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The complex radiative transfer (RT) in coupled atmosphere-vegetation-systems
requires accurate analytical solutions to reliably extract vegetation variables from 
spatial high resolution imaging spectroscopy (IS) data.
Illumination effects, i.e., changing surface irradiance (E) including their direct (Edir) 
and diffuse (Edif) components, were found to largely impact the retrieval accuracy of 
vegetation variables from IS data [1].  
We quantify the sensitivity of IS data, retrieved reflectances and vegetation variables 
to inaccurate assumptions of Edir and Edif. We use experimental and simulated data 
and focus on the NDVI, the PRI, and chlorophyll fluorescence (Fs). 

- Reflectance anisotropy causes a dependency of vegetation variables to changing surface E
- Canopy specific sensitivities of reflectance based vegetation variables for changing surface E is an intrinsic property of veg-

etation surfaces (NDVI 9%, PRI 13%), but a retrieval artefact for FS (2%)
- Wrong assumptions on surface E causes uncertainties in retrieved vegetation variables (NDVI 13%, PRI 32%, and Fs 58%)
- ToA retrieval approaches describing the RT in complex atmosphere-surface systems as a complete and realistic physical pro-

cess are suggested for quantitative vegetation analysis

lllumination effects in IS data 

Combined impact of illumination effects and reflectance anisotropy on 
high resolution imaging spectroscopy data and derived vegetation products

Figure 1: Spatial gradient of illumination effects in HCRF 
data and vegetation variables in a partly shaded meadow. 
From top to bottom: APEX-HCRF true colour composite, 
APEX-HCRF false colour composite, NDVI, PRI, Fs. Grey 
line: HCRF data and vegetation variables in a fully illumi-
nated meadow; black line: HCRF data and vegetation vari-
ables of the same but partly shaded meadow. The corre-
sponding maps are shown on the right.

Experimental and simulated data 
Experimental data 
APEX (Airborne Prism EXperiment) [2] data acquired on 26 June 2010 (15:30 UTC) 
and 29 June 2010 (10:00 UTC) were used to demonstrate the relevance of illumina-
tion effects. Data pre-processing included a geo-rectification using PARGE, and a 
compensation of atmospheric effects using ATCOR-4. 

Simulated data
Coupled surface-atmosphere modelling considering the 4-stream theory [3] and 
using the RT models SCOPE [4] and MODTRAN5 was applied to simulate Edir, Edif, 
and canopy leaving radiance LToC:

 
Eight homogeneous canopies observed under 13 atmospheres and six representa-
tions of Edir (varied between 0-100%, Edif remeined untouched) were analyzed.

Vegetation variables
Three vegetation variables were investigated, the NDVI as proxy for vegetation 
health and structure, PRI as indicative variable for the current de-epoxidation state 
of xanthophylls, and Fs as direct indicator of the state of instantaneous plant photo-
synthesis.

The vegetation variables were calculated considering true (tR) and apparent reflec-
tance (aR). tR is defined as ratio of simulated LToC and known surface E. aR is de-
fined as s ratio of simulated LToC and wrong assumptions on surface E, i.e., Edir was 
always set to 100%.

Vegetation indices

Chlorophyll fluorescence
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Figure 2: Total E as function of changing Edif/Edir fluxes. Edir was 
changed in 20% steps. Left: Total E. Right: Normalized total E 
considering the 100% Edir case as reference.

Figure 3: Apparent ToC bidirectional reflectance factor (BRF) 
as function of changing Edif/Edir fluxes. Edir was changed in 20% 
steps. Left: Apparent ToC-BRF. Right: Normalized apparent 
ToC-BRF considering the 100% Edir case as reference.

Figure 4: Vegetation variables in response to changing sur-
face E. Top panels: Average variable responses of all test 
cases. Bottom: Individual variable responses. Black: true vari-
able values. Grey: apparent variable values.

Figure 5: Angularity of vegetation variables. Left: Variable 
variation considering correct fractions of Edir and Edif. Right: 
The same analysis but assuming always 100% Edir. Proper-

ties of the shown example: canopy: dense vegetation, 
Chl=40 µg cm-2, LAI=2.0, LIDF=spherical, atmosphere: 

VIS=20, aerosol model=mid-latitude summer, sun zenith=0°.
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