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1. FORACRD

Despite decades of progress, watershed planning for the East Slopes of Alberta is still in its infancy.
This is a busy landscape that continues to get busier with a growing population demanding more
from resource extraction, recreation and water supplies. Meshing these demands with a landscape
which forms an essential water source for downstream water users, unique biodiversity attributes,
wild space and stunning scenery is a task requiring more than maintaining the status quo.

What Albertans draw from the East Slopes is substantial- economically, ecologically, socially and
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evident. Native trout declines are a message hard to ignore. Their plight is a signal that many of the

values Albertans hold for the East Sopes are at risk. In some cases, like flooding, our land use

decisions pose a risk to downstream communities.

The East Slopes do not represent an inexhaustible supply of benefits for Albertans. We need to set
ecologically relevant limits and thresholds; without them we continue to spiral towards overuse.
Investments need to be considered for restoration, especially where limits have been exceeded.
Research needs, like better measurements of water quantity and quality, biodiversity and the effects
of clim ate change require adequate resources.

At the centre is understanding and untangling the additive effects of every want and desire for the
East Slopes. First, we have to understand where we are, compare that to where we were (the
historical benchmark) and assess whether our land use trajectory will take us to a desirable future.
Implicit in this is the sense we do not want to sacrifice attributes of the East Slopes in our present
decisions that will have future, perhaps irreversible consequences.

Past cumulative effects exercises show the status quo approach (continuing to maintain land use

pressures) is not favourable for future circumstances. Recognizing that, then a set of alternatives

need to be posed and tested.That is the essence of this exercise o€umulative Effects of Land Uses
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the East Slopes is a testa test of our ability to be good stewards of an essential Alberta landscape

Lorne Fitch, P. Biol




2. EXECUTIVE SUMMARY

The Alberta Chapter of The Wildlife Society (ACTWS) commissioned Cumulative Effects of Land
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on land use planning for the Southern East Slopes of Alberta. Part of the ACTWS mission is to

advocate for sciencebased management.This document speaks directly to that mission. Cumulative

effects analysis (CEA) was used as an appropriate method to test the status quo of land use
management (business as usual) against other possible scenarios and predictions for both. As a
sciencebased assessment this provides an opportunity to better understand different management
scenarios and clearly show expected outcomes. With different management trajectories, there is an
opportunity to make a real change in terms of conservation.

In the Southern East Slopes there is mounting evidence and concerns of issues related to hydrologic
response (including floods), fish and wildlife habitat and populations, aesthetics, recreation and
impacts on other commercial interests of the current and future land u se footprint. Hence the need

to create a focus on future needs and directions to guide sustainable land use decisions and, the wish
to convene a conversation about future management, while opportunities for adjustment exist.
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legislation and policies (e.g. the Forests Act) were made at a time when our population and the
resulting pressure on our resources and landscapes were significantly lower. All Canadian provinces
are committed to meeting the 2020 Biodiversity Goals and Targets for Canada. Included in these
goals is Canada Target 1, which states:

2By 2020, at least 17% of terrestrial areas and inland water, and 10% of marine and coastal areas of Canada
are conservetthrough networks of protected areas and other effectivdased measures

Alberta currently has just under 15% of its lands and in -land waters protected. Therefore, this
exercise to explore high-value (or cost-effective) opportunities for additional co nservation measures
is very timely.
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native stream trout (Westslope Cutthroat Trout, Bull Trout, and Athabasca Rainbow Trout) were
once widespread and abundant, providing food and recreation for generations of Albertans. Now,
all three have shown such shocking declines that each is a federally listed species at risk. This loss
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Protection and restoration of these resources is an obvious legal, economic, and social hecessity.



These stream fishes are a strong indicator ¢ the sustainability of their larger watersheds. The
presence, distribution and abundance of these native trout provide a metric for watershed integrity.
Declines in populations signal issues, which also include other aquatic and terrestrial species. Other
biological indicators (i.e. Grizzly bears) display a similar pattern to that of the trout indices,
demonstrating that impacts extend beyond trout to encompass the broader ecosystem.

The complex cumulative effects of increasingly intensive land use in the East Slopes requires the use
of innovative techniques to understand, conceptualize and recommend future conservation

priorities. In this project, the novel techniques of status and threats assessment for native fish (i.e.
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robust method of forecasting scenarios and assessing tradeoffs. The concept of cumulative effects
shows that, with increasing population and land use pressure, a healthy watershed environment
cannot be maintained if everyone can do almost anything at any time, and anywhere.

The results of this exercise indicate cumulative effectsof overlapping land uses present substantial
risk to Bull Trout and Westslope Cutthroat Trout in the Southern East Sl opes. As native trout species
are a surrogate, or indicator of watershed integrity this indicates issues with the combined level of
past and present land use activity. The setting of ecologically-relevant limits and thresholds should
be of prime consideration to avoid the risk posed by additive land use effects on trout.

