [6] . B2 R S5 [71 8 B 87 49 1 Landsat8 T2 5245 H ki b
FRAGAL(OLIFIFALT AME AR (TIRS) i B, 1 IH— L ZE A E /K HFEE(NDISI) [8]4f H ALt iF i X
AN 7K THI i

F SR SCEAN 5245 B S U T ANE /K TH BB oA A IR 22 o BIRIA S5 (9156 T+ 2012 4R RiBH ik X Y
PR =S TM TERAR, FIFGIEE S ASEE B EH T R 3T B 2%, A RERTT iz
RIS, JFEd TM 52832 NDBI SR 5H B A3, R4k 2R 45 R, IR s BCAE /K2 B
W, DLSE R BH 1 AN B K AO3REL . 2R 3 ZE[10] 45 & R FH BAAG 6l M SUERAE , 38 B 4» 2514,
16 B T (b RO T 1 2 X HEAT ANE K2 R o 12 70N 9™ i S ¥ A) B ML (Extended Support Vector
Machines, ESVM)J7VEZE SR 7287754 B, 2618 7Ok s AR &4 cmsgm, £+
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b7 5 1) P I PP A B A R AR

UbAh, A — LR S AL T AR T AN K . B[4 KE T 0], A2
2014 4F Landsat8 5214, £ T7E Ridd [11]1¢) “HEA - AFEKI - 1357 BB, SR 2 im oL $ e
Jiid, ARAEH T X S bR L M R s, R R A MR IR AR R — S R A AT IR R, R
[ A A% R BEAT 20 Mo 3K SCEE4%[12] A Landsat-TM F1 ETM+ 3 B8R TR, 85T £ 3k 0GR & 0 ik
(MESMA)$2 UL 52 2 i X AN 25 7K 2 BB 238 AR(E 2 .

A H T Landsat8 $f 1 T3 117 A 3% K TH AR R () FAFR S AT 70 o B i (26 [ 1318 Landsat8
K, CARGETTATE A R, SRADEREIR A 2 B AL 7845 SR T MASE KR A0 AR (5 5, R 584 200R
BN HFIR GBI R, SRS X AEKTHAS B FR, R TIRS1L JBCR R 7T IX fihR
B, M AT ANIE KT ST 2 A &R GRS (14155 T QuickBird =i HE % 4% LandsatTM §
1§ KT e, ¥t 74 CART (Classification and Regression Tree) &2 A1 2 g BB a4 B W A% T
PAE K IR 75 FEIHEAR T 58, RAGE A T SRR s > T 2 1 X ¥ ISP (Impervious Surface Percentage) X
Jii, $RHX 2001 AEA 2011 SEACHUIMIXANE /KR 5 L (RIS SR 80 7 S50 St 2001 4R A1 2011 SRR,
FE, %F 2001~2011 SEAL T NFRLL I X R [FI RS XI5 ISP & itash, DK H 5 230 B M S M HEAT 20 7

2. MREXEHIE
2.1. WARXER

B AT E AR KL Rl X, s EEARFR Y AbLR 31°147 % 32°37", R4 118°22" % 119°14”,
R AL AE 11 AMTEUX, B AN 6587 km?, 2017 4R AR X X 1398.69 km?. &K = ffE it i 3h b v
B X R R E KT I, R B RIS S AT D SR AV T AR T, R R
B ORI, B R X 8 I [15] -

MR TES X, DRI RN, Rl S TR 3.5%, R 4.3%, b 53%,
SRR TR 39.2%. PP I B R ALK RVEA, SuERdLn; mAEELEERS 150 A
B, thERpaeE 50 £ 70 A, MALPIE AT L 30 AR, BRI, K. AT - E A
TRV 1 S5 b T B G R M SR 5 A
2.2. BHEKIR

ARSCR B & 2013~2018 4ERG 51T Landsat8 OLI_TIRS T BB A, SR Hh 287 [m) £
= (http://www.gscloud.cn). S EAG B Wk 1 fox, Hr, BT 2015 FEA /A& LR IR &
AR, WO A R . BEAN, TR BT R R T T AT B0 S SRR T S A A E b (R
30 5 i 1] K Al A B rhC 3t (ngec.en)) o

