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1.0 Introduction
Extreme climatic events are a major global concern. Various regions throughout Canada have
recently experienced drought conditions and significant flooding events due to climate
variability. For instance, extreme run-off events (ERE’s) have caused flooding that, in turn,
caused significant damage to urban and rural municipalities as well as the watersheds they
inhabit. Severe economic impacts have occurred to the rural landscape from lost crop production,
damaged rural infrastructure, and restricted movement of valuable on-farm inputs and
agricultural commodities. Urban centres have also suffered severe economic impacts through
flood related damage to homes, businesses, and infrastructure, as well as incurring significant
emergency preparedness expenses. These experiences have clearly illustrated the need for rural
and urban stakeholders to explore opportunities to develop, evaluate and implement protective
climate adaptation strategies to ensure long term sustainable growth and community safety.

The main focus of the Redberry Lake Region Pilot Study is to provide stakeholders with
information on how to identify and develop adaptive climate strategies that are both practical and
cost-effective.

The insights from this study will; 1) benefit decision makers within the Redberry Lake Region;
and 2) the methodology used and lessons learned will be shared with decision makers across
Canada in order to explore preventive measures that may be taken to protect a region from the
potential damage caused by an extreme run-off event.
To achieve this objective, the Study’s Technical Team developed and applied a systematic and
comprehensive methodology to evaluate three adaptation options in the Redberry Lake region.
These include: Water Retention and Drainage System, Regional and Community Planning and
Clear and Enhance Turtle Creek.

1.1 Key Conclusions
1. The “Water Retention and Drainage System” option proved that the net benefit and
investment may be worthwhile with frequency of extreme run-off events expected to
increase over time with climate variability.
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2. The “Regional and Community Planning” option was found to be a very cost effective way
of avoiding damage and damage cost due to extreme run-off events and flooding.
3. The “Clear and Enhance Turtle Creek” option was not economically beneficial because the
estimated life cycle costs enhancement clearly exceed any damage cost generated in any
extreme run-off events.

2.0 Method of Assessment
The method of assessment for LIRA considers multiple scientific disciplines and local
knowledge within the context of an economic study. Conducting assessments of watersheds
based on modeling is particularly difficult in the Prairie pothole region of Canada. This is due in
part to the relatively flat topography, poorly defined natural drainage, numerous potholes that
dominate the landscape, and the effect of antecedent soil moisture and climate conditions.
The assessment method used in this study is based on the original economic analysis method
developed in a 2007-08 NRCAN funded study entitled, Adapting to Climate Extreme Events
Risks Across Canada’s Agricultural Economic Landscape: An Integrated Pilot Study of
Watershed Infrastructure System Adaptation, and in part on the Assiniboine River Watershed
LIRA Pilot Study. Due to similar procedures being performed in the economic assessment
methodology, select pieces of these reports’ technical documentation were incorporated into this
report.
The method of assessment used for the Redberry Lake Region LIRA Pilot Study rests on a
straightforward rule of economic assessment. If the reduction in expected damage costs exceeds
the associated costs of adaptation, then the option under study would appear to be a sensible
consideration for investment. Alternatively, if the costs of adaptation exceed the expected
reduction in damage costs, then the option under study would appear to be a poor investment.
To implement this rule of economic assessment in practice, it was essential to link simulated runoff events to damage costs over the 25-year planning period selected for this study. Though the
costs of adaptation may be incurred ‘today’, the resulting stream of damage costs is reliant on the
pattern of run-off experienced in the future.
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A number of steps were completed to ultimately link run-off forecasts to damage cost estimates
over the 25-year planning period. These include:


Flooding under extreme run-off events and adaptation options: A hydrologist
generated relevant ‘flood maps’ for the Redberry Lake Region under a “status quo”
scenario and used a pre-selected extreme run-off amount of 100 mm within a 24-hour
period. Based on a Gumble extreme value analysis the 100 mm amount corresponds to the
100 year return period amount. A “Vanguard” magnitude event (approximately 300 mm)
was also run with an assumed return period of 1:1,000. The flood maps were required as an
input for the economic receptor database with the information used to determine the water
fraction covering each land parcel under different events for the economic analysis.
General modeling procedures and limitations are discussed in detail throughout the main
report.



