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Abstract

In this paper, we processed surface temperature product of MODIS and night light remote sensing
image of NPP-VIIRS covered Anhui province by the method of harmonic analysis of time series
(HANTS) and correlation analysis. At the same time, we constructed the index of population
weighted Urban Surface High Temperature Regionalization (IPWUSHTR), and we analyzed and
studied the spatial distribution characteristics of urban thermal environment in summer. Results
show: HANTS could remove the clouds from remote sensing images and well reserved the impor-
tant characteristic information of the original data, to reconstruct the smooth time series of re-
mote sensing images. Compared with the previous night light data, NPP-VIIRS had higher spatial
resolution and radiometric resolution, and the population grid model thus obtained was closer to
the actual population distribution. Relative to the traditional MODIS-based thermal environment
index, IPWUSHTR was an indicator of stable distribution and convenient operation. In addition,
we could use IPWUSHTR to carry out urban planning and management or promote energy-saving
emission reduction technology, ultimately to ease the urban heat island effect and summer heat
wave caused by imbalance of urban thermal environment pattern.
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1. 5|15

AR, FEABRAR MR AP T AL BERE AT S50 R, I T 1 3 e R AR B 1 T B3R 45 R e A 4 2
FERE AT ARATIFET o B4, 5y WY PRI 3 I RSE O SRR T AR S IR I £ R I Rz —, Hlt
FEAE RS A AT . NI R BN 22 55 40 R S AN AR [1]-[9]. K20 54%HH 5N AR V& AE 3 T
X, 3 2030 4F, A 3k A A AT A B3R T BT DX N A 1) 4842, 3K — LT 184 n )
70% [10]. 4kt DRI i) N KRN SR ER IEAE N BUR 0 & A A BlGE A2 ) . DRIt TR Red
7 AP AR AL I 25 WA 5T, ) B A I i A AR AR AIE DA SZIR T A FE AN AR L AR S Gt R e DA K
75 % K 351 B B

TEFHAR O IZ A Pl A AT AR AN rT sk ) TR, PR R T TSRS LA R B R e A
1 398 Rk T A B P 5 RO B 25 0t o T T2 R T A B L A S5 5 i 1Aty 52 81 Rk 22 1 OV [11]
[12] [13] [14], EE T A V-G 4 NOAA/AVHRR [15] [16] [17] [18], EOS/MODIS [19]-[24]#1 Landsat/TM [25]
[26] [27] [28] [29]. AVHRR FEEHE 73 #8509 1.1 km, AR ALE T4 5 2% 38T T F90H X 3887 5 i Al Ak
PRGBS BTG, FFREA RU B T IR A A A, T3 A S T it 7t . AL, MRS
He2 TR G0 Landsat 208 (2181 43 35 2 04 T oK ) S 7 A H 003 v A AT Tl 4 5 38R AR R 35 EROR e 4y
He TR BORLRE S Wl i 487 XORUBE, (EHCIN [A) 23 30 RAIG, T BLBEREA 5 3Rk98, PRDAME LA i 2 31—
OBRE] . SEE NASA &S T XN R SE(EOS) P& Terra Fl Aqua 353k T HH & 70 ¥R A% ' R4
(MODIS)AJ LA — 5 F SL3200s 220 B IR e 48 B R AR BEAT Sl 70 . 5 Landsat TM AHEE, & B A
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Fen IS IE) 23 3 R G 2 MR AL 5, MODIS 4 1~2 d WIS R R TR AL, T3R5 36 ASHbikimiE
PORE, X S TORMAT Bl TR i Hh 2 A A BRI B R M T SR AR Ak 51, SR AESE[3)RH EOS/MODIS
REJR B RLEE A AR BRI LTI IX 2001 A3 7 A B 7 ) 4347 (9 1 A8 40 A Z= 5 R AIE B FE s g [R] -1k
T TS A S[23] R Terra A1 Aqua #5311 MODIS S 15 #8712 Bes st RARR I 1 1)
P HIFERR R HBRHE SR . 5 TGS [24]F] FH 2 4E 1 MODIS Hu 2 5L 7 i A g - b )
F 4 28485 AR R T BB T B 00 2 IR - A REAE, 3BT T 38T B A8 H AR 5 L Hh 7 5 2
RUME e R o BIASCIS B A SE0EIE T MODIS 3R T 1 26 i iim P PR B 08 SR e 92 .

