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Abstract: According to the requirements of weather, climate and ecological environment monitoring for
land surface temperature (LLST) at high spatial resolution and all-weather, this paper develops the spatial
downscaling algorithm of LST from geostationary meteorological satellite observation and the reconstruc-
tion algorithm of LST under cloud from polar orbiting meteorological satellite observation respectively.
The LST spatial downscaling model of geostationary meteorological satellite makes full use of the advanta-
ges of geostationary meteorological satellite observation in both high time-frequency and multi-spectrum.
A nonlinear statistical regression model is established based on the daily variation characteristics of LST
and brightness temperature of relevant channels of the same remote sensor of Fengyun-4A (FY-4A). And

the underlying surface types are also taken into consideration. The method is applied to the LST downscaling
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of FY-4A AGRI (advanced geosynchronous radiation imager). The results show that the developed down-
scaling model can not only downscale the LST of FY-4A AGRI from 4 km to 2 km, but also maintain the
accuracy of LST before downscaling, and the maximum RMSE of LLST before and after downscaling is 1. 35
K. For the LST reconstruction under cloud of polar orbiting meteorological satellite, the DINEOF model is
developed, and the secondary correction of the results is carried out based on LLand-Use data (LLU), so as
to realize the all-weather acquisition of polar orbiting meteorological satellite LST. The method is applied
to polar orbiting meteorological satellite FY-3D medium mesolution spectral imager LST, and the results
are as expected.

Key words: meteorological satellite, land surface temperature (LLST), spatial downscaling, reconstruction

under cloud cover

5 "

il ¢ 1 3 2 XS 5 A BR Bl e B B 0 S S
B, 76 M-S R RE A S e ad R PR R A
FH S XoF X8 R 4 BR 2R B8 A0 A AR Ak B A S R
SO Y it R i AT A NN 7 B R R URUE
A Bk R B Ay Bl TR R 1 BT BE . LAND-
SAT TM/ETM/ETM+/TIRS,NOAA AVHRR,
EOS MODIS.FY-3 VIRR/MERSI,MSG SEVIRI,
GOES-R ABI ) % FY-4 AGRI % T0 5 3% ik 3 44 nf
DA HEAT $RLL A i 22 W BE UL, 7 S 3 43 B (i (] 43
P28 (0] 5 BER 5 5 A R . ST AL IME
S i 2R B R k2 KA R E AU T4
Tl B R T RAARAR AR F 1 KO B A I 25 il 3%
B E & K 7T 5 (Wan et al, 20045 Duan and Li,
2016) o fH T 5 1 S AR AT A1 i 2 1 B2 WL =3 ) 8] 73 3%
SR A5 ) 43 B M L A7 T L fR T BR AT A B R
BOEE 5 )2 A M X R B R S AR AR B R
PRIt o A S B IR RS TR B U 2R I
[F1] 3 39 3R 19 i) R 0 0 30 1% e 1 4030 4 G AR )
FY-4A AGRI i 22 B 45 (] 43 HE 0 4 km) , 04T
23 ) [ RUJEE A T, A5 S B ) 0 R R L a5 [ R
A2 e T ki 2R EE 5 A X A B R G T S e R
52 7 S B A B (4 FY-3D MERSI i 22 5 8
A TMEREI T 2 TR EM, UG 4
KA B LT Ak IR . TGI8 18 JER i 2 R 2 ]
RUEE I 2 bili IR = T A B AN 5T B BT
J& T RE M.

(1) 32 Jo% i 2 Yk 8 =[] o RUJE

7 J it 2 i B 2 ) e RUBRE S B 3 JE il 2 L P &

) 73 B g o AR B P 0 R Y A ) 2 JR i
Tk 2 [] g RUPE Dy 12 ] LA 4 2y [ i o RU 2 R S 9L
FOBE W Ffr o [] 5 A IR E o At J2 A ) 3 J8 - 15 Bl 2% I
i 1R 26 38 18 (7] 1Y 5 R (Rodriguez-Galiano et al,
20125 22/NFEE 2016 5 S5 Y5 og RUE At At S A [+ 3 J%
- 5 fili 2 I 3 RN AR 5 3 T8 8] 7Y B R (Yang et al,
2011;Weng et al,2014; & 22,2010 B& U 3%, 2016) .
MR 4l 2 T 3 RURE 32 1) B8 5 Al S [ 38 Jk i % U
JE % () g RUE AT 4 ok PR AR il 5 v RO TR 12 AL
MEE M (A, 2013), B ML G
8 e 25 ) 7 B R 5 AR S ) 7 B R Bl AR 1
fil Gz A TR A PG B e AU RS BT A i 2
FE 1Y 2030 457 41E B %5 W ( Adazzi et al, 2005 ; Fasbender
et al,2008) 3 KU PN ¥ ¥k 32 2 7% 18 52 i Bl = 1 B 1Y
AR R R O 25 I e RO i S R S R ) —
Bk AR HE T R 2 T BE A A O e A ) R
(Kustas et al,2003; Weng et al,2004; Agam et al,
2007 ;Inamdar et al, 2008; &% i = %5, 2011 ; Eswar
et al,2016) ;A #3552 Wi i 2% 7R BE A% B A 18] 22 1k
i) & (Merlin et al, 2010; Stathopoulou and Car-
talis, 2009) s 47 Ay [A] I 2% f& T Z R S M sh B S 8
(Dominguez et al, 2011; Zaksek and Ostir, 2012;
Essa et al,2012;Zhu et al,2013), FEEH— Q1L
e ERE AR B Y O RN R R Y
14 i 2 Tk B8 5[] g R 7 i A B it ke (JA &2
2010), Zhan et al(2011) D) A K5 35 [R] 4L 4 F 8 4 ST
I AR B RO O W B — BB HE S L I AN [
SRR BT TRV Mlge s A B iR ARk A Dt
T R AR 1 Il 2 R B A5 ) e RUBE O kL It 2R
AN AL R ) AL L T LT SORS W R A G
F5E 4, 2018; Yang et al, 20105 2017 5 #6188 3 4%,