Incorporating future regional and community planning development: The damage and
damage costs corresponding to an extreme run-off event of any magnitude depends on the
intersection with the area that is flooded (e.g., agricultural land, livestock operations,
residents, infrastructure, etc.). In order for the study to have merit beyond the time frame in
which the analysis occurred, it is imperative to incorporate future scenarios which depict
growth (or decline) of a region over the selected period of study. In this study, the Redberry
Lake Biosphere Reserve, Prairie Wild Consulting Co. and the Technical Team worked with
local municipalities to produce development forecasts that were used to estimate the
evolving contents of the region over a 25-year planning period.



Damage due to flooding: In order to assemble and analyze numerous datasets as well as
generate spatial outputs for analysis and discussion, the Redberry Lake Region and their
contents were represented within a Geographic Information System (GIS). GIS analysis
was based on a cadastral grid fabric that included over 31,132 land parcels with numerous
datasets that allowed the contents of each parcel to be catalogued, primarily through an Ag
Capture Survey. By superimposing the flood maps with the parcel information, it was then
possible to estimate the extent of flooding suffered on each land parcel at discrete points in
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time over the 25-year planning period (where the contents of the parcels at these points in
time mirrored the regional development forecasts). The proportion of each parcel covered
by water and its specific contents then served as the basis for damage cost valuation under
each adaptation option over the entire planning period.


Estimating the cost of damage: The economist developed a method of translating the
damage estimates to damage cost estimates using software developed for Agriculture
Canada that incorporates GIS output data into the economic modeling software. The
assessment involved assigning a range of plausible damage costs to each receptor class
depending on the percentage of flooding experienced in each parcel (0% none, 1-33%
negligible, 34-66% moderate or 67 –100% severe flooding). The damage cost estimates
were based on a wide range of data drawn from various sources (including local
knowledge) and as flood events were simulated, damage cost estimates across the
landscape were derived simultaneously. This approach allowed the analysis to focus
directly on the receptor type, damage likely suffered by that receptor type, and the range of
damage costs it is likely to suffer. This provided the real-world cost estimates required for
the analysis. It should be noted that for this study the principal focus was on static damage;
however, dynamic damage was also incorporated where credible numbers could be derived
such as costs of traffic interruption for roadways and railways.



Damage cost forecasts: The final step in the economic assessment method was to link the
run-off simulations to the damage cost estimates in order to generate a probabilistic range
of possible damage cost forecasts for each adaptation option over the 25-year planning
horizon. In essence, approximately a hundred possible run-off forecasts generated during
the simulation process were linked to flood and time-specific damage cost estimates to
produce a range of possible damage cost forecasts relevant to each adaptation option. And
since the run-off events generated were probabilistic in nature, so too were the
corresponding damage cost forecasts – information needed to derive the risk profiles and
expected value results used to compare the considered adaptation options.
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As discussed, the final result of the damage costing procedure was a broad, probabilistic range of
25-year damage cost forecasts associated with each adaptation option of interest. This involved
translating the forecasts to meaningful measures of merit for the purpose of comparing and
ranking considered adaptation options against the baseline. To achieve this, the concept of Net
Present Value (NPV) and the treatment of probabilistic results were utilized.
The probabilistic results generated could then be used to ask important questions like: (i) What is
the average (or, expected value) NPV that emerges from this procedure for each adaptation
option and how do they compare?; and (ii) What is the probability that the NPV result truly
experienced lies below zero (i.e., What is the probability that our investment in adaptation proves
essentially useless over the next 25 years?). By comparing such results across the adaptation
options of interest, decision-makers can make a sensible and informed selection. Refer to the
Main Report for a more detailed explanation of the economic methodology used in the study.

