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Abstract

As worldpopulation becomes increasingly urban (World Health Organizatiorth2dig@d for smart city

planning becomes crucial. Cities continue to increage iand density, and with the accompanying
infrastructure of buildings, roads, transportation tunnels and subways, the amount of permeable surface that
is able to absorb sto water decreases (HuntWatkiss, 2011). As urban densification combines with
increases in storm frequency and intensity, municipalities need to find new ways of managgter.storm
Solutions require collaboration across planning discgpichésputfrom an informed public. Geodesign
approaches and technologies can assist in making wiser design decisions. Geodesign refers to geographic
design or using geographic data to aid d@&signdesign approach supports the rapid iteration and
application ofew pl anning strategies and wurban design id
software such as a GIS (Geographic Information System). The formalization of geodesign was developed and
fostered by Jack Dangermond, founder and president of viveniBrental Systems Research Institute

(ESRI). ESRI is a leading global provider of GIS software technology, offegegdewigtechnologies

to help achieve better planning outcoifieis. paper defines the concepgebdesignand demonstratéts

applicationfor achieving sustainable landscapes and cities. The paper focuses on two key projects that serve
to show planners and urban designers how to make wiser design decisions badatholt gaoews the

project goals, methods and results tceaehilatairiven design solutions using a geodesign process and
technology.
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Cities are under grehteat from the impacts of climate change. Major urban centres have been struggling to
deal with flooding and increased storm water management. The need to intelligently design, model and evalu
planning solutions for sustainable and resilient cities is a must. These design strategies need to take into acc
geographic dathothfor adievinga thorough knowledge of the landscapdamdesigning itsystems. The notion
of 6geodesignd i s nrather mnevkiad o feamewbrly for planneesvand aiban designers to
achieveevidencédased planningplutiors. Geodesigntilizes gednased (landscapased) information together with
advances in GIS technology.

The word 6geodesignd refers to geographic desi gl
geodesign has been brought to the forefront by Jagemsond, the founder and president of the Environmental
Systems Research Institute (ESRI), the global provider of Geographic Information Systems (GIS) softwal
technology. Jack Dangermond i s a | and satedpheol oiesidni t e c
under the teachings of Carl Stenitz. ESRI was founded in 1969 by Jack and Laura Dangermond. ESRI sta
0Geodesign combines geography with design by provi
of design alternaks against the impacts of those dedigmgyermond held the fir&teodesign Summit on January
608, 2010, at Esri's Headquarters in Redlands, California. He introduced the benefits of geospatial technologies
help make desigiecisions and rapid design porotypes in a rapidly changing environment.
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Planners, urban designers, landscape architects and city officials, includirngaveayawcasd the
benefits of geodesign applicatach year at the Sumrttough not limitedat ESRI products, ESRI advocates for
their suite of software products such as ArcGIS Online, Geoplanner, ArcGIS Pro and CityEngine, as the technic
tools foreffective geodesignlutions.(Figure 1) These GIS tools help planners and urban designees desityaz,
manage and visualize diychanging planning solutions.
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Figure 1 Tools for Geodesign Solution

Planners and urbansigners are challenged by rapidly changing enviranfrantlimate change to
storm water management to expanding urbanization. CityEngine is a type of parametric tool that applies rules a
procedures to help guide the designer. The urban designers can craft digital models within CityEngine, and evall
it against various parametstgh as zoning #gws, street widths, boulevard and bike lanes dimensionyaterm
runoff, and otheattributeritical for thequality design gfublic realm spaces. Landscaphitects andesigners of
the built environment are seeking these kinds of applications to assist rtfadimg wiser planning decisions
through the utilization of getata.Plannng and landscape architecture firms swchiauisealLavigne (USA),
Turenscape (China) and O2 Planning + Design (Canada) are jystoanfeentfirms utilizing geodesign as a way
to advance planning outcomes through advanced spatial analysis.

This paper presents two practical projects using geodesign technology and approaches by O2 Planning
Design. 020s project, ihtheDedoteer arad thed soGtheass ppréiam bf the City of s i t |
Edmonton, Canadé is currently dormated by agricultural land b has long been recognized as an important
area for new residential developm&hé second projedty HousealLavigne Associ&edocated irBattle Creek,
Michigan.

