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Figure 1: RootScape: (a) 3D Mapping with genus-coloured trees and metro lines; (b) Cross-Section from crown to underground metro at true 
depth; (c) Viability Planner with per-constraint breakdown and conflict-year prediction; (d) District Analytics with Stress Evolution chart.

Abstract
We present RootScape, a browser-based visual analytics system fusing eight open geospatial datasets for Vienna into a depth-
coherent 3D scene from tree crown to tunnel. Four coordinated views support the full planning workflow: a 3D Mapping
environment with user-controlled temporal simulation of root-halo and crown growth, a Cross-Section view revealing subsurface
geometry at true depth, a Viability Planner scoring eight species against ten substrate constraints with per-factor breakdown
and conflict-year prediction, and a District Analytics view for strategic stress assessment. Retrospective validation against the
Vienna Baumkataster surfaces 81 unexplained high-stress trees in our study area as inspection candidates and produces zero
false high-risk alarms. RootScape is the first system to expose the invisible subsurface conflict between urban greenery and
gray infrastructure in an interactive, open-data, planning-oriented context. The codebase and demo are publicly available at
https://github.com/AngelikiGram/rootscape.

CCS Concepts
• Human-centered computing → Visual analytics; Geographic visualization; • Computing methodologies → Rendering;

1. Introduction

Street trees are critical urban infrastructure: Vienna’s Baumkataster
records over 200,000 trees spanning 130 species [Cit24]. They re-
duce heat island temperatures by up to 2 ◦C [GHEP07], sequester-
ing carbon, yet die at dramatically higher rates than rural counter-
parts [NCS06]. A chronically underappreciated cause is the Invis-
ible Forest Problem: roots expand into the same subsurface enve-
lope as gray infrastructure—sewer pipes, building foundations, and
metro tunnels. Confined roots become stressed and die [RMC01];
large roots crack pavements and invade pipes [WB83]. Species-
specific root-spread models exist [TSCFS06, DWDH10] but have
never been operationalised into an interactive planning tool.

Visualization and GIS communities offer no solution. Miranda et

al. [MOM∗24] survey 150+ urban visual analytics systems (2008–
2023) and identify traffic, wind, energy, and flooding as dominant
themes, but not subsurface root conflict. Commercial GIS plat-
forms (ArcGIS Urban, QGIS) and existing tree visualization sys-
tems [BML09] address above-ground morphology but offer no cou-
pling between tree biology and subsurface infrastructure geome-
try. Tree cadastres carry no subsurface context, while arboricultural
research documents root–infrastructure conflicts [RMC01, WB83,
DWDH10] without interactive planning support.

We present RootScape (Figure 1), bridging this gap. Our contri-
butions are: (1) the first depth-coherent 3D environment integrating
the vertical urban substrate, from tree crown to metro depth; (2) a
location-first species viability model operationalising root-spread
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and substrate-tolerance norms [TSCFS06,DWDH10,RMC01] into
a real-time ten-constraint scoring function with explainable per-
factor rankings; (3) a spatio-temporal simulation coupling species-
specific root-halo and crown growth over a controlled time range,
predicting the year of first conflict for existing and candidate trees;
and (4) an open-data validation methodology correlating predicted
scores with observed cadastre stress, controlled for species identity.

2. Data and System

RootScape is a browser-based SPA (React, Three.js, D3.js) with a
Python FastAPI backend fusing eight open datasets (Table 1), all
geometry projected into EPSG:3857.

Dataset Provider Role

DTM 1 m [dat26] OGD Austria / TU Wien Terrain mesh
Baumkataster Wien [Cit24] City of Vienna WFS Trees, species, stress
Baukörper LOD1/2 [MA 24] MA41 Wien Buildings, shade
U-Bahn lines [Sd26] Vienna GIS Subway geometry
Abwasser / Kanal [Sta26b] Vienna GIS Sewer geometry
OSM roads [Ope26] OpenStreetMap Pavement type
SoilGrids v2.0 [PBH∗21] ISRIC Clay, pH, field capacity, CFVO
Versiegelungsgrad [Sta26a] City of Vienna WFS Surface sealing %

Table 1: Integrated open datasets. All freely available under CC-
BY 4.0 or equivalent open licences.

