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Land Surface Temperature Retrieval Algorithms

s Land Surface Temperature Validation Methods
mmm 'mplementations on Satellite Observations
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Figure Courtesy of Hulley et al. (2016, MxD21 ATBD C6)
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B, = Blackbody spectral emittance

A = Wavelength
T = Temperature

C; = First radiation constant

C, = Second radiation constant
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As surface temperature increases, the peak of surface-
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J Land Surface Temperature (LST, Ts) 095!

Land surface temperature is radiative temperature. It is the temperature of a e
layer of a medium of depth equal to the penetration depth of the

electromagnetic radiation at the given wavelengths. LST is an approximation of
thermodynamic and aerodynamic temperatures, but has a different conotation.

0.85f

Emissivity

Quartz Emissivity—
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J Land Surface Emissivity (LSE, &) | Weenanm
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Materials are not perfect blackbodies, but instead emit radiation in accordance
with their own characteristics. The ability of a material to emit radiation can be
expressed as the ratio of the spectral radiance of a material to that of a
blackbody at the same temperature. This ratio is termed spectral emissivity.

M(T, ﬂ.) —B(T)
EA — MB (T, /1) :> M(TJ A) — EA,MB (T' /’l) ] | ‘ g BT )+ (1 -g) Lt
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L, =1,(,B(T, ) + (1 —&))L,") + Lg'

Spectral Convolving using
Spectral Response Function
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ECOB3
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ECOBS

*AST B10
*AST B11
*AST B12
*AST B13

AST B14

L; = 7;(&B;(T) + (1 — Si)La,il) + La,iT

10 11 12 13 14

* lll-posed inversion problem Wavelength (:m)
N observations < N + 1 unknowns (N emissivities + 1 temperature)

s Atmospheric correction

Challenging to estimate three atmospheric parameters in the thermal radiative transfer equation
with high accuracy
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Various algorithms have been proposed to estimate LST for different sensors based on different
assumptions and approximations for the radiative transfer equation (RTE) and LSE

1. If € 1Is known a priori, to retrieve Ts

e Single channel algorithm
e Split window algorithm

e Dual window algorithm

e Dual angle algorithm

2. If €1s unknown, to retrieve both € and Ts

e Simultaneous retrieval of € and Ts with known atmospheric information
e Simultaneous retrieval of € and Ts with unknown atmospheric information
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Single-channel algorithm is used for satellite data with only one thermal channel, such as Landsat

T™M, ETM+, and HJ-1 IRS data.

1 T T
Thermal band ool « HJ1IRS 4
Spatial resolution U'B_ e |
Landsat TM 120m ' —-lLandsats
0.7}
Landsat ETM+ 60m 0.61
%0.5-
CBERS IRMSS 96m 0.4}
0.3F
HJ-1B IRS 300m |
FY-3 MERSI 250m I
%.5 10 1[;.5 1.1 11l.5 1.2 12.5 13 13.5
Wavelength (micron)
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(P,T,V)

SRE |4tmospher|c Profile VZA

Channel with high
transmittance (clear window)

€
Atmospheric RT model
L;or B(T))
[ R Racd —
RTE < RTE method
Mono-window method
Parameterized Approx. of Generalized Single Channel method
RTE
) o Practical Single Channel method
Atmospheric condition
WVC, Ta Ts
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U It takes the radiance measured by satellite in one TIR channel and corrects for residual
atmospheric absorption and emission based on an atmospheric RT model that requires inputs of

atmospheric profiles (P, T, RH)
U LST is derived by inverting the physical radiative transfer equation

T =B

_{(Bi (Ti) — Ra, T)/ri —(1-&)Ry;, iJ

&

[ Atm. Profiles }
(P, T, RH)

{ Sat. data B;(T;) }

View Angle }

A 4

@ansfer Code

A 4

[ Ts 1 4[ Tis RatiT’ Rati¢ }
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0 NASA Online Tool
Atmospheric Correction Parameter Calculator (Barsi
et al., 2003), https://atmcorr.gsfc.nasa.gov/

0 MODTRAN + Atmospheric Profiles
o NOAANCEP

o NASA MERRA

o ECMWF ERA5

o MODIS MODO7

Atm Profiles for: 16.05.27 2:50 40/116
100 v v - - 100 o A

Enter the parameters for which vou wish calculate atmospheric transmission and upwelling radiance:

Year: I:I Month: | |  Day: |
GMTHour:| ] Minte:[ ]

Latitude: |:| Longitude:
+ is North, - it Sourh + is East, - is West
Use atmospheric profile for closest integer lat/long help
® Use interpolated atmospheric profile for given lat'long hejp

' Use mid-latitude summer standard atmosphere for upper atmospheric profile heip
® Use mid-latitude winter standard atmosphere for upper atmospheric profile help

(' Use Landsat-0 TIRS Band 10 spectral response curve

' Use Landsat-8 TIRS Band 10 spectral response curve

® Use Landsat-7 Band § spectral response curve

() Use Landsat-5 Band § spectral response curve

= Output only atmospheric profile, do not calculate effective radiances

Optional: Surface Conditions
(I vou do not enter surface conditions, mode! predicted surfiace conditions will be used
Fyvou do enter surface conditions, all four conglitions must be entered,)

Altitude (km): |:| Pressure (mb): |:|
Temperature (C): I:I Relative Homidity (%0): |:|

100

sak h aok aal ] Resu_lts will be sent to the following address:
E E E 1 Em:ul:| |
= e} = o} = e 1 1 =093
g 0 % g | Ly = 0.53 [Clear Fisas
= 4r ] = 497 2 40r ] Ld = .95
. k. .

20F . 20 20 7

0 . : s 0 A ol ¥ : . 1

0o 200 400 800 BO0 1200 —B80 —80 —40 =20 © 20 40 0 20 440 80 B 100
Pressure [mk) At Temperature (C) Rel Hurnidity {%)}
— EE — BN Nz _-—
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O The accurate determination of Ts using this type of method requires

o A good quality of radiative transfer code

o A good knowledge of surface emissivity

o Accurate atmospheric profiles

o Correct consideration of topographic effects

1 Drawbacks

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

o Running the atmospheric RTE code (e.g., MODTRAN) is time-consuming

13
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* In order to avoid the dependence on in-situ atmospheric profiles and to simplify the retrieval
process, Qin et al.(2001) developed a mono-window algorithm for retrieving LST from Landsat
TM6.

* This algorithm requires the knowledge of the atmospheric transmissivity (1) and the atmospheric
mean temperature (Ta).

T, = %[a(l— C-D)+(b(1-C-D)+C+D)T, —DT,] C=g¢r D=(1-1)[1+(1-¢)7]

Mid-latitude Summer T, =16.0110+0.9262T, 7=0.974290-0.0800 Aw

Mid-latitude Winter T, =19.2704+0.91118T, 7=0.982007-0.09611w

14
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d In order to get 7 and T, simulated data computed from LOWTRAN 7 code were used to fit 7
versus atmospheric water vapor content (W) and Ta versus near-surface air temperature (To). In
this way, the algorithm uses W and To as input data.

U The relationships between r and W depend on not well-defined “high” and “low” air temperature
values. Whereas relationships between T, and T, are given for certain standard atmospheres in
LOWTRAN 7, which are not suitable for most cases.

=& ow temperature profile

~#-High temperature profile

Transmittance
[a]
-]

04 06 08 10 1.2 14 16 1.8 20 2.2 24 26 2.8 30 3.2 34 36 38 40

Water vapor (a cm—?%) 15
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O A linear relationship between TOA radiance and surface temperature can be built based on the Taylor’s
approximation around a certain temperature value (To) of the RTE

B(A.T,) =B(1,T,)+ [24T:)

]/1,TS:TO (Ts _To) — a(;t’To) + ﬁ(ﬂ“’To)Ts

S

T, - y{%[w,w) L 4 g, (z,w)]wg(z,w)}w

0 (l, W), @, (Z, W), @, (l, W) are the atmospheric functions, dependent only on w (water vapor content)

1 N v co [ A\ 1 , coB(1p) A\ B (10) 1
N == 0 — 5 . — I — — I — I.irj — —
3 _ 3 o = B(1p) [1 T, (01 B(Ty) + /\)] | Tg 01 + 5
o L
by == o= —L' == 4pg=1L!
T T
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Trans mittance at nadir view