320 A

% 9549 %

2018) %,

(2) 38 J& = T i 22 UL B2 F A

25 R Ml e S I e — L DR 32 B R K R
CR PR F 25,2005 5 BRI S 1%, 2020) 5 2T A 8 J8 il
RMER THERMB KR T ZRAFM . B E S
ik — A TRIER S DA TR KN — KA
AE HE B0 22 UG 5 1 0 AR A0 G 22 I Y I s ol R TR
JEERCHE AR > A Rl 20 B 8 Ak il £, Ml £k b A
A 7 B %) W B 2% 3 B (Minnis and Harrison,
1984) , =3 [ (v - % DL I A B B B8 A EE 0 D0
SR pRB v T A B AT A CFE SCUE 5F L 20115 1% B 1N
4%,2011;Goovaerts, 2000) , B} 25 e & 47 {5 15 « 1 (7]
375 (1 R 2 ) 4 R0 1) 3K 5 8 o — 20 4 v Al B G T
(EZWESF,2021) 4l B BCas 5 Bty =4k B2 (el 9 5 - 6
355 i 2 TR E 5 XU L A B K 10T £ B 45 4% e i 6 TR
2 R | Rl 3R R SRR A I R F NDVI-ff £
VL B 25 T R TR 45 (M4, 2011) , RE R B T
Hi 2% fig A R R b 3R K U A L G
TR AL S R b, 2 T D0 R A 2 T A 2R B e M O AR S
= B S AG TT T B B AR S (E 2B SE,2019)

PRI, o 1 A4 T2 o 2 T 2 ) e RS
FE TR R T TR B8 SRS 19 R AL AR SCR B8 T[] I
STl IR A A S A K R DL K SR
19 B AR FE AR 1 T 7 T ELBR R i S 500 =
B A BRI, LR AT g U/ $idis 2 ) i) 25 DT
T % e RUE 235 TR 1 AN A 2 2 DTG A5 3] 7 R () 4
R A5 [A) 4 R R R b R R . IR LN
N E FY-4A AGRI Fifi 32 1 B 19 23 1] B RUBE L 75 %)
BER 40 ASEFR L2 km 73 [A] 43 B8 104 il 32 00 B 77 L
TR AR TR = T AL Al 2 0 1 A A
SCPNB 23 4 (0 v 1 SR B L R S B S TR R &
T S B A 22 f T DINEOF J5 2%, 9 %
JE i 2 1 iR s ) S PR L 38 m T 3 F LU (land-use)
R T E 20 R v T A ol R IR R
IR H ) FY-3D MERSI B &R W = T &H
o A5 1) 4 A 1 i 2 R E 5 2

1 s

Ak OG0 i il BE 4 [A] i R BE 2 9
FY-4A AGRI [l IR EIF Ry, FY-4A F 2016 4F

12 7 11 H RS, #8383 1 AGRI & J& 25 #21 4b
E AR RS A HERCON 4 km, HOA 2[R £ R E
DX S 7 e O 0 52 X o JFC v 4 (B8] 98 S A B[R] 43 BE Ry
15 min, o[ D388 5 8] 20 B 5 min, AL
FY-4A AGRI Fifi 2 i B2 25 1) B RUBE o 4 F #5540
PR AR E N R . (1DFY-4A AGRI fifi 10 . 25 ]
PPEREN 4 km (R 8D 8K 205 YOWM 5 (2)FY-
AA AGRI S5 7 W Bse il BB 20 $E % 2 km (&R
FOLASETHER R 5 ming (3) FHGE AL § FY-
AA FEERGREL B 4525 FY-4A AGRI 4 km
A2 ke 04 ) 25 [E] VEIC