SR, HIT HARME . KK AR 52 T B TRHE LI A N #RHEBCS: 2 Fh R 2 5
[30]-[35], i1z T '3 J M ) e 2 U P PSR 52 2 S5 AR K [36] [37], AN [RIE F BT Tk T b 2 i 5
(RIS 25 3 ATRFAE AR AR BN IR, XA A3 3 T TR 5 F8 b 7 S Bl 1 R0 KA AR 2SI 55 DAk B FH P AR AE — 2 A
Ao BRI E B AR IR EETE AR, B AT B P2 (8] 23 A A AN 2 H B R AR Ak
BB 5 WL TiT FAFR I8 3 A of N R AE P~ AR TG IR, N TR R X, 52 30 T s i A PR 5 52 0 (1) N 7
%, IXFEAE AR T LRIV B AN R AT B HE ) 55 TAE A B TR [38] . RIUL TR E—MRELE S H BRI
AT R 2SR T I T i AR X R M WA b, HLAE — 52 B 235 N TR A5 0 A A AR © T MR i,
2 T AT A 250 S T A R S B T IR R ). EA W ALE ], NPP/VIIRS (National Polar- orbiting
Partnership, NPP; Visible Infrared imaging Radiometer Suite, VIIRS) /2 8 — AR B (AT B s, P2
[ F5 25 2 FH NOAA FlI NASA S [T il , ST 4 1 B LA o 1 2 18] 40 56 R0 5 K 58 - NPP/VIIRS
Day/Night Band (DNB). 44 (1125 18] 20 #2419 0.5 km x 0.5 km, 7ESZHLN RIS 2 5 808 25 b i B
E KW 71391 filhn, FHEABEROCIR BGRIRRE 7T, Bt A SR INI T B ) b X Jee 3 X A &
TV A FIRERERFAE, H NPP/VIRS BRI 525 DNB 1R 70K LA 5387 A 1 e Al iy 22 X )
Pk BRI OREREE, AT R N 1R 25 TR AR I A 23 A s T8 P o 22 PR 0 SRR [39] o

BT, ARSI B LA T iR . 22 B0 T AR T A IE DA S 22 1B mE AR Ik T e
NBRFERT G, JEEUE 5 BRI MODIS Hh R 3 A A1 NPP/VIIRS R AIAT Yol A8, NI 8] 7 41
TR AT B AT AT AL B, [FRS IR N O MR B RN AR RAENIAES, W — D HEAN
12347 R 2% 1) FLTE — e B 230 B N TR S 0 A AR R PRV E MR SR A 3R T FABR B 48 bronh AR 3R 30 7 5 22
2 =R AT X R TRV AG

2. #RERE
2.1. AREXER

ARICGEAE B AND L SRR AR, B T R A 2 A R LR LR IR
AR LRI ZEI T A R, BAEME A 1. ST ZEEEE S, ZRBUE S — K
T, AR 2 18] (0 o g s A 2 058 SEi it 2 28 — R, R BUE i e i o, ik
KAT AR TP s e RO BRI A I Is A AR A B o, AR PSR R 2 (4 S e

2.2. HRRIERTALE

MODIS J& 3 [E HER VLI 2R F5(EOS)T45 Hh K BHFD TR B30 2 BAL BEs o AR SCHb R I FE 4R i
FHiZ PR MR 3 bR Eda = b, A5 1 km, 3R] 10:30 24, XA Bodd T 22 FHE
Bt @A T HRIAEIRE R 7. NPPIVIRS 2 B — AR REAT B BB, TR AR g
NOAA HI NASA JL[RIHI], AR T 4% 4t i #cdhs B 55 723 [B] 40 R M KR 56 . NPP/VIIRS 5248 1) 7 [H]
Iy HERZ19 0.5 km x 0.5 km (% 1).