3.0 Study Results
The study considered three flood adaptation options for the watershed area surrounding Redberry
Lake, Saskatchewan, using the LIRA economic assessment method and software. These
adaptation options were evaluated against the Base Case damage cost estimates using potential
run-off events. The expected value of total costs and corresponding risk profiles of each case
were compared against the Base Case damage cost to generate a ranking of options. The results
of the adaptation options modelled include:

Adaptation Option 1 (AO1): Water Retention and Drainage System
The system constitutes: (i) a retention pond near the northwest corner of the Town of Radisson to
provide additional storage capacity within the area, (ii) an earthen dyke to divert the flow of
floodwaters outside the Town boundaries rather than through the Town of Radisson itself, and
(iii) a drainage ditch (essentially enhancing a pre-existing natural channel) to carry floodwaters
past the southern boundaries of the Town (Figure 1). As depicted in Table 1, the expected values
of net benefit results are positive for five (5) of the nine (9) scenarios examined. This suggests
that further investigation of the suggested water retention and drainage system may be warranted.
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Figure 1 Adaptation Option 1 (AO1): Water Retention and Drainage System
Table 1 Expected value results for Base Case and AO1 in AW terms ($/year)

Return
period of
100mm runoff event*
Return
period of
100mm runoff event*
Return
period of
100mm runoff event*

1-in-25 years
1-in-50 years

Reduction in flooding due to AO1
100%
75%
50%
220,312
219,912
227,964
114,307
115,094
106,738

1-in-100 years

59,676

59,940

57,704

1-in-25 years
1-in-50 years

182,122
107,773

187,368
112,076

209,903
113,801

1-in-100 years

68,949

71,994

74,534

1-in-25 years
1-in-50 years

38,190
6,534

32,544
3,018

18,061
-7,063

1-in-100 years

-9,273

-12,054

-16,830

Base Case

Adaptation
Option 1
(AO1)

Net Benefit
/ Loss

*NOTE: The return period of the 300mm event assumed to vary between 1-in-1000 years at Year 0
to 1-in-500 years by the end of the planning period at Year 25.

8|P a g e

The risk profiles (Figure 2) below illustrate two observations of interest to any LIRA process:



If there are no extreme events within the planning period, then there are no benefits to
costly adaptation.
The higher the probability of extreme events, the higher the probability of damage and,
therefore, damage cost-savings attributable to effective adaptation.
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Figure 2 Comparative risk profiles for 1-in-100 year and 1-in-25 year scenarios (100% flood
reduction)

In summary, the results for AO1 are clearly sensitive to: (i) the expected frequency of extreme
run-off events in future, and (ii) cost containment for the proposed floodwater retention and
drainage system. If, for example, the frequency of extreme run-off events is expected to increase
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over time with climate variability, then investment in the system may prove warranted. Similarly,
if the costs of the envisioned system can be contained to the low end of estimated costs, then net
benefits can be had and investment may prove worthwhile. However, at this stage in the
evaluation process, investment is questionable.

Adaptation Option 2 (AO2): Regional and Community Planning
This adaptation options includes altering current community development (zoning) plans to
avoid development in land parcels vulnerable to flooding. From this standpoint, a regional and
community plan intending to allocate future residential and/or commercial development to floodvulnerable parcels would be considered an instance of poor planning. In contrast, a regional and
community planning framework that tailors its future development to avoid flood-vulnerable
parcels would be considered a best practice in planning. This was applied to the communities of
Radisson, Borden, Hafford, Speers and Maymont within the Redberry Lake Region. Table 2
shows that the expected damage costs associated with AO2 dramatically reduce the expected
damage costs associated with the Base Case in all instances.
Table 2 Expected value results for Base Case and AO2 in AW terms ($/year)
Growth

