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Definition of Surface Variables at Large Scale: Principe

Local Scale Large Scale

f=g, redefine model F sothat R(P)=F

Il M=F redefine the descriptive parameters P at large scale <P>
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L 35T (&) B #1-Single Channel Method

* It takes the radiance measured by satellite in one channel and corrects it for
residual atmospheric absorption and emission by a radiative transfer code
which requires input data on the atmospheric profiles (P. T. U)

 Surface temperature is derived by inverting the radiative transfer equation

T = B'l[(Bi )= e T)/Ti — (= &)Ry \L]
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L 35T (&) B #1-Single Channel Method

*The accurate determination of Ts using this type of method requires

» A good quality of radiative transfer code

» A good knowledge of surface emissivity
» An accurate atmospheric profiles
» Correct consideration of Topographic effects

Drawback

»Requirement of additional information (i.e. atmospheric profiles)
which is usually not available with sufficient spatial density or at the
time of the passage of satellite.



LR ETER (¢) B #1-Split-Window Method

This method is based on the differential absorption in the two adjacent
channels, centered at 11 and 12um, to correct for atmospheric effects.

Brightness temperature measured

= In two adjacent channels i and |
To=a,+al +a,(T, - T))

a = 1,(9,,9;, &,¢;, W ,VZA)
e / \‘viewing zenith angle

Spectral response function  Total column water vapor

To=ay+al +a,(T, —T,)+a,(T, _Tj)2



LR ETER (¢) B #1-Split-Window Method
%M et
Ts = a0 +\a1Ti T aZ(Ti _Tj) Ts =8, +a1Ti +a2(ri _Tj)+a3(Ti _Tj)2

)
!
a = 1,(9,,9;, &,¢;,, W,VZA)

o E EM R ELEEH Z (LSES)
oEEL SEs and WV

I FGBF 2

o[S]IBFTEELSEs, WV, and VZA

Accuracy of Ts retrieval is dependent on the correct choice of
the coefficients a,



Split-Window Method-How to get the coefficients a,

»Empirical method » Simulation method

View angle

Atm. profiles

Synchrorious méasurements

Filter response
function

Regression by LSQ

L2 AR 2 AR

Ay

> Little in-situ Ts data available
» Inherent difficulties in measuring ground based Ts

—) An efficient way to derive Ts algorithm is to use the

simulation method

Radiative transfer
code

Regression by LSQ
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LL AR ST () B &1-Split-Window Method

Or S5
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EL AR ST () B 41— Multi-angle Method

This method is based on the differential absorption due to the difference in
atmospheric path length when an object is seen from two different view angles.

g | A T=Ten TR plog) F R 6

T =T, + (T, =T;) +0,(T, = T;)* + (0 + AWV )(1 - &,) + (05 + WV )Ag +q,

7L | ® Do not need to know the optical properties of the
=] atmospheric absorbents. Tt E kS BRZk 12
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ttgﬁﬁd’gﬂiﬂ]- Stepwise retrieval methods

M OF R

1. Classification-based emissivity method

2. NDVI-based emissivity method

3. Day/night temperature-independent
spectral-indices (TISI) based method
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CLARST R - BMASER, FFSKRE Ts M e

1. Two-temperature method (TTM)

2. Physics-based day/night operational method (D/N)

BREAIMRZ ¢ A, BORAY, EREHFEXTRAH
#HH

3. Gray body emissivity method (GBE)

4. Temperature emissivity separation method (TES)

5. lterative spectrally smooth temperature emissivity
separation method (ISSTES)

6. Linear emissivity constraint temperature emissivity
separation method (LECTES)
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1. Artificial neural network (ANN) method

2. Two-step physical retrieval method (TSRM)
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1. Conventional temperature-based method

In situ measured LST  |<=—=>

Satellite derived LST

2. Advanced radiance-based method
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Validation of the MODIS LST products
(test sites)
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Validation of the MODIS LST products

In wet atmospheric conditions: (1) three TIR radiometers
deployed in a rice field in State of Mississippi




Validation of the MODIS LST products

In wet atmospheric conditions: (2) five TIR radiometers deployed
In a soybean field in State of Mississippi




Comparisons between V4 MODIS LSTs and
In-situ values in field campaigns in 2000-2003

MODIS LST accuracy is better than 1C
In most clear-sky cases

In the range from -10 to 58C.

cwv range of 0.4~4.0cm.