DOI: 10.12677/ag.2017.75070 697 HuERFL 2= ATV


https://doi.org/10.12677/ag.2017.75070

v &

!

DEM/m
-High L1788 @ il
] wnm
0 3 70 140 km
CLow ¢ 1 I = ————

Figure 1. Geographical division of Anhui province and selected representative cities
1. ZREMEBHXERRERHR RS

Table 1. Data types, sources, times, and accuracy of this article

Tl AXHBIEAR, K. FORTBE

Ham R R [ R7¢ SRR R
. 2014 4E~2015 F
MODIS NASA & 1H~7 A 1 kmx 1km
NPP/VIIRS NASA B 2014 4E~2015 4E 7 H 0.5 km x 0.5 km
X EATBUX %I T AL 2015 £ 1:25 73
S CPNEE SR B GIHES 2015 4 X B2

2.3. &R HE

IR 7] 75 47138 38 73 #19%:[40] (Harmonic Analysis of Time Series, HANTS) (fai#& Hants) i] LA s 8] F7 41 %1
PEHBEATFIE RS IE . Hants FAZ O 57 VE 8 BLH AR e Al iR /s 3B, SR [a) /7 51 R IR 1 Hts
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T3 R RN [ R IE SE A AR 5% M 2, ORI 0 28 EL A IR 8] P BRFALE ) Y 2 04T B s 5, AT FB g S i
S I 8] e B3 T

Hants KBTS, & e T I BB 2 i 15 (bl S 2k, SRR R — DM e, 25
FRIHZGEATRT L, 2R R LW DR, T IA G TESRIE, B =ishesl, Wak
R SHIBCERONE, RAMNME 2 EAIER. R BHERCRI R E SRR, SRR N R T TS
ek, AR, TR R E R R ZOEZARRE, Ba R ETI G 2L

24. EEKAORE

AR SRS X BN D A SR AT NPPIVIRS 3R EHUIE, ARG &% X BAT UL G R A
(IR IRIAT ot B s, S8R (819 73 #4225 X B A BRI TG 3 5 55 8 A N (1 R ok 2R [39], A 3K(D)-

I:)iG =F (Z DNVIIRS) 1)

X, PRSI XERSH 52 A DNyirs A NPPIVIIRS (MR T KE MG ; Y DNvirs N4 | X ETE A
NPP/VIIRS & G K FEAE

RYE LR R F SR, ATLAME ARCGIS Hsg A s (afb St FEx 455 XN 1 $edl gk A7 gt
SRAG X AN OIS % X B2 A N DB 0T 1 R 50 by

b =P°/R @
o, by A 0 X ETEE A DRI IE &%, PS K B a A L8, Py il F A AR |
XEKANA G115
ORI LB 8015 A B TT R L 023 A A B M T, L 2 A B I (2 R A6 A L B
PGRID® = PGRID; *h, 3)

Hh, PGrid® AITIEEIE | X B o0 B N8R, PGrid, A H [EH 4 FERAF 5 i X
AR BT B A I R
2.5. AOmaE T bR SR X IHERR

MG TRALASE AW FT[38], Iy MR B 75— A € ORISR AR, 1 HLAS 21 A A 23 18] 3 A1
A2 LWL 384k, — 7 THTBE % S R TT AR 0 A e NRAE P ARG BOREIA, 55— T -1 A 1
SR, ST ISR (N KO %, TR AR I T R R A U REHE ) S AR A B T R
PEE. 8 792 LR RXAEZOR[38], AT iE 72T MODIS AN IR ity 35 T 2 ey i X ) 6 o
(Population Weighted Urban Surface High Temperature Regionalization Index), /M lowusmr RN o