Upwelling radiance at nadir view

0 5 6 o 1 2 3 4 5 & 7
Water VVapor Content {g/cm”) Water Vapor Content (g/cm’) Water Vapor Content {(g/cm®)
W, =0.14714w" —0.15583w+1.1234
" e e en] [w? 0.14714 015583  1.1234
.- C'=| —1.1836 —0.37607 —0.52894
— 2 \ ) = i C i wr
v, =—1.183w" —0.3760w—0.52894 ii Cii Cii Cii | _0.04554  1.8719  —0.39071
W, = —0.0455w* +1.8719w—0.39071
17
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0 The RTE algorithm requires concurrent atmospheric profiles and is computationally intensive due
to the running of atmospheric RT model

O The Mono Window algorithm and Generalized Single Channel algorithm have large uncertainties
under humid atmosphere due to the linearization of the Planck function

O To mitigate the large retrieval errors under humid atmosphere, the Practical Single Channel method
uses a two-step strategy to avoid the linearization of the Planck function

18
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B(T,) = ——2

e(K2/Ts)-1

B(Ts) = R* — [ R* + R, §ob Lsen Ty = i

sS4 7(0) 7(0) ¢ S LN(K,/Tg+ 1)
Re = [ B(T,)kp sec§ e~ ks ke secOdzg = [ B(T) T2 dz= [, o B(T,)dT(z,h,6)
R = thB(TZ)kp sec@’ e~ Jo kpseco'dzy, f B(T,) ar(0z9 )d f:(Ohe,)B(TZ)dT(O, z,0")

=

R*" = B(T*") - (1—-7(0,h,0))=B(T*) - (1 —7(9))
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B(Ts) = R — <Ral +

al

7(0)

>.g+

(1-1(0))-B(T*) + (

B(T,) = (1—1(8)) - B(T*) —

7(0)

(9))

B(T*) |-

1 Lsen

1(9). 5

RMSE RMSE RMSE
0.9731 0.3082 0.9739 0.3036 0.9806 0.2615
0.8497 0.1365 0.9583 0.0719 0.9603 0.0701
0.9071 1.4764 0.9605 0.9630 0.9606 0.9616
0.9777 0.0235 0.9809 0.0218 0.9846 0.0196
0.8497 0.1365 0.9583 0.0719 0.9603 0.0701
0.9392 0.4497 0.9492 0.4113 0.9531 0.3948
0.9123 0.6987 0.9151 0.6874 0.9170 0.6790
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EI The transmlttances in two adjacent atmospheric wmdows (centred around 11 and 12 um) are different, which can
be utilized to remove the atmospheric effects

sTbased  IDBMGARSWNN T - A+ AT +A(T -T)

A = (9,9, 6., WV,VZA)

SW coefficient

Constant Emissivity Emissivity, WVC Emissivity, WVC, and VZA

21
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U]

d Emlsswlty implicit SW algorlthm (Sentinel-3 SLSTR)

One expresses emissivity implicitly using different coefficient sets for different land surface types. Significant
uncertainties can be introduced into a surface-type dependent algorithm due to the misclassification in land surface
type products and the intra-class variability in emissivity.

1
LST =a,, ,, +b, (T, —T,)=saim +(b, ,+c,,) T,

O Emissivity-explicit SW algorithm (Generalized SW, MOD11, VIIRS and ABI)

One incorporates emissivity explicitly as a priori. The emissivity explicit algorithm is preferred, which allows for
improvements in input emissivity to be directly translated into improved LST accuracy and enables easy
incorporation of updated emissivity maps.

T1+Tﬂ I_E—|—_BE ﬂf}jill;-?;'l
£ £

LST =C+(4,+ 4, 1=

T4

22
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utilized based on their different atmospheric absorptions, which can be utilized to remove the atmospheric effects.

] Reflected solar middle infrared radiance needs to be removed from the TOA radiance.

O DW algorithms were used for the GOES 12-14 LST retrieval.

Daytime:
LST=a,+al +a,(I,,—T,;)+a,(1I, - T, :'2 +a,d, cos0 +a(l-¢,)
Night-time:

LST =ay+al, +a, (I, —T;,)+ a, (T, - T jl +a,(l1-¢€,)

23
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Q When observmg the Iand surface from different an-gles the transmlttances of the observed radiances from different
angles are different, which can be utilized to remove the atmospheric effects

