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Abstract A three-layer decomposition model is used to downscale the surface temperature of the study area via four
different surface feature factors and their combinations. Experimental results show that the three-layer
decomposition model using multi-surface feature factor combination obtains higher downscaling accuracy than that
using a single factor, and the root mean square error increases from 0.813 K to 0.763 K; the main source of error is
the architectural area. To study the urban heat island effect, this study uses the heat field intensity index and heat

field variation index for evaluation; both evaluation indexes indicate that the accuracy of the multi-factor model is
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better than that of the single factor model.

Key words remote sensing; thermal infrared image downscaling; surface feature factor; urban heat island; surface

temperature
OCIS codes 280.4788; 100.2960

1 5 =

A UL 21 A0 R 25 8] 43 B R mT 3k ok g,
U AH B FAET A 328 TR AR 11 25 8] 43 0 A0 X 041K L 4%
P& R R L DA (. FY-3/
MERSD #4 #4 21 41 i B B4l 19 25 0] 0 B R 2 Oy
250 m, R TGl AR AT 3T B S R AR H bR M
AT BE R T 4R LD AR R 10 25 8] 2 3R, K
SN XA LT AR G T R T Y. R

F ek I3 A Y A v 3 4R AT 0 0 3R Y AR ZT A 8l
15 53 PR A R AR AR DY 22 ) YOG &R R Y R
FRAE PR G 5 — P A B 4 R BT 9 R R A K T
BUASAOT A5, d B4 0 A 50 31 b ROBE 503k 2
DisTrad(Disaggregation procedures for radiometric
surface temperature) B Z B WG AN E T
H— LR B8 BCONDVD 5 3 3 3R (LST) iy £k o4
KFR S IHRBIZ K R BAT RUBE A R o R
FRUBE 1) Ml U R e RS BN R 25 ], Agam

Wi EE: 2019-03-05; 1&E HEA: 2019-04-18; FHBEH: 2019-05-20
HETB.: EBREAH LRI (2017YFC0602103) | HBF B _F i 7 AR 5 B 5% B 1) 35 & 051 H (CX-58)

" E-mail: gcl@mail.sitp.ac.cn

0928001-1



Es i

AT T B R TsHARP (an algorithm for
sharpening thermal imagery) 89, FIME #5 7E 5 X5
fUNDVIL HR %77 3 B B T A X, e oh BF 5T
N GE B T T A 0k B i R ] o3 T O vk B
TR [, 2 FEAE A 1 R i 43 G O 5 HU'TS
(High-resolution urban thermal sharpener) & 357,
[F] B, — S 2 0 A AL U A 4 L s v B 4
TR N AR R BB AR AR A, R E S
I » Bennett 251 5% FH XU X8 % 4% @l A RGB RI4L
Ab (TR A 2 A Bt AR S5 ik S ARHL L 320 % 0 40
TRHE . Meng %R =2 0 AL L T 4 8
W B 2 00k e B mh A . VLR D R R
I T AFRUE T8 DK e A T8 B SR A AL S T 2L A ]
UG BG5S Y RS T 45 & IR AL
WL, e A TR S ) g 2% F1 PCNN
(pulse coupled neural network) SZFL T ®] WL K 1%
fill A

BTG R RO O ik T B A W 5

TR A, Ay A AL R S 7E T WOt % 5T 4L
SN Bl S R B R A S R, R T =R
i AL AL SE FH T AR 20 A0 I B AR SCOKE BF 5T X 43 Sk A
Bl DRI 571X, A B KRR AE B 40 51 R S TR) A9 il
B 008 320 A7 R RO . AE SE bR N H b, X ez
Landsat 8 T & A9 #2410 ) % 4E 1Y b ] Be.
FY-3/MERSI(% [A] 73 B A&}y 250 m) #4210 41 i 1E
HeyE A HI-1A/CCD T (25 8] 4r %0 30 m) Y
CINSTRAR N €I R (190 2 s = 2 )
e

2 B IR b R AL B

Db mt i 3 9 X R ] il XA SR F Y X i A
X B ARAR N 116°E~116°47"E, 39°40'N~40°16'N,
WX AR N 1485 km® B4R M 43.5 m, BF
FXA A EWME 1 fraa, L2014 49 H 4 H
Landsat8 T8 & i 55 B 38 HUAY OLI/ TIRS & & 52 1%
M g B RS KR R, LA 2014 4E 9 H 18 HEY FY3/

U, R S R OR P  1 E  F TG E MERST G801 HI-1A (19 CCD 0 18 o i 808
e, ALK R o R R = )R S5 R 7E — 8 BRI BEHFRME 1 R,
116°E 117°E 118°E
116°15'E  116°30'E 116045/EZ
9 I
= =
F
| .
=
=
4
g
Z
E
2
Y 116 15'E  116°30'E 116045E
116°E 117°E 118°E
K1 W Xon B K
Fig. 1 Sketch map of study area
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Table 1 Data sheet
Date Data name Aera Remark
LCO8_IL1TP_123032_20140904_20170420_01_T1 Visible-near infrared (30 m)
September 4, 2014 Beijing
LCO8 L1ITP 123033 20140904 20170420 01 T1 Thermal infrared (100 m)
HJ1A-CCD1-4-68-20140918-1.20001197797
CCD (30 m)
HJ1A-CCD1-4-64-20140918-1.20001197817
September 18, 2014 Beijing