IPWUSHTR = N (N (UTE)* N (P)) (4)

X, NN L%, UTE Jyii MODIS R S s 45 2 R i iR, P oy AL N 8 .
FEAR AT AN AL T M 3 s Ui X 5 AR KD, SR ArcGIS BRIAF Natural Breaks 75 V1547 70 2% .
3. ZRESH
3.1 IER AT ERERIG

K 2(a) N2 I BT R IR AR L4 (1) MODIS JRIG %, AT AE 2, IR A2 2 iR 28 H
FIREER, ENECNMH ) 2 EERIR . & 2(b) WA I 8] 7 51E B AT b B ISR, i Eemr BUK
LS I BTA (1 275 G MBS 5%, Hants SEETR A T -1 1RO T PP 91058 G AR
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Ak, ARl — 8T 56 DX AR O i i A0t EE I B b T R AR 6 22 (13 3(a)) L AR LE Y B A T 1E 5 HfH
1, Hants A LUREEATOR RO R M A1 Br 2 5 &G, &I — 28O 214 3(b)).

3.2. WEXTRHIEREAD

RIE 2.4 Frh S N R, B X B A LIS NPP/VIIRS 45 70 2K FEAEBEAT [B1H 73 47
WE 4 poR, %X ENOHSGCKEEMSHR N EE, e 2% R IAFIT 07516, K NPP/VIIRS
AT A HEiE T N E 2= [k 47 o

H B3 2 A9 N T BUS BT 65 NPPIVIIRS 14 70K B BE R, R fios:

P = 48.536 % (DNyyps )’ —74.671% DNy )° +90.845% DN, o — 6.0622

RIE LSRR AL R, it Arc GIS 15 NPP/VIIRS B:AM Bt _Er#as N %k, diknal 4
THHEE | X EATBIX RV R WIaa NP

CHRARH, HTEGMEFE—ERzE, MK EPHE A OSSR E N D5 P A% e
FFE[39], Bk, RIEAXQ)ME) B E T & X 2N DM B LG /5 b, RERK SN X BT
BRSO N FIMS A PGrid; e DU 1) LU R 8, 8% X B s AR AN D SR 58 N D BeE A
&, FRRAR A AN DB .
3.3

. &TF MODIS BERHNEFH Mt RSEXX

223 AT X R A ORI N [ P 51 e B 2 S, BRAT AT DA B e AL AR T e . g g AR T

Figure 2. Contrast of original image (a) and harmonic analysis images (b)
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Figure 3. The original spectral curve (a) and harmonic analysis spectral curve (b)
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Figure 4. General population and NPP/VIIRS scatter plot
4. ¥#& AO5 NPP/IVIIRS &S

FEIA CA S e v AR R I T & IR B G MR I A fE DL, 2 5 PR T 3 — AL FEFN Nature Break ik
RS, WLAS 25T MODIS 2 BRI b SR IR B X RI(LT, SLT, MT, SHT and HT 43
5483 low, sub-low, medium, sub-high and high temperature zones, B[R IX (LT). AKX (SLT).
BIX(MT). ERX(SHT). SiRX(HT)) .

W 5 fizn, 2014 EE R AALRZEHI(E 5(a). B 5(b). [ 5(c)) = MBI ATHH I T A FFE
FERFA BN, i X R B EIR T RO X 8, i GIS BRIt i g i 2014 F1 2015 A EH
MODIS Wil 2 FIAS Rl IR B S AR b, BARILZE 2. &l X AE = AR AT o5 AT AR b 8 43 A 3 T
7.37%. 14.47%. 11.99%; =AM IFAIETER AR LR X dsem, BITE 30%LA b 0wyl A EAR
TR AR LU E 20%~30% 2 1] T I X FR) THI AR EL AR 7E 10% LA &