Table 1. Image information used in the study
# 1 MRRANEEER

B R AR (] A brin FAT (E R Py
2013-04-07 LC81200382013097LGNO02 120 38 0.02
2014-04-24 LC81200382014114L GNO1 120 38 9.79
2016-04-29 LC81200382016120LGNO1 120 38 1.68
2017-03-15 LC81200382017074LGNOO 120 38 6.56
2018-04-19 LC81200382018109LGNOO 120 38 0.31
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AT A ENVI5.3 G 848 5 38 AR B AT FAC 3], RS 4E S E bR . KSR IE DA R BT 4%
LR, £ WGS 84 UTM_Zone 50N A#RFCALNR &R, 1% XN LR N 4GvR 1T B R A%, FFi2Hm
ST AT UL SR T 3R BGAG AT # R .

3. A GE
3.1. NBEKERE

AHIE 52 B — 4 2218 A% 7K i 45 3 (Normalized Difference Impervious Surface Index, NDISI) [16]32
WAEIK)Z o B ZEFRLL I B R S 3w, AR ZL AN B I RO e 5K ARIEIX —RE R,
FH I A B ZL A B LUAB EAT V5, T KR S R M ANE K 2B R . 2R, ACRARLLINS
I LLAME B LIS 5, FLAT s s AN I K TS B AR 2R A V20 LRKAR S B [17]. B, E4
37 KT 2K JF R 55 S S (I 0 AR B Al b, 3E— IO ZDAMEE 1 I BRT S 2 U — b K A R S
(MNDWI), 4 pANZE K S 55 SO AL, DA T8 . Yh A KAR[18].  Hi T 7KARAE W] WOt B o
1 S R BARTANEK)E, FreAKs MNDWI F5E0I0 N NDISI 850 h 155 S ik B, SR 17 i L K
NG BER R 3 R AE HUR AR IR UL, 5K 55 SO 4L (MNDWI + RNIR + RMIR)FRLL 3, ARIEKE(S
BMERIEE, b WERKEE BE N UE, 5 RAEKZRRER . Wb, KRR, XL
B E R, AT SEANE KIS B IXFE, AZEKIHESHT LU NI E A i B4 RY NDISI F841
KA -

MNDWI + Ry, + Ryr
RTIR -

_ 3
NDISI = MNDWI + Ry + Ry (1)
I:QTIFZ +

3
HH, Rurs Rwir fl Rug 3B NFCAR T LA . LAk 1 AR A B band10, MNDWI A EGERL T —1k
TKAKIEEL Roreens Green NGB .

MNDWI = Rs ~Rur
RG + RMIR
NDISI HA H— LSRR E, BIREUEA T-1 M+l 2 [8); BEERAE S ART 0, ZaHI(E 2
/N BT 00 XA AT 5 A5 B A DG E S B2HL
SR, NDISI FEHU R EEAE KR E R, N T IRIBANEKIZIEHE, T BT AL . s
BOEBME, FBour AARIERIE . AEARIERIE U SOKE =3, Frilid H LR AT RS0
3.2. #RimE KRR
ASHI T R R I AT R P A S o KR I S i b i B 1 S B2 A T2 A e WL
I P A S e B PP R KON R AR SN O RE ML, AT S B3t R IR T 9 EE [ 19, FRREX — AR o P
FAC RN R o o T AR A RIS R A IR LD AR S A L, e =B AR, B U] AR s
SERE LT MU A B SR S A KRR 2 5 Bk TEAR AR O RE R . R/UA] N Ra i B3 1 e B 5 1Y)
AEE, TEARRREGHRUEI I AMES S Ly I3RIE RS 00 (R S &5 75 A%) -
L, =[¢B(Ts) + (1-&)Ld]r+L T (3.3)