A V4 Terra
V4 Aqua

20 30
LST modis (C)
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Compare the retrieved surface emissivities over Sahara
Desert to those measured from sand samples in the Lab
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Compare the retrieved surface emissivities in Caspian Sea
to the calculated water surface emissivities

—— water_10deg

water_34deg

—— water_48deg
B caspian_em20

>
=
>
‘B
2
=
(¢B]

caspian_em22
caspian_em?23
caspain_em?29
caspian_em31

caspian_em32

8 9 10 11 12 13 14 15

wavelength (micron)




%It

s Rim B RRNG

> KEBSr 1R T sRiE B = ma s E AT LUA S| 1K
> Eﬁ.ﬁ%jﬂlﬂéﬁ%m%ﬁt&ilmfg&/ﬁﬁ/ﬁl&??‘c =g

REBEFAVRE

,\(

>E— T ARRE~mAESS R

% > ZRBEESARRMcirrusgZ AR EE FEFEE

>ELSARNT]LFEBMR




FRELTH

MOD11C1 & Ikith RIE E = REE REWIELE R
(2002.78-9R)

60 -

50 -
|_
n
|
5 0 KEEANS
g MF1E
j) 20 -
5 Ts=[-10, 58]C
S 10
WV=[0.4, 4.0]cm
04
-10 : : : : : : ‘
-10 0 10 20 30 40 50 60
250K 340K MODIS derived LST

MODIS % 3¢itE k3R BN TsE X 46 TE S 7T RO £ BE F0 X B (8]



o]

| &E

PRLLIM bR IR E SRR S BRIER

CUMAZNICERBRIZEEAER w HFREEH
B EE BB R HE;
BEX A SHTRHAIE

P2 FHR

. 1
(3747

AN Ef

BRAIERIESHES, ERFE, TEENREME

AT RIET S BRI FERNER

4

AN R, ARSI RSAS
BEBS— R R




HATIMBICIS I FORE . HiEg

> R TS M
FERERBEIFSEZRMNFIF

> RS X E Bl A5 F24A R TR 7S o]
ARMNIRE LS BIRAR

— S UMERER S BH— N EEMRAS



FRELT I

MODI11C1& ¥kt FRiEE ~am (2002.7H-98)

250K J40E

BARZREYIE-CHNFN




PRLT I 3RR B ROER)RE S R RIZR

PO IMNER T EFIECERNE-EE FHREEFEE
) oA SEIN b ERIR RS R AR

nuf

WENRBIERFZEARS T, TFECTRERINMRALE
HEE, REEXE. ZHRUFH<

1 2

WA R IR E YRR




PRETHM M FRIE B RURB)E S RRIRR

AR - BB R

v
(1) BXiEMFTEE. LLiE
HEREKSREERLE —L
IR R SRR Y

(2) #ENRUR M RIE E IR
RRIREY

BR - EXIE. ZWMK
%&mﬁ‘<----ﬁﬁ —ERENMREELZE



ALIIMEBICIE

e BHIRE

Rt S yOERIR A
e RPN IR LR F

S ee

N

P OULCT e

Jataz
8
0.
0.
-
5 4

wnaF A e S KSRBGEZ BRI E ER
LI TsS5eq0 iRy BMRE?

ey R A ARIIMNBRIE D ERERNEBEERH
REEHMIE?




W ENINUR 1775 2 Y RUR IR

> RSHE MY PIIRHLIR AR 5 1 95 R

> REBSTHMBAREMY TITZRME L, SIA—EZW
KB RERRH R E )RR

> EARXIMRIRE SORMEH AR, ST2EE A
EEIL

> RREER (~6K)

> REEREEERENZESHREEZENER

AR TR IR R RS SRR 5

th2SEEEFRNFARAEL —



W ENRUK TS 7 5 LN TS FE mh &

FRET N

BB R

v

(1) BAEREE .. LLEST
EYS PN —\.ImIEFI_!*%—W%%iE/i

- RIRBES 1 - RIRFBER

o ZRIRIANUEZR = (Lem4Th)

XX, BEEZHRBNEE,

EHIMRR

(2) #EREKMREEDER

o ZIEISHEZRIT (J1.+kmZh)

g m




WU Ts FEmS AR INTs M k&

r DAame AR EERBBIEZ B SR kY,
B RS ERMIENRZE 9 ENS N EREE

> MLTINTs R ERUE Ts M2 B &tk I iRE

?&Bj]fgi/&TSann'ﬁ RLTIMTS & H AR

HESEREFROTATAS



B D EREmEEYES—HFAEA—K
AN IR WEROR IR

0 EPE Pty B (2) WRNBRH TR
HRRERSIREEE—FL RiEiER
I R

(3) LI SHBDRUIR I
Fim B 7 A e A AR A

2XR, STESHENESEENLREESS

BT 45 E RITHIA F AT ET S




mE D EREFmifEE—{LFmmEE—%

2009406 HO1H

it LI E1 B WD ESRHREARTER $TH 7R 6 15 B AR B L) £
F— i RETEE 5 s
MARYMNAESRRE D B
EAE " .

W L l, R — 3 25 R R B AR BB R

FHE—XAFE R AERE R =M EERZ AT,
R 22T RKIZE R BRE



mE D EREFmifEE—{LFmmEE—%

AT IR W ENRUR 2 1E
v
(1) BXiLWREE. LR
HERKSIRIBEE—L
YR R SRR E!