SR, 2015 FEE Z(1 5(d) K 5(e) FE 5(F)) =AM B RO IR FRE H B T R sEnE X,
{24 2015 G H B miR X Rl 2014 4R 5 ZRib 70 b, AT AR IR i DX B DX SR B R A5 4k
B, AN R iR o A RIE T A RO R . FIFREIE GIS ARGttt/ by Bk W&
2. B EIRX A=A SR L E WA RGN, 73008 7.6%. 16.22%. 16.55%. {HJ& =T #GE
SR RS DO L X Ot e, SRR AN SEI DO T i =, TR LR 4 i 32.8%F1 31.59%, &AL
Wi e, AR LA 3 0 32.19%; IR X (1 THI AR LU BT SR #B7E 1006 LA R o 454K, 2015 EIE
TR A0 2014 4F 52210025 0] 3 A AU [ FABR 58 S5 4 1A T AR LU 481 P e KA B0 R AR T 380 5 B AL
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Figure 5. Based on MODIS monitoring, 2014 (A.B, c) and 2015 (D, e, f), Anhui representative cities (Bengbu (a, d), Hefei
(B, e), Wuhu (C, f)), summer surface heat regionalization
5. #F MODIS Bk 2014 £(a.b,c)FA 2015 £ (de,f) RBNRFMH (R ), &E((be). FTo#chHEFHRERXK]
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3.4. ET AOE MODIS EREFH R SR XX

RIEA (D), H[BEINLIILE) MODIS 3B EIEIR I 23 (] 70 A1, 2014 EE Z(14 6(a). Kl 6(b).
Kl 6(c)) =AM T I bl XS Y I 1 il X3, T 2015 4E R ZR(IE] 6(d). &l 6(e) &l 6(F)) s X
RUVE BTN, JF HA27E 2014 5 54 1 m i X F AT, 3 78w X I X IR BE S AR
B BORFES AR A, FARIER X TR S RIS T fe e, ik A COimAC 5 BRHR X AR L
il s v i HLECRAR S, R4 R A ) S R L«

BARKRE, WZESAG ERE, W0 iR X 3= BRI o0 X, @i GIS A St 7 i
25t 2014 1 2015 FE 2= N UINAUE BIA R A B R AR Le ], BoAdk WA 3. 2014 4F & X AE =AM,
iR G TR LL 2> BIEE] T 4.69%. 9.05%. 6.85%. 2015 45 Zx =M T i vt X S [F R HY B T
R il X, i XE =N B B B A B, 23008 4.67%. 13.96%. 8.61%. — MR
PIRB AN DRI X N, FEW IR I 7E 3006 LA F, A HETE 25%0A b defd A0SR S0 AR 3 1 Tl
T E 20%~30% 2 (8], TG AERIFE 15%7c 435 T Ryl A% O DX T AR LU L AR E 10% LA R, BT &
JIE 2015 FEAE 10%, X5 G AETT A PR i A AN R R A DA G

ZE UL, ARSCH RN FUIMABGAR 48 bR a2 — AN 0 A A AR e N FH PR A R 3 i 28 v it
DXRIFERR, AT RRIANE B A PRI WU ) A B2 R O, BBV T 1K 1 DX IR 4l ) P B e
WHFRA, RIBGEOAERIIREAR, AR A R A ATIE AR 2 2SR PR . [,
F 5N T 58 NPP/VIIRS & 64T 6 58 B 404 (500 2K x 500 >K), A48 A IR i Hh % il X KR A

Table 2. Based on the proportion of area of different thermal environment grades in MODIS 2014 and 2015 summer

%2 2. #T MODIS 2014 #1 2015 £ E Z WA EHRIFEF R EFAEL I

A RIR A AR EL A5 (%)