WS DEMFRE 2 NEMZETFY-3D
MERSI [ K i 23 Fifi 32 15 B2 A& J& 0 300 43 T 4 T 1
F BRI IR SRR AR . (1D FY-3D MERSI fili %
B 23 [R] 43 BE AR 250 m, 2ok B8 I ] 24 Ay 4 b 1] (8]
13:30;(2) F#EI 285 . 2020 4E MODIS fiy MCD12
AR R A H A B 23 ) 4y BE R 0,057,

2 5 ik

2.1 BUESKIEMREETEERERE

M T FY-4A AGRI i i3 9 BAR AR - 45 H af
PAFR A 40 A~ v 42 8 55 59 SO0 L K 165 A~ I Uy
Hh ] DX SOULIN » S 2 T[] F- 5 22 Ik AR UL A ST B %
il JEE 5 [R]  ]OBE B RUAR I 1 2% 1R o AR SO K JE 1
1R TRl i 3 2 [ g RUBE T ik EZ A A
B IR — T T il 2 AR OGS B H A A
Uk 1) 25 (1 [ ROBE A 78 14 7 — e B T Rt RE T
A D P B ROBE 8 SR A
2.1.1 AR T#H@EA FYAA AGRIEARBES

H 7B IR M RS A 0

AN TR 1 T 26 Y 1 Bl 2 3t B2 R AR T I 220 5
R/NA 225 AH BAT AL E) HAZ L . AR T
I FY-4A AGRI Rl 238 B RE 7 38 18 52 i 40 i i
T 14 3 S R AE AR 25 ) 23 R (4 km) B FEAT A9 (B
BT 1R 5% 28 AN It 25 1) 7 % 3R 10 A8 A T 728 A+ o
JO7 A B 458 e % ) 23 B 250 52 0 IR B DT 52 B
FY-4A AGRI Jifi 2 52 ) 25 1] e RUBE . 450 A0 4t 57
BT 6 56K 2 km 25 (0] 73 R 9 FY-4A AGRI 55 7
A 3 5 il A T e 4B U5 i T R F 4 kms SR L ff



%3

P ECAE b AR B TR R R e A R T 1 321

— IR PN R SO0 Ay ek BE b P IR RIS AR R A B ] B
Gy AT @A T L TR ITA T H IR R IR B 2 R
K B B KAE R B 20 22 B DR T B A3 3 1 il 2 Ui
JE Z R B 5 KAR Y B 204 A 43 5 o T AS 2 SR
AN TR T 3 1T il 2 R 3k B 5 KA ) B 220 43 0 VR O 43
FL R IR TR 58 DX [R] 43 B 50 G —  [7) I Jik
R I A H I ] R ) R RS 2 SR Y D 25 7E
J& SRR RORE 25 2R 1 U0 Ak o # b Rl DLAS B g — 20 B
1E o DARCAE S B ) 9 3 53¢ 5 343 ) 57 e B 200 1 S
IS ) B i 2 L S5 4 7 3 3 T RUBE 52 L 2 R] Y X
LRI ST W
y =alnx +0b (D

K .x UK FY-4A AGRI % 7 i@ J& RS2
R FY-4A AGRI [l RIRSE a0 BIFIIA B R

Giit R R & T #IE FY-4A AGRI [l kiR
FESEE 7 38 38 FE RO 58 TR S AT 00 R B ek Ok
F AN [E S ) B A ¢ R B s 1. R Y
L RUAN it 2 () ROBE ARk, i T4 7 3 JE 52 IR (2 km)
THEAS BT 5 i ] BN A i 2 2 ke 194 i 26 L2
BP y ie RUBE ) 20 25 2
2.1.2 FY-AAAGRI R BEGREM T RN

#— ¥ kA

A b it g N7 AR AR 5 4 R T I 00 B TR
TET 248 7R ) R D ol 2 3R BE 1 H R A A BE T R
FUBE SR iy 45 14 45 R e 5 78 15 ot RO A7 7E — 7€ i
2. PR AR 45 Jrg 1 8 B 1 D 3 L S H gk — 25
oAt . & 5 X R BE i 45 179 il 2 0L 3 2 T A i 4D
BT RIER] 4 ks R )5 R T REESS R 5 566
FY-4A AGRI Bifi 2 B2 Z [0 09 218 fe e - % — &
FU A4 B A5 1) 2206 53 C B [ RUBE i i 45 2R b . A
AKX .

ALST,, ., = LSTi,, —LST# ., (2)
LSTZ(}_J') - LSTt‘,!_J) JL /1p(1’,j)ALST(,‘O o) (3)
BT/,

Pap = M% 4
2 EBTZM.M)
m=i n=j
i, = int(i/2), j, = int(j/2) (5

i LST bR I . i) 1% 22 25 1A e R o 72
2 km 2 i) 439 Bl 72 06 B 0 A 45 S A 0 AT 5
BUBTAE IR TE 5 iy jo ) AR FE MR BT 4 km 23 ] 43
e R IE IO i 135 o B FFTERIET s int %
REUEGE S BT, % FY-4A AGRI 45 7 it %