Return period
of 100mm
run-off event*

Return period
of 100mm
run-off event*

Return period
of 100mm
run-off event*

StatsCan

Prairie Wild

1-in-25 years

46,342

40,568

1-in-50 years

24,058

20,185

1-in-100 years

12,587

10,986

1-in-25 years

20,024

19,387

1-in-50 years

10,533

10,555

1-in-100 years

5,906

5,665

1-in-25 years

26,318

21,181

1-in-50 years

13,525

9,630

1-in-100 years

6,681

5,321

Base Case

Adaptation
Option 2
(AO2)

Net Benefit
/ Loss

*NOTE: The return period of the 300mm event assumed to vary between 1-in-1000
years at Year 0 to 1-in-500 years by the end of the planning period at Year 25.
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The risk profile (Figure 3) for AO2 consistently represents equal or lower expected damage costs
than the Base Case. But, if no extreme run-off events occur within the next 25 years, then the
damage costs associated with the Base Case and AO2 will both be $0. Otherwise, we would
expect that AO2 yields lower damage costs than the Base Case.
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60%
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AO2

40%
30%
20%
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0%
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Figure 3 Comparative risk profiles for 1-in-100 year and 1-in-25 year scenarios (based on
population forecasts derived from Statistics Canada census data)
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As expected, the results for AO2 are favourable. As our experience with LIRA shows, planning
appropriately for the future is a very cost-effective way of avoiding damage and damage costs
due to extreme run-off events and the flooding they cause. However, planning for the future does
not necessarily help flood-prone parcels that currently contain residences, commercial venues or
other receptors vulnerable to damage by floodwaters. In such cases, only two options might help:
(i) move the receptors (which may not be easily accomplished), or (ii) modify the surroundings
to alter the retention and flow of floodwaters (e.g., the modest water retention and drainage
system of AO1).

Adaptation Option 3 (AO3): Clear and Enhance Turtle Creek
During periods of heavy run-off – whether from extreme rainfall or snow melt – the Great Deer
Road can be overtopped by floodwaters and rendered impassable. Not only can this damage the
roadway, it can also cause a temporary disruption in traffic flow – forcing trip diversion and/or
reduction in allowable haul weights for truckers. To curb this, Turtle Creek could be cleared and
enhanced to alleviate flooding and spare damage to croplands and an important east-west
municipal roadway (Great Deer Road joining Highways 16 and 685). Table 3 suggests that
despite either a 75% or 50% reduction in flooding within parcels surrounding Turtle Creek, the
damage cost savings enjoyed are insufficient to outweigh the life cycle costs of implementation.
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Table 3 Expected value results for Base Case and AO3 in AW terms ($/year)
Reduction in flooding due to AO3
75%
Return
period of
100mm runoff event*
Return
period of
100mm runoff event*
Return
period of
100mm runoff event*

50%

1-in-25 years

11,401

11,661

1-in-50 years

6,260

5,934

1-in-100 years

2,973

3,306

1-in-25 years

33,620

35,404

1-in-50 years

32,284

33,393

1-in-100 years

31,655

32,348

1-in-25 years

-22,219

-23,743

1-in-50 years

-26,024

-27,459

1-in-100 years

-28,682

-29,042

Base Case

Adaptation
Option 3
(AO3)

Net Benefit
/ Loss

*NOTE: The return period of the 300mm event assumed to vary between 1-in-1000 years at
Year 0 to 1-in-500 years by the end of the planning period at Year 25.

The risk profiles of Figure 4 demonstrate quite clearly the relative net loss expected of this creek
enhancement option. This suggests emphatically that any damage cost savings attributable to
AO3 are highly unlikely to outweigh the life cycle costs required for implementation.

