GeoDesign for the City Region ~S"SSS
Multiple Scales — Multiple Approaches
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OUTLINE O2 Wi .

 The need for GeoDesign in the city region

 Examples of GeoDesign in practice across
scales

Cumulative Effects
Assessment + Preferred
Alternative

2D + 3D Design Alternatives

Modelling + Baseline N
a T, ol T
Evaluation _j’.-'"

i = Caradaitys
Preliminary o W

Design

Data + Values GeoDesign allows us to evaluate the impacts of plans and designs

and to recursively adjust the solutions to insure maximum benefits.



THE NEED FOR GEODESIGN IN THE CITY

Ba%@b@%ization IS leading to massive transformation of
regional landscapes. The city region has become the most
Important planning scale on the planet.

GeoDesign and decision support systems can address a
diversity of planning objectives that need achievement at
multiple scales within a context of enormous complexity.

Rapid advancements in geospatial technology and
visualization software are enabling science based impact
assessment and the communication of alternative in
support of decision making.
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TRANSCENDING SCALES

environment, an

environment in a city

plan

Eliel Saarinen




THE GOLDILOCKS DETERMINATION
AT WHAT SCALE AND WITH HOW MUCH DETAIL?

 Modelling and decision support systems are often
developed for either strategic or operational use. The
links between planning levels or scales are seldom clear.

« Many issues are scale dependent, requiring different
grains of analysis further complicating planning level
linkages.

 Broad scale analyses may not provide enough direction
to inform decisions at the fine scale. The detail of models
used in strategic planning may not address the
complexity of finer scale planning and may result in
oversimplification of recommendations. Conversely, the
detalil required for operational planning creates
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THE NEED FOR A NEW APPROACH




THE NEED FOR A NEW APPROACH
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Calgary, Alberta, Canada — Flooding in June 2013, the most costly disaster in Canadian
history — more than 8 billion dollars in property loss alone.



Sirsmsumifane tale  ——

URBANIZATION EFFECTS ON WATERSHEDS

Loss of wetlands, riparian
areas, small creeks

Loss of soll structure,
terrestrial habitats, farmland

Increasing imperviousness

Changes in stream hydrology
due to urbanization Source:
Schueler (1992)

— Flooding

— Drought

— Polluti
on

— High stormwat
Infrastructure

Calgary, June 2005



City of Calgary Annexation Territory
Study
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BOWMONT PARK CONCEPT

Lookouts

Nautilus Pond™ Succession Island
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BOWMONT PARK —
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BOWMONT PARK — Protecting the River
Stormwater Polishing Wetlands, Habitat and
Amenity




THE NEED TO LOOK FOR SOLUTIONS ACRO:S

Alharta Environment and Eu-fl.ninihlu- Rosource Developmant
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Elbow Falls BEFORE the 2013 Flood Event
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Elbow Falls AFTER the 2013 Flood Event




THE NEED FOR A NEW APPROACH
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RIPARIAN HEALTH ASSESSMENT

HIPAHIAN AHL—A CDNDITIGNE INNER CITY
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PROBLEMS NEED TO BE ADDRESSED AT
MULTIPLE SCALES « Mountain & Foothills upper

catchments
Rosa, !  Higher precipitation
» Delayed snowmelt
o “‘Flashy’- quick & peaky response
“Flood flow 10x normal

Drainage
Area

Stream (km?)
Bow at Banff 2210
Bow at Calgary
(above Elbow) 7800
Elbow at Bragg Ck 790 [
Elbow at Calgary 1200 TH E B OW R IVE R B A\




EXAMPLES OF GEODESIGN IN 02
REET HCELES

o City- Region
e South Saskatchewan
Regional Plan
o Calgary Metropolitan Plan

« The City and It's Neighbour

» Lethbridge and County Growth
Management Strategy

e« Community
o Jasper Place Scenarios

e Forest Lawn Charrette and
Outline Plan




SOUTH SASKATCHEWAN RIVER BASIN REGIONAL
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SOUTH SASKATCHEWAN RIVER BASIN
REGIONAL LAND USE PLAN

A regional land use plan for southern Alberta

(85,000 km2). The plan strives to achieve the following
three interrelated outcomes:

* A healthy economy supported by land and natural
resources,;

* Healthy ecosystems and environment; and

 Enriched communities with ample recreational and
cultural opportunities.

The plan is to provide direction for all land-use plans
at finer scales.
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Forestry Resources




Energy and Mineral Resources




Tourism and Recreation Resources
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Priority Surface Water Resources
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SPATIALLY EXPLICIT MULTIPLE OBJECTIVE
OPTIMIZATION MODELLING (MARXAN WITH ZONES)

Land-Use Feature Surface Overlay

Conservation Features

Energy / Industrial Features

Urban Development Features

Agricultural Features

Forestry Features



WHAT DO YOU WANT TO KEEP AND HOW MUCH OF IT?
WATER SECURITY acs

Riparian Areas
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HOW BADLY DO YOU WANT IT?