Linear:
Ts :Tn + pl(Tn _Tf)+ P, + p3(1—6'n) + p4(‘9n _gf)
Algorithm| nNonlinear:
2
Ts :Tn + ql(rn _Tf ) + qz(Tn _Tf ) + (q3 + q4WV)(1_ gn) + (q5 + qe\NV)Ag + 0
Adv. ® Not requiring atmospheric profiles
® More suitable for sea surface temperature (accuracy higher than 0.3 K for AATSR)
® Large uncertainties for land surface retrieval temperature, due to the 3-D structure of land surface
Disadyv. and spatial heterogeneity, pixel sizes are different viewing from different angles. In this case,
surface compositions are different, which lead to different land surface temperatures viewing from
different angles

24
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O In the previously introduced algorithms, including Single Channel algorithm, Split Window algorithm, Dual Window
algorithm, and Dual Angle algorithm, LSE is treated as a priori to solve the underdetermined question of LST
retrieval.

O LSE retrieval at the satellite scale can be divided into the following major categories

1) Classification-based method (MOD11)
2) NDVI-based method (Sobrino et al., 2001)

3) ASTER GED-based method (VIIRS and ABI)

25
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O Classification-based emissivity: MODIS LSE product

O Needs: a) land surface classification from VNIR and TIR images
b) field and laboratory emissivity measurements for each class
c) emissivity modification based on surface phenology

Evergreen MNeadleaf Forest
Evergreen Brosdlesf Foreat
Daciducus Meadleaf Forast
Deciduous Broadleal Forest
Mixed Forests
Woody Savannas
Savannas
Gragslands
Closed Shrublands
Opan Shrublands

Swamp
Marsh/Bog

Tundra

Croplands

Croplands/Matural Vegetation Mosaic
Urban/Developped

Bare, Sparsaly Vegetated

Permanent Snow and lce

Watear

S |
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DVI;@ased Meth ,-« LAt

‘ '»

0 NDVI thresholds method (Sobrino et al., 2001)

. ForNDVI<0.2 & =&; T bipred

In this case, the pixel is considered as bare soil and the emissivity is obtained from reflectivity values in the red
region.
* ForNDVI>0.5 & = &, + dé‘i

Pixels with NDVI values higher than 0.5 are considered as fully vegetated, and then a constant value for the
emissivity is assumed, typically 0.99.

NDVI —NDV I __ T

In this case, the pixel is composed of bare soil and vegetation.

« de& depicts the effects of the geometrical distribution of natural surfaces and the internal reflections. For plain
surfaces, this term is negligible. For heterogeneous and rough surfaces, e.g., forest, this term can reach around

2. dg = (1_ Esi )gv,i F (l_ PV)

27

— Il 2= " = 4= ]1 — Il O 2 == B e Bl 2R 22 — B WL

i



U ASTER Global Emissivity Dataset (ASTER GED) that was acquired by processing millions of cloud free ASTER
scenes from 2000 to 2008.

0 The ASTER GEDv3 provides an average emissivity at ~100m and ~1km, while GEDv4 provides a monthly
emissivity from 2000 to 2015 at ~5 km spatial resolution in the wavelength range between 8 and 12 ym.

45

1804 W

45 SN\

90

ASTER GED band 12 emissivity resampled from 100 m to 5 km for display purpose (Hulley et al., 2015)
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1. Two-temperature method (TTM)

2. Physically-based day/night operational method (D/N), MOD11B1

3. Graybody emissivity method (GBE)
4. Temperature emissivity separation method (TES), ASTER & MOD21

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

29
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-

O Hulley et al.(2012) pointed out that residuals from incomplete atmospheric correction during the
conditions of relative high atmospheric water vapor content can be as large as 3 K for LST retrieval
from ASTER data based on the results from a wide range of simulated data (atmospheric

radiosonde profiles + spectral emissivity library + MODTRAN).

Surface brightness temperature

EMC/WVD equation

g.i

Observed brightness temperature

1
‘T iF 05;',0 + Z af,@/ Total column water estimate
=1

+q,.@ﬁ 0.L....n)

V| is used to modify and improve atmospheric correction terms:

n'-ry
Scaling factor % (h) i BI (L) _LJ (r)/A=7(n)) Transmittance: 7;(y) =7,(7;) A e e "L';(}’z)(;lfi L
= 700" | L-LO)A-T,(0) -+ @)
yi|= Path Radiance: L,T (7) = L,T()/l)'—i
ln(rr(m) l_ri(YI)
7.(y,) Sky Radiance: Lj (y)=a,+b, -L,T(y)+c,. -L,T (y)’
31
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TES + atm