Watersheds in the western portion of the study area tend to have a higher natural capacity to
support trout, and have also experienced less permanent conversion to agriculture and settlement,
although the linear footprint (i.e. roads/trails) and the spatial footprint (i.e. logging, mining, oil and
gas extraction) require reduction and restoration. As a result, preventing harmful future
development, reclaiming temporary footprints, and managi ng access has a greater potential to
improve trout performance in these watersheds, compared to ones to the east.

Climate change has the potential to negatively affect Westslope Cutthroat Trout and Bull Trout
sustainability due to warming during this fore cast. Despite the effect of climate change, suggested
protection measures nearly doubled Bull Trout ability to persist, at the regional scale. Westslope
Cutthroat Trout were less impacted by climate change, yet the situation improved for that species
under protection measures.

Hydrologic changes (i.e. increased frequency, magnitude and timing of floods) are predicted with
present and future land use footprints. The implications of this to trout include channel instability,
more sediment additions and lower winter flows -all negatively impact trout survival. Changes in
flood dynamics can also affect downstream infrastructure.

The impacts and benefits of land use vary substantially across the region due to historical
development patterns, the distribution of resource potential, and management plans. Planning



across large spatial scales can target those areas where there is a demonstrable impact of protecting
or restoring values and where costs of protection can be minimized.

A practical trade -off between protection and resource extraction exists in the western watersheds.
Identification of the appropriate balance between trout conservation (and watershed protection) and
resource development can be informed by outcomes of theanalysis. This can be the beginning of an
important dialogue about the future of the Southern Eastern Slopes. However, failure to deal with
the growing land use issue, in a timely and robust fashion, might signal further declines in
watershed integrity and the species that find homes in those watersheds.

We cannot plan well for something we cannot see, especially the future. Cumulative effects analysis

becomes a useful, pragmatic tool to provide factual knowledge allowing an informed choice to be

made about future options. As a pathway to a sustainable future, an analysis of cumulative effects
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3. INTRODUCTION
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ecological goods and services including provision of freshwater to downstream communities such

as Calgary and Lethbridge. The watersheds of the Oldman and Bow basins form essential habitat for

threatened fishes such asBull Trout (Salvelinus confluentysand Westslope Cutthroat Trout

(Oncorhynchus clarki They are also known to support some of the highest biodiversity in Alberta.
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agriculture , the residential sector, and recreation. Awareness of the ecological implications of land

use in the Southern East Slopes is growing, including impacts to hydrology, water quality, fish, and

wildlife. The Eastern Slopes Policy, the South Saskatchewan Regional Plan and work by the Oldman

Watershed Council and the Bow River Basin Council, under the Water for Life strategy, have all
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been achieved the number of species at risk, and potentially at risk, in the watershed would suggest

that a shift in focus towards conservation is required.

Ongoing planning initiatives provide an opportunity to ensure that land use and conservation

strategies in the region support the goal of watershed management and headwaters protection. One

such planning initiative is Livingstone -Porcupine Hills Land Footprint Management Plan, a sub -

regional plan under the South Saskatchewan RegionalPlan. The plan is intended to establish

footprint thresholds to manage impacts to biodiversity and watersheds in Livingstone -Porcupine

Hills . Although the approved plan identifies linear footprint thresholds, the thresholds may be

insufficient , given future resource extraction. Further, the scope of the thresholds needs to be

expanded to also include the spatial footprint qUT 1 wOUT wOi w2 UxEUDPEO? wi 660UxUPOU
those land use footprints that are generally polygonal , such as cutblocks, pastures, croplands,

wellpads, and residential. The term spatial distinguishes these footprints from those that are often
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are subject to periodic review.

To inform planning that is consistent with the priorities of watershed management and headwaters
protection, a scenario analysiswas completed to explore the cumulative effects of land use and
climate change in the Southern East Slopes, a regiorencompassing the Oldman and Bow basins,
extending from the headwaters of Banff south to the US border and from the BC border to just east
of Highway 2. The project was initiated to provide input to the Livingstone -Porcupine Hills
Footprint Management Plan, forest management planning and future sub -regional plans.
Specifically, the intent was to provide guidance on implications of cumulative effects to valued



ecosystem components, with a focus onexploring conservation priorities and options for threatened
trout species.

This report presents the outcomes of the scenario analysis, and the undelying assumptions and
methods. To provide context, outcomes are first summarized from an experts meeting that helped
guide the initiative.

4. EXPERTS MEETING SUMMARY

On February 7 and 8, 2019 a group of content experts was convened in Airdrie, Alberta to provide
guidance to the Southern East Slopes initiative. Included in this group were: a forest hydrologist

with a background in assessing effects of logging on watershed systems, a forest ecologist, a wildlife
ecologist, a fisheries ecologist with a background in species at risk management and recovery efforts,
a species at risk biologist, two landscape ecologists with extensive backgrounds in modelling
landscape cumulative effects, and a fisheries ecologist and modeller.

