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• Integrated Modeling & 
Visualization can support an 
ongoing dialogue about policy 
options and their coherence across 
jurisdictional boundaries.

“Governments all say they 
want sustainability, but are 
slow to implement strategies.”
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Motivating Question
IF
we can characterize the 
groundwater resource and 
know where and why there are 
vulnerabilities (quality/quantity)

THEN

where is it safe, or not safe, 
for people and property to be, 
and how can we mitigate 
impacts of these activities?

Science & Policy Interactions



Draft version of a framework and 
methodology for mainstreaming 
conventional groundwater resource 
assessment and comprehensive planning

Consistent with recommendations 
established by NAS, EPA ,EU and 
emerging trends in risk-based assessment
(Environmental Protection, Climate Change 
& Disaster Reduction)

Summary of Main Points



Extends well established techniques for 
vulnerability and risk assessment by 
evaluating potential hazard impacts for 
existing and future settlement patterns

Underpinning methodologies include 
Multi-Criteria-Decision Analysis, Cost-
Benefit Analysis and Scenario-based 
integrated assessment modeling for 
evaluating groundwater protection.

Piloting the use of a ‘Groundwater Risk 
Index’ to evaluate both impacts and 
mitigation- adaptation strategies.

Summary of Main Points



Implications of our approach
Complements and extends existing 
methodologies already in place (e.g. BC 
well-head protection toolkit, aquifer vulnerability 
assessment, others)

Potential bridge to ongoing
comprehensive land use planning
initiatives at Provincial scale (Regional 
Growth Strategy/Official Community Plans).

Continued collaboration with provincial, 
regional and academic partners, both in 
terms of ongoing methodology 
development and evaluation/refinement.



Analytic-Deliberative Framework

Multi-Criteria Decision Analysis

Stern & Fineberg, 1996

National Research Council
National Academy of Sciences

Environmental Protection (EPA;USACE;EU)
Climate Change (UNEDP; EU; UN-APF)
Natural Hazards (FEMA;NDMS;ISDR-HFA)

On a range of complex societal decisions:

informing decisions in a democratic society…..



BC Well Protection Toolkit;  Tier 1-
(deliberative; guidelines for quantitative input)



EU; Groundwater Protection Planning  
Tiers 2/3 - (deliberative; quantitative; analytic)



EPA Source Water Assessment Program;
(deliberative; semi-quantitative)

Tiers 1- 3 SWAP-



APF - Integrated Assessment Framework for 
Policy Analysis



Analytic-Deliberative Framework for 
Groundwater Protection Planning

SGOG
Priorities Indicators Targets Concept Plan



Groundwater Protection Planning
Land Use Analysis
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Drivers

Growth Potential
Population Growth
Commercial Growth
Economic Growth

Development 
Constraints

(non-negotiable)

Build-out Capacity
Regulatory Constraints
Policy Constraints
Existing Development
Development Potential

Development 
Preferences
(negotiable)

Develop. Preferences
Environmental Criteria
Economic Criteria
Socio-Cultural Criteria

Choices & 
Consequences

Allocation Scenarios
Environmental Criteria
Economic Criteria
Socio-Cultural Criteria
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GIS mapping Spatial analysis Reclassify by table Simple average Interactive pair-wise 
comparison
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Weights are 
calculated using The 
Analytical Hierarchy 
Process (AHP)
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Multi-Criteria Decision Analysis



Development 
preference

(timing)

Supply 
(build-out 
capacity)

Each spatial unit is filled to its 
capacity and then the next 
highest one is filled, and so on, 
until demand is met.

Allocation Scenario

Future population numbers for a 
selected year are allocated to 
areas with highest development 
preference rankings.

