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Abstract: Surface temperature is a crucial parameter in the studies of urban environmental monitoring,
geothermal anomalies, global climate change, and other topics. The full-spectrum spectral imager on board
Gaofen-5 (GF-5) satellite has a high spatial resolution imaging capability of 40 m in the thermal infrared
band, which can offer detailed information on the spatial distribution and variation of surface temperature.
In this paper, two split-window algorithms, two-channel and four-channel, are used to invert GF-5 data to
obtain the surface temperature of Tianjin, China, in March 2019, and the accuracy of the inversion results is
evaluated using ASTER surface temperature product at the same time. The results show that the optimal
root-mean-square error of the two-channel split-window algorithm for surface temperature is 1.19 K, while
that of the four-channel split-window algorithm is 2.31 K. And the comparison of different channel
combinations shows that the B9/B10 combination of the two-channel split-window algorithm has the
highest inversion accuracy. In addition, to verify the application capability of GF-5 high-resolution thermal
infrared data in monitoring the heat island effect, a comparative analysis of GF-5 and ASTER surface
temperature and heat island effect is conducted in the region surrounding Yadian Reservoir of Tianjin. The
results show that the high-resolution surface temperature data of GF-5 can play an important role in urban

thermal environment monitoring and urban planning.
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island effect

0 5 =

H AR L (LST) 24 7 #4455 e 00 38 B B2 VR D 4R L A Bkl S I M ) G 2 &, 2 BIHR e & T
1 R ACIRAS H SR R VRN A szt ) 2R R BE 2 8] 2 AT S AR A AE B I TT A B 3 BT rh 47 A AR
HEBRMEDT, HRIE RS SRR R e T3 S R R . B AT, % DI 2 e B 1 R Uk
FOEJTEF A PIBIEEE (SO B H Bk (SW)N MR B 5 R 5 2 73 BS 50325 (TES) .

5 105 (GF-5) 141 BOGIE BUAR AN (VIMS) 78RN B A 1m0 28 8] 43 HER ), £ GF-5 TR R
ST, AFFCN 0 R TSI GF-5 #A L0 A0 Y6 1l B o e 1 MR I S I T 9T . PRIE RN 116 55 KRR
TIGR (Thermodynamic initial guess retrieval) ¥ #4102 I B2 70 ] V) % 53 26 J& GF-5 VIMS Wi 4a 5
fii NE| MODTRAN, 3R7% GF-5 VIMS Bl i 4k Tﬁt%ﬁmtéﬁﬁTﬂﬁ%%%z%ﬁ}ﬁﬁﬂﬁ%/mf“ SE S R
Wi, R de /s ZaRIE AR B R KR & A F T RUEIE B & FIE AL R AL, BRAR T R S SR A HER 51 AT 1)
IR, 19 3)5&E T GF-5 VIMsij‘aTﬁi&iﬂ‘éﬁﬁ’\ﬂxﬁ BEG L, BRI TR 28 0.7 Ko Ye ik
£ 1 946 25 TIGR KR ZL, 315 GF-5 VIMS B 5, 1 285040 48 73 B A [R1 K985 8ons T 1 3 52
TR B2 152, 49 B RIKIRS &N 1 VUG 18 BY o Sk st R 4L B%ﬂiETﬂﬁiﬂﬁﬂéﬂﬁ%%ﬁzjﬁ%ﬁﬁ
TR RIIRE, B33EH T GF-5 VIMS #a @i 48An 1 W@ E B i 5k . IR m SR SV S AR



