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Abstract: Numerous workflows exist to computationally generate three-dimensional tree models
which effectively simulate their real-world counterparts. This research hybridizes several existing and
new approaches to tree modeling to improve growth models based on point cloud data. The digital tree
models are created in Blender using an add-on called The Grove, enabling digital trees to grow accord-
ing to light availability, with full control over their branching structure and form. These three-dimen-
sional tree models are then measured and their dimensions compared to the point cloud counterparts,
with average values indicating that the digitally-grown trees are relatively similar to the point cloud
trees though smaller in most dimensions. The results demonstrate that point-cloud models of trees can
be used to improve computational tree growth models leading to improved tree visualization.
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1 Introduction

Our objective is to create a hybrid workflow to model context-specific digital tree models
based on LiDAR data of existing trees. We also aim to visualize the tree models by placing
them within a rendered virtual environment. Our hypothesis is that point clouds of street trees
can be used to improve computational tree growth models, leading to improved visualizations
of trees. Visual realism is a critical part of this research, since capturing the materiality, light,
and atmosphere of the landscape can resonate with audiences. Our motivation for this project
is to improve upon our recent research in computational tree modeling which generated three-
dimensional tree models based on scientific data without sacrificing visual realism, yet which
lacked any methods for comparing the modeled trees with real-world tree information
(ACKERMAN et al. 2022).

Landscape architects model sites of significant physical size, places which are naturally dy-
namic and which can take decades to fully develop according to the designer’s vision. Thus,
it is logical that most 3D modeling software is not currently suited to simulating landscape
characteristics. This territory is often taken up through adapting software intended for mod-
eling trees and terrain for games and film, tools such as SpeedTree, a standard industry tool
for creating realistic trees and plants, and Terragen, software used to create large-scale pho-
torealistic natural environments. In recent years, many landscape architects have begun using
Lumion, a real-time renderer which integrates with most 3D modeling software and has a
large and accessible library of trees and other vegetation.

Constantly improving imaging technology has allowed us to digitally model landscapes for
several decades (LEWIS 2012). Yet distinct challenges exist in modeling natural elements of
the landscape. In contrast to the well-defined geometry of architectural and industrial objects,
the organic variation of natural elements and the multi-part composition of vegetation pre-
sents unique difficulties. For example, trees are comprised of a trunk, branches, twigs, and
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leaves, each following a similar pattern but with unique formation. Where a single model of
an architectural element such as a window can be used repeatedly in a scene without creating
visual dissonance, a single model of a tree cannot be multiplied without looking artificial. In
order to overcome this artificiality, digital tree simulations must integrate architectural and
self-organizing components of tree growth to create scientifically-informed tree models
(PALUBICKI et al. 2009).

Several models have been created to computationally generate unique three-dimensional tree
models. The Algorithmic Beauty of Plants describes the application of L-systems to generate
a variety of tree branching structures which build upon earlier work of others’ to computa-
tionally simulate branching patterns (PRUSINKIEWICZ et al. 1996). Weber and Penn developed
digital tree models which focused more on visual realism than strict adherence to botanical
principles. Their model integrates branching, pruning, leaf orientation, stem bending from
wind, and vertical attraction, and realistic materials (WEBER & PENN 1995). De Reffye et al.
used characteristics of tree mortality and regeneration to generate digital models of tree spe-
cies growth over time, a data-informed method to create vegetation that strictly adheres to
botanical structure and development. While effective, this method requires knowledge of
botany as well as their specific computational methods (DE REFFYE et al. 1988).

Methods for creating scientifically accurate, realistically-rendered digital trees has improved
significantly in recent years; such as digitally modeling an endangered eucalyptus woodland
(CHANDLER et al. 2021), and digitally modeling and visualizing fifty years of growth in a
Wisconsin forest (HUANG et al. 2021). This use of field specimens for material texturing is
an emerging tree visualization practice that help capture the realism of the landscape being
depicted (DEMETRESCUE et al. 2020). Yet many of these techniques have been limited by the
high level of programming skill required to apply these techniques in a meaningful way,
running the risk of stalling the use of landscape visualization in scientific communication
(BELL 2001).

High levels of graphic realism in landscape visualization are valuable in part due to their
ability to reliably replicate similar levels of human cognition that occur when viewing a phys-
ical landscape site (SHI 2020). Yet realism in digital landscape visualization is often chal-
lenging given the number of trees and the amount of detail required in tree geometry (BAO
et al. 2011, CoLDITZ et al. 2005). These digital tree models are burdened with simulating
interaction and competition between trees, responding to sun and shade, compete for light
with their neighbors, lose branches over time, and simulate a range of other tree growth fac-
tors which have long been understood as critical components of the development of a tree’s
physical form (BELLA 1971). However, it stands to reason that with a greater number of in-
terrelated factors being used to model a tree, the more closely we must understand the
cause/effect relationship of the parameters being used. This understanding is especially crit-
ical when tree growth models also include context such as nearby architecture and neighbor-
ing trees.