Demand 
(future population)

BAC
K

Land Use 
Analysis



Existing Conditions dwelling units = 2,753



OCP Buildout Existing dwelling units = 2,753

Anticipated Demand = 5,186 – 7,627 OCP Buildout Capacity = 5,300



intended to assist Community and regional 
District planners in:

day-to-day operations
DP review
suitability analysis, 
regulatory & bylaw compliance,

longer-term strategic planning initiatives
alternate growth strategy assessment
greenways & ecosystem services plan

Natural hazard mitigation
water resource management 
OCP review & amendment process

intended to assist Community and regional 
District planners in:

day-to-day operations
DP review
suitability analysis, 
regulatory & bylaw compliance,

longer-term strategic planning initiatives
alternate growth strategy assessment
greenways & ecosystem services plan

Natural hazard mitigation
water resource management 
OCP review & amendment process

Land Use Allocation Model



• Designed to support interactive exploration of land use 
scenarios and evaluation of growth management 
strategies/policies over time scopes of interest to a regional or 
local planning process

• Based on backcast modeling approach that emphasizes 
development of desirable future scenarios and policy options for
achieving these outcomes

• Allocates growth (residential, commercial, etc.) to land area 
based on criteria that are developed, calibrated and weighted 
through a deliberative community planning process

• Model outputs include preference maps that reflect embedded 
knowledge and values of planning process, and allocation 
scenarios delineating incremental growth patterns over time. 

NRCan Land Use Allocation Model



Integration of Groundwater Protection Planning and 
Comprehensive Planning
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Elements of Groundwater Vulnerability
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Vulnerability: An assessment of 
the physical characteristics of 
groundwater aquifers 
(susceptibility) and the potential 
for surface contamination over 
time

Water Quality

Sustainable Water Yield: the 
capacity of surface and 
groundwater supplies to balance 
environmental and human needs 
over longer-term strategic 
planning horizons (10-40 years).

Water Quantity



Intrinsic Groundwater Susceptibility

Groundwater vulnerability maps 
provide science-based guidelines 
and an operational framework for:

land-use planning and the 
development of Best Management 
Practices and/or policy 
recommendations for groundwater 
protection. 

informing communities and decision-
makers about groundwater 
protection and stewardship



Groundwater Protection Planning
Groundwater Resource Assessment

Threat / Hazard Assessment:

(T) = ∑ (E * M * L)

(E) = Spatial Extent (point/dispersed)
(M) =  Magnitude (toxicity, fate, amount)
(L) = Likelihood of Occurrence

Rural Context



Groundwater Protection Planning
Groundwater Resource Assessment

Vulnerability Assessment:
= Susceptibility/Capacity

(V) = ∑ (Si*Sa/Ca) * (Swy/Cwy)

(Si ) = Intrinsic Groundwater Susceptibility 
(Sa ) =  Anthropogenic Susceptibility
(Ca ) =  Anthropogenic Capacity
(Swy ) =  Susceptibility -Available Water Yield
(Cwy ) = Capacity to mitigate Water Yield

Southern Okanagan
Oliver



Elements of Groundwater Vulnerability
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Water Quality

Sustainable Water Yield: the 
capacity of surface and 
groundwater supplies to balance 
environmental and human needs 
over longer-term strategic 
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Water Quantity



Sustainable Water Yield
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Sustainable Water Yield
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Sustainable Water Yield
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Vulnerability (Water Budget) Vwy = ( Swy/Cwy )



Groundwater Resource Risk Index

Risk (R)  =  Hazard-Threat (T) X Vulnerability (V))

Risk Assessment Hazard-Threat
Assessment

Hazard-Threat (T) = ([E] x [M] x [L])

Vulnerability
Assessment

Vulnerability (V)  = ∑ (Si*Sa/Ca) * (Swy/Cwy)





SGOG

‘Quest’ Scenario 
Development

Priorities Indicators Targets

Community 
Consultation

‘Quest’ Model 
Development

RGS 
Planning

Concept Plan

Regional
MetroQuest

Community
NRCan Land Use 

Model

Context

Focus



2041

NRCan- Land Use Model



2001

2041



Groundwater Resource Vulnerability



Implications of our approach

Complements and extends existing 
methodologies already in place (e.g. BC 
well-head protection)

Potential bridge to ongoing
comprehensive land use planning
initiatives at Provincial scale (Regional 
Growth Strategy/Official Community 
Plans).

Continued collaboration with provincial, 
regional and academic partners, both in 
terms of ongoing methodology 
development and evaluation/refinement.
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