F5 M S, B TN TS ROARIR R IR TV S N 639

SH

SR X (ASTER) #i5 3E47 6 1k 5% 4645 21| GF-5 VIMS A48l 50 i3 AT M 3835 B S s, I 3 A8 Abaiks gk 47
BRI HT , YRR 2240 51 0.45.0.81.0.58 Ko Zhao ZPVi % T 380 2% TIGR KBk 10 F i IR » A2k
T GF-5 VIMS #5545, o8 7 % ) Sy Ay S et T b R 5 (2 i, - T — Mgl E Vb R S
AT N AT R FE S Tk, — B AR BRI TR RO S 45 R KRR, S 45 R A TR R 2E N
1.94 K. Yang S5/ 28 T 4948 2% 1R F1 4188 25 M 1) Seebor KU BRLE, 435 T GF-5 VIMS HEHL £ 48
I3 M T ORAKIRON T R FE 1) 5 ma , $2 H—Fhod T GF-5 VIMS #4i7 3 i 7 1Y) WVSTES (Water vapor
scaling temperature and emissivity separation) 57%. 4 11 5t ASTER #AZL AN BC AU , SR A Y s it 4 ) 7 v2A%
L GF-5 VIMS £ 4 3547 10 32 05 B S i, 5 S B8 50 0E /0 A1, 397 R 1R 22 8 1.70 Ko Ren 25 R F 5 Ye 2%
A7, 3R T GF-5 VIMS BLEE 5 , JF R i/ 3645 B TES FIL M A R4, T M MSTE 4
HSE LST RUR S 3R, SRJGHR 1 T —Fh &b 4 TES 1 SW [F138 & S e ook S Ji 46 1, FAAR 1 A A A /b
TRAKIERZERF M, FE6 ASTER $040 6 5l 4% 46 25 i GF-5 VIMS A 40UEHE HEAT M 3R 5 /i, &eid 5
STIEHE B2 HT, LR IR IR 2N T 1 Ko 1T GF-5 K5 BT T iR 3R BUZE UV St . b iR AF e A BR 1)
F GF-5 VIMS AU £ 4l , /b BT GF-5 ZEBUULINEcHfs 14 B SR VRN . 7E GF-5 PR R G, H a3
B&T GF-5 VIMS TEHUILIIEE T Je 7 b 205 B S st 7t . Meng %56 T SeeBor KT EE 4 Al GF-5 VIMS
JEE R PR, 23] T GF-5 VIMS SR8 . JE 11255000 A2k 47 26 v [0 9 75 2138 FH T GF-5 VIMS 3 11
[ R PER R B R (NOAA) B R 8. [FIRS X GF-5 VIMS 78 U0 S0 38 47 Hh 2 U5 3 I 3, I e 45
R R ZE R 1.61 K.

R GF-5 VIMS Hh 2 35 FE A 70 1 I 0 = 22 ] 200 A2 1 2% U8, P S 3 T ¥ 22 R 1 9 T MODTRAN 35 HYF) A5
LI, 1% 7775 R 05 B A HE R M B R B Anr BT R B 1R 6 , (H2 X GF-5 VIMS R 5 16 SE Brot 135 s
DURS AL, , B TG0, , M DLEAT 2 [A) 23 2R (40 . b, 7EBE T GF-5 VIMS 785Ul £ 4
(10 by 2 T B BB 7, AR SRR D TE I T A S5 e A M e £ S A

TR PR T A R Jee TEAE KRS e X0 Tm) AR 2 R 2, S0V SR v N TR S P B AR R, TR i)
o R A WU T AR ) T S A e T R R A EE R S H T G IR A I AR A
MODIS (1 km)-Landsat8 (100 m)-ASTER (90 m) %5 # 2T AM ik A , (H 1% LE 008 1) 2% () 0 HER UG, 7R/ R
FEE I T AR B A T b, M DURE 40 2 08 30 77 4 B 5 2 % I 717 P S5 1) P 3 5 M AN SR TR P I TR PR O 2R o DA
SEPA T PRI T R . PRI, AR SCHET GE-5 VIMS ZEBUILIIN S0 , SR FH 0G5 A1 DY 38 36 5 Fh B
S, SOET 2019 4F 3 ) R EE R X AR B, R ASTER #2338 B2 77 i, %of 3R B 45 S EAT RS
FEVEAY, FEH s R 2 SR N T R B X PR T B 20, R B T GF-5 VIMS #3177

1 B FC XL A i R

1.1 RXER

RET AT E 4 REFET 2 —, AT F R AR L X, & E A6y 31 Z 0 25 0 Ak KB IR
o X IUE T 52 2= KGR 1) = R DR Bt PRS0, DUZRARRAE R o 2019 FR4F-F 3R 13.9 °C, 7 H 2 44
BRI, IR EEIAF]39.7 CHY 2019 FEHAE AN 1 1561.83 J5 N\, MAHAL Ry 83.48%" . H22 B (R bRk &
J H AN BRI N 3 DX AN T 5 DA S R R PR AR T B AR oM 7 5, S I 8 8 P 9k Tl 80 5 280



< 20 %

A
T
X
T
=S
4l
4l

640 PN
1.2 DEHE
1.2.1 GF-5 VIMS A 330 4 4%
GF-5 & 7 [ 15 43 20t I 5 40 B KL i — R Z AL PR, T 20185 H 9 HRS . ASCK
H GF-5 VIMS 7EUM N Edls (5 S FR GF-5 VIMS #4l5) , GF-5 VIMS #fi $ A 12 M B, Hor 4 AL 4b
B (B9-B12) Z5 (A1 0 HE K 40 m, A0 K40 518 B9: 8200 (8010~8390 nm); B10:8630 (8420~8830 nm);
B11:10800 (10300~11300 nm) A1 B12: 11950 (11400~12500 nm), 4 AN B 6 1w 7 o8 £t 1] 1 s m D
I LA LAk B 2 (8] 43 #5455 20 m.
ASCAS 1) GF-5 VIMS ¥ BG BT 18] 29 2019 47 3 H 11 H 13:11:03, 1% 78 a5 R d w 03kIX, anfs
2 Ffro e B YR T A [ B TR B H 0y (hitps ://data.cresda.cn).