Lastly, the results for AO3 are clearly negative. Although enhancements to Turtle Creek will add
flow capacity and thereby reduce damage to crops and Great Deer Road, the estimated life cycle
costs of enhancement clearly exceed any damage cost-savings generated in all cases. And while
hydrological modeling may be needed to better estimate the extent of regional drainage
attributable to the enhancement, any additional savings in this regard would have to be very
significant to outweigh the net losses estimated herein. Details of these adaptation scenarios can
be found in the main report. It should also be noted that although this adaptation option is very
site specific, it was deliberately chosen as a representative example that may be applicable to
other rural areas in the prairie region that are faced with similar flood and road overtopping
concerns.
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Figure 4 Comparative risk profiles for 1-in-100 year and 1-in-25 year scenarios (assuming 75%
reduction in flooding due to creek enhancement)

3.1 Recommendations
The following are recommendations of the study.


Future planning initiatives should be viewed beyond the boundary of a single community
or municipality to encompass an entire watershed, and any potential concerns within the
region. Not only does such an approach coincide with a more thorough understanding of
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hydrological implications of extreme run-off events within an entire watershed, it provides
a platform where community decision makers can successfully and cooperatively work
towards a collective regional vision. In the case of the Redberry Lake region pilot study,
there is already an on-going regional planning process underway which helped in the initial
data collection and facilitated stakeholder involvement in the LIRA pilot study. In turn, the
planning process benefitted from some of the deliverables of this study such as the flood
hazard maps which suggests vulnerable areas of flooding and informs decision
makers/developers/agriculture producers about land uses and zoning in the area. This has
been incorporated in the overall policy framework of the District Plan for the municipalities
involved in the regional planning process within the area of cooperation of the Redberry
Lake region at the watershed scale. This may also prompt the remaining non-participating
municipalities within the identified area of cooperation to fully participate in the on-going
regional planning process and build on common strength and shared resources to purchase
LiDAR data for the entire Redberry Lake region.


A coordinated regional approach to flood planning and management should be considered.
Decision makers should work with local and provincial authorities, NGO’s, and other
stakeholders to investigate mechanisms to develop a regional strategy for the entire
watershed; by utilizing existing planning policy, exploring new instruments such as a
regional infrastructure development plan or other tools or processes that can be integrated
in an overall planning framework and leveraged to develop a coordinated regional
approach to flood planning and management.



Any future rural and urban planning decisions within the sub-basin should take into
consideration the potential impacts of extreme run-off events as well as the potential impact
of unauthorized drainage on broader flood mitigation and economic development
strategies. Development and/or zoning decisions should direct growth in areas of low
vulnerability and restrict development in high risk areas (i.e. placing high value receptors
out of harm’s way). Moreover, municipalities would not only benefit from developing an
informed Official Community Plans and a District Plan, but also must understand that
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working cooperatively in a region to accomplish this goal should be an important
consideration.
3.2 Interpreting Study Results and Dealing with Uncertainty
The understanding and interpretation of the results for Redberry Lake Region Pilot Study is
paramount and it is recommended that readers also view the full report and appendices. While a
major result of the Study was the refinement and increased technical rigor of the methodology,
uncertainty in a complex exercise like LIRA is unavoidable and the question is how best to
leverage it within the decision-making environment. The following outlines the examples of
dealing with uncertainty within this project.


Though the study team is generally pleased with the economic comparative results and
rankings achieved, the scale of results obtained is likely too high – and so warrant careful
interpretation. We believe the reason for this lies with a basic assumption of the surface
run-off simulation modeling: that conditions are saturated and no infiltration is possible –
as the simple model is not designed to account for this. If antecedent conditions are always
assumed to be saturated, then even moderate run-off events are likely to generate some
flooding, damage and damage costs. Also, since moderate events are experienced more
frequently than extreme conditions, the damage cost estimates derived are
disproportionately weighted toward moderate events. Our analysis of the results suggests
that this is what is happening here: the more frequent – yet less severe – run-off events are
adding disproportionately to the damage cost estimates. Although the modeling assumes
saturated conditions, in reality if there is available storage in the landscape due to
infiltration and wetlands capacity, damage costs due to moderate events could be reduced
significantly. Nonetheless, the research conducted during this pilot study yielded findings
that have significant implications for the region. Moreover, the ability to provide economic
numbers to this analysis should in itself provide substantial new information that can be
used by stakeholders to help address flooding issues in their region.



