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Introduction

« Light quantity, distribution and quality
influence ecosystems, e.g. regarding

* Plant growth

« Microclimatic conditions *
« Species diversity & composition ¢8

» Particularly relevant where light
conditions vary greatly in space & time

 However, obtaining areal light
measurements throughout the entire
year is extremely laborious

* Goal: High-resolution shade simulation
throughout the year based on a single
measurement campaign

QSM & shading
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Approach: Comparison of measured radiation with
simulated light and shadow under a solitary tree
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Methodological approach

Step 1

Measurement of leaf
distribution on branches
of several trees

Step 2

Survey of leafless trees in
winter using terrestrial laser
scanning (TLS)

Step 3

Reconstruction of quantitative
structural models (QSMs) from
the TLS point clouds ?

Measurements: 60 quantum sensors
beneath an apple tree on a cloudless

Step 4

Simulation of individual
leaves onto QSMs based on
measured leaf distribution

Step 5

Calculation of shading by
porojecting of the QSM
cylinders & leaves

QSM & shading
With simulated leaves

Discussion

 Enhanced functionality and improved
computational efficiency compared to

porevious algorithms 1011
 Recording TLS data only once reduces both

the required time & costs

g 267 1250 13.050 summer day, measurements 1 x per min
n= ,
8.62% 43.03% 98.33% Freietion of (ﬂ — 2(1436)
reference
(per class)
i-sh 100% . . .
semishads 0 0 0 B Simulation: spatial & temporal
/5%
0.00% 0.00% 0.00% . .
50% resolution of 1cm & 1 min
25%
0%
Shade
B 3,892 1,655 222 .
(n=5769) |22t e iy Result: measurements .
and simulation highly
Shade Semi-shade Light —
(n=4259) (n=2905) (n:%,272) correlated (l’ 0'84)
Reference (n = 20,436)
References

Possible applications in forestry, urban
forestry & agroforestry research (e.g. for
biodiversity / microclimate assessments)

Funding

1 Blackman & Black (1959) Physiological and ecological studies in the analysis of plant environment. Ann. Bot 23,131-145. | 2 Lupi et a/.
(2010) Xylem phenology and wood production: Resolving the chicken-or-egg dilemma. Plant Cell Environ. 33,1721-1730. | 3 Leuchner et

al (2012) Solar radiation as a driver for growth and competition in forest stands. In: Growth and Defence in Plants | 4 Ptushenko et a.
(2020) Spectrum of light as a determinant of plant functioning: A historical perspective. Life 70, 25. | 5 Fu & Rich (2002) A geometric
solar radiation model with applications in agriculture and forestry. Comput. Electron. Agric. 37, 25-35. | 6 Friedel et al (2006) Species
diversity and species composition of epiphytic bryophytes and lichens-A comparison of managed and unmanaged beech forests in NE
Germany. Feddes Repert. 717 172-185. | 7 Sagar et a/. (2008) Differential effect of woody plant canopies on species composition and
diversity of ground vegetation: A case study. 7rop. Ecol. 49, 189. | 8 Helbach, et al (2022) Light heterogeneity affects understory plant

Related Paper:

Schindler et al. (2024) From
dawn to dusk: High-resolution . )
tree shqdlng model based on © WS -

terrestrial LIDAR data. Remote

Sensing, 16(712), 2189.

'* = u}»i o 2 - . .
qsm2shade J{ : oy ) a@ With support from Project manager
L L4
TR . .
*tee % Federal Ministry % Federal Office
of Agriculture, Food for Agriculture and Food
o and Regional Identity

by decision of the
German Bundestag

species richness in temperate forests supporting the heterogeneity-diversity hypothesis. £col. Evol. 12, €8534. | 9 Raumonen & Akerblom
(2022) InverseTampere/TreeQSM, Version 2.4.1; Zenodo: Geneva, Switzerland. | 10 Rosskopf et a/ (2017) Modelling shadow using 3D tree
models in high spatial and temporal resolution. Remote Sens. 9 719. | 11 Bohn Reckziegel et a/ (2021) Modelling and comparing shading
effects of 3D tree structures with virtual leaves. Remote Sens. 13, 532.

Related R Package:
gsm2shade

The “Humax” project is supported by funds of the Federal Ministry of Agriculture,
Food and Regional Identity (BMLEH) based on a decision of the Parliament of the
Federal Republic of Germany via the Federal Office for Agriculture and Food (BLE)

under the Climate protection measure Humus, grant number 2822HUMO010.



