3D FLOOD-RISK MODELS OF GOVERNMENT INFRASTRUCTURE
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ABSTRACT:

Simulating and predicting floods and its effectsudifities provides powerful visual representatimn decision making on when
buildings in the flood zone may be safe for pedpleccupy. Traditional paper maps and digital nrapy not give us the possibility
to do a 3D visualization in order to study the detheffect of a flood situation on utilities.

This research explores LIiDAR data and the applioatib3D modelling in order to provide an analysisttee risk of floods on
government buildings and utilities. LIDAR data prd®$ a cheaper, faster and denser multidimensiovafrage of features for 3D
mapping. LIDAR data was acquired for the city ofdadcton in 2007. This data was processed to gen8iamaps. By employing
accurate coordinate conversion and transformatidtis respect to the geoid, a Digital Terrain Mo@®BITM) was created. Flood
polygons were created for 0.2m intervals in heigihtthe study area. Initial study allows for thigdrval to be considered, since
little difference in flooding behaviour is noticdabbelow this interval. To further strengthen visparception, 3D buildings,
infrastructure and utilities were modelled for tetudy area. The DTM and the 3D models of the gawent buildings,
infrastructure and utilities were intersected. Theulting view does not only register a new scenarit also provides a more

realistic outlook of the buildings and infrastrugwduring floods.

Finally, a flood scene was produced for each ofdhecasted flood levels for visualization via Waterface.

1. INTRODUCTION

Media reports reveal devastating effects of theskafloods that
hit New Brunswick, Canada in summer 2008. This Sibuat
stretched the Province’s support facilities avaéato persons
affected by natural disasters. The rising wateeleYorced the
closure of the New Brunswick Legislature, and abssulted in
temporary closures of the international bridge thaks the
Province to the United States of America. It aléosed the
operation of the Gagetown ferry. Fredericton exqresed its
worst floods in 1973, when the St John River readhed8.6
meter mark.

The closure of roads, government buildings andetrecuation
of people and their possessions during floods amessary to
avoid the loss of life and property. High-rise irater levels
could affect electrical, water and telecommunicafarilities. It
could also affect the sewage system. The washraorssch a
situation cannot be utilizable. The question nowvsen can an
office be declared risky to occupy? The decisionsclose
public utilities require a strong justification. &u decisions
have social, economic and political impacts onedyci

City Managers will require reliable support to jéstithe
decision to close down government infrastructureis Tpaper
proposes the use of 3D flood modelling coupled waih
enriched 3D terrain model including infrastructyedectrical
power, water, tele- communications) and buildingsnake

decisions on when buildings and infrastructure deelared
unsafe to use.
2. PREVIOUSRESEARCH

Since ancient times, humans have developed means to
monitor flood levels and to some extent, prediet thte

of flood rise. People in medieval times marked atémn
and push them down the river to see how deep teg ri
was. According to the director of EMO, Ernest

McGillivray, his grand-father had a self calibratstick
that he pushes down the river to compare and feteca
river flood levels.




Figure 1. 3D visualization of 1973 flood in Fredton remote measurement of features within the path sifa beam
Today, more innovative ways have been developed t#f light. The New Brunswick government, through the
study flooding. These include remote sensing teptes Department of the Environment and Emergency Measure
such as satellite technology, aerial photogrammatry ~ ©9anization (EMO), collected LIDAR data from animstied
LIDAR. Such technologies are combined with Computerarea of .1880 kﬁn specifically around Fredericton and its

. . . ) surrounding area in 2007.
terrain modelling tools to create scenarios, athéncase

of Geographic Information Systems (GIS), for analys  The intended use of data was to monitor floodinthnarea.

The New Brunswick Emergency Measures Organizatidn@E
with contribution from the University of New Brunski
Canada developed flood model (assessable from
http://www.gnb.ca/public/Riverwatch/index-e.asp) fihie area

of New Brunswick as shown in Figures 1 (above) and 2
(below).
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Figure 3. Downtown Fredericton LiDAR data

Figure 2. Website for flood warning

] o Figure 3 shows a sample of the 2007 LiDAR data @wrtown
However, the current visualization method doesau#tquately  Fredericton. To extract information from LIDAR datasers

represent the different perspectives of the aftecte jj consider the purpose for which the point clodeta is
infrastructure. It can be seen that the buildingdel® are jntended to be used for.

represented by polygons only and the 3D view oftémein is
nonexistent.