Emerald Crescent Case Study

Early collaborativeefforts between the City and development community stakeholders produced an
illustrative concept of a wetinnected open space network for the area, the Emerald Crescent. Since that time, ar
Area Structure Plan (ASP) was approved by council jid20ifying five neighbourhoods for further development;

(CoE 2015), and the first Neighbourhood Structure Plan (NSP) for the North Dewitddnourhood was
approved at the end of 2018. With four remaining NSPS still to be developed (the Northwest, Sentravesi
Southeast neighbourhoods), there is a pressing need to ensure that subsequent Neighbourhood Structure P
(NSPs) align with the framework outlined in the Cit
2017) for open space masmagnt. BREATHE brings a new mdinctional network focus to the management of
the Cityds open spaces, requiring e gicoldgy Gdlebratian@mde s s
Wellnes&functional themes established by the City.
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This study provided the City of Edmonton with an innovative opportunity to bring tdgeti@iners,
developer groups, and city planners during an earlier stage of the planning process than is typictilysafforded,
allowingfor a broad, objective based piag process supported by vdelfined spatial metrics of success. The
timing of this process provides more leverage to both city planners and developers over the potential land use of
area, ensuring more effective-iougo the recommendations, mirdgimg opportunity costs, and allowing for more
transparent decisions at an early stage. The recommendations arising out of this effort will help reduce overall cost
planning and land acquisition, removing roadblocks to more innovative integratibnoohaeked open space
systems into greenfield development. A holistic and inclusive planning process helps to bring greater diversity e
multi-functionality to parkland development.

Goals

To arrive at a solution that met the needs of all stakeh@&8eadppted a geodesign framework, in which
modellingand evaluation of alternatives wewapled with planning and design in a collaborative environment
(McHarg 1969; Flaxman 2010; Steinitz 1995, 2012). Under this framework, a collaborative seneskehtiiee
explored the development of alternative land use concepts. The goal is to create a recommended concept t
balances ecological, recreational and development considerations. The concept ensures economically fea
residential and commercialelepment while preserving key natural areas linked together bgoangeted and
easily accessible network of parkland and other public open space-Sthtstoonconcept is intended to highlight
benefits and challenges facing the developmermt DEtioteau area, provide reference material to draw upon during
the subsequemMeighborhoodStructure Plans for the area, and act as a representative case study for the geodesic
process.

This study adopts an ecological urbanism approach where theéngneeslogical function of the landscape
provides the primary organizing structure of the urban system. It recognizes that the protection of existing natur
systems and purposeful design of new functional open spaces can give rise to new modeisrofTthrbajoal is
to ensure the creation of a multifunctional open space network which stewards natural processes, creates invi
community spaces, and encourages active outdoor recreation, while supporting economic development and a sen:
place. Th@eodesign approach brings together practical development constraints, ecological valuation and functior
openspace assessment to produce a recommended land use concept that maximizes the value of the study area.

Methods

Potential landuse concepts were tested against specific measurable criteria to ensure transparency a
rationality of the decisianaking process. This transparent process encouraged workshop participants to clearly
identify measurable indicators of success with vehatséss alternative land use concepts. This sofigigad
approach is respectful of diverse stakeholder interests while providing a robust and transparemikitegision
process. The collaborative workshop environment, supported by spatiallgreadgticitools, helped identify areas
of consensus and highlight key areas of conflicting value. This project moved through three primary phases, e:
focused around an-person workshop where stakeholdexdthe opportunity to review information, eBsdb
measurable criteria of success, and guide the development of land use concepts for the area.

The first workshop focused on the identification of values of concern and general analytic approaches t
assessing the functional performance of potentialis® designs. The second workshop saw the implementation of
these analyses using a draft land use concept, based on initial stakeholder input and the constraints identified ir
ASP. This draft concept provided a chance to review the analytic aggreealhas serving as a focal point to
encourage discussion and criticism and produce explicit direction for concept refinement. The final worksho
reviewed the land use concept that arose out of this stakeholder direction, providing the chante amyhighlig
outstanding concerns, as well as describe the practical challenges that must be overcome to bring the concept
being. The final workshop saw the general approval of the recommended concept by the participating stakeholders

Results

The recommended Emerald Crescent concept (Figure 2) contains 72% of all areas which qualify a
Environmental Reserve. Large wetland complexes and natural areas were preferentially retained, with small isol
wetlands ceded to developmaritere necessarydbgn with the approved road network or constraints identified in
the ASP. The Emerald Crescent is intended to be highly accessible to the surrounding neighbourhoods.
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In total, 79,613 people, or 91% of the total estimated population, would be lodated5mthute walk
from the Emerald Crescent (Figure 3). This is a marked improvement compared to the Decoteau ASP, which w
estimated to have only 75% of population within 500m of any parkland area.