Je( I SEL . ALST fUERIR 0 Go s jo) FY-4A
AGRI fili 22 1 B B RO W0 25 25 51 5 I 0 Bl 2 1L B 1)
ZEMH L LST,  ARERARTT G s o) W) 25 B R TG B A%
Bt 22 0 BE TH RUBE Z )5 By 25 R LSTY , , RR 1% T
Gosjo) J5lE FY-4A AGRI BRI po., RFHZRIT
Gy g Fe i o5 A0 4B 1 AR JT 52 B E i
LST,;, JLSTH, 20 AR RAR T (s ) W A6 B RUEE Al
i 2 R AN U

2.2 ZTHMREBEEHEENEL

DINEOF ¥ & iy Beckers and Rixen (2003) #2
HH A — b B T 22 50 1 58 eR K0 i 12 EOF Sk 244 )
2B O 7 i B T SR IR AE L O N BK
HE s . DINEOF ¥ Q&R R E 4R a
W BE I T XS H A Y AR N o 4 T AR
(Alvera-Azcdarate et al, 2007 ; 8 3545, 2015 81
e 45, 2016) , 7EFli #h 2 R = T EA J7 M » Zhou et al
(2017 K Ho LT 7 78 o it oy 51 X i 2 3L 2
o (ERTEENE EER YA BN, TR
PR S i 28 R R B R R B N s R BT R
R, T A T B4 32 2 32 - M B 2R T Y g e, PR UL
A 3CHE DINEOF A4 4 i il 2 3 B8 B il b 34 m 1
BT LU M AT IE DR m B AR JE
DINEOF i (¥ H A Ji 2 5 T AF Ji 72 1l 2 % A
e ik (Beckers and Rixen, 2003 ; Alvera-Azcdrate
et al,2005) . K . KA 2 4 w5 5 3 35 1 3L Y
SRV /) o T 2 T 8 T 2 AT o 2 2 i il 2 0
JEE B 5 B I A 2R TR ) 7 A R A 5 A [
MR ISR = T Il 25 Uk B2 A BRI (8] PN & A 1 e B
{EL A9 B A8 bt P o e S (B A A8 A i, S s B R
i R R A ME G R (E S, 2019) . DINEOF Jy
e — A I A A A (1 o R b X ) TR Bl
TR 25 2 75 W s P X U Bl R R I —
SE B AG . BT LA 7E R G DINEOF 50 J7 15 1 2 Al
E¥E I T R T LU B B 0O T IE B R B X
AT LU, G534 #r B DINEOF 44 {1 55 3 A5 52
B ARJEXNZ LU T EMEHET ATIE. B
HITEMT
Ai = Vs = Vieeonat (6)
Vieeonz2 = Vieeon1 A, 7
K Voo AR HT ¢ 28 1 MBI BT 28 SR B Bk 2R i



322 A

% 5549 %

Ak 1 3 5 SRSV econ {UFR DINEOF J7 35 H A H
A ARCRE M IR Vo INFR B SUAE AT IE 5
e

3 IS5k

3.1 #HIFSZ2 T2 FY-4A AGRI fEEBEE T A K&
RE

AL 2022 4EAL 5T 4 FR BRI 3732 Bl 23 (4
W2 T4 ZR R N MR IC 5 iz gl 25 (A BRI 43) &2
SR P A B AL 5 T RN AR 5K S8 1 T AR LXK A
W E ARG TR EREE FY-4A AGRI [l 206 &, iF
A3 18] e RUBE A 31 2 8048 AR O 2019 4 2 ) 16
H. BT RASE PN 4 km,

Bl la~1d 435 @78 T 09 BEAT 14 B Ci: B A
T ED R L i bR FY-4A AGRI By 3% 3 B2 M f R

114 115 116 117°E

114 115 116 117°E

B bili 22 18 BE 2 Ak 1 25 SR [ o g B 40 R
TRl R AR B = AR AL X BA [ B 2 R R
HJa M5 0] LA L B RUBE I 1 i 2 3 B AN (L
T3 18] 43 FE R G 4R TH T G M SR TR b i 3 T RE 1)
AR AT L T LR AT PR AT R R BE i Bl 2 I
25 [B) 43 A7 R AE AR A

B 2 WoR 71X B 2R R S B R S
ok RUE i i 008 B8 1% 25 1 B 7 L AT LUE . 09 B
(E 2a) F 14 B (& 2b) P 35 22 (5 19 ¥ {8 (Mean) 43
Wl —0.30 K Fl—0. 37 K, i ¥ 7 #i% 22 (RMSE)
G302 1026 K AT 1. 33 K., 136 B R RUBE 25 5L G4 L
ok RUJE T i 6K L AT LA - ot O 3 A RUJE T i %
ok T RS 0

KB 3 EaRT 2019 4E 2 A 16 H 00—14 B ER
JE 5 It 2 0 B2 5 3 IR R T i 20 3R 5 1) 2 {1 1) 34 i AN
PO MR R 22 AR AL O, AT LA Y A 25 (E i 34 AN
Y107 MR 5% 25 249 02 i A R] 28 Ak 1, DG AE 00— 08 R