WATER SECURITY

Riparian Areas

Wetlands

Watershed Critical

Watershed High

Watershed Medium

Groundwater Vulnerability -Very High
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SPATIALLY EXPLICIT MULTIPLE OBJECTIVE
OPTIMIZATION MODELLING (MARXAN WITH ZONES)

« Spatial variation in feature overlap

Recreation / Tourism
Potential

Conservalion
Potential

Energy / Industrial

Urban Development

Potential Potential
Forestry Agricultural
Potential Potential

classes feaiure

Total Cost = Z Weighting, ;... * Z (Tﬂrg:rf_,.,— Z Amm;m)
5 P



RAC Recommended Land-use Classification
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Visualization O2 WL







REGIONAL LAND USE PLANNING WITHIN
THE CITY REGION NEEDS THREE
INTEGRATED STRATEGIES

Politically Informed

Governance
Strate
o*a gy&.‘

< P
Offensive [ AR— ) Defensive

Stl’ategy GeoDesign Supported Strategy
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COMPOSITE ECOLOGICAL INFRASTRUCTUI
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CALGARY METROPOLITAN PLAN — CHANGE MOD@Q Wﬁ*hjn

LAND USE TYPOLOGY ‘PAINT' OR SKETCHING TOOL
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» Allows GIS analysis of effects of |

different land-use typologies on
landscape

e Can be modified to use custom
typologies

* Reports developed area,
population, and job totals

» User can subtract areas with
development constraints prior to
assigning land-uses
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Tor darbe wie hanve
dévelopad thrss growth
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Gertain assumptions.
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MEASURING THE IMPACT OF OPTIONS

ASSESSING SOLUTIONS
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PREFERRED ALTERNATIVE, s asionum

Regional Nodes + Corridors - Draft / Working Map
Alternative
Wednesday, January 21, 2003
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VISUALIZING AND ASSESSING THE

ALTERNATIVES
Trend

... 64% reduction of footprint
(800 km2 less hectares)
.. 30% efficiency of infrastructure




VISUALIZING THE ALTERNATIVES 07 Hl 1 -

VISUAL NATURE STUDIO

 Visualization is an effective tool for informing stakeholders and the general public
about proposed urban planning initiatives and comparing options.
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LETHBRIDGE INTEGRATED GROWTH
MANAGEMENT STUDY

A GeoDesign Approach




APPROACH O?

How Much?

* Projected Population + Employment Growth
 Projected Land Demand

Where?

 Preferred growth areas based on policy and stakeholder
direction: Suitability and Vulnerability Maps updated at
each phase

Impact?

o Calculate infrastructure costs: Sanitary, Water,
Stormwater, Transportation

Outcome?
« Cost-effective growth planning sequence



APPROACH O?

- Planning
RN Recommendatlon
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LETHBRIDGE INTEGRATED GROWTH
MANAGEMENT STUDY

DEFENSIVE STRATEGY
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LETHBRIDGE INTEGRATED GROWTH
MANAGEMENT STUDY

OFFENSIVE STRATEGY




LETHBRIDGE INTEGRATED GROWTH
MANAGEMENT STUDY

OFFENSIVE STRATEGY

Industrial E‘:ﬂ:
1-I 1 )
| ] ‘




2

STRATEGIES DASHBOARD
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INFRASTRUCTURE EXPLORATION IN 02
GIS

* EXxplore infrastructure configurations for each
development phase
 New infrastructure
o Upgraded infrastructure
 Phased infrastructure

 Reconfigure infrastructure based on costs,
efficiency, timing
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HASE 3




HASE 4




HASE 5
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RULE BASED FORM MAKING

JASPER PLACE, EDMONTON

LEARNING SCENARIOS —




JASPER PLACE. EDMONTON O?
L EARNING SCENARIOS

e What kind of
development does >
current zoning allow in S&CEe
the neighbourhood? 2

e What kind of
development would _
different zoning allow %%
In the neighbourhood

 What will the impacts
of those changes be?






JASPER PLACE
SCENARIO 1




JASPER PLACE
SCENARIO 2
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JASPER PLACE O?

WHAT ARE THE IMPACTS?

« Calculate critical statistics using
 Population
e dwelling unit types
 Employment
 Etc.