2  Methods

2.1 Point Cloud Capture and Conversion

A comprehensive model of urban street trees was developed using vehicular ground-based
LiDAR to capture several sets of urban street trees in Zhengzhou, China. The capture was
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performed by driving down several urban street corridors with LIDAR equipment on the roof
of the vehicle. The goal of this LIDAR capture effort was to create several point cloud models
showing variation in tree maturity. Three different sets of tree maturities were captured: 5-6
years, 8-13 years, and 13-18 years. We were able to capture different maturity levels because
multiple tree planting efforts had occurred in the area over several years, producing
heterogeneous groupings of trees spanning over a decade of growth. All trees were planted
in identical linear plans along urban streets with high traffic volumes. All trees were of the
same species, a large deciduous tree with the botanical name Platanus x acerifolia, commonly
known as the London Plane Tree. This species was ideal for our research as it is one of the
most common street trees throughout China and North America, making the project broadly
applicable to several urban contexts (LI et al 2011, LU et al 2010).

Once captured, the point cloud model was processed in Lidar360 software in order to classify
the point cloud into tree canopy and ground elements. The canopy point cloud was then
separated into individual tree point clouds for analysis. This separation was done in Lidar360
using an algorithm based on the shortest-path metabolic ecological theory, which uses the
fact that vascular plants optimize the shortest possible distance from leaf to root to determine
every point’s belonging to a particular trunk (TAO et al. 2015). Each point cloud was
classified and colorized before exporting to an LAS dataset (Fig. 1).

Fig. 1: Point cloud model of individual street trees

The LAS dataset then needed to be converted to physical geometry for visualization. This
was done by using the three-dimensional modeling software Rhino and its parametric
modeling tool, Grasshopper. In Grasshopper, we used the Volvox component to load the LAS
dataset, create a voxel for every point, and export to a mesh. We then used the Weaverbird
component to subdivide and smooth the mesh. The resulting geometry provided a reasonably
legible approximation of a three-dimensional tree model which delineated each tree’s trunk,
branching structure, and canopy fullness (Fig. 2).
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Fig. 2: Street tree mesh from Grasshopper. Tree maturity from left: 5-6 years, 8-13 years,
and 13-18 years

2.2 Tree Growth Modeling

We selected the intermediate-aged group of 8-13 years for use in tree growth modeling, as it
included enough branching and canopy detail for comparison, while also being small enough
to minimize the computational load in iterative development of a growth model. The 8-13-
year model was exported from Rhino as an FBX file and imported into Blender, another
three-dimensional modeling program. Blender allows intuitive yet sophisticated tree growth
simulation through an add-on called The Grove, which provides an interface for growing
groups of trees with precise control of growth characteristics, species, and age. The Grove
also enables tree growth in response to light and shade, competing with neighboring trees for
light and responding to shade from nearby objects.

To begin the growing process, we selected the Platanus x acerifolia from the preset list of
available species in The Grove. These presets, which included many common trees, provided
a starting point with settings for the unique growth characteristics for the selected species.
We then placed a seedling tree at spacing intervals identical to the point cloud trees and grew
the seedling trees to 10 years of age. Through a trial-and error process of visual comparison
between the 8-13-year point cloud mesh and the 10-year Grove model, we adjusted specific
growth characteristics and re-grew the seedling trees again to 10 years of age. With each step
we noted the adjustment and captured an image of the tree group (Tab. 1).
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Table 1: Iterative adjustment of tree growth characteristics

Observation Adjustment Image Result

Default settings for Platanus x acerifolia

Not enough low branches Lowered branch
compared to LIDAR pruning height from
model Smto 2m

Branches not turningup  Increased amount
enough compared to that branches turn
LiDAR trees which toward sky.
display an upright habit.

Branch growth stunted.  Increased factors
contributing to
branch growth.

Still not enough low Further reduced

branches. branch pruning
height.

Branches bending too Reduced branch

much compared to bending.

straighter branches in

LiDAR model.

Low branches still facing Increased factors

downward. contributing to
upward branch
growth.

Canopy needs thinning ~ Reduced number of
out compared to LIDAR  nodes new branches

model. can grow + chance a
bud will turn into a
branch.

Branches angling Reduced branch

outward too much angle from 45 to 30

compared to LIDAR degrees.

model.

Through iterative adjustment and re-growth, we gradually improved the growth model. After
nine iterations, the tree growth model bore enough resemblance to the LIDAR model with
regard to branching, structure, and canopy that we were satisfied with the settings. A visual
comparison of the final growth model and the LIDAR model demonstrates the results (Fig.
3).
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Fig. 3: LiDAR model (top) and The Grove model (bottom)

3  Results and Discussion

We hypothesized that point cloud models of trees could be used to improve computational
tree growth models. Referring back to Table 1, the change in form and structure from the first
iteration to the ninth is striking. It is possible that this process could be seen as a form of
model validation against physical counterparts, forming the basis for accepting the landscape
cognition that occurs when viewing images that include these digital tree models. This
presents implications for use of digital tree models in performance calculations. Lidar360 has
the ability to generate a report showing dimensions for each tree within the point cloud model.
These values can be used in climate-based calculations such as the U.S. Forest Service Tree
Carbon Calculator (USDA 2022). This and other tools allow calculation of carbon dioxide
sequestration and aboveground biomass, critical factors in mitigating climate change. We
performed a comparative study of the dimensions of trees from Lidar360 and dimensions of
trees generated in this iterative study using the Grove. Trunk diameter of trees from the Grove
were taken by importing the tree meshes into Rhino and creating a clipping plane at 1.37
meters from the ground, the approximate level at which DBH (diameter at breast height) is
taken. The diameter of each trunk was measured (Fig. 4).