The project proposal was reviewed to develop ecological and land use levers, dose response
modifiers and performance indicators. The levers and performance indicators were carefully
scrutinized to ensure that they fit the project needs (model, budget, and available, accessible data).

A matrix was developed to illustrate how each of the elements fit, with lever cell values providing

the opportunity to change scenarios and the performance indicators color-coded. The doseresponse
modifiers were represented as two dimensional relationships between levers and performance
indicators.

Hydrological impacts of timber harvest were considered using a non-traditional approach that
addresses thepotential for alteration to geomorphic controls on aquatic ecosystems(Appendix B) .
This informed the discussion about the project intents and the inputs required to better assess
implications for flood frequency and intensity, channel stability, water quality and impacts on
threatened trout species like Westslope Cutthroat Trout and Bull Trout.
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was explored to provide insight into how provincial fisheries staff are using the model, to

understand the variables affecting population recovery of thre atened fish species. The model was

seen to be an important consideration for inclusion into the initiative and arrangements were made

to share information on dose-response curves and data for threatened trout species in the region.

Based on discussions there was an exploration of whether expanding the study area from the
Livingstone -Porcupine Hills (encompassing the Oldman watershed), to the Southern East Slopes
(Bow and Oldman watersheds) would increase the relevance of the analysisto recovery planning for
Bull Trout and Westslope Cutthroat Trout. Additional benefits of expanding the study area beyond



the C5 boundary (Livingstone -Porcupine Hills) included incorporating areas with different
management practices {.e. protected areasvs mixed use) and consideration of impacts to
connectivity for species like Grizzly Bear (Ursus arctos)

Agreement was reachedto compare current and potential future indicator condition to an estimated
natural range of variation to assess status relativeto a natural baseline. The group also agreed to
assess @iture status by simulating land use over 50 years using the ALCES Online platform.
Forestry, energy, residential, mining, recreation and transportation land uses were incorporated into
the spatially explicit simulations as well as natural disturbance (fire), and climate change.

The discussion also concluded that assumptions for a Business as Usual scenario were needed.he
intent of the scenario was to explore the consequences of extendingcurrent land use policy 50 years
into the future. Conservation strategies were subsequently assessedo estimate potential benefits
and priorities.

It was also clear that comparison of indicator condition with and without the conservation strategies
would provide an estimate of the efficacy of the strategies.Although the simulations were
completed at a finer resolution, current and potential future indicator status are reported at the scale
of HUC 10 watersheds in order to link to trout recovery planning.

A feedback loop with the group was also established to allow for addition al input to the initiative
and to review outputs to ensure these meet the needs to better define the spatial footprint and
implications to valued forest components like threatened tr out species and water quality.



5. METHODS

The study area is the Southern East Slopes, a 30,000 Kimegion encompassing theupper portions of

the Oldman and Bow basins, extending from the headwaters of Banff south to the US border and

from the BC border to just east of Highway 2 (Figure 1). OUT OUT T wOT | uwattfeNT EUz Uwi OEL
Livingstone -Porcupine Hills Footprint Management Plan and the C5 Forest Management Plan, the

study area was expanded to the Southern East Slopes in order to increase the relevance of the

analysis to provincial recovery planning for trout species.

Two computer models were used to assess cumulative effects in the region. OE1 UUEz UwOIl Ul OEwo
assessingstatus and threats to fish, the ?Joe> Model (MacPherson et al 2019)was used to integrate
the consequences of multiple threats to the status ofWestslope Cutthroat Trout (MacPherson and
Earle 2017) andBull Trout (Reilly et al. 2016). ALCES Online was used to simulate land use and
climate scenarios in order to explore potential future change in threats and explore the effectiveness
of protection (Carlson et al. 2019).The utility of using native trout is that these species are indicators
of watershed integrity and can provide signals of concern. Although a focus on the scenarios is the
status of trout populations, other indicators were also assessed such as risk to Grizzly Bear,
hydrologic change, and water quality. The resolution of the analysis was 200m cells used in the
ALCES Online simulations. Each cell could be multivariate in its composition (i.e., proportion of a

cell belonging to each of a number of natural and anthropogenic cover types), but 200 m was the
finest spatial scale at which spatial relationships (juxtaposition) were tracked. The response of most
indicators, including trout, was subsequently summarized at the scale of HUC 10 watersheds
(Alberta Environment and Parks 2017) (Figure 1).