3.2)

b, e AR IEARSS 2, B(T) BRSNS I, Ts MR RILRE(K), © NRIEMLLIM B )E
R RN T K B AE LN B AR S 5 B(Ts) e
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B(Ty)=[L, -LT—r(1-2)L{]/ze (3.4)

Ts 7] DA 2% B 50 2 00 R SOREL
T =K, /In(KYB(T)+ 1) (3.5)

XTFTmSBmmm,|g=7m3wwﬁ#xymxyy|@=Bmﬁ8Ko
A A REVE TR E 2 M8 RARFHINSEAI R LR R . KA 1S 500E NASA $2{E1
43 (http://atmeorr.gsfc.nasa.gov/) i, 4 N SRS I 8] DALz h Lo 22 2 P2 W] ASRBUCR il T 2 4

4, ERE S
4.1. FiEKEBIRE

Hi 2013~2018 4 Landsat8 2& A ## 11515 2 1) F 5t i NDISH 880 A an &) 1 prom. fESbEEml B, &
ARG, EHURE 0.467 S AN FEAR R I T IANE K, R E 2 B,

DA J R SAARAE NS 2 2 6 NDISI B A 45 BT RS FEI0AIE . TERF 78 IX AR AR 150 ANBEAL AL, 42
B R0 R R(ANEKZ B AREKZBOKAR), (R R X SRR ATL A AR BR 52 AR AF- 4 ) 3 B e 17 5
BT B AR L 5L, A3 BN A B E I EC SR, DR IGIE 2013~2018 42 HL¥) NDISI #5440
TR AN 2 J5 5R RS B . SAIERE FE e 2 Fow, kg 3501k 21 80% LA I,

20134 g 5% TTNDISIHE A 20144 5 5t TTNDISIHE £

20164 1 5T ITNDISIHR &

Figure 1. NDISI index map of Nanjing from 2013 to 2018
1. 2013~2018 £ Eg I H NDISI $5%E
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Figure 2. Distribution map of impervious layer in Nanjing, 2013~2018
2.2013~2018 FEARMAEXKESHE

Table 2. Accuracy verification result
2. RBEWIEER

58 FH 5 s 1 FEFEE R RS Kappa %%
2013 88.9% 87.0% 88.0% 0.762
2014 83.7% 86.7% 85.2% 0.689
2016 86.7% 91.5% 89.1% 0.779
2017 90.6% 95.6% 93.1% 0.833
2018 82.9% 81.1% 82.0% 0.655

4.2. BAFFFES M

N T EEMEA RS AZ KR _ LR Ai, L2018 420801, S5 &M mfTBIXMIRER, f
2018 EAIBKZ AT E > AR R 11 MTEUX, FERIEAFATEICORE R, 705 Som i s i XS
A X IIANE KR AT S I F o L, andk 3 fir .

R 3 AT LRI, SRR ZRE X ANE KR BT o B30T b AR B 8 2 e AT X . R AT
s — 3 U XA, RS . RIEX L ZalX DOEIEX . MR DL H, OS2 AR
L X BRI E KR HE 11 AN XCERAT L. Sl SRR A Ex A 3951 2018 EANE K (i Lt
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s, vTLAURIIER AT 11 MTEBIX B, BEXAZEKZ N 61.16%, B bR NG
X IAE K E B 20.71%, B o T AR B/ e 38 2 [BIFH 22 40.45%, 5505 X AT o5 AN E K E T RUZ 7S
X 2.95 5. LRI CAE 1, Bansiis XX REAL T4 3R AT 4 2535 30 R R IR X S8AN I 7K 2 78 o 119 THI AR
)Tz, MSE XA TYLHAACER, AR AR B 5 AR DX AR Tl Sk tth, A AR b [X 5l 3 o) 3 ol SR 4 X R
AL B X, H 3R AR AN A Tk, SR bR SR B 0 L3 5 43.12%, T8 H
Hh 7 17.58%, oAb R s sl 2 v 1 b R TR S 3z N A T RO R SR X