I [i] I T

IR X TAGIR X iR X T i X T X

e 3 6.24 28.07 36.39 21.93 7.37

2014 FEH 2 eyl 9.14 25.38 30.20 20.81 14.47
FE 6.25 27.87 33.28 20.61 11.99

8 5.29 32.80 25.71 28.54 7.66

2015 fFH 2 e 4.82 25.60 21.17 32.19 16.22
JEit 473 31.59 23.82 23.31 16.55

Table 3. Based on the population weighted thermal environment index, the proportion of different thermal environment
grades in summer of 2014 and 2015 was studied

3. BT AOMAAIREIEIR 2014 #1 2015 FEFARIRIMEFREREL A

AR FRIR G i AR L A5 (%)

B[] Wi
IR X TAGIR X iR X T i X T X
5 37.22 28.38 16.07 13.63 4.69
2014 FEH 2 eyl 27.38 16.19 25.98 21.40 9.05
Je 41.74 24.31 14.02 13.09 6.85
[is5er] 37.36 28.48 17.94 11.55 4,67
2015 FF R = e 26.22 12.20 21.86 25.77 13.96
FEt 30.60 29.85 13.66 17.28 8.61
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Figure 6. Based on population weighted MODIS monitoring, 2014 (A.B, c) and 2015 (D, e, f), Anhui representative cities
(Bengbu (a, d), Hefei (B, e), Wuhu (C, f)), summer surface heat regionalization

6. HETF AONMILEI MODIS Y530 2014 4 (a.b,c)F 2015 4E(d,e,f) LB T (T (ad). &FB(be). FE#(c,NE
FiREIRXK)
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(¥ 25 18] 73 FE FARRNS TR SR AR B AT 1 BRI 5Tt
4. GBS

1) NPP/VIIRS AHXT FAR SR BT SR I 5, 2 (8 73 AR MO R 7 KIE s . iy
BT DA S B AN B XA IE R BB E % B I 2 N T B0 5 06 ML PR B E) AT G 9 A 4 PR A 2R
P, BT RIATOCRE IR B SR B 2 AN Dl , AMEESCE ERGESCPR AL, T BAERAE S
LN 18] 70 A7 (4 Y ABRAE B BT — @ itk e 05 32052 00 SR AT 7t XS N 11 A1 1R 22 S 42

2) J5lis MODIS SR FrAFAE BB 2 F B, BIBON ™ B = 2 IS, 3 BUR A6 50
&, AREEIEM TR R ARE 2 Mo I 18] 513 7 A AT BOS R A 545 T 20T 1E, T H
RE B IR B SR R 1 R R RAR S, RO I 8] P S AR, 3G F T R B 2 TR 9 A iy
L AT -

3) N EUIIASU 3t 2 v i DX IR AR X 4% Gt ) B — ol FH R SR Bl AT S ARt 5 B . — T T W]
AR 32 et 25 18] 70 R, AL T IR BT R 23 [0 o ARHEAE s 5 — T3 THZAR bt — RS A AR RRUE |
AR AR A R 3 T 3t vl DXCRISR B, AT RS AT B ) B A, B AR K 8 X R FH 3k i )
LB TR HEEOR, AR R SITMREOR, SRR T FAPR A% Jm AN S5 1 32 R e 1 5 2 s T A
o

B I ARLE TP AL AT AR A DR e e 1) 17 S i B, SRR A STl i B A e B 503
A5 A LA 0t 22 A AN RAE P AR PR RRE ™ A BRI, BN WU S Ty, 53Tl
FIRFER RS, RSSO B — IUE KR ARORBA TR AR ELIR TR T AR 58 7 A7 1 HAR R 2
AT T S 007 J= S5 5 LA\ BB T S e A SR b e, AT — 2D SE 3 Tl 3
2R i X R R B M F R AR R

E&WE

W E AR R AR B T(CCSF201726), oK H AR 75 4100 H (41205126), 1 ESG R AA LI,
TRAE G R ATE BRI 2808 SRR RHE K 24 (KM201520) 3% [F] 55 1) .
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