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Working Group meeting #3 

Date  January 26, 2017 

Time  9:00am to 4:00pm 

Location  Executive Royal Hotel West, Edmonton 

Attendees   

Ahmad Asnaashari, AEP- Upper Athabasca 

Alain Richard, Ducks Unlimited Canada 

Andrew Wilson, AEP 

Brian Yee, AEP – Transboundary Waters 
Carolyn Buffalo – Yellowhead Tribal Council  

Carolyn Campbell, AWA 

Dan Cardinal, Métis Nation Region 1 

Dan Moore, AFPA/ANC 

David Sauchyn, University of Regina 

Diane Scoville, Métis Nation Region 1 

Donna Kanarek, Al-Pac 

Ellyn Davidson, CPAWS 

German Rojas, AEP- Lower Athabasca 

Gerald Courtoreille, Gift Lake Métis Settlement 

Janice Linehan, Suncor 

Jason Ponto, Athabasca Watershed Council (AWC) 

Jessica Watson, West Central Forage Association 

Jim Sellers, Athabasca University  

JoAnne Volk, Repsol Oil and Gas 
Lauren Makowecki, AEP 
 

Lesley Peterson, TUC 

Linda Jefferson, ATCO 

Mark Sinclair, Peavine Métis Settlement 

Martin Van Olst, Environment and Climate Change 

Canada (ECCC) 

Michael Seneka, AEP 

Molly Fyten, Lac La Biche County 

Murray Tenove, AAF 
Nazila Sedaei, University of Alberta 

Patrick Marriott, Alberta Energy Regulator (AER) 

Scott Duguid, AEP- Land use secretariat  

Tracy McKim , Repsol Oil and Gas 

Claire Jackson, Alberta WaterSMART 

Danielle Marcotte, Alberta WaterSMART 

Denise Di Santo, Alberta WaterSMART 

Devin Cairns, Alberta WaterSMART 

Megan Van Ham, Alberta WaterSMART 

Mike Nemeth, Alberta WaterSMART 

Ryan MacDonald, Alberta WaterSMART 

 

Meeting objectives 

1. Recap key discussion points from Working Group meeting #2 on ARB water issues and 
opportunities 

2. Simulate and discuss the opportunities identified in meeting #2 and identify other opportunities  
3. Understand the potential effects of climate on water in the ARB 
4. Identify climate related issues and opportunities (build on the working lists developed in meeting 

#2) 
5. Provide a recap of the modelling objectives and how the model will be used in meeting #4 

 
Current action items 
 

Action Responsible Due Status 

1 
Follow-up with Pat (AEP) to confirm exact location of where this 

minimum flow should be implemented. 
Danielle March 1 New 
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Action Responsible Due Status 

2 
Check demands downstream of Node 550 to make sure they 

are correctly located. 
Ryan March 1 New 

3 
Explore effects of irrigation on water quantity in the Athabasca 

to find threshold irrigation amount. 
Ryan March 1 New 

4 Verify data that the Lesser Slave Lake is 575.8 m. Ryan March 1 New 

5 
Work to refine the bathymetry data set for the Lesser Slave 

Lake. 
Ryan March 1 New 

6 
Look at the full allocation run, this run doesn’t seem to be 

affecting the water in the main stem of the Athabasca River. 
Ryan / Devin March 1 New 

7 
Check why a single shortage was showing up in early March in 

this run (Node 312). 
Danielle March 1 New 

8 

Check whether the Drier scenario is actually significantly drier 

than the Historic scenario. If not, consider adjusting the Drier 

scenario. 

Ryan March 1 New 

9 Look into different, more intuitive, ways to display the PMs. Ryan March 1 New 

10 
Model TDLs turned off, or scaled down, to run model in this 

way to compare. 
Ryan March 1 New 

11 
Model TDLs and licences with full use of allocations and impacts 

to river quantity and flow. (see action #6) 
Ryan March 1 New 

12 

Update dates shown in PMs – the years shown in the PMs when 

we are looking at future climate scenarios should be labeled as 

future years (currently the year numbers show past years such 

as 1995 which is confusing because the scenarios are meant to 

represent the future). 