K280
275
270
265
260
255
250
245
240

280

114 115 116 117°E

3

275

270

265

260

255

250

245

240

114 115 116 117°E

Bl 1 20194F 2 A 16 H (a,b)09 B, (c,d) 14 B FY-4A AGRI [ii % 18 %
Ca, o) B ROBERT AN (b, d) B R BE 5 25 ) 43 Al
Fig.1 FY-4A AGRI LST (a, c¢) before and (b, d) after spatial downscaling
at (a, b) 09 UTC, (¢, d) 14 UTC 16 February 2019



55 3 RS L R R I TR B R TR Y 323
2000 1600 T
1800 @ ®)
Mean=-0.30 K 1400 Mean=-0.37 K 1
1600 RMSE=1.26 K | RMSE=1.33 K |

0
-15 -10 -5 0 5 10
LSTZ1E/K

1200 |

RFEH/N
o » o
S & 3
s 3 3

B
(=3
[=]

200 -

0
-12 -10 -8 -6 -4 -2 0 2 4 6
LSTZ (/K

K2 20194F 2 H 16 H ()09 B} AI(b)14 B} FY-4A AGRI [ IR (R JE R G 2 H 5 5 E
Fig. 2 Histogram of FY-4A AGRI LST difference before and after spatial
downscaling at (a) 09 UTC and (b) 14 UTC 16 February 2019

0.0

(a)
—0.1}

—0.2

Mean/K

—0.3}

—0.4 ¢

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
Ikl /UTC

—_ =
S = 0 WA

RMSE/K

SLa®

} \
0.9

0.8

0.7
0.6

o5l
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14
[ /UTC

3 201942 H 16 H 00—14 i FY-4A AGRI Jifi 2 Il 2 1o RUBE Rif J 22 B A9 () B (B (b) 3 07 A i 22
Fig. 3 (a) Mean and (b) RMSE of FY-4A AGRI LST difference before and
after spatial downscaling during 00— 14 UTC 16 February 2019

1 H AR /N T 0 KL BE /N —0. 43 K BT
RZERKRN 1,35 Ko/l 0,77 Ko X Wi A [
I 221 o RURE Ji 45 2R 05 o L 1 i /1 o (LG A4OKS 8 38
P EAWNIIEES DS

3.2 BUMSKIERALIIMREEZTENY

ASCLA 2021 4R Z 8 H KUl 0 0 Gyt e 4%
WF5E DX Ry b s T b XL AR R4 TR 8 R
KT FY-3D MERSI 250 m 75 6] 73 # 4 1 Jifi 3
JErah. A 4 AT 7E 8 H 1 H I JL Py LR A
LT HLIX 52 25 J2 4 il 3 i 3 Rl Bk Ok L
FA173 0 A J DINEOF Js ff #1044 J5 3% 5 2% F LU
R TIEREAT T N SR KR A A E e KR
Pifi 2 T B2 5 (L 5) . 1] Sa Sl RS Y R 4 2R
Kl 5b o JRU7 I M A ZE R . JE X AT UK B 5
A 7 1 TR Y T Al R (R ROR L BT T
AL ] 3 i S XA Bl R R L X B R
B AL T R SEPR AT o AT HE Bl RS B9 S AR 2
e B T AL 1A I R (B AT AR A R L AL R EE A

F14 il P2 A T o (] 08 0 i s XA il R R L X
PR FCBAAT . TR R R D VR R B A 4R T
HMCT 2 MIOTIEEME N s TRREE S =
SR S0 ol 2 3R R X HE R B (P 6) . 6 AT DL

g 328
323
318
313
308
303
298

Bl 4 2021 45 8 J1 1 H bt — -t i X 1 %3
il 2 % E 32 )k
Fig. 4 FY-3D MERSI clear-sky LST in Beijing
and Hebei on 1 August 2021

114 115 116

117 118 119°E



A

324

% 5549 %

114 115 116 117 118 119°E

K5 2021 4F 8 H 1 HEM G AL H — Wb 4 KA %R
() B R 7% (b)) J5L R 5 1
Fig.5 Reconstructed all sky LST in Beijing and Hebei on 1 August 2021

328

323

318

313

308

303

298
114 115 116 117 118 119°E

(a) result from improved algorithm, (b) result from original algorithm

328 T :
(a) RMSE=4.4 K
Bias=0 K
323
318
o 0
X %o
N L
% 313 )
o
| o)
= o o 00
% 308 f
m 1) o fe)
O o0
$0° o &0 o
303 o/
e}
298 t o
293

293 298 303 308 313 318 323 328
SEMLST /K

328 ‘ ‘ :
(b) RMSE=8.6 K © oo
Bias=7.1 K O
323 ©
oo ©°
o
(@]
318 o o 8o
x o
D °o 4 %o
1 | o
44: 313 & (0] o o
308 | ©
303 t
298

293 298 303 308 313 318 323 328
SEMLST /K

K6 2021 4 8 H 1 HEMK = T KEFRU S b 55 520 fili 22 353X bt
(DR (DRI

Fig. 6 The scatter plot between the reconstructed LST and in situ LST on 1 August 2021

(a) result from improved algorithm, (b) result from original algorithm

2k LU @ ZRiTIE” f5 . RMSE H A W] i B AL
(RMSE=4. 4 K) . {22 (Bias) #iF T0 K(FEZ K
Sy LT 25 S 51T AE) T R 4G 9 A U5 2 (& 6b)
RMSE # K (RMSE=38. 6 K).# #] i 1Y Bias(Bias
=7.1 K>, @b xf bl A1, o0 B 7 260K BE 1Y 32 Tt
HA®BWEHEN.