The objectivesto assess cumulative effects, espeailly with respect to trout, and explore strategies to

mitigate risks, were addressed through two stages of analysis. First, impacts of plausible land use

and climate change to indicators over the next five decades were simulated to assess cumulative

effects. Second, giority EUT EUwi OUWEOOUI UYEUPOOWEEUDPOOwWPI Ul whbEI OUP
x1 Ul OUOEOET wpbUT WEOEwWPDUTI OUUwxUOUI EUDOOwUOwWI UUDOEUI
effectiveness. The analysis involved and is defined by U1 T wi OOO0OPDHPOT wUUIT xUo wbAwl UUE
current landscape composition; ii) simulating future (50 -year) changes in landscape composition

under a plausible future development scenario; iii) simulating future changes in landscape

composition in the absence of future land use; iv) calculating indicator responseto estimate future

risk to trout and economic performance with and without protection; and v) using the outcomes to

prioritize watersheds for conservation based on cost-effectiveness of trout risk reduction. These

steps are now described in greater detail
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Figure 1. Map of the Eastern Slopesregion showing HUC 10 watersheds as well as protected, forested
(green), and settled (white) areas.




5.1. GJRRENT LANDSCEREPOSITION

The current composition of the study area, including natural and anthropogenic cover types (Table

1), was derived from the integration of multiple land cover products including the ABMI Wall  -to-
Wall Land Cover Inventory and Human Footprint Data 1, Grassland Vegetation Inventory?,
Combined Wetlands Inventory, AltaL IS Hydrography, and numerous additional footprint

inventories from Open Street Map, AltaLlS, CanVec, Alberta Energy Regulator, Alberta

Environment and Parks, National Rail Network, ESR | Basemap, Trans Canada Trail,Crowsnest Pass
QuadSquad, HikeAlberta, and municipalities (e.g., City of Calgary).

Table 1. Natural and anthropogenic cover types used to define the composition of the study area.

Name Type Area (km?)
Forest Coniferous Terrestrial Landscape 7148
Forest Deciduous Terrestrial Landscape 1378
Forest Mixed Terrestrial Landscape 623
Grassland Terrestrial Landscape 6158
Shrubland Terrestrial Landscape 2570
Exposed Land Terrestrial Landscape 3386
Rock Rubble Terrestrial Landscape 15
Snow Ice Terrestrial Landscape 136
Wetland Total Terrestrial Landscape 577
Water Lentic Aquatic Landscape 331
Water Lotic Aquatic Landscape 362
Agriculture Crops Agricultural Landscape 2934
Agriculture Pasture Agricultural Landscape 2754
Airport Footprint 24
Cemeteries Footprint 2
Feedlots Footprint 38
Industrial Footprint 193
Lagoons Footprint 4
Landfill Footprint 10
Major Road Footprint 65
Mine Coal Footprint 4
Mine Pits Footprint 57
Minor Road Footprint 201
Gas Well Footprint 3
Oil Well Footprint 5
Other Well Footprint 18
Pipelines Footprint 36
Rail Footprint 6
Recreation Footprint 78
Rural Settlement Footprint 444
Seismic Lines Footprint 61
Urban Footprint 379
Towers Footprint 1
Trails Footprint 30
Trail/Winter Road Footprint 9
Water Anthropogenic | Footprint 27

Lhttp://www.abmi.ca/lhome/data -analytics/da-top/da-product -overview/GIS -Human -Footprint -Land-Cover-Data/Land -Cover.html

2 http://www.albertapcf.org/nat ive-prairie -inventories/gvi




The current age (i.e., time since disturbance) of forested landscapes was derived from a Canadian

forest age dataset (Pan et al2011), corrected to incorporate more detailed age information from

ABMI cutblock, Government of Alberta wildfire data, and the Grassland Vegetation Inventory. The

cutblock and fire datasets superseded the Canadian forest age dataset due to their higher reslution
PEPDUUUUEEOET wxO0O0al OOU WOl wYEUPOUUwWUPAT UWEVBWOXxxOUI Ewl(
resolution). Age of cutblock or fire polygons was b ased on the year of disturbance

5.2. EXAMPLES DMNDUSEFOOTPRINTS

To assist those readers who havetreotelled extensively within the East Slopes study area,
are unfamiliar withts land use footprints selection of aerial images are provided to illustrate
examples of the aeriébotprints associated with forestryigure?2), agriculture(Figure3),
hydrocarbon sectofF{gure4), residential Figure5, Figure6), and recreationHgure7) sectors.

" 2 w

Figure 2. Aerial satellite imagery of a portion of the headwaters of the study area, illustrating examples of forest sector logging.



Figure 3. Aerial satellite imagery of a lower portion of the study area, tilatsng examples of pasture and crops within the
agricultural secto. The crops and pastures are found within the central portions of this image.

Figure 4. Aerial satellite imagery of a portion of the study area, illustratingm@xas of the hydrocarbon sector footprine(l
pads, access roads, industrial facilities)












































































































































































