 Performed spatial analysis in ArcGIS to measure:
o Accessibility of parks, commercial uses, schools
 Composition of catchments (e.g., people per park)

o Used CityEngine to create visualizations of different
scenario parameters



JASPER PLACE
BASELINE
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JASPER PLACE
5% REDEVELOPMENT RATE
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JASPER PLACE
30% REDEVELOPMENT RATE
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JASPER PLACE

STATISTICS
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JASPER PLACE
AND EVEN MORE STATISTICS!
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FOREST LAWN CREEK DESIGN
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Forest Lawn Creek




FOREST LAW

CREEK

Multiple Plans
No Consensus

Area Structure Legacy Park
Plan (29_.;[_(2) Concept (2010)

Master
Drainage Plan
(2010)
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A PROCESS FOR O?
EOPTSB ORAHON

o Stakeholder-selected indicators helped to focus the
conversation on measurable criteria

* Process helped stakeholders to understand the
range of possibilities and get to feasible solution

* Charrettes are typically visual, with little analysis;
GeoDesign made charrette rigorous and
iInformation-focused

...and CityEngine took care of the visuals.



Values and Mandatory Elements

DEVELOPMENT - Cost of development and infrastructure
must make project economically feasible.

STORMWATER - Must incorporate adequate stormwater
storage as well as provide Low Impact Development (LID)
stormwater techniques. (Regulatory requirements)

TRANSPORTATION - Connectivity and capacity of key
roads through the site

ENVIRONMENTAL - Maintain minimum ecological
Infrastructure. Enhance ecological functioning

PARKS AND RECREATION - A large, connected open
space c/w pathways, trailheads and park entry nodes
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Agreement on Measurable Indicators

 Indicators identified by stakeholders prior to Charrette
 Modelling package developed for ArcMap, CityEngine
e Modular, extensible

 Models run for each design iteration

Development 4 Return on Investment
Transportation 4 Transit Accessibility
Water Resources 6 Total Annual Discharge
Biodiversity 11 Class 3 + 4 Wetlands Avoided

Recreation + Open Space 4 Accessibility of Open Spaces
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SWOC Parks, Recreatlon Open Space
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SWOC: Gradlng Stormwater and LID Potential
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FOREST LAWN CREEK 02
GEODESIGN CHARRETTE

« GeoDesign In a charrette environment:
rapid iteration and analysis over several days
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CONCEPT A




CONCEPT B




CONCEPT C













Concept A




Concept B







Indicator Results: Development
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Indicator Results: Development

Total Amount of Developable Land + Diversity of Lot Sizes

3 .
%
i “*rﬁ
Iﬂh"‘m.
"I.'F"".‘ ] ) ""\'nh“”qu
ﬁ-““f w .-l"-'?':lﬂ ) %""h._& i
"o, . "1
% ol Total Area % of Total frea s of Total Area
202.9 ha 191.4 ha 232.1 ha
[ [T Y | p— B e B g el [ [ S WS T ¥ —
B Lo T 1 pod W o T W o B Lo (7 10 acroa)
Employment
ok within silucy res | Density of 1020 jobes £ et baj
3,055 Jobs 2,880 Jobs 3,480 Jobs
Accessible Refail
[Jobs weithin 400 m af retnd Bseation)
10 Jobs (<1%) 40 Jobs (1%) 10 Jobs (<1%)



Indicator Results: Transportation
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Indicator Results: Transportation
A B

Traffic Analysis C

Linerd of Serac - High Leved | Base connacinaty ndax 1.2

Connechvity Index Connectivity Index Connectivity Index
1.39 1.38 1.39

Transit Accessibility
{Jodxs within 400 m of irznsit slop)

1,440 Jobs (47%) 1,190 Jobs (41%) 1,805 Jobs (52%)

Non-Vehicular Mode Accessibility

iJobe withn 400 m of pathways - oo trads)

860 Jobs (28%) 1,070 Jobs (37%) 1,090 Jobs (31%)
Creek Crossings
3 3 K
Srieria (B8 S1SW) (1) Aorieral (58 S5 (1) Ayiecal (B85 =13 (1)

ooy (=) Pakireay 2] Hafhmwy (2]



Indicator Results: Parks and Open Space
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Total Area of Open Space per Type

o PHA
o

&
gmu \ Y
1

Accessibility of open spaces from development

o= withen 400 m of parks)

1,790 Jobs 2,530 Jobs
(59%) (88%)

Length of dedicated pedestrian/cycling pathways (off-street)

[Regonal + ocal palimeay - exclude (railks)

4.9 km 513 km

Pedestrian Connechivity

Thasn cornactiiy Indeo: 1.11)

Connectivity Index Connectivity Index
1.34 1.35

7\
Y sl \
& i
z [28ra |
i<
¥
-'K_\\-ﬂl‘l
I Il [l P v Y

Purk J Doy B R

2,030 Jobs
(58%)

4.6 km

Connectivity Index
1.34



Indicator Results: Biodiversity

B o el B
- fama v el = a
Flgmrar daosi

TS e G
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Wetlands Avoided (Class 1+2)