As a result, the public may not have adequate ieahror
analytical know-how to analyze the polygons. Thamef they
may not find the website very useful.

Alternatively, if the floods and infrastructure \wemodelled in
3D, the multidimensional visualizations of the fiptain and its
effect on utilities can be discussed in more comgnsive
terms, among engineers, government executivestengublic.
To showcase such a possibility, buildings of dowmto
Fredericton were extruded in 3D and modelled iraitigtigure
3 below shows the processing steps in arriving hat 3D
models.

Enriching the 3D models with the utilities and DTkhrough
the process of modelling different water rise gitwes, gives
different scenarios of flooding, which can be ufmdanalysis.  Figure 4. LIDAR data. First Return, part of FredenttNB
Based on this analysis, the question of what fleaell could

render utilities unavailable and make the goverrtmenFor the case of this research, accurate planingetdy geoidal

infrastructure risky to occupy can then be answered height coordinates were sought for the 3D flood efioty. To
achieve this feat, the data was processed as f&llow

1. Find LiDAR strip for the project area and extract
returns of LIDAR beams (Figure 3)

3. DATA COLLECTION AND PROCESSING 2. Extract Bare Earth i.e. ground DEM of the area of

interest (Figure 4)

Light Detection and Ranging (LIDAR) is a data colient 3. Extract Building Footprints from the returns of the
technique that uses a beam of light to make raegsehred LiDAR data (Figure 5)




4. Edit Footprints by comparing with Cadastral data.
The cadastral map does not contain height valugs an
is not recent. The LiDAR data contains recent data o
the project area, taken during the May 2007 floods.
However, based on different defined parameters, the
algorithm used to extract the building footprints
produces varying results. The best fit is as shiown
Figure 6. The results were compared to the digital
cadastral map of the study area. Further editing wa
necessary to correct the planimetry errors from the
building footprints obtained from extraction proses

5. Proceed with other modelling tasks — adding
attributes and other data necessary for analysis
(Figure 7). The buildings and utilities, including
electrical power, water and telecommunicationsadlre . . )
modelled in 3D. Their defining attributes are irted Figure 6. Extracted Building Footprints from LiDARtda
in the modelling. The eoutput is intersected wité t
terrain model produced previously.

One such tool that was exploited for use in thisjgut was

Google SketchUp. Although limited in its interactiovith
LIDAR data is usually collected with reference toognd  spatial features, Google SketchUp provided thestoekeded to
controlled points using GPS methods. Subsequethidyputput  model the buildings and surrounding utilities floe test area.
coordinates are ellipsoidal. To obtain accuratedionodelling
and terrain detail the data was projected to theg@mhic
coordinate system and finally transformed to a Galomodel,
HT2_0, referring to New Brunswick, Canada.

To specifically have a detail for the floods, Gedidheights
above 20m were filtered out, since we did not ekpgkod
levels to go above the height.

Figure 7. Extracted footprints compared with Cadéstr
‘ footprints

As part of future work, advanced tools in the CityGRamily
could be used for more interactive results.

Figure 5. Extracted Bare Earth from LiDAR data

The Geoidal coordinates are input to GIS systermtalel a
Triangular Irregular Network (TIN).

Layers containing flood profiles and polygons wereated at
0.5m intervals. 3D buildings and utilities wereaalmodelled.
All the models and DTM were then combined under shme
coordinate system. To form a decision system, mdiffe flood
scenarios were modelled for different flood levels.

Existing utilities and buildings in downtown Frei¢on were
modelled in 3D and geo-referenced to the geoidalehblT2_0

of New Brunswick, Canada. Such technologies abound in
commercial and free software available online.