4 FRER MRS

AR T I TG TR il 0 B 43 () 23 B
REREFE DL ARG DR LA R = T

R I T 2022 AR L B A R4 SR B & R 2
e T A6 1 b 5T ARl b 48 BT AE b X R IR R T
B8 BRI FY-AA AGRI Bl 20 B RIS T
B & R FY-3D MERSI Bifi 383 B2 . $2 5 1 ## 1k
G T il 1 RE I A 23 18] 43 B R R AN T AR
KL TDEMLAIMRIRIGERBE = FEEHAL, £
BLEEUT .

(1) T3 — A 1R R TR oy IR 2200 3%
LI 3 £ 34 AR ST R T e st A o % 3L B A S ) o
ROBE 7k o 3T i) — 052 () — 32 JER 4 T A T ) o 2%
Rk 3 R 238 10 A TR Y H S AR AR AE , [ B 5 B T



%3

P ECAE b AR B TR R R e A R T 1 325

R B sZ A 0 H T FY-4A AGRI i 36398 2 19 =5
(] B3 RUBE o FL2s ] 43 BE N 4 km 2] 2 km, Ry X
BOR A AR A RN A W A B g Y B RN T i
FFE.

()AL KR T 3T DINEOF BiRl 5 LU — )
WIER = T Rl 20 B wE A 7 2, PR % 1
A FY-3D MERSI [l R B = F kiR EHME .
AT A5 381 4 R A 1 32 R i 8 3 B & o AR UM A5 A
R WA 55 R 55 R A R RO DR B

S % ik

230 A R AL 4R, 2015, 3 T4 45 )% DINEOF (38 J& SST 7
st 0 2R B0 A B TR BOR BE IR 43 A L . WL R A 2 4 (B
i) .42 (2):212-219. Dou W J.Zhou B, Jiang ] G, et al,2015.
Data reconstruction algorithm of remote sensing SST products
and accuracy analysis based on the same latitude DINEOF[]]. ]
Zhejiang Univ (Sci Ed),42(2) :212-219(in Chinese).

FESCH AN A L2010, 1l b ok ] X TR TR A L AR R AT
VAR 1 9 ok I X S il [T ], 52 X6 5 2R 858, 25.(10)
149-154. Du W T,Qin X,Sun W J,et al,2011. Reconstruction of

air temperature at glacier area in mountain—a case of Laohugou
glacier area[ J]. ] Arid Land Resour Environ, 25(10);149-154
(in Chinese).

B DU, 2016, 15 25 1) 43 H 3 42 K o b 3Rl R 7 kPSR [ DL
o E A BB, Duan S B, 2016. Methodology development
for retrieval of all-weather land surface temperature at high spa-
tial resolution [ DJ. Beijing: Chinese Academy of Agricultural
Science(in Chinese).

SRR, SEAEAR , RLL A, 2016, KT DINEOF J5 vk T A4 & V5 i ik o
LR a BRI AR 2B BIF FE LT ). R P A 24 4 35 (4D
550-558. Guo H X,Cai R S, Tan H J,2016. A preliminary study
on missing remote sensing data of chlorophyll —a in Taiwan
Strait and reconstruction by DINEOF method[J]. J Appl Ocean-
ogr,35(4) ;550-558(in Chinese).

e EG L BLE AT SRR SR 2018, 5 T Bl AL AR AR 125 17 b 382 3 B e RO
WF5ELT]. A9k % IEIE J . 30(1) : 78-86. Hua ] W, Zhu S Y, Zhang
G X,2018. Downscaling land surface temperature based on ran-
dom forest algorithm[J]. Remote Sens Land Resour,30(1) ;78
86(in Chinese).

/NG VL SE BRI 452016 3T MODIS [ 3 i B 2 1)
B k)] AR A2 20 .35(12) :3443-3450. Li X ], Jiang T, Xin
X Z,et al,2016. Spatial downscaling of land surface temperature
based on MODIS data[ ]J]. Chin J Ecol, 35(12):3443-3450 (in
Chinese).

XA, u%,o’:mm,%,zou. FI T NDVI Al 53 25 81 55 i X 09 A8 9%
Fe i EDFFEL) ] R 5 8 L 26(5) :689-697. Liu M, Qin
7Z H,Tu L L,et al,2011. Study on estimation of vegetation sur-
face temperature in cloudy region by NDVI[]]. Remote Sens
Technol Appl.26(5):689-697(in Chinese).

