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Abbreviations and Definitions

GoA Government of Alberta

DRP Disaster Relief Program

FRECP Flood Recovery Erosion Control Program

ACRP Alberta Community Resilience Program

WRRP Watershed Resiliency and Restoration Program

AWEP Agricultural Watershed Enhancement Program

ESRD Environment and Sustainable Resource Development

WPACs Watershed Planning and Advisory Councils

HUC Hydrologic Unit Code

Summit Summit Environmental Consultants Inc.

Fiera Fiera Biological Consulting Ltd.

Priorities The three foci of WRRP, which are flood, drought and water quality.  This project
generated one map for each, referred to as a “priority map”.

Priority areas The highest intensity shading (i.e. red or orange) within each priority map.

Indicators Measureable trait that is used to observe, evaluate, or describe trends as criteria change
over time.

Criteria Conditions that characterize the environment or the phenomenon under examination.
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1 Introduction
In response to the 2013 flooding
events, the Government of Alberta
(GoA) has invested in several
immediate and ongoing funding
programs to improve watershed
resilience to flooding, including the
Disaster Relief Program (DRP);
Flood Recovery Erosion Control
Program (FRECP); Alberta
Community Resilience Program
(ACRP); the Watershed Resiliency
and Restoration Program (WRRP);
and the Southern Alberta Fisheries
Habitat Enhancement and
Sustainability Program.

The ACRP and WRRP are ongoing,
with funding being allocated through
2016; these programs have $350
million and $21 million to allocate,
respectively.  While the ACRP aims
to reduce flooding effects by
maintaining and repairing
infrastructure, the WRRP focuses on
creating and restoring natural
systems.

The Agricultural Watershed Enhancement Program (AWEP), managed by Alberta Agriculture and Rural
Development, falls within the Growing Forward 2 (GF2) federal policy (Government of Canada 2014;
Government of Alberta 2014a).  The AWEP and WRRP both share a goal of increasing sustainability
through the restoration and protection of watershed function.

The WRRP and AWEP aim to increase watershed resilience primarily through wetland and riparian habitat
restoration and implementation of best practices, with the ultimate goals of (1) reducing the potential
severity and effects of future flooding and drought, and (2) improving water quality.  Efforts to create
healthier wetlands and riparian systems could result in improved retention of excess precipitation, with
release of the retained water over longer periods, resulting in more balanced, sustainable releases of
higher-quality water through time.  Riparian restoration also has the potential to reduce bank erosion by
increasing bank strength and to filter sediment from upland sources.
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To ensure that funding under the WRRP and GF2 programs is targeting the highest-priority areas, Summit
Environmental Consultants Inc. (Summit) and Fiera Biological Consulting Ltd. (Fiera) were retained by
Environment and Sustainable Resource Development (ESRD) to “identify and rank priority wetland and
riparian restoration and conservation [areas].”  The four main components of this project were as follows:

1. Identification of criteria and indicators;
2. Priority mapping:

 Data collection;
 Criteria and Indicator Calculation;
 Criteria and Indicator Quantification and Scoring;
 Criteria and Indicator Weighting;

3. Project scoring; and
4. Stakeholder engagement.

The remainder of this document describes the process undertaken to complete this project, and provides a
presentation of the results and a discussion.

2 Methods
Priority funding areas for the WRRP were identified through the following steps: identifying criteria and
indicators; data collection; criteria and indicator quantification and scoring; preliminary mapping; criteria and
indicator weighting; final mapping; and project scoring.  Stakeholders were consulted throughout the
process.

Two structured stakeholder
consultation sessions took place
involving a “Core Group” and an
“External Steering Committee.”
Internal and external stakeholders
were introduced to the proposed
criteria and indicators, and
prioritization methods.  The external
stakeholders included
representatives from various
Watershed Planning and Advisory
Councils (WPACs) in Alberta, as
well as several non-governmental
organizations.   The “Technical
Advisors” and larger “Government
of Alberta” groups were consulted
throughout the technical process
development.