Table 3. The percentage of impervious layer area in each district of Nanjing

=3 ERMmENMNXHTEKEARASHE S

JEAEKIE (M?) RiF K (m?) KA (m?) ANiZE K L
X 11,205,900 32,749,200 9,587,700 61.16%
ZIEIX 14,519,700 28,708,200 5,283,000 59.18%
AL G X 43,590,600 40,721,400 7,200,000 44.50%
ZHX 38,029,500 32,582,700 6,455,700 42.28%
IR 30,859,200 35,105,400 24,891,300 38.64%
iR X 178,870,500 120,994,200 72,656,100 32.48%
X 545,869,800 258,844,500 99,761,400 28.62%
T3 1,013,364,900 446,454,000 155,887,200 27.63%
P X 281,908,800 207,333,900 310,994,100 25.91%
KX 626,411,700 260,538,300 173,397,600 24.57%
NEX 1,021,345,200 304,758,000 145,668,600 20.71%

4.3. NiEKBERZZH T
43.1. FEKBRFFEZEN S

Table 4. The area and proportion of impervious layer in Nanjing from 2013 to 2018
= 4.2013~2018 F R A EKBERFER SLE

Fr A KR (M?) AIEIRE
2013 774,394,200 11.75%
2014 866,862,000 14.03%
2016 1,307,335,500 19.84%
2017 1,464,299,100 22.21%
2018 1,769,500,800 26.85%

WA 2013~2018 AN K ZHRIEE R, THE S EM I AZEK)Z AT 5 EeBI (L 4, ] 3). 4
RRE, AR PR, NEKEMERMIAREEEZ Y K. 2013 4575 5 1 FIANE K2 HARL &5 T
T 11.75%, 1fj 2018 FEAE K Z AR C4I5F 26.85%. 2018 4FKIAE /K E AL 2013 £E) 2.29 5. 45
BT AT B R APRGURT LAREL, 3T 1 KR AN LT RS (RS T 3 i 95k, B8 2 1) L gl )
RSB RAES . SRt OECE R, SR AE K 7 i AR AR WK
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Figure 3. Change of proportion of impervious layer in Nanjing from 2013 to 2018
[ 3. 2013~2018 SFEA M NEKEELHIZEL

10%

0%

4.32. MEKBHZ BT T

Table 5. Ratio of impervious layer in Gulou District and Liuhe District in different years
= 5. TREIFEMNEHEXMAERHAEKELLER

o HEX NEX

A (m?) Et 451 [ (m?) E £
2013 12,231,900 22.85% 140,388,300 9.54%
2014 18,741,600 35.50% 157,131,000 12.99%
2016 24,363,000 49.63% 191,214,000 16.68%
2017 26,569,800 53.95% 297,325,800 20.20%
2018 28,885,500 61.16% 304,758,000 20.71%

N B T RS K EAE R 5T AT FPIRGL A & 2013~2018 4E B ATEUX N HIARARARIL, 454 %) 7
3T 2018 AEANE K JE BB FOIRIL, #5E 1 ANidE/K )27 56 AR R AT BUX A Tl oG RS IX, T
5 AR fe /S B A T s T S G 3B ) Tolk RIS & X . fEE 5 vl %0, 7EMFAXVEREIN, SHEXIAE
KEE S B, UL 61.16%, /SN&XIIAEKZESGERAIK, HHlRA 20.71%.

FE IR 18] A DN E) 20 AT, SRk XM 2013 4E 3] 2018 SEANIE/KZ7E F IR R K T 38.31%, LK (1)
AR XA A 2013~2014 4F, KT 12.65%. FHER HEHER, ANEKEE KK HEERETREE, HIiE
BF R T T R B AT I O R B S AR T AR R B, IR TR S A LTS SRR K R 5
AR N E XN 2013 F| 2018 AiF /K =8 5 ARG 1 11.17%, Hrh 3K ) i i X 8] 2014~2016
F, WMKT 3.69%. NEXIAEKZE &5 A A L T B X 208 7%, i HE 2017~2018
AN K 2 i T K B 0.51%