4. PROCESSING STEPS- 3D FLOOD MODEL
WORKFLOW

| -Define project area
-Choose appropriate GIS software
-Collect LIDAR data

Transformation from ellipsoidal to
geoidal coordinates — necessary for
T analysis of collected flood data

-Model 3D flood polygons at 0.2m
Create TIN Model - and then height interval
generate DTM of water level

surfaces -Build Flood profiles at 0.5m intervals

Intersect 3D models,
ie. TIN or DTM with
buildings and utilities

______

Build 3D models of Buildings & Utilities

Publish flood forecast based on rising

water levels using 0.5m flood profiles

| Publish flood Scene for different flood
levels based on flood polygons

Figure 8. Processing steps for 3D Flood Models

5. RESULTING 3D FLOOD MODELS

Using different extrusion heights to representedéht flood
scenes, it is possible to simulate different flomeents (see
Figures 8, 9 10 and 11). The pictorial scene, spr&tion of
the building, floods and its effects can be cleafualized and
analyzed.
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Figure 9. 3D models of selected buildings in Freden with
infrastructure

Figure 9 shows a 3D view of the flooding in May 800he 3D
buildings and utilities can be seen consecutivelyaaesult of
applying transparency to the layers. In Figure th@ utility
lines are embedded in the 3D models. A rise in wieeels

above 1.25m on the utilities will result in electi power along
those routes to be cut off.

Figure 12 shows a visual model of the flooding etffeg new
built Public Washroom at the Military Guard Squaie,
Fredericton, Canada. At this level of water rise #ectrical
boxes would be flooded. It is visible from the mabdhat
during flooding, surrounding areas including théRuLibrary,
the Armory and the Military depots will be out ofes and
certainly inaccessibleThe Triangular Irregular Network (TIN),
in Figure 5, shows the natural critical point atisthwater will
begin to flow in the direction of the downward stopVhen
ground water rises up to this level, waste mattemfthe
sewage system will flow in the upwards, under presgrom
rising water from the river.

The washroom facility may not be used under these
circumstances.
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Figure 10. 3D models with transparent utilities

6. RISK ANALYSISOF PROJECT AREA

Further analyzes of the TIN, showed that many pafrt
Fredericton may have been build on a watery beeé TIN
shows that if ground water rises to its naturataier height
across the city, several homes, offices and @ditill be
flooded. The situation is worst in the downtownaanehich has
the lowest heights. The TIN can also be used tatera DTM
to show the natural flow of the water. Priority egency
decisions can be made out of this situation to ecltise
downtown offices and infrastructure first, at tharsof rising
water levels.
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Figure 11. 3D model of utilities and TIN of groupdints
Based on the embedding of flood profiles with erigtutilities
and infrastructure, it can be shown when it isyriskoccupy or
use the structure (see figures 12, 13 and 14).
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Figure 12. 3D Washroom, with power box, in 1973 sated
flood

Daily automatic generation of flood polygons froimetdata
provided by the existing online River Watch applicat(see
http://www.gnb.ca/public/Riverwatch/index-e.asp) gamoduce
an animated 3D video, which can be put on the welsi
provide updated 3D flood forecast to residents.

Figure 13. 3D models of selected buildings in Frieten
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Figure 14. 3D Model compared with Photograph taétering
the flood in 2008

7. CONCLUSION

It can clearly be seen from the comparison of teelehand the
picture captured during the 2008 flood, that theele of
flooding are visually the same. The water just tescthe back
gates of the Fredericton Public library on both tsharhe
display accuracy of the flood model is dependenthenvertical
accuracy of the geoidal heights, obtained fromLilgAR data.
This stood at a best of 15cm, at 95% confidencellev

The 3D GIS application provides a better platforor f
visualizing flood situations than previously domeaD maps.
All parts of a building could be studied in detailthe event of
flooding. This provides a better tool for analyziemd preparing
for emergency measures. It also presents a neaedlity
situation that can easily be understood. Ministerd Heads of
Department who may not be familiar with GIS analtitools
of Query Languages can still understand technitadudsions
on flood analysis through the use of the pictoriature of
models, which are close to reality. It is possitdesimulate
flooding polygons at different heights to produdféedent flood
scenarios.

Simulation can also be used to trace and analyderground
utilities by making all top layers above them traarent. Flood
scene animations can be published to website foliqpaccess.
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