Emissivity

M Ls1e

{ MODO7 PWV: 4.1 cm

TES + atm + wvs
TCW [cm]

Figure Courtesy of Hulley et al. (2011)

092} { L ]
i 4 —&— ASTER 3-band (wvs)
- ---m--- ASTER 5-band (wvs)
09 ~--4--- ASTER 5-band (std) ||

' A MODIS (wvs)

v v MODIS (std)
Lab
. . . . 0.88 : : : L . . : .
280 290 300 310 320 8 85 9 95 10 105 11 115 12 125
LST [K] Wavelength (um)

The emissivity of water is high (~0.99) and spectrally flat. The results show a substantial
Improvement in emissivity accuracy in both magnitude (up to 0.06 for ASTER band 11 and 0.09 for

MODIS band 29) and spectral shape when using WVS, as opposed to the STD method.

32
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1. Artificial neural network (ANN) method
« Aires et al. (2002)
<+ Wang et al. (2010)

The implementation of an ANN depends largely on its architecture and the training data (Mas & Flores,2008).
It is difficult to determine the architectures and learning schemes for an ANN.

2. Two-step physical retrieval method (TSRM)
<+ The measured radiance at the TOA is a function of the surface and atmospheric parameters.
<+ Ma et al. (2002)

<+ The first step is to tangent-linearize the atmospheric RTE with respect to the atmospheric temperature
humidity profiles, the LST, and the LSEs.

<+ In the second step, the Newtonian iteration algorithm is utilized with the regularized solution as the initial
guess to obtain the final maximum likelihood solution of the atmospheric temperature-humidity profiles, LST,
and LSEs.

33
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1) Conventional temperature-based method

Compare LST retrievals with in-situ measurements directly

2) Radiance-based method

Adjust LST retrievals to match the TOA radiance through atmospheric radiative transfer models

3) Cross-validation method

Compared LST retrievals with well-validated LST products

34
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O For the CNR1/4 net radiometer, the LST is estimated from the upwelling and downwelling longwave radiation
using the following equation

0 i
F -(-¢,)F ]1/4
& O
where T, is the LST, F' is the surface upwelling longwave radiation, &, is the surface broadband

emissivity, o is the Stefan-Boltzmann's constant (5.67 X 108 Wm=—K™4), and F! is the
atmospheric downwelling longwave radiation at the surface

T, =1

S

U For SI-111 radiometer, the measured radiometric temperatures was corrected for emissivity and the
downward sky irradiance effect. If Tr is the radiometric temperature measured by a radiometer, the land
surface temperature Ts is given by

B(T,)=[B(T,) - (1-£)Ly, ]/ ¢

where B is the Planck function weighted for the spectral response function of the radiometer, ¢ is the surface
emissivity and Lsky is the downward sky irradiance divided by .

35
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O LST notoriously difficult to validate

O Accurate radiative transfer model and emissivity measurements required.

O Advantages:
Application to many sites
Day and night observations

Can be used for coarse resolution sensors (at a large, homogeneous site)

Redwood National Forest, CA

am — W 4= ]I

Namib Desert, Namibia

Rice field

i

Lake

36
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» The cross-validation method uses a well-
referenced or validated LST product
derived from other satellites to compare
with the satellite-derived LST to be
validated.

» Due to the large spatial and temporal
variations in the LST, geographic
coordinate matching, temporal matching,
and VZA matching have to be performed
before the two satellite-derived LST
products can be compared.

Well referenced and
validated LST product

To be validated LST

product

Information of
coordinate, view time
and view angle

y

Spatial, Temporal and View
angular matching methods

Comparison

A

Accuracy
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« Single Channel algorithms on Landsat
How different operational LST retrievals from Landsat based on varying Single Channel algorithms
compare with each other?

« SW, DW, and DA algorithms on Sentinel-3 SLSTR
How those algorithms based on the similar theory (combining bands/angles to remove atmospheric
effects) compare with each other?