The surface run-off simulation model provided valuable “flood hazard map” information to
local stakeholders that allowed them to identify vulnerable locations (hot spots) that
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intersect with vital economic infrastructure and future planning initiatives. Unfortunately,
the model is not capable of addressing the comprehensive hydrological and hydraulic
requirements needed to provide definitive engineering type adaptation options such as
infrastructure design standards (e.g. culvert capacities, bridge and dike capacities, etc.). The
LIRA methodology, on the other hand, was not intended to develop detailed engineering
options. It was intended to point local decision makers in a logical direction towards
making more informed decisions in their region. For instance, the Water Retention and
Drainage System adaptation option helped to strategically identify a vulnerable area within
the landscape where a more focused engineering analysis (adaptation option) can be
pursued.

4.0 Flooding Event During LIRA Study
During the Redberry Lake LIRA pilot study a significant flooding event occurred in late April,
2013 within the Radisson-Borden area (along Highway 16). Both the Town of Radisson and the
Village of Borden declared states of emergency due to the severe nature of the flooding (Figure
5).

Figure 5 Radisson-Borden Declare State of Emergencies
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These affected municipalities had emergency assistance provided by Government Relations
(Provincial Disaster Assistance Program - PDAP) and the Water Security Agency (Flood
Damage Reduction Program - EFDRP). Emergency response actions to alleviate the immediate
impact of the flooding included cutting roads, hiring pumps and installing a temporary bridge.
The overall cost of these reactive mitigation measures was estimated at a total amount of
approximately $1m for the Village of Borden and $1.5m for the Rural Municipality of Great
Bend No. 405. Other consequences of the flood include light traffic such as single vehicles were
re-routed from the eastbound of Highway 16 to Highway 340 (through Hafford) and then
connecting Highway 40 (through Blaine Lake) to the north of the City of Saskatoon. Figure 6
illustrates the Road detour route and area of highway flooding. The detour added 83 kilometres
due to the North Saskatchewan River and the location of bridges. The majority of the detour
involved utilizing secondary roads. Fortunately heavy haul traffic and semi-trailers were not
detoured however the potential economic ramifications of this would have been considerable in
both time and resources to the commercial sector and commuting as well as the impact to the
infrastructure due to increased traffic and hauling weight loads. This re-routing of light traffic
went on for approximately 2 weeks continuous from May 9th to May 23th 2013 during the flood
incidence.
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Figure 6 Traffic detour for light traffic

There were 24 municipal road cuts and culvert blowouts within the Rural Municipality of Great
Bend that affected emergency services and agricultural activities. For instance, the road cuts,
culvert blowouts and flooded roads caused delays to the Fire Department in response to two
vehicles that caught on fire. Agricultural producers were also affected; some were not able to
access their fields; others had increased travel detours to reach their fields; and others were
prevented from seeding due to flooded fields.

Four houses had significant flooding to their basements within the Village of Borden. People
living in two of these houses were displaced and had to abandon their homes due to the flood.
Some people living in the southern part of the Village had to be boated out from their home after
they were surrounded by water. Approximately 18 houses would have been flooded within the
Village if water had not been diverted by volunteers performing emergency management
services.