WRRP Stakeholder Relationships
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2.1 PROJECT SPATIAL SCALE

The Hydrologic Unit Code (HUC) watersheds of Alberta were used as the unit of analysis in this project.
The Alberta HUC watershed designation is based on a classification system developed by the United
States Geological Survey, with consideration given to existing Canadian classification systems
(Government of Alberta 2014b).  The HUC watersheds represent hierarchically structured drainage basins
that range from coarse-scale (HUC 2) to fine-scale (HUC 8).
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2.2 CRITERIA AND INDICATORS

Criteria for identifying wetland and riparian restoration and conservation areas are defined here as
conditions that characterize the environment, whereas an indicator is a measureable trait that is used to
observe, evaluate, or describe trends as criteria change over time.

Three priority areas were identified for wetland and riparian restoration and conservation. These priority
areas were flood, drought, and water quality. Three criteria were used to assess each priority:

1. Hazard (system pressures and /or drivers);
2. Consequence (the adverse outcome of flood or drought that  the province would like to minimize); and
3. Resilience (features that allow a system to resist pressures).

A number of indicators were used to determine hazard,
consequence, and resilience for each priority. The external
steering committee and technical advisors brainstormed 12, 8,
and 10 indicators that were used to assess the flood, drought,
and water quality priorities, respectively. The indicators used
within each criteria in each priority follow in the next pages.

Priority (flood, drought, water quality)
Criteria (hazard, consequence, resilience: applied
to each priority)

Indicators (used to assess each criteria)
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Criteria and indicators for flood priority
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Criteria and indicators for drought priority
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Criteria and indicators for water quality priority
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2.3 PRIORITY MAPPING

2.3.1 Calculating Indicators

For each indicator, spatial data was from over 30 datasets was compiled and reviewed to determine their
suitability in the study.  Each indicator was assigned a score ranging between 1 (low score) and 10 (high
score) using Jenks Natural Breaks Classification with ten categories (Jenks 1977).  Once indicators were
quantified and scored, all indicators associated with a specific criterion were summed by HUC 6 watershed,
and average criteria scores were calculated for each HUC 6 watershed, for each WRRP priority (flood,
drought, water quality).  To create a single provincial priority map for flood, drought, and water quality, all
indicator scores were summed and averaged by HUC 6 watershed, and these values were classified using
a five class Jenks to create final provincial priority maps.

2.3.2 Weighting Criteria

In order to develop priority maps for flood, drought, and water quality, the indicators within each criterion
were combined (or rolled up).  For example, under the “drought consequence” criterion, the indicators
“water use” and “agricultural land cover” were combined and rolled up, as were “water use” and
“population”, and “population” and “agricultural land cover.”  Following this step, the criteria of each priority
was rolled up to create the “drought priority” map (i.e. “drought hazard, “drought consequence”, and
“drought resilience”).  Stakeholders in the “External Steering Committee” participated in a pairwise
comparison between the criteria in each priority, and the “Technical Advisors” group participated in a
pairwise comparison between indicators within each criteria.  The responses of each participant were used
to determine weights for criteria and indicators.  In this prioritization project, this technique was intended to
establish the relative value of each indicator within each criterion, and each criterion within each priority.
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2.4 FUNDING PROJECT TYPES

The final maps for flood, drought, and water
quality identified HUC 6 watersheds where
WRRP funding would be directed to areas of
highest priority.  Identifying feasible and
appropriate restoration projects for priority areas
was the next consideration.  Stakeholders were
asked to rank, in order of importance, the
resilience projects that were initially proposed
within the WRRP.  Furthermore, stakeholders
ranked project modifiers that may be applied to
potential funding projects to influence relative
significance.  Project modifiers may be used to
compare between several proposed restoration
projects that occur within the same watershed or
within watersheds with the same level of priority.
In other words, if two “wetland enhancement” project types are being proposed within the same high-priority
watershed, one may be for a greater area than the other, or one may be closer to the headwaters than the
other, and these modifiers may be used to further compare between the two restoration projects.

3 Results
During the first workshop, 10 stakeholders from the GoA, WPACs, and conservations groups gave
feedback into preliminary indicators.  For the second stakeholder consultation, completed in the form of the
workbook, 18 respondents between GoA and conservation groups provided feedback on preliminary
results, criteria ranking, and potential funding project characteristics.

3.1 PRIORITY MAPS

Three priority maps were generated for flood, drought, and water quality.  The spatial patterns on these
maps suggest that the highest priority watersheds for action are in the southern, and more specifically,
south-western portion of the province, for both flood and water quality. The drought priority map places
more emphasis on southern part of the white zone of the province than does the flood priority map.