FY3C_MERSI_GBAL_L1_20140918_0235_0250M_MS
FY3C_MERSI_GBAL_L.1_20140918_0235_1000M_MS

FY3/MERSI (250 m)
FY3/MERSI (1000 m)
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Fig. 2 Flowchart of proposed method
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Table 2 Surface feature factors

Index Definition Meaning
Nk —Rre N g : near infrared band
NDVI I\]»\“)Vl _ NIk RED NIR
Nk +RREI) RREI): red band
Sswire — N Sswire : mid-infrared band
Ul Uy, — DSV | NIR SWIR '
Sswire T N Nk : near infrared band
Sswirt — N nir Ss : mid-infrared band
NDBI N\DBI _ SWIRI1 l‘ NIk SWIR1 '
Sswirt T Nk Nk : near infrared band

T rc1 : normalized value of the first tasselled cap transformation components
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T tcs : normalized value of the second tasselled cap transformation components
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Table 3 Temperature distribution in the sub-region of the studied area

Index Building Vegetation

Temperature /K

I 310

300

I 290

Temperature /K

|310

300

I 290

Temperature /K

I 310

Temperature /K

I 310

Verified data (270 m)

Verified data (90 m)

NDVI
300
I 290
Temperature /K
310
BCI
300
I 290
Temperature /K ' Temperature /K
310 310
NDBI
300 300
I 290 I 290
Temperature /K Temperature /K
310 310
Ul
300 300

I 290
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Table 4 Quantitative evaluation indices

Evaluation index

Definition

Meaning

ob ___ pre \ 2
RMSE 21 S e The smaller, the better
R ooy = - 00
RMSE .
1 e
MAE Mg = 72 (yo — yrre) The smaller, the better
noi
2y =) (PP — )
CC The bigger, the better

. i=1
Cee=
/\/Z(y?h_/]oh)z 2y =)’
i=1 i=1

5 SLIAE RN E I R )
Table 5 Quantitative evaluation for experimental

results (single factor)

Index Type RMSE /K MAE /K cC
Global 0.834 0.007 0.995
Ul Vegetation 0.752 0.015 0.995
Building 0.924 —0.065 0.994
Global 0.899 —0.001 0.994
BCI Vegetation 0.956 —0.005 0.996
Building 1.145 0.079 0.990
Global 0.882 0.002 0.995
NDBI Vegetation 0.854 0.021 0.997
Building 0.994 —0.065 0.990
Global 0.813 0.005 0.996
NDVI Vegetation 0.653 0.026 0.998
Building 1.224 —0.135 0.996

Wz ,BCI £ 2% ,RMSE % 0.882 K,

2) NIE Y 2 AL L B ROBE (RS BE AR T] . B R
JE 25 B ) R 22 I T B SRR B A R AE Hh A 2
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Rif RO RS A 0 T DX I T 3k 314 = A %, NDVI
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Table 6 Quantitative evaluation for experimental

results (multiple factors)

Index RMSE /K MAE /K CC
Nyovi HUu 0.763 0.006 0.997
Novi T B 0.828 0.005 0.995

N xovi + N ost 0.788 0.002 0.996
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Table 7 Quantitative evaluation for urban heat island

Index Type MAE /K RMSE /K Thermal centroid Thermal centroid change rate /%
HFII 0 0 78144 0
Real data
HI 0 0 97835 0
HFII —0.129 1.005 85254 9.098
NDVI
HI —0.020 0.963 97652 —0.187
HFII —0.130 1.033 83803 7.241
BCI
HI 0.192 0.925 99907 2.130
HFII —0.136 1.108 84393 7.996
Ul
HI 0.168 0.998 97995 0.164
HFII —0.151 1.128 84878 8.617
NDBI
HI 0.161 1.058 98125 0.296
HFII —0.112 0.852 83696 7.105
J\] NDVI + B BCI
HI 0.004 0.804 99898 2.110
HFII —0.132 0.751 84383 7.983
j\]NDVI +UUI
HI 0.004 0.751 97981 0.149
HFII —0.051 0.886 84878 8.617
N:\’DVI +NNDBI
HI 0.024 0.850 98140 0.312
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Fig. 3 Experimental results on September 18, 2014. (a) Data with spatial resolution of 250 m;

(b) downscaling data with spatial resolution of 90 m
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Table 8 Parameters of urban heat island at different time

September 4 September 18

Evaluation index

HFII HI HFII HI

Thermal centroid 78144 97835 123241 142931

Thermal centroid
13.89 17.39 21.91 25.41
change rate /%
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