Fig. 4: Clipping plane at breast height of 1.37 meters shown in top and perspective views
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To calculate tree canopy volume, we developed a crown envelope which essentially wrapped
the tree canopy in an enclosed volume. This builds on recent work in transforming urban tree
point clouds into three-dimensional crown models (GUO et al. 2021, MUNZINGER et al. 2022).
Because we imported leafless trees into Rhino to reduce computing load, we added a small
buffer at the ends of branches to account for the larger volume when leaves are present (Fig.
5).

Fig. S5: Tree canopy wrapping to calculate crown volume

A full set of measurements for both Lidar360 trees and corresponding Grove trees appears in
Tables 2 and 3.

Table 2: Tree dimension data from Lidar360

TREE DIMENSIONS FROM LIDAR360

Tree Height Trunk Crown Crown Area
(meters) diameter Diameter (square Crown Volume
(meters) (meters) meters) (cubic meters)
10.074 0.232 7.371 42.67 190.542
10.113 0.306 7.298 41.83 249.532
10.147 0.188 6.112 29.344 161.896
10.171 0.259 7.092 39.507 175.005
10.226 0.319 6.636 34.581 194.073
10.245 0.296 6.028 28.54 143.862
10.074 0.232 7.371 42.67 190.542
average 9.910 0.254 6.665 37.382 181.636

Overall, the Grove tree models average height was slightly higher than Lidar360 — an average
of 10.173 meters vs. 9.910 meters. However, in every other measurement the Grove trees
average values were somewhat lower than those in Lidar360. The differences are small
enough that we feel that we are close to a digital growth model that can produce trees for use
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Table 3: Tree dimension data from the Grove

TREE DIMENSIONS FROM THE GROVE

Tree Height Trunk Crown Crown Area
(meters) diameter Diameter (square Crown Volume
(meters) (meters) meters) (cubic meters)
10.324 0.191 5.991 39.948 216.829
10.021 0.21 7.001 34.466 167.252
10.256 0.179 5.789 26.179 104.207
10.085 0.197 6.329 30.52 191.639
10.093 0.202 6.113 30.767 190.619
10.261 0.234 6.762 34.065 185.502
10.324 0.191 5.991 39.948 216.829
average 10.173 0.202 6.331 32.658 176.008

in analysis and simulation. Our aim is to be as close as possible to approximating real-world
values, and we will continue to iteratively adjust the Grove trees and analyze their dimensions
until they more closely matched Lidar360. Narrowing the gap between digitally-grown trees
and real-world counterparts will be critical if we wish to use the dimensions of trees grown
with The Grove and Blender to perform similar carbon calculations. This would provide a
valuable tool for responsibly determining future performance of urban street trees.

4  Conclusion and Outlook

Future directions of this work will aim to expand the workflow to include additional common
tree species using a similar workflow of point cloud-based iterative growth modeling. As
previously mentioned, we also aim to quantify the digital models created with The Grove and
Blender in order to perform predictive calculations for carbon sequestration in urban settings.
Combining these calculations with visualizations of mature urban street trees may well be a
powerful advocacy tool for promoting increased tree planting in urban areas while
responsibly depicting the likely visual character of such plantings.

Despite these successes, there are several components of this research that are problematic.
A primary issue is the number of software programs and skillsets required to move through
the phases of these workflows. Unless we are able to streamline the workflow significantly,
this level of landscape modeling and visualization will, as Bell (2001) stated, remain an
underutilized tool in scientific communication.

An additional problem is the significant computational power needed to run the tree growth
simulations and Unity visualizations. Even with the high-end computer used to generate the
models and visualizations, 10-20 minutes was needed to generate a group of 20 trees grown
to 35 years of maturity — approaching an apparent upper limit on the amount of trees that can
be modeled. These trees also experienced some lag time in Unity that resulted in a less
responsive experience using the software. This is a long-standing issue with rendering 3D
vegetation using current high-end computing power, mentioned by Weber & Penn (1995),
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Colditz et al. (2005), Bao et al. (2011), and others. This suggests that issues with realism and
limitations of computing power will persist and should be anticipated as a regular part of this
work.

This research has overcome some of the primary challenges that have long existed in
modeling the natural landscape, primarily the difficulty in capturing the organic variation of
natural elements. It has added new knowledge of modeling a tree’s physical form and its
behavior among other trees, building upon decades of work to devise L-systems, botanically-
based models, visual models, and others. Ongoing development of this research can further
improve the ways that we model, analyze, and apply computationally-grown trees to
contemporary challenges.
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