EHE T DAIE B, 30T AN i /K 2 78 56 AR BE R (B HERS M3, Sl @ e R R st R /KEE 5
AT R0 F B R 2 — o Ar T e 5T T O BB DX AN 325 7K T 47 e a7 328 K 167 T e e i e A6
FIZSA X, BB T 3 PO R AE K E R A ST 5K 1 X

4.4. FNEKEMMFTREHEXEDH

N HTATZ K Z MR B FIA T, 5 NDISI F5 8T 5245 RIA— A FE AR ZE R, FFRL 1
N—RATE IR, I 10 Ko GivtaE— G Prnt RLFKF- 25 3 R B2 [20] L v s 2 U S s 45 SR dn <]
4 FoR, ANEKIZE R LG RN 5 PR, WPl A a1 6 Fos, AN KD R HTA A
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Figure 4. Surface temperature inversion results
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Figure 5. Impervious layer coverage classification
E 5 TEKEEETR

DOI: 10.12677/gser.2024.132042

442

MO PR AT FC


https://doi.org/10.12677/gser.2024.132042

N
4

4t
i
NI

PSR I o A P

.

HhE
&

0255 15

20
Miles

Figure 6. Map of mean surface temperature distribution
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Figure 7. Correlation analysis diagram between the area occupied by impervious
layer and surface temperature

7. NEKE S ERSRERE RS HE

W I K 2 75 FE RS- 35 MR8 FE 43 A S F AR AR AR b AT A O A b, 45 RNl 7 s AT EA
Aill, R® = 09744, UEBIZRMEILG MRCRENF, AFE KT 5 IR 2 MAEEEM O, SRR
ETEAEMEHERER],  HAR R AN KR o B X R AT EEANZE K T o A M X B R
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Table 6. Impermeable surface area and its corresponding surface temperature
= 6. MEKEX N ERREXNhREE

AIEIKIZ AR 53 2% i EIC
<10% 33.01108
11%~20% 34.41853
21%~30% 36.58246
31%~40% 36.69606
41%~50% 39.08632
51%~60% 41.0614
61%~70% 41.26859
71%~80% 45.9986
81%~90% 46.76027
>90% 48.16331

5. &hig

ARSI H — L Z A ANE K T $5 £ (Normalized Difference Impervious Surface Index, NDISI)$2HU i
AFEKZTTiE, KT 2013~2018 AF 3 T AN g 7K 2 78 55 AT I 23 AR A0 40 A K 5 b 2 UL R 1 A 56
i, RIS

1) SAEKEBARFHE AT IR, 2018 FERI (T 11 AMTEBUX Brf, B0k X AN I /K 278 55 T A
K, Bty 61.16%, N&XIAEKEE G REDN, B gy 20.71%, — 3402 40.45%.

2) XAEKZE AR BT R, 2013~2018 4FFg 51T I ANE K Z BERT [A] (1 HERS 1 1277k, 2018
FERIAZEKZTAE 2013 21 2.29 . HHM AT WAT AR B i i Ak Jeitvil, A8 EhEass.

3) XANEKE A AR BT o, BREET IR T T O IX B, ANIEKZ BT SRR ek s PR S
T Rz 1) X B, ANIEZKZ T TR EBERAG PR BT 11 MTEIX B A, s RO R TEX
BRI . ZEIX L IR IX Y HEE I T AN K R B R TR AT L, P T RO Rt 1) R T S AL Y Tl
HUL NG IXANE 7K 2 55 1 T AR b

4) i RUTTLE 2013~2018 (1) 6 4E[A], AFE/KZ AR G, B0 7T 2.29 % . ANk G n 32 %
T I KT o AR A R A R ST IR . AR AH DG o BT 45 R R, ANIE KIS MR 5L 2 (R 475 36 A
Xof M A R ) TR (R RIVE R, BLAE i AN 7K JE 78 5 1 1 X R IAS A AN I8 7K T 5 52 7l X B O 2R
Ho

SE K
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