Devin March 1 New 

13 
PMs should be able to be viewed monthly, specifically there 

should be a monthly shortages PM. 
Devin March 1 New 

14 
Claire and Ryan to set up the next Data and Modelling 

Committee meeting if necessary. 
Claire / Ryan March 1 New 

15 

 
Send meeting #3 summary and slides to participants Claire 

Februar

y 2 

Compl

ete 

 

Discussion points 

1 Opening remarks 

Mike Nemeth convened the meeting at 9:07 am, welcomed everyone. Participants introduced 

themselves, noting their name and affiliation. Mike reviewed the objectives of today and the agenda. 

Mike reviewed the Chatham House Rule, which is designed to increase openness of discussion and will 
be used throughout this process to ensure participants feel they can speak openly. The Chatham House 
Rule reads: “When a meeting, or part thereof, is held under the Chatham House Rule, participants are 
free to use the information received, but neither the identity nor the affiliation of the speaker(s), nor 
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that of any other participant, may be revealed.” 

Mike reminded the group there is a lot of information in the slides. Slides and meeting documentation 

will be distributed after the meeting; this information can be shared publically. Some information 

presented in the slides is technical, however participants don’t need to know or understand all the 

information presented to contribute to discussions and use the model in the live modelling sessions. 

The integrated model represents the basin today based on available data. It is often said All models are 

wrong, some are useful; we believe the integrated model is a useful representation of the Athabasca 

River Basin (ARB) today. The integrated model and the performance measures (PMs) show the direction 

and magnitude of changes within the ARB system. The modelling process is iterative. There will be some 

small refinements as we move through this iterative process; however the focus will be on using the 

model, not on building the model. 

The current scope of the model and the ARB Initiative is from the headwaters of the Athabasca to the 

confluence. The ARB is part of the larger overall Slave River Basin; the scope looking forward will be the 

whole Slave River Basin. The hope with the work in the ARB, and eventually the work in the Slave River 

Basin, is to facilitate informed discussions to create collaborative water management. We hope to 

provide a set of data and tools that can be used for informed discussion on what the basin looks like 

today and what the basin may look like in future. 

The ARB integrated model is one model made of four different components:  

 Climate models that show what the climate may look like in the future 

 ALCES landscape model that shows how past and future landscape changes have and may 

impact streamflow 

 Raven hydrological model which dynamically simulates the hydrology of the whole basin, and 

 OASIS model that simulates streamflow in the basin. 

The integrated model is used by asking ‘what if’ questions. These questions are modelled and the model 

will tell you how a ‘what if’ impacts the system. Some example ‘what if’ questions are:  

 What if current population centers were to double or triple in size? 

 What if we experience the drought of the century? 

 What if precipitation occurs as rain in the spring rather than snow?  

By asking these ‘what if’ questions and observing the changes to the system we will build the Roadmap 

for Sustainable Water Management in the ARB (ARB Roadmap). The ARB Roadmap is a set of set of 

recommendations outlining what sustainable water management could look line in the ARB; it is 

reflective of what the Working Group has worked through. It will identify the opportunities identified as 

the most promising, along with commentary on trade-offs for each.  

In Working Group meetings 1 and 2 we started building the Roadmap by gathering perspectives in the 

form of issues and opportunities from the Working Group. During this meeting we are going to start the 
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process of inputting these opportunities into the model and discussing changes seen in the system. 

Outcomes from these conversations will be identified in the ARB Roadmap. 

Since Working Group meeting 2 the Data and Modelling Committee met on January 9, 2017. At this 

meeting the hydrological model and climate change analysis were discussed. A meeting summary and 

slides are available, if you would like a copy of this material please contact Mike. If you are interested in 

joining the Data and Modelling Committee please contact Ryan or Claire. 

Additionally, since Working Group meeting 2 there was a meeting in Fort McMurray; this meeting was 

on January 17th. The meeting was well attended and there were good discussions. 

There has been ongoing concern regarding the lack of participation of Indigenous communities in this 

work. Some participants requested clarification on the following matters: 

 How and when the GoA will be consulting on various water management policies? 

 How this work will, or can, link with other water discussion (e.g., tailings management 

framework)? 

 That GoA is not using this as their consultation mechanism in the basin and, if they are not, 

where this consultation is anticipated to occur? 

 How this may inform updates to the LARP and what consultation will be undertaken with the 

opportunities identified in this report.  

WaterSMART is working with the Government of Alberta to try and answer to these questions; we will 

keep the Working Group updated. 