3D Mapping View (Figure 1a). A 256×256 terrain mesh is 
draped with the Vienna orthophoto; buildings are extruded from 
OSM footprints. Trees are rendered via the Rhizomorph en-
gine [LKM∗23]: branch skeletons grow using the Space Coloniza-
tion Algorithm [RLP07] within species-specific crowns; leaves and 
twigs are billboards; root systems are visualised as depth-aware line 
skeletons within species-specific r each e nvelopes [ DWDH10]. A 
Chronos Window scrubber drives real-time scene updates across a 
user-defined t emporal range; root and crown growth are approxi-
mated by rroot(T ) = r0 + gsp · T , with stress reducing subsequent 
expansion. Trees are coloured by genus; cadastre biological stress 
is visualised as a ground heatmap when the Bio Stress toggle is ac-
tive. Candidate pins from the Viability Planner are simulated along-
side cadastre trees for direct comparison over time.

Cross-Section View (Figure 1b). A vertical slice at a user-
chosen azimuth reveals terrain, tree crowns, SoilGrids depth bands, 
root halos, sewer pipes, and Vienna metro lines at true depth. A 
Tree Index minimap supports individual tree selection. This verti-
cal substrate view is not available in any comparable planning tool.

Viability Planner (Figure 1c). A candidate pin ranks species by:
V (x,sp) = ∑

10
i=1 w(sp)

i · si(x) ∈ [0,100] where w(sp)
i are literature-

derived species weights [DWDH10,RMC01] and si are normalised
scores for: tree spacing (15 %), surface sealing (12 %), groundwa-
ter (11 %), building distance, moisture, solar shade, soil pH (10 %
each), U-Bahn distance (8 %), clay and root space (7 % each).
The limiting factor—the lowest wisi term—is highlighted with a
context-sensitive intervention suggestion. A 20-year growth chart
annotates the predicted conflict year; accepted pins feed a Species
Comparison Matrix for side-by-side evaluation.

District Analytics View (Figure 1d). All 205 trees are plotted
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Figure 2: Retrospective validation (n=205, r=−0.04, R2=0.002):
(a) Observed stress distribution by species; (b) predicted constraint 
score vs. observed biological stress, with quadrants separating low-
risk trees from inspection candidates.

as stress-coloured dots with three tunable threshold sliders and a 
Stress Evolution bar chart; the Chronos Window scrubber drives 
real-time updates across the full simulation range, showing above-
ground crown development and below-ground root halo expansion 
for existing cadastre trees and newly placed Viability Planner pins.

3. Validation and Conclusion

We retrospectively score all n=205 Baumkataster trees, compar-
ing predicted spatial constraint score C = 100−V against observed 
cadastre biological stress (Figure 2). The stress distribution (Fig-
ure 2a) shows trees clustering in the 40–60 % stress range; species 
stratification c onfirms co nsistent pa tterns ac ross Pl atanus, Acer, 
and Tilia, ruling out species identity as the primary stress driver.

The scatter plot (Figure 2b) reveals a weak negative correla-
tion (r=−0.04, R2=0.002), reflecting a  r ange r estriction effect: 
cadastre trees were planted by arborists who already avoided high-
constraint sites, compressing variance in C. The model’s primary 
utility is therefore prospective. In the study area, quadrant analy-
sis is more informative: 122 trees are correctly low-risk; 81 exhibit 
unexplained high stress (Fagus×2, Magnolia, Populus, Alnus) and 
are surfaced as inspection candidates with low predicted constraint 
yet high observed biological stress, suggesting non-spatial causes 
warranting field inspection. Zero healthy trees are falsely flagged.

RootScape is the first interactive system to expose the full ver-
tical urban substrate—tree crown to metro tunnel—for planning-
oriented tree viability analysis, bridging a gap the visualization 
community has overlooked [MOM∗24]. It enables planners to an-
swer: can this location support a healthy tree for twenty years, 
which species should I plant, and what is the single biggest ob-
stacle? Future work includes Sentinel-2 NDVI validation, eHYD 
groundwater integration, and a task-based evaluation with Vienna 
urban planners (MA 42 Wiener Stadtgärten).
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