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Source: 

Canopy temperatures and thermal fluxes

Still et al (2021) 
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Large source of uncertainty in canopy temp. monitoring: Anisotropy

Li et al (2022)

Need a multi-source approach to understand anisotropy in forests using remote sensing, in-situ and 
modelling 
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Project aims

Davos (Coniferous)
1600 asl, evergreen (Norway spruce), ICOS site

Laegern (Deciduous)
690asl, mixed deciduous (predominantly beech), FLUXNET site

Kesselring et al (2024) 

Forest sites instrumentation. Set up 

in-situ measurement on flux tower for 
accurate temperature at two Swiss forest 
sites

1

Virtual forest temperature 
parameterisation. Assign 3D 

temperature information for existing 
virtual forest of instrumented sites

2

Simulate anisotropy. Utilise DART 3D 

radiative transfer model to simulate 
anisotropy effects from local to satellite 
scale

3
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Methods: 3D Radiative Transfer model inputs
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PAD using 

AMAPvox
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Bark & un-
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spectra
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mixing
Spectral 

mixing

Conif. 

bark & 

understory

Conif. 

needles

Deciduous 

leaf, bark & 

understory

LAD* Wood objects

3D virtual scene

RT simulation using DART

Temperature data

FLIR A700 

image

Adapted from Kesselring et al (2024)

Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 
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Methods: Structural and optical parameterisation

LiDAR data

Laegern TLS, UAV + ALS virtual forest
Morsdorf et al (2017), Kesselring et al 

(2024)

Davos TLS virtual forest
Kesselring et al (2024)

Laegern ALS virtual forest
Schneider et al (2014)

* ALS: Airborne Laser Scanning, TLS: Terrestrial Laser Scanning

Optical data Temperature data
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Methods: Temperature parameterisation

LiDAR data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

Optical data
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Methods: Instrument set-up at forest sites

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

1) Thermal camera 
FLIR A700

2) Infrared radiometer
Apogee SI-411

3) Infrared radiometer 
Heitronics KT15

4. Calibration plate
PT100 + KT15

Image: J. Adams
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Instrument set up: Laegern

Department of Geography 9

45
m

~35°

Ts

TA, RH, wind
N

calibration plate +
radiometers

Image: J. Adams
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Instrument set up: Davos

Department of Geography 10

40
m

~40° TA, RH, wind S

Ts

calibration plate +
radiometers

Image: J. Adams
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Methods: Temperature parameterisation (exacting accurate component temperature)

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

Lab correction. World Radiation Centre (PMOD/WRC) 

blackbody used to correct for NUC/vignetting effects and 
absolute temperature correction (Gröbner 2008)

1
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Methods: Temperature parameterisation (exacting accurate component temperature)

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

Atmospheric correction. Mechanistic correction based on 

raw2temp R package. Accounts for energy emitted by object, 
radiation by surroundings, reflected off object and emitted 
from gases

2

https://www.rdocumentation.org/packages/Thermimage/versions/4.1.3/topics/raw2temp

Data inputs: 
- Air temperature (FLUXNET / ICOS)
- Relative humidity (FLUXNET / ICOS)
- Distance (LiDAR)
- Emissivity (literature based assumption → to be improved
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Methods: Temperature parameterisation (exacting accurate component temperature)

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

Laegern

Field correction. KT15 observation of calibration plate (ROI 

of 50x50 pixels selected) used to develop simple linear 
regression model of bias (e.g. Johnston et al 2022) 

3
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Methods: Temperature parameterisation (ROI and sunlit/shaded component)

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

Laegern TLS, UAV + ALS

Leaf: single species beech 
leaf (smaller TLS scene) at 10 
different locations of crown

Bark: ROI in 3 different 
locations due to density

Soil: shaded understory and 
FLUXNET soil temp. 

Laegern ALS

Leaf: multiple species in 
camera view

Bark: ROI in 3 different 
locations due to density

Soil: shaded understory 
and FLUXNET soil temp. 

Davos TLS

Leaf: single species 
Norway spruce at10 
different locations of 
crown (small ROI for 
needles) 

Bark: ROI in 10 different 
locations

Soil: shaded understory 
and ICOS soil temp from 
sunlit meadow
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Methods: Temperature parameterisation (ROI and sunlit/shaded component)

LiDAR data Optical data Temperature data

FLIR A700 

image
Calibration 

plate + 

KT15

Meteo data

Field, lab, atmo. corrected image

LiDAR data

Leaf ROI Bark ROI Soil ROI

Sunlit and 

shaded 

leaf temp. 

Sunlit and 

shaded 

bark temp. 

Sunlit and 

shaded soil 

temp. 

* Sunlit/shaded calculated by min and max ROIs
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Methods: DART modelling

DART parameter Laegern TLS+UAV+ALS Laegern ALS Davos TLS

Scene dimensions 50 x 60 m 300 x 300 m 50 x 60 m

Voxel size 0.25 x 0.25 x 0.25 m 2 x 2 x 2 m 0.25 x 0.25 x 0.25 m

Central band and FWHM 11 ± 3µm,  8.65 ± 0.35µm, 9 ± 0.35µm, 10.6 ± 0.7µm, 11.6 ± 1µm 

Sensor viewing azimuth BRF map (50 directions), BRF camera (sensor  in solar principle plane and perpendicular to SPP)

Sampling 50 samples per direction, 50 samples per pixel (same as voxel size) 

Temperature of 
scene element 
proportional to 
irradiance in 
visible domain

Run before main 
DART simulation 

Shortwave 
BRF DART

Shortwave BRF 
used to define 
sunlit (2) and 
shaded (0) 
Boolean 
classification

3D sunlit / 
shaded class

Sunlit/shaded 
limits prescribed 
to each surface

3D variation 
depends on sun 
status, surface 
orientation and 
material

Assign FLIR 
sunlit/shaded
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Preliminary results: DART inputs for Laegern on 11th August 

11th August 2024 selected for clear and hot day in 
Switzerland in 2024 
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Preliminary results: Temporally resolved anisotropy over Laegern

- Angular brightness 
temperature (Tb) 
difference from nadir :

Tb (ϕ, θ)-Tb(ϕ=0°)

- Hotter than nadir 
around the nadir 
direction (up to 30°
VZA)

- Cooler than nadir at 
larger viewing angles
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Preliminary results: Diurnal and angular variation

Source: 

- Mean brightness temp (Tb (ϕ, θ))
and variation of 50 directions in 
ϕ and θ

- Angular variation generally 
higher during midday 
compared to early morning and 
late evening
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Preliminary results show similar magnitude of anisotropy as goniometer studies
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Conclusions and outlook

Forest sites 
instrumentation. 
Davos and Laegern sites 
instrumented since 2024. Opens 
doors for ecological research 
beyond RT modelling. 

1 Virtual forest temperature 
parameterisation. 
Correction schemes 
(atmosphere, lab and field) 
developed, ROI selection 
ongoing. Species selection for 
larger Laegern scene ongoing.

2 Simulate anisotropy. 
DART model used to simulate 
example anisotropy over a day. 
Aim to simulate TRISHNA, SBG 
or LSTM overpass and satellite 
characteristics. 

3
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Department of Geography

Thank you!

jennifer-susan.adams@geo.uzh.ch

TIRLab webpage https://thermal-rs.earsel.org/
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