19 | P a g e

4.1 Validation of LIRA Hazard Assessment Component (flood hazard maps) within the
Radisson-Borden Area
The severe run-off experienced in the Radisson and Borden area (April 2013) provided an
opportunity to validate the LIRA flood hazard modeling output and procedures. The area most
impacted by flooding was also the area in which high resolution topographical data was
purchased (LiDAR). Through the use of a new modeling tool applicable to prairie fill and spill
hydrology the LIRA study team developed run-off maps. This process also involved working
with local stakeholders to verify the accuracy of the maps as well as serve as the basis for
developing adaptation scenarios. While it is unfortunate that flooding occurred in the area, it did
provide an opportunity to validate the mapping process and potential of having communities
engaged in developing adaptation scenarios.
Figures 7, 8 and 9 provide a visual interpretation and qualitative validation for the Redberry Lake
LIRA flood hazard maps generated through the high resolution topographical data, surface runoff modeling, professional expertise and local knowledge. Flood hazard maps were compared
with ground level flood pictures as well as aerial photographs taken by Saskatchewan Water
Security Agency (WSA) during the height of the flooding. Remarkably a qualitative comparison
indicates the flood hazard maps derived for the LIRA study were strikingly similar to actual
flood conditions experienced in the Radisson/Borden area. In addition, results from the
validation exercise have been incorporated into a journal article written by AAFC and the
University of Saskatchewan’s Centre for Hydrology and has been submitted to the Canadian
Water Resources Association (CWRA) journal.
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Figure 7 LiDAR Extent 100mm Flood Risk Map Validation

Figure 8 Radisson 100mm Flood Risk Map Validation
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Figure 9 Borden Flood Risk Map Validation

The flood hazard maps generated were useful in real-time and preliminary adaptation strategies
from the Redberry Lake LIRA pilot study will benefit the municipalities involved in the RLBR
regional planning process. It also illustrates the importance of grounding such processes within a
regional planning context as both a mitigating and proactive tool for future development. The
unique situation of having flooding occurring in a LIRA pilot study area also demonstrates the
need for studies like LIRA to be implemented across the province of Saskatchewan and
potentially across the country.

5.0 Lessons Learned
Lessons learned throughout this study will help the Redberry Lake Watershed and the Planning
Region as well as guide methodologies that will be applied in future LIRA projects. Summarized
below are two general and important lessons.


Unfortunately, there was very little information on climate change and its effects within the
Redberry Lake Watershed which made it necessary to rely mostly on the Assiniboine River
Watershed Pilot Study for such technical information since both Studies fall within the
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prairie region of Saskatchewan. Future LIRA studies may want to provide a more
comprehensive analysis on climate extremes by also investigating the “flip side” of
flooding: drought conditions. If climate patterns indeed support the notion of “wetter” and
“drier” periods, then one of the seemingly legitimate benefits would be strategic water
retention and the ability to store and manage water for future use. This could for example
include reservoirs or strategic wetland restoration. It may prove useful to incorporate and
estimate, therefore, the potential economic benefits of water retention under periodic
drought conditions within the LIRA framework.


To enable more engineering type adaptation options to be investigated, multi-dimensional
hydrological and/or hydraulic models would need to be developed to address the complex
hydrology of the region Current models are not adequately designed to handle the complex
aspects of rainfall-runoff simulations and hydraulics needed for examining spatially
explicit flooding that involves entire landscapes, not just along water conveyance channels.
This is particularly the case in landscapes dominated by snow processes and surface fill and
spill hydrologic processes. Based on discussions with hydrologists involved in this study,
future LIRA applications should consider the influence of various antecedent conditions on
run-off events. In effect, available storage in a modeled landscape (whether available in
soils or catch-basins) clearly influences the run-off and flooding likely experienced. If this
is the case, then perhaps future participants can leverage the approach developed and
applied to examine the influence of retention ponds in this study (i.e., where the additional
storage capacity was assumed to reduce surface water volumes by an estimated amount).

6.0 Important Outcomes that benefit the Overall LIRA Initiative
The Redberry Lake LIRA pilot study not only provided a great deal of new information for the
decision-makers within the Redberry Lake planning region, it also was of significant benefit to
the overall LIRA Initiative. Benefits of the study are summarized below.


A major benefit derived from this pilot study is the refinement and increased technical
rigour of the LIRA methodology. A key activity that contributed to the refinement of the
LIRA methodology was the incorporation of new methods and analytical tools. An
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example of this includes modifying an existing surface run-off simulation model to
provide valuable “flood map” information to local stakeholders, which allowed them to
identify vulnerable locations (hot spots) that intersect with vital economic infrastructure
and future planning initiatives. While this model cannot address the comprehensive
hydraulic requirements required to provide definitive engineering-type adaptation
options, it does provide a practical, fast, and focused analysis of surface runoff and
storage capacity within a landscape, and is a considerable improvement in the technical
rigor of the hydrology component of the methodology.