PIEL. 58,2020, N FY-4A T B 3B JRECHE Al GFS ¥ RHlh 5 42 R a8
ARDLR 1 3 F 4 B 5@ ik [T]. A4, 46(3) : 336-345. Min M,
Wu X, 2020. Estimating surface longwave radiation flux under
all sky condition from FY-4A and GFS data[ ] ]. Meteor Mon, 46
(3):336-345(in Chinese).

Skt aUHE T A, 45 L 2011, KR T b R IR R B BOR R sk
W BE R RUBE D i WF G [ ). AR 25 % 4R, 31(17) 1 4961-4969. Nie J
L,Wu]J J,Yang X,et al,2011. Downscaling land surface tem-
perature based on relationship between surface temperature and
vegetation index[J]. Acta Ecol Sin, 31(17):4961-4969 (in Chi-
nese).

il SR R = . S 2018, ﬁmi&%(ﬁ R RUBE J7 5 L
ﬁc—'lﬁg P LU B3l B P B A [T ], d A, 17 (2) 2 374-387.
Quan J L, Zhan W F,Chen Y H, et al, 2013. Downscaling re-
motely sensed land surface temperatures:a comparison of typical
methods[J]. ] Remote Sens,17(2) :374-387(in Chinese).

R BRIE R R 24, 45,2005, F) I TL 8 W8 RHIE 95 2 X b T8 4t 4
s m )], K4 ,31(1):29-32. Song Q L,Chen W M, Zhou X
J.et al,2005. A study of effect of cloud on net surface radiation
with GMS-5 data[ ]J]. Meteor Mon,31(1);:29-32(in Chinese).

VRN R SE L IR R 2011, K6 T A3 ) Y B9 = T R R BE Al O
R 43T, 38 & 4% 8.5 (4):59-63. Tu L L.Qin Z H. Zhang
J.et al,2011. Estimation and error analysis of land surface tem-
perature under the cloud based on spatial interpolation[ ] ]. Re-
mote Sens Inform, (4) :59-63(in Chinese).

B e W EE L 5E L2020 i i A AR ) FY-4A R #1800
b AR [T R 5 B2 R, 46 (6) : 852-
862. Wang A H, Yang Y B, Pan X, et al, 2021. Land surface
temperature reconstruction model of FY-4A cloudy pixels con-
sidering spatial and temporal characteristics[ J]. Geomat Inform
Sci Wuhan Univ,46(6) :852-862(in Chinese).

FAE RS BAT L 55,2019, B R RIR L 5 ARG R E
AT, 3% i, 23(6):1113-1122. Wang F, Qin Z H, Fan
W, et al,2019. Quantitative analysis between land surface tem-
perature and radiation covered by clouds[ J]. ] Remote Sens, 23
(6):1113-1122(in Chinese).

EF5 WL I TT . 4. 2018, 35T BP 4 45 (1 4 3% 1R
[ B RO 7 i [T, 38 i AR 5 0 A 33(5):793-802. Wang Z
H.Qin Q M, Sun Y H, et al, 2018. Downscaling of remotely
sensed land surface temperature with the BP neural network
[J]. Remote Sens Technol Appl,33(5):793-802(in Chinese).

JRZE 52010, b 3R U BT S 5 kT A B B ) ROBEAR LD ). Jb At - b
Jfiy K 2. Zhou J,2010. Land surface temperature retrieval and
temporal variations of urban heat island modeling based on re-
mote sensing [ D]. Beijing: Beijing Normal University (in Chi-
nese).

Agam N,Kustas W P, Anderson M C,et al,2007. A vegetation index
based technique for spatial sharpening of thermal imagery[]].
Remote Sens Environ,107(4) :545-558.

Aiazzi B, Alparone L. Baronti S, et al,2005. Spatial resolution en-
hancement of ASTER thermal bands. Proceeding of SPIE Image



326 A

% 9549 %

and Signal Processing for Remote Sensing XI. Brugge: Lorenzo
Bruzzone,5982:1-10.

Alvera-Azcarate A, Barth A, Beckers ] M, et al, 2007. Multivariate
reconstruction of missing data in sea surface temperature, chlo-
rophyll,and wind satellite fields[J]. ] Geophys Res:Oceans,112
(C3):C03008.

Alvera-Azcarate A,Barth A,Rixen M, et al,2005. Reconstruction of
incomplete oceanographic data sets using empirical orthogonal
functions; application to the Adriatic Sea surface temperature
[J]. Ocean Model,9(4) ; 325-346.

Beckers ] M,Rixen M, 2003. EOF calculations and data filling from
incomplete oceanographic datasets[J]. ] Atmos Oceanic Technol ,20
(12):1839-1856.

Dominguez A, Kleissl J,Luvall J C,et al,2011. High-resolution urban
thermal sharpener (HUTS)[J]. Remote Sens Environ,115(7) ;
1772-1780.