A summary for the Fort McMurray meeting (January 17, 2017) is complete and will be distributed to the 

full Working Group. Issues and opportunities discussed in this meeting have been added to the ongoing 

issues and opportunities documents. The issues and opportunities documents will continue to be 

updated throughout the ARB Initiative.  

 Issues are defined as important concerns or problems related to water in the basin that warrants 
attention; these can be current or future and can be specific to a reach in the river or basin-wide. 

 Opportunities are specific actions that can be implemented to address basin issues or make 
improvements either to a specific reach or basin-wide. 

Mike gave an update on the thinking of the larger scope for the Slave River Basin; the Slave River Basin 

includes the Athabasca, Peace, and Slave River sub-basins. Based on feedback we are speeding up the 

process to include the entire Slave River System, starting in April 2017. Mike gave an update on the 

funding for the ARB Initiative; the funding is almost complete. The current ARB Initiative will feed into 

the broader Athabasca-Peace-Slave River Basin (APSRB) Initiative; there is a rough estimate of the cost 

and timeline for the broader scope.  

Question: Regarding the update on the Peace – who is driving the inclusion of the Peace in the 

project? While you were speaking you said “based on feedback it will include the Peace-Slave” 
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whose feedback was that? 

Response: WaterSMART is driving the project. At the moment we’re working with potential 

participants to help shape the project. The feedback that the Peace-Slave should be included is from 

the Working Group; the Working Group would like to see the Peace-Athabasca-Delta (PAD) included 

in the model. To include the PAD the Peace-Slave system needs to be included in the model. 

A participant noted there was concern about this process in terms of Indigenous and community 

participation, therefore deciding to move more quickly on the inclusion of the Peace becomes a concern. 

There are further concerns that this project is moving towards driving and advancing large industrial 

projects. 

In follow up to the above comment and the meeting in Fort McMurray another participant noted that 

they also had concerns about Indigenous participation. At the Fort McMurray meeting there was a lot of 

discussion regarding Indigenous participation and about how the ARB Initiative fits in in relation to other 

government multi-stakeholder and planning initiative. These concerns should be discussed in the 

Working Group. 

Additional concern was expressed regarding engagement fatigue. It was noted it is important to be 

mindful of timing all Working Group meetings and engagement. It is important to figure out timing if we 

want people to be engaged and, in order to make this process a successful this may be a challenge. It will 

be important to figure these things out before we add another multi-stakeholder process to the mix. 

Participants want to know which tables to sit at to really add value; if the Working Group can figure that 

out sooner rather than later then maybe the larger Slave River Basin can be added into the picture if that 

makes sense, or when that makes sense. 

WaterSMART will work with GoA to provide clarification to increase engagement and to make sure that 

participants are getting the best value in terms of what table to sit at. If there are remaining concerns 

the process will be slowed and the larger scope will not be added until participants are comfortable. For 

the time being we aim to start the broader Athabasca-Peace-Slave River Basin (APSRB) Initiative in April 

2017. We will start with engagement in April 2017; from there it will take three to four months before 

the collaborative group Working Group sessions would start. 

2 Overview of the modelling tool 

Ryan reminded the group the integrated model is four models that operate as one integrated system. In 

this meeting the conversation will be centred on the hydrological model. The hydrological model takes 

information from the climate and landscape models and feeds it into the streamflow model; essentially 

the hydrological model takes the climate and landscape information and tells us what that data means 

for streamflow. 

The hydrological model is broken into five different physiographic regions. The five regions are: 

headwaters, foothills, prairie plains, Lesser Slave, and the Boreal Plains. The key to the hydrological 

model is that it aims to represent hydrological processes properly. There are errors and uncertainty in 
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the models; however we believe this model is a meaningful tool to enable meaningful conversation. 

Ryan reviewed the data sources being used in the model. 

Calibration is making sure that the model is representing reality. Each of the regional models is 

calibrated using two to four sub-basin streamflow records. In each region the calibration parameters 

include precipitation and air temperature lapse rates, snow melt factors, vegetation interception, and 

soil routing. The calibrations are evaluated using the Nash-Sutcliffe Efficiency (NSE) and the Percent Bias 

(PBIAS). When looking at the NSE number infinity is bad and one is good. When looking at PBIAS a 

negative number indicates the model is under simulating and a positive number indicates the model is 

over simulating. 