Example of multiple HUC 6 watersheds
with the same priority level
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When queried about the relative importance of the three priorities, stakeholders’ responses trended towards
drought as the highest priority, over flood or water quality.  Though not likely a significant result, likely due
to small sample sizes (n = 13), the responses suggests that drought is a greater priority.

Results for stakeholder comparison of the importance of flood, drought, and
water quality as restoration priorities across Alberta.
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Flood Priority Map
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Drought Priority Map
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Water Quality Priority Map
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3.2 PROJECT TYPES

Nine project types were identified by WRRP as eligible restoration projects to receive funding. The two
types of restoration projects that were ranked notably highest were riparian enhancement and wetland
enhancement (n = 10).

Within several of the project types, the WRRP identified different project sub-types, which were also ranked
in order of importance by stakeholders.  Interestingly, conservation of existing wetlands was noted as the
more important type of wetland enhancement, over restoration and creation. This preference is consistent
with the Alberta Wetland Policy (Government of Alberta 2013).

Project modifiers were considered for comparison between several proposed restoration projects that occur
within the same watershed or within watersheds with the same level of priority.  No project modifiers were
ranked consistently higher than others by stakeholders, though the sample size was low for this feedback.
However, several new project modifiers were suggested by stakeholders, including:

 Meets multiple objectives;
 Raises awareness/builds stewardship;
 Cost/ Effectiveness;

Project type ranking by stakeholders in order of importance, with 1 and the most important.
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 Greatest hydrologic function;
 Located in identified floodway/floodplain; and
 Downstream impacts of project affect flood/drought/water quality positively.
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4 Discussion
Following the severe flooding in 2013,
the Government of Alberta recognized
that the capacity for natural systems to
mitigate the effects of flooding has
been significantly reduced in some
areas of the province, which
contributed to the severity of the 2013
flood in southern Alberta.  Based on
this recognition, the Watershed
Resiliency and Restoration Program
(WRRP) was created to fund projects
that contribute to the restoration and
protection of natural flood mitigation
processes.  Many of the criteria and
indicators used to identify flood
protection and mitigation priorities
overlap with the indicators and criteria that characterize drought and water quality priorities, which are
addressed by the Agricultural Watershed Enhancement Program (AWEP).

The overall objective of this project was to identify priority watersheds for allocation of resources under the
WRRP using an objective and scientifically rigorous approach.  The three priorities identified by WRRP are
flood, drought, and water quality.  In order to provide decision makers with information that can be used
to inform program decisions, three priority maps were produced, one for each of flood, drought, and water
quality.  These maps were created using a criteria and indicators framework, where specific indicators
representing each of the criteria (hazard, consequence, and resilience) were selected and quantified to

represent overall priorities for flood,
drought, and water quality at the
watershed scale.  The process, methods,
and maps were generally well received
by the stakeholder groups consulted,
which included individuals from various
non-governmental organizations as well
as the Government of Alberta
departments of Environment and
Sustainable Resource Development and
Alberta Agriculture and Rural
Development.  In addition to completing
a spatial prioritization for flood, drought,
and water quality, stakeholders were
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asked to prioritize the restoration project types that should receive project money.  The two project types
that were ranked highest by stakeholders were riparian enhancement and wetland enhancement.

Through the consultation process, it was determined that the question of where to designate WRRP funding
to mitigate flood, drought, and poor water quality was more complex than simply the mapping of priority
areas and the ranking of potential restoration project types.  Stakeholders provided meaningful feedback
regarding the differential in timelines and spatial impacts of our three priorities, with slightly more severe
implications for drought.  Stakeholder responses on the three criteria within each priority (hazard,
consequence, and resilience) also varied depending on the region of the province that an individual
represented.  For example, in regions that experience recent flooding, there appeared to be a perception
that flood consequence and resilience were more important considerations than flood hazard in determining
areas of high priority, but neither would be of concern without the hazard present.  This illustrates the larger
point that perceptions and values of stakeholders are an important consideration in this and other provincial
planning programs.  Multidisciplinary approaches that consider both ecological drivers and social
perceptions and attitudes are
critical, as well as recognition
that measuring the outcomes
of watershed restoration
efforts will be a challenge on
both spatial and temporal
scales.
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