Duan S B,Li Z L, 2016. Spatial downscaling of MODIS land surface
temperatures using geographically weighted regression: case
study in Northern Chinal[ J]. IEEE Trans Geosci Remote Sens,
54(11) :6458-6469.

Essa W, Verbeiren B, Van Der Kwast J,et al,2012. Evaluation of the
DisTrad thermal sharpening methodology for urban areas[J].
Int J Appl Earth Obs Geoinformation,19:163-172.

Eswar R, Sekhar M, Bhattacharya B K,2016. Disaggregation of LST
over India: comparative analysis of different vegetation indices
[J]. Int ] Remote Sens,37(5) :1035-1054.

Fasbender D, Tuia D, Bogaert P, et al, 2008. Support-based imple-
mentation of Bayesian data fusion for spatial enhancement: ap-
plications to ASTER thermal images[ ] ]. IEEE Geoscience and
Remote Sensing Letters. 5(4) :598-602.

Goovaerts P,2000. Geostatistical approaches for incorporating eleva-
tion into the spatial interpolation of rainfall[J]. ] Hydrol, 228
(1/2):113-129.

Inamdar A K,French A, Hook S,et al,2008. Land surface tempera-
ture retrieval at high spatial and temporal resolutions over the
southwestern United States[]J]. ] Geophys Res: Atmos, 113
(D7) .D07107.

Kustas W P, Norman J M, Anderson M C, et al, 2003. Estimating
subpixel surface temperatures and energy fluxes from the vege-
tation index-radiometric temperature relationship[ J ]. Remote
Sens Environ,85(4) :429-440.

Merlin O, Duchemin B, Hagolle O, et al, 2010. Disaggregation of
MODIS surface temperature over an agricultural area using a
time series of Formosat-2 images[ ] ]. Remote Sens Environ, 114
(11):2500-2512.

Minnis P, Harrison E F, 1984. Diurnal variability of regional cloud

and clear-sky radiative parameters derived from GOES data.
Part I:analysis method[ J]. J Climate Appl Meteor,23(7):993-
1011.

Rodriguez-Galiano V, Pardo-Iguzquiza E, Sanchez-Castillo M, et al,
2012. Downscaling Landsat 7 ETM + thermal imagery using
land surface temperature and NDVI images[ J]. Int ] Appl Earth
Obs Geoinformation, 18:515-527.

Stathopoulou M, Cartalis C,2009. Downscaling AVHRR land surface
temperatures for improved surface urban heat island intensity
estimation[ ] ]. Remote Sens Environ,113(12):2592-2605.

Wan Z,Zhang Y,Zhang Q,et al,2004. Quality assessment and vali-
dation of the MODIS global land surface temperature[ J]. Int J
Remote Sens,25(1) :261-274.

Weng Q H,Fu P,Gao F,2014. Generating daily land surface tempera-
ture at Landsat resolution by fusing Landsat and MODIS data
[J]. Remote Sens Environ,145:55-67.

Weng Q H,Lu D S,Schubring J.2004. Estimation of land surface tempera-
ture-vegetation abundance relationship for urban heat island
studies[ ] ]. Remote Sens Environ,89(4) :467-483.

Yang G J,Pu R L,Huang W J,et al,2010. A novel method to esti-
mate subpixel temperature by fusing solar-reflective and ther-
mal-infrared remote-sensing data with an artificial neural net-
work[ J]. IEEE Trans Geosci Remote Sens,48(4):2170-2178.

Yang G J,Pu R L,Zhao C J,et al,2011. Estimation of subpixel land
surface temperature using an endmember index based technique:
a case examination on ASTER and MODIS temperature prod-
ucts over a heterogeneous area[ J]. Remote Sens Environ, 115
(5):1202-1219.

Yang Y B,Cao C,Pan X,et al,2017. Downscaling land surface tem-
perature in an arid area by using multiple remote sensing indices
with random forest regression[ J]. Remote Sens,9(8) :789.

Zaksek K, Ostir K, 2012. Downscaling land surface temperature for
urban heat island diurnal cycle analysis[J]. Remote Sens Envi-
ron,117.:114-124.

Zhan W F,Chen Y H.Zhou J,et al,2011. Sharpening thermal image-
ries:a generalized theoretical framework from an assimilation
perspectivel ] ]. IEEE Trans Geosci Remote Sens, 49 (2):773-
789.

Zhou W,Peng B, Shi J, et al,2017. Estimating high resolution daily
air temperature based on remote sensing products and climate
reanalysis datasets over glacierized basins: a case study in the
Langtang Valley, Nepal [J]. Remote Sensing,9(9) :959.

Zhu S Y.Guan H D, Millington A C,et al,2013. Disaggregation of
land surface temperature over a heterogeneous urban and sur-
rounding suburban area:a case study in Shanghai,ChinalJ]. Int

J Remote Sens,34(5):1707-1723.

(AT 9 - A TLF)