% of haseling

B 42 % W35 % B 29 %
Wetlands Avoided (Class 3+4)
I of basalng)
63 % B 90 % 55 %
' New Constructed Wetlands
1]

M 26 ha




Indicator Results: Biodiversity

N\ D
Total Wetlands 7\ -
%% o besnlng) -?q 1
%’ - il
. i!fE?i"Jhd%m than baselne) . [!'emmlh‘ﬂm“mi . Ed:nr::l:'m'.l e
Riparian Areas
(% of basclina)
M 98 % M 98 % o3
“Healthy” Riparian Areas
(%% of basaina)
99 % ol 98 % N 98 %
“Healthy with Problems” Uplands
%% o ‘beonlng)
65 % B 45% W7 %
Native Grasslands Avoided
%% o besshnea)
.?5".{:|Eh::| 65% | 5.5ha .2?%|2.5hu
Environmentally Significant Area (ESAs)-High Lecal Significance
%% o besohna)
M 98 % M 90 % 79 %
Environmentally Significant Area (ESAs)-Meoderate Local Significance
(% of basaline)
69 % 71 % MW 49 %
Habitat Connectivity
(LN connaciraly | %6 of hasning
104 % M112%




Indicator Results: Water Resources
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Total Annual Stermwater Discharge
{rrrvha sserspe annal dischanga)

A

20 mm c 48 mm B 45 mm
Total Suspended Solids (TS5) Annual Discharge
{kg/hatyear)
28 86 N 24
Total Phosphorus (TP) Annual Discharge
{kg/hatyoar)
0.40 0.34 B 0.1
Area Covered by Gravity Drainage
(% of study amnsa)
100 % 100 % M 100 %

1:100 Year Floodplain Conserved
(% of all Soodplain)

B 100 % B 100 %

100 %



PREFERRED V2




PREFERRED ALTERNATIVE V2




Preferred
Alternative 2
Performance
Measures

Development
Opportunities

Return on Invesirment
TED

Total Amaount of Developable
Land + Diversity of Lot Sizes

2253 ha

Y off Totsl deaa

Saveall |1
[ B
s e L
L - 1 e
I ool Dusasopamas
I Pl | Ry Lol

FaE R el

Ermployment

i wifn dhcly e | Lsrsihy ol
el il

1100 ek
3410 Jobs
Accpssible Retail

e aren SO0 f rotmd oot

S40 Jobe (19%)

—

Troffic Analysis

d prac - 1aph Livagil | i cormspd sy
l.l1.r

Connechivily Indax
1.43

Transit Accessibility

o wiren 400 m of ransd shop

1,270 Joba (37%)

Non-Vehicular Mode
Accessibllity

L el L D Pl R

B70 Jobs (24%)

Creak Crossings
3

A BH S5 5800
Teat® w2

i ok

Water Resources

Biodiversity

Irnp-lnlinl.n Arpas

shely imim

45%

Talal Annual Stormwalar
Discharge

e Pt r ol g e ey ]

|

Tolal Suspended Sollds (T55)
Annual Dischage

T i

3o

Total Phosphorus (TF) Annual
Discharge

oy T
0.2

Area Covered by Gravity
Drainoge

'S of #ty i)

W%

12100 Year Floodplain
Consarved

[EX g L e e )

B 100 %

Wellonds Avoided (Class 1+2)

e of Sk

| N33
Wallands Avelded (Class 3+4)

% 0 Eniriaiie'ei]

L

Hew Censtrucied Wallonds
e MW z2ha

Total Wetlonds

% OF ekt

0%

21013 T e e Damadira

Ripanan Areas

T8 2! Ewowsle wal

W ra%
“Haathy" Riparan Ao

% -of Eairiabie i

H»s

“Haatthy with Probbems”
Uplands
M ol Evamkrd 5‘3‘"

Native Giasslands Avaided

7% - Enissamie il

B 53%|45m

ESAS-High Local Sgnifconce
I":H-D.:r'.-li"l-l'-tl. B

ESAS-Modenabe Local Signficance

T e s

MR

Habital Connectivity

Pt conmocreaey | % of Dasoling]

W ooss

Recreation + Open
Space

Tetal Area of Open Space
per Type

| rwcrrreril Hpsgores L]
B Pk, i O Spice

.-i.cmllitillhr of open spaces .
fram developrnent
£ bl w0 e ol (e

2,310 Jobs
(68%)

Lﬂnﬂfh of dedicaled
pedesiian/cycling pathways
(of-stroot)

Fleoorl ¢ Eoul paieary - ol ek

4.3 km

'hnhmMnﬂwmmmﬂw

wolsry i 111

Conneciivity Index
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