Another key activity that contributed to this outcome was the practical application of the
LIRA economic software tool and updated damage cost valuation methodology.
Previously, the software tool had only been tested once before in a real world setting in
the Assiniboine River Watershed LIRA Pilot Study. The Redberry Lake pilot study
provided a real world application to test and improve the software application which not
only was of benefit to the study, but will result in increased efficiency in subsequent
LIRA studies.



Another important outcome of this study that benefits the overall LIRA initiative was the
successful implementation of the methodology at a regional scale. Applying this method
to the Redberry Lake watershed planning region allowed the testing of the methodology
at a larger geographic scale. This aspect is fundamental to the study as the RadissonBorden area experienced real time flood events recently. As well there is concern in
regards to the potential damage caused by extreme run-off events in the future within the
context of climate change and expected rural growth. While the large geographic area
was challenging regarding data collection and working with numerous municipalities
within the region, it did prove the LIRA methodology can be performed on a larger scale
and it demonstrated the benefits of cooperation amongst stakeholders in the watershed.
Hopefully the study results will act as a catalyst for further regional planning activity and
offer an opportunity for decision makers to view their landscape in a regional or
watershed setting using a more holistic and integrated approach.

24 | P a g e



A key activity that contributed to implementing the LIRA methodology at a watershed
scale was the involvement of local stakeholders within the basin. Added to this
contribution was having a regional planning process and framework underway, facilitated
by a technically strong regional planning firm with local roots. As local project manager,
the Redberry Lake Biosphere Reserve (RLBR) worked closely with rural municipalities
and urban communities within the region in collaboration with the planning consultant
for the region, Prairie Wild Consulting Co. and AAFC to gather information and solicit
input e.g. collecting information on municipal resources such as infrastructure and
damage cost of previous flooding events. The LIRA Study Team met with many
municipalities numerous times to gather information, discuss the project and get feedback
on such aspects as local validation of modeled “flood maps”. The local data gathered in
combination with a detailed parcel by parcel Ag-Capture survey completed by Prairie
Wild Consulting Co. provided a comprehensive package of information about the region.
Not only was this information used in the project analysis, but the results validated and
demonstrate the benefits to planning beyond the boundary of a single community to
encompass a larger geographic area. Through analyzing the results of the study, hopefully
stakeholders will appreciate that not only does a watershed approach coincide with a
more thorough understanding of hydrological implications of extreme rainfall events
within an entire watershed, it provides a venue where community decision makers can
successfully and cooperatively work with stewards of the land such as watershed groups,
agricultural producers, and First Nations.



The lessons learned in the Redberry Lake pilot study increased the technical rigour of
various technical components as well as enhancing the development of automated
assessment tools. These lessons learned will be incorporated into subsequent applications.
In addition, the results from all Phase 4 projects will be incorporated into a Version 2.0 of
the LIRA Manual that will provide a “how to” guide to develop and implement a LIRA
study in various regions throughout the country. This manual will provide part of the
information that will be used in the development of the technical transfer of this tool with
interested provincial agencies and federal departments that are exploring how to develop
a national program intended to reduce the negative impacts of climate extreme events
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through operational implementation of a portfolio of disaster risk reduction
methodologies. The LIRA methodology is viewed as one of the candidates for that
portfolio. The range of tools being developed across Canada by different Federal
Departments such as DND’s Civil Defense Qualitative assessment tools, AAFC’s LIRA
tool, and Natural Resources Canada’s adaptation of the HAZUS model can all benefit
from the Cost Benefit Analysis approach taken in the LIRA methodology. It is
anticipated that the LIRA methodology can be adapted to the range of emerging tools in
terms of its application of cost benefit analysis principles.

26 | P a g e