« SWand TES on ECOSTRESS
How SW compares with TES in terms of LST retrieval accuracy?
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Table 6
RMSE (K), MBE (K), and R® Between the Retrieved Land Surface Temperature and In Situ Measurements at Seven
SURFRAD Stations at PSC,,, PSCyye1yn, and G5C Algorithms

PSC,, PSC\us T GSC
. 2 bias 032 021 012 1.00 0.68 046 053 207 148 132 122 133 090 152 1.72 154 0.60 20,65 -047
SUEERAT) st el — - — RMSE 1.05 139 135 269 z.uﬂ 236 238 224 317 279 250 231 268 2.15 265 260 247 256 214 218
Rondyille 10 1.572 1.146 0.998 1.931 10 :«\’ater .(663}. .Tmﬂ.dn.:(lﬂii]r Climsslallld (5361} (.'roplal;d{%l‘) IDcsc1I1 (52)‘ .Forcst.{IBSl}l Slhnibla!ld(:'ﬂﬁ.) 10
Boulder 5 1.527 —0.829 0.989 1.55 ol : . . |.q
Desert Rock 18 1545  —0.693 0981 144 . N T + '
Fort Peck 16 1.648 —1.004 0.997 1.48 -6t T T - . . - B _ . 1-6
Goodwin Greek 7 2.675 2.581 0994 329 & | i T { | I
Penn State 5 2.805 1435 0945 3272.%° | . % F | [] ~ = - o
Sioux Falls 10 1033 0310 0979 096 5 2f T3¢ [0 O 010 D LIt W r—AJ p Ukin 1-2
Total 71 1.772 0.013 0985 1.9 — 0 3l | O il alal b 1O () ALIO ¥ Y1y A O
= oi3 H Bt K U0 0 Oy Salaa T Ot
Note. RMSE = root-mean-square error; GSC = generalized s 5 2} L i i B 2
SURFRAD = surface radiation budget; MBE = mean bias error. £ I + 3 [
M 4r = H + i - —~ 5 = 14
r 1| i | I
Wang M., Hu T. et al. (2018), Jt s} - ' - A
8F 18
10— ' . . : . : . : . . . . . : . . . . 10
U I C U I U I C U I c U I C U | Cc U I C
Landsat LST products
Wang M., Hu T. et al. (2022), TGRS (under review after revision)
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Retrieval algorithm=

R-based validation over desert

rft;,nel 3 SLSTR
.\\»' =~y il A, ‘f
Retrieval Daytime Nighttime All
Algorith . 5T RMS . 5T RMS Bia ST RMS
s N Bias D E N Bias D E N < D E
Official 1.79 3.06 3.54 0.19 2.37 2.37 1.042.74 2.99
SW 0.83 2.95 3.06 -0.922.33 2.50 0.012.66 2.80
DW 302 0.95 3.28 3.41 EET-D.TEE.SS 2.65 569[].1?2.94 3.05
DA -0.114.48 4.47 0.193.92 3.91 0.034.22 4.21

T-based validation using 6 HIWATER sites

LiR., HUT. et al. (2022), TGRS (under review)
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Hu T. et al. (2022), RSE
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Terminology in thermal infrared remote sensing of natural surfaces, J. M. Norman and F. Becker, 1995, AFM
Satellite-derived land surface temperature: Current status and perspectives, Zhao-Liang Li et al., 2013, RSE

A temperature and emissivity separation algorithm for Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) images, A. Gillespie et al., 1998, TGRS

A generalized split-window algorithm for retrieving land-surface temperature from space, Zhengming Wan, J.
Dozier et al., 1996, TGRS

A practical single-channel algorithm for land surface temperature retrieval: application to landsat series data,
Mengmeng Wang et al., 2019, JGR-Atmosphere

Generating consistent land surface temperature and emissivity products between ASTER and MODIS data for
earth science research, Glynn Hulley and Simon Hook, 2010, TGRS

Continental-scale evaluation of three ECOSTRESS land surface temperature products over Europe and Africa:
Temperature-based validation and cross-satellite comparison, Tian Hu et al., 2022, RSE
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Thank you for listening!

Tian Hu
Luxembourg Institute of Science and Technology
(tlan.hu@list.lu)
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has solid knowledge of VSWIR radiative transfer

= |s skilled at terrestrial ecosystem process modelling, with a focus on vegetation biochemical process
* has a good understanding of SEB modelling

= can work independently as well as integrate into a team

= has good publication track record

* has good knowledge of SIF (regarded as an asset)

* |S expected to start the position in the middle of 2023
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= The duration is 6 months, with attractive financial subsidies
= The candidate has a Bachelor degree and is conducting his/her Master by Research or PhD study

= The candidate should have a good understanding of thermal infrared remote sensing
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