Figure 2 Wetlands, school sites, stormwatenanagement infrastructure, and other parkland are connected
to form the Emerald Crescent

Southwest 16,850 | 98%

Southeast 21,797|95%

Central 10,268 | 88%
Northwest 10,571/ 100%

North 10,780 100%
- 5,000 10,000 15,000 20,000 25,000
M Population within 500m from the Green Network Remainder

Figure 3Estimated Number and Percent of Population within 500m from the Emerald Crescent at the
Neighbourhood Level

The Emerald Crescent concept provides 828tares of Net Residential Area, 96.1% of that provided in
the ASP (Figure 4). This reduction occurs because of the increased parkland area, required to provide the neces
required connections throughout the area. The original Decoteau ASP sinfiglgl tlerrésidential area zones, and
generally described the relative fraction of housing types that fell within this footprint. This study developed a mo
spatially explicit design that indicated conceptual street and lot layout in order to prepéhly essaectivity and
accessibility of open space provided by the Emerald Crescent. Following the ASP classification, residential areas
been allocated into the following housing types:

1 SingleDetached housing

1 Townhouses

1 Low-Rise Apartment Buildings story)

1 High-Rise Apartment Buildings (12 story)
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Public Utility

Low Rise
61.6 hal 3.1%
Row Housing

8.8hal0.4%

Arterial Right of Way
85.2hal4.3%
Existing Country Residential

133.1hal 6.8%

High Rise
79hal0.4%
Single Detached
626.1ha|31.9% School/Park
54.0hal27%
Mixed Use
31.2hal1.6%

/|
4

> 4

Commercial
358ha|18%

Business Employment
90.1hal|4.6%

Wetland (ER)
162.1ha|8.3%

69.7hal3.6%

Transportation—Circulation
317.4 ha|16.2%

Stormwater Management
995 ha|5.1%

District Activity Park
26.2hal13%

Other Parks/Natural Area

148.6 ha|7.9%

. 2, Decembez010

Figure 4 Area and Percent of Each Land Use Type for the Decoteau area

Townhouses were preferentially placed along collector roads, near town centre areas, and not directly adjac

to open spacé.ow-Rise Apartments are placed near to transit nodes;unéixed ¢ o mmer ci all

areas

c e nt r e-Rige.apaitthiegtdhwere similarly placed, with the stipulation that they occur on the northern side of a
adjacent open space, to prevent shadfagts and other impacts to the ecological and aesthetic functions of the
Emerald Crescent network (Figure 5).
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Figure 5 The Emerald

Crescent Lnd Use Concept

The City requires an average housing density for the Decoteau area of 35 units petiakheeside. To
achieve the connected Emerald Crescent concept, some neighbourhoods require more total open space than origil
allocated in the Decoteau ASP. To ensure that each neighbourhood meets its resideriiedetenseyuced
amount of mgledetached units are allocatddirour of an increased number of townhouses antslwapartment

buildings (Figure 6).
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Decoteau

35.0
Southwest 35.1
Southeast 35.0
Central 36.4
Northwest 35.8
North 32.4
30.0 310 32,0 33.0 34.0 35.0 36.0 37.0 (units/ha)

ASP Emerald Crescent

Figure 6 Number of Dwelling Units per Net Residential Hectare in the Emerald Crescent Land Use
Concept vs the ASP at thBleighbourhood Level

The resulting land use concept was brought into CityEngine, where parcel subdivision rules partitioned tt
residential zoning. Residential and commercial buildings were placed using similar rulesets. Complete streets \
modelledaccor ding to the Cityds transportation guidel:
lanes, and street trees and lights. Structural changes to the existing terrain erBustrddhmes were realistically
placed in development ae&ollowing development of thB 3tructure, a virtual model was built in the Unreal
Studio visualization environment, allowing greater detail and flexibility in the textures and lighting than is possible
the CityEngine environment (Figure 7). Proe¢éeapsystem modelling was used to recreate retained natural forested
and wetland areas, and ensure the realistic representation of constructed open spaces, wetlands and stormy
management features (Figurdd ).
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igu The Emerald Crescent 'mqot rendered uing the Unreal virtual engine.
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Figure 8 The Emerald Crescent rendered using the Unreal virtual engine.

Figure 9 The Emerald Crescent rendered using the Unreal virtual engine.