100 1 — B9
— B10
B11
80 1 — B12
E 60 1
=
=
am 0] | ‘
R |
20 4 | \
0 J N = M—

8000 9000 10000 11000 12000
EA/nm

1 GF-5 4 NAA AN BE 615 mi )3 2R 440

Fig.1  Spectral response function of the four thermal infrared bands of GF-5
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Fig.2  GF-5 true color image of the study area
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Fig. 3 Flow chart of research methodology
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Table 1 Cross-radiation calibration coefficient values for the thermal infrared channel of GF-5

Band Gain Offset
B9 0.00416 -0.35832
B10 0.00309 -0.79400
B11 0.01921 -63.32577
B12 0.02359 -65.13184
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Table 2 K, and K, coefficient values for each thermal infrared channel of GF-5

Band K, K,
B9 3229.31 1756.42
B10 2448.72 1661.86
BI1 774.41 1320.08
B12 504.19 1211.50
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Fig. 4  Atmosphere water vapor products from MODIS. (a) Before treatment; (b) after treatment
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Table 3 The coefficients and constants in Eq.(7)
Eq. (w<1g-cm?) Eq. (w>1g-cm?)

A 0.28 A 0.28

B 1.45 B 1.45

C., 16.36 C, 0.41
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C,. 37.90 C, -80.85
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C, 0.23
C, -0.69
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Table 4 The coefficients and constants in Eq.(8)
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Fig. 5 Comparison of two-channel split-window algorithm inversion results with AST_08 surface temperature product.

(a) B9/B10; (b) B9/B11; (c) B9/B12; (d) B10/B11; (e) B10/B12; (f) B11/B12
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Fig. 7  Fine-scale comparison of surface temperature inversion results of AST_08 and GF-5. (a) GF-5 true color image (20 m);

(b) ASTER false color image (15 m); (c) GF-5 LST retrieval results (40 m); (d) ASTER LST product (90 m)
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Table 5 Hot island hierarchical standards and corresponding proportion

R ESE R K73 hr e GF-5 it i Lu451/% AST_08 Jiir 5 LLA1/%
iR X T<T,—s 13.39 12.03
BARIRIX T,—s<T.<T,—0.5s 7.80 10.91
R X T,—0.55<T.<T,+0.5s 44.16 4531
B IX T,+05s < T.< T, +s 26.62 20.36
i X T>T,+s 8.03 11.39

0 5 10 20km e ] dkix Keb g G B B X
Tt O b s I GRIX I
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(c) GF-5 31 #4573 2 (d) ASTER iy 4 B 7 ¢
Fig. 8 Comparison of AST_08 and GF-5 urban heat island rating. (a) GF-5 true color image (20 m); (b) ASTER false color image
(15 m); (c) GF-5 urban heat island grading; (d) ASTER urban heat island grading
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Fig.9 Land cover category in the Yadian Reservoir area
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Table 6 The proportion of each type of feature in different heat island temperature classes (GF-5)

PEER KA 1% MR/ % 1B /% HEH/% HRIX /% A% YN ITER: V0
IR X 72.56 0.37 22.88 437 2.89 0.55 1.90

BRIRX 13.97 2.54 42.49 8.15 6.24 6.59 5.22
HR X 12.82 65.78 34.45 56.33 46.82 51.89 46.18

B X 0.64 28.63 0.18 24.32 33.67 28.51 35.33
R X 0.02 2.68 0 6.82 10.38 12.47 11.37

k7 & Ep AR IR EE BT & ) (AST_08)

Table 7 The proportion of each type of feature in different heat island temperature classes (AST_08)

HEER KA 1% /% I/ % Wb/ % HRKX /% /% 2 e EL 1/ %
R X 63.39 0 23.73 3.86 3.13 6.98 2.12

BARIRIX 17.26 0 59.38 13.00 8.79 4.63 5.25
HELIX 17.60 72.06 16.90 55.24 48.06 46.72 46.67

BRI X 1.47 27.94 0 17.91 25.51 21.30 30.10
e X 0.28 0 9.98 14.51 20.37 15.86
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