(2) #HENRUKHhRIEE IR
FEIER!

(3) LI SHBDRUIR I
2w B A U A AR A

(4) MDD EMFTEE KB mETE)T—EE
WD EMREE R EmAET—LER



mE D EREFmifEE—{LFmmEE—%

ERAESR AR RRE, WREEEBRTHIERZFFEHA
| RT—HsIlE, BERNDENREE S

R — L 5REA—HRAETER ILHRIE

BB ETs R mitE)a—HMEERA—H 55l
S ERETRIMREAR

: 1

lﬁﬂ&ﬁﬂﬁﬁﬂ%ﬁ%\%mimﬂiﬁg
An




5B R IR A E R

Intensity | R
fEFBE: TsHle, R

Spectral |, TRighR: LIRBE
. e REKIKE BRI
Spatial  I(X,Y)— Texicim. FFMmnET

TSZ_\‘IEJ’ gjﬁﬁ

Temporal I(t)—. ®&EAEz: XM E.
TsHiei FII i AREGE

Angular |(0)— ATSRZZI: 2/
2H o S I

Polarization |, ,, —— mp®s /




] % BB+ IS REHE (ATSRER T

EWREHSH:
AJEE 2% A Al ISR B

‘H5rmfE -
_Ilﬁk % AE R IR
+A RS R IR B R HY

I‘Eﬂ;E'EEi_ A Jx/\ﬁzA
fﬁkiT&@E’]*Mmﬁﬂﬁﬂ*ﬁ*&
AEIAENMEFR KNG




Hi— eI SR DET KRS R

o SHTIE) TR
o ERIEZEYM

o SEMREL

MSG/SEVIRI 3} 1t 35 7

SEVIRI A] L Je & 5

fim: ITREFEITHIEMAERE—LAE

g SROIENOD I S—HFAESTRHE IO RIR B R SRR

e LISMEEHAIR, MODISE BN RIS KRS EEY
) % RDHTHEZIBIEREEREE

—




Rar L SRIDE SEHERTEZ R

Brightness temperature (°C)
L [t N N w w D N (&)
o [6;] o (6} o (4] o [6)]) o

[&)]

-1
8 10 12 14 16 18 20 22 24 26 28
Solar time (hour)

-HEAimE LIS Etd, fRIBS TREERIXR?
RREETEULSHRRENKR?

- LT REENTUERS TIREFRKR?
LEEMNEMFEEENTHS TIREEMRIRENRR?
EREWARMX L X ZRE? WEEERE R IR ?




DEME+EtE (BLESKRIE) DERRERZRE

Rg or Rn(solar)




surfaca
b ternperature

L]
Ewaporatig

Y

hiax
Ewaporalid

%I+ E 8 (E RHZ

TVDIE: Temperature Vegetation Dryness Index

\Pmin:O;*&:F‘%ﬁ

« IRTRICHIFHE ?
¢ Wmin(i)mﬁﬁ%?

o v HIHHE ?

e TSI AZATS?

Mo Transpiration

Max Transpiration

-

MDWVI vegetation index

Fig. 3. Defimition of the TWDIL TVDI for a given pixel (NDVET,) is estimated as the proportion hetweon lines A and B (soe Eg. (1))

=) T8t Bmx (FEEUR)




—— LE before assim
LE after assim
H before assim
H after assim
e observed LE
® observed H

—~
(9]
£
=
S
c
el
—
©
=
Q
(2}
=
@©
—
-—
o
Q
@©
>
(b}
%]
x
=
=
-—
©
@
=
2o
=
(22}
c
Q
w

223 224 2256 226 227 228 229 230 231 232 233 234 235

—RXRBE—RDENMWEE, FHSEINEBLRGRICEILRIZELYF
RBEDERBJAITRELIIR, ERILFRBEE
> EWMSHHLEEmIIRE:

el HE R A SRS M PR A ER BRI TS L ?




Review Articles
Qi RFMLERLE

Z.-L.Li, R.L. Tang, Z. Wan, Y. Bi, C. Zhou, B.-H. Tang, G.J. Yan and X.
Zhang, (2009), A review of current methodologies for regional

evapotranspiration estimation from remotely sensed data. Sensors, 9:
3801-3853. do0i:10.3390/s90503801

O bR EH R R

Z.-L. Li, H. Wu, N. Wang, Q. Shi, J.A. Sobrino, Z. Wan, B.-H. Tang, and
G.J. Yan, (2013), Land surface emissivity retrieval from satellite data.
International Journal of Remote Sensing. 34(9-10): 3084-3127
doi:10.1080/01431161.2012.716540

O MR EERE
Z.-L. Li, B.-H. Tang, H. Wu, H. Ren, G.J. Yan, Z. Wan, |.F. Trigo and J.
Sobrino, (2013), Satellite-derived land surface temperature: Current status
and perspectives. Remote Sensing of Environment. 131: 14-37.
doi:10.1016/j.rse.2012.12.008