Ryan reviewed the hydrographs of the five sub-regions showing a simulated hydrograph in red and the 

observed in blue. The hydrographs the model simulates are representative of a system without water 

demands and without infrastructure, the observed hydrographs include water demand and 

infrastructure. As we move further down the system, from the headwaters to the Boreal Plain, it 

becomes more challenging to simulate streamflow. 

 In the headwater region the streamflow is simulated pretty well. 

 In the foothills region the streamflow is simulated pretty well, peaks are hard to simulate. 

 In the prairies region there are more water users and infrastructure which makes it harder to 

compare the modelled hydrograph to the observed hydrograph. Additionally, there are big 

rainstorms later in the year which are hard to simulate. 

 In the Lesser Slave region there are many water diversions, the model is over simulating late in 

the season; however, this is a meaningful simulation. 

 The Boreal Plain region is the most challenging region to simulate, notice the values of the NSE 

go down in the boreal model. Hydrologists would suggest this is a relatively accurate model. 

These hydrographs, which represent the outputs from the hydrological model, feed into the river system 

model (OASIS). The streamflow simulated from the river system model shows a representative 

hydrograph for ongoing discussions. 

A participant noted peaks seen in the hydrograph accurately represent the large snow pack and heavy 

rainfalls as seen in 1995 and 1998.  

Question: One of the things that was helpful in the Data and Modelling Committee call was a 

conversation regarding where the model was stronger and weaker. It was noted the model over 

represented how wet the upland areas are, however if this area is under represented it would drain 

the upland area too quickly which would affect the low flows. Could you explain the effect that this 

would have on modelling results when looking at the boreal plains area? 

Response: The flow generated in the boreal plains occurs as a result of storage rather than 

topography. Therefore, the wetness condition of peatlands, wetlands, and uplands determines the 

amount of flow that is seen streams in the Boreal Plain. Our working hypothesis for the over-
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simulation is that we are not simulating how wet the uplands are very well. If the uplands are very 

wet they will generate water, if not, they won’t generate water. We do not think we are simulating 

upland storage well, and essentially we are not drying out the system enough. As a result of this 

dynamic the model results show higher early season flows from streams in the Boreal Plain.  

3 Live modelling in today’s meeting 

Everyone does not need to have an in depth knowledge of the model, however participants should be 

comfortable with using the model in the live modelling sessions. Comfort with the model will be 

developed throughout the Working Group meetings; throughout these meetings participants will 

develop a shared understanding of the model and the river system it represents. In the breakout groups 

we start by looking at the system as it is today. We will then look at opportunities, as presented by the 

Working Group, and finally we evaluate how the opportunities affect the system using performance 

measures.  

Three opportunities were discussed as a group: limiting temporary diversion licenses (TDLs) in the Upper 

Athabasca, the Mirror hydro site in the Central Athabasca, and implementation of the aboriginal 

extreme flow (AXF) in the Lower Athabasca. The opportunity to limit the TDLs is described in the 

accompanying slide deck (slide 37 onward). These options were further discussed in the breakout 

groups. 

Question: When a hydro site is added into the model is evaporation considered? 

Response: Yes evaporation is considered in the long term. In the live modelling sessions we would 

not worry about evaporative losses; however, as we refine the opportunity we would do calculations 

to take evaporation into account. 

4 Breakout Groups - Session 1: Explore and discuss opportunities identified to date 

Participants were asked to break into three groups to use the model to look at the opportunities Ryan 

had reviewed and to model one or two additional opportunities from the opportunities list. 

The objective of this breakout group is to explore the opportunities using the model, to have informed 

discussions regarding the opportunities, and for participants to gain comfort with the model. 

Participants broke into three groups representing three areas of the basin:  

Table 1 (Megan and Danielle): Lower Basin 

Table 2 (Denise and Ryan): Central Basin 

Table 3 (Claire and Devin): Upper Basin.  

Below is a summary reflecting discussions at the tables and points from the flip charts.  

Table 1: Lower Athabasca (Megan and Danielle) 

Opportunity: Implement Aboriginal Extreme Flow (AXF) of 400 cms in the river below the confluence with 

Firebag River during open water season (April 16 to October 28). 
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ACTION: Danielle to follow-up with Pat (AEP) to confirm exact location of where this minimum flow 

should be implemented. 

Purpose of the AXF was to ensure a minimum sufficient flow in the main stem and tributary mouths 

for navigation. It was put forward to the Phase 2 Surface Water Quantity Framework in the As Long as 

the River Flows document. The document identified 400 cms as a minimum and ~1600 cms as the 

ideal. 

Alternatives to implementing a minimum flow could be: 

 Dredge the river to remove sediment and increase depth. 

o It was recognized the model developed for this project represents flow, not depth. 

However, an existing flow-depth-navigation relationship can be used to infer effect that 

different flow levels will have on navigation. 

 Changing vessels to use those that require less water depth e.g. air boats.  

o Conceptually, options can be considered as either build the river for the boat or build 

the boat for the river. Using different boats is an example of the latter. 

 Use structures to create depth in navigation pinch points. 

 Put in a dam upstream and operate it to meet AXF. 

The flow in the main stem is largely driven by natural dynamics. Licence withdrawals for the total oil 

sands vary but are limited 4.4 cms, during low flow periods (<87cms). That is relatively small 

compared to a flow target of 400 cms. 

Results from modelling this opportunity in the historic record: 

 The AXF violation chart showed that over the 196 days long open water season, the AXF would 

be violated, for example, on ~25 days in 2001. It was violated (but for fewer than 25 days) in a 

number of other years as well. 

 Reducing licence demands in order to meet the AXF had only a minor increase in how often the 

AXF was met but significantly increased shortages for TDLs from 2k dam3 over the record to 18k 

and for high volume licences from 5k to 45k. 

 It would be valuable to show a corresponding chart of precipitation in the basin over the same 

record to see how the natural weather in the system is the major driver of flow in this river 

reach. 

Opportunity: Use a new reservoir upstream of Fort McMurray (#346 in the model, approximately the 

Grand Rapids site location and volume) to release water as needed to meet the AXF. 

This opportunity was modelled and reviewed in the afternoon session. 

Suggestion: Use m3 instead of dam3. 

ACTION: Check demands downstream of Node 550 to make sure they are correctly located. 
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Table 2: Central Athabasca (Denise and Ryan) 

Opportunity: Mirror Hydroelectric Dam Site potential on mainstem of the Athabasca River. 

The initial assumption is the reservoir is trying to keep full to maximize head. This assumption was 

revised, and it was acknowledged the reservoir would be drawn down to meet electricity and other 

water demands. This included releasing a minimum of 100 cms downstream during the low flow 

season, and capturing peak flow.  

In a drought scenario there may be impacts on water use. Water reuse for communities and other 

water users might be considered. 

There was a discussion of land clearing impacts of the hydro dam facility. The discussion focused on 

the area and nature of the land base and associated activities that may be taken out of use with 

inundation. Would Traditional Lands or uses be affected and are these lands being used for 

agriculture now? There is some likelihood these are claimed as Traditional Lands and it was suggested 

some ranching and grazing activities are going on there now. We did not model this but pondered the 

size of area that would be cleared. 

Opportunity: Increased irrigation with an increase in agricultural area, outside the footprint of the 

reservoir and dam facility. 

It was discussed there will be a loss of water associated with the reservoir, including losses from 

evaporation and seepage, and associated potential impact on mainstem. 

The group explored the effect of X number of acres being irrigated; assume 10,000 acre feet and 

what number of acres triggers a shortage downstream. This scenario showed little impact on 

downstream flows in mainstem.  

The discussion also included the note to consider trade-offs of land loss and lost opportunity costs 

associated with inundation from a large reservoir.  

ACTION: Ryan to explore effects of irrigation on water quantity in the Athabasca to find threshold 

irrigation amount. 

Opportunity: Lesser Slave Lake levels managed actively with weir at outflow of the lake. 

Current state is that 578-576 metres is top of lake with weir. 

ACTION: Ryan will verify data that the Lesser Slave Lake is 575.8 m. 

Assumption: Retrofit and operate weir to raise the lake. 

Instream flows were discussed in terms of how to set a target for instream flow needs. Fish passage 

and needs of instream flows for fish populations were discussed. This was expressed as a concern; 



Draft Meeting Summary 
Athabasca River Basin (ARB) Initiative 

  
 

10 
 

the Lesser Slave River levels drop at times. 

It was discussed the model response was very sensitive to the bathymetry of the lake.  

ACTION: Ryan will work to refine the bathymetry data set. 

Some in the group expressed disinterest in a hydroelectric dam at this site. This was expressed as a 

concern for fish habitat and ecosystem health in that there would be a more stagnant water body 

rather than dynamic river function for fish habitat. It would have to be examined as to what extent 

fish use this reach and if there are critical areas for spawning and rearing throughout this area. What 

options are there in the basin to ensure fish have the habitat types they need was also mentioned. 

Use of lands for more intensive agriculture and trade-offs was discussed. 

The group chose the winning name of the model: Athabasca Integrated Model (AIM) (as per ‘name that 

model’ on slide 47). 

Table 3: Upper Athabasca (Claire and Devin) 

Initially the group discussed the pre-modelled opportunity to cut the water available to TDLs by half. 

 Limiting TDLs in the suggested way has the potential to limit development. Instead of limiting TDLs 

can we look at changing the source of the TDLs; perhaps we could change the source to offstream 

storage. 

o Perhaps we could limit TDLs based upon stream order, for example we could limit TDLs 

taken from streams with the stream orders of 1, 2, or 3. 

Question: How are TDLs aggregated in the model? Does the model assume the same use every year 

in an ongoing pattern?  

Response: Yes. The model assumes the same use is an average of the last 5 years of reported use. 

Question: Are the IFN’s for TDLs modelled?  

Response: They can be but it is our assumption there aren’t any currently. If there are, we should 

obtain these locations and can implement the IFNs. 

To look at the impact to the system, the group modelled the full allocation scenario. The model was run 

with all licenses taking their fully allocated volume of water. 

 ACTION: Look at the full allocation run, this run doesn’t seem to be affecting the water in the 

main stem of the Athabasca River. 

A large new demand was added to the model to see the effect on the system. The new demand 

represented water being pumped to Fox Creek for hydraulic fracturing. Note this is not an opportunity; it 

is an opportunity to stress the system and see the affect via the model. 

 The volume of the new demand was set at 8 million cubes /year. 

 The demand is taken at the 947 bridge (node 40) on the main stem of the Athabasca River. 
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 This run results in a slight increase in shortages and an increased walleye recruitment reduction. 

Opportunity: A network of storage for grey water, effluent, return water, flow back water from hydraulic 

fracturing. 

 Grey water (or other water listed above) could be stored at various key locations and used by 

Industries that rely on TDLs, the storage water could be used when the flow in the river is low 

instead of taking water from the river. 

 If the water stored is water typically returned to the river, how would the lack of return flows 

impact the system? 

5 Climate variability and change in the ARB – Dr. Dave Sauchyn and Luliia Abdreichuk 

Climate is changing; of the seven warmest years globally, six have been seen since 2009. The two most 

recent years are much warmer than what has been seen in the last 100 years. 

Since the late 1970s every year has been warmer than average; December 2016 was the 384th 

consecutive month with a global temperature above the 20th century average. There is some natural 

variability; however there is a strong signal of human intervention in the system. In the 1990s there was 

a steep rise in temperature, this levels off in the 2000s however, over the last few years it has again 

started to increase. 

In the ARB at Fort McMurray the average mean winter minimum temperature has increased by 5 

degrees from 1979 – 2009 to 1912 – 1942 (slide 52). This increase in temperature has hydrological 

impacts for snowpack. This is an implication of global warming in Alberta. Although global warming is 

clear in the data the natural climate variability in the basin makes it hard to observe on a day-to-day 

basis. 

Slide 53 shows the mean temperature and precipitation change in the wintertime in northern Alberta. 

Most of the well accepted climate models indicate there will be more precipitation; all of the models 

indicate there will be a warmer climate. In general there will be much warmer and wetter winters, with 

warmer and slightly wetter summers in the basin.  

Slides 53 and 54 show climate projections do not all agree, even the same climate model run over and 

over will not give the same results; this is indicative of the uncertainty of the models. 

There are two types of climate models – global climate models (GCMs) and regional climate models 

(RCMs). GCMs cover the whole world with 300 km grid cells (300x300km). The GCM for Canada would 

only have three or four grid cells for the whole ARB. RCMs are run for smaller regions like North America, 

these calculate at a higher resolution with approximately 50 km grid cells. The RCM’s have tens of grid 

cells for the ARB; there is a version of the Canadian RCM where grid cells are approximately 22 km and 

this is the data processed for application in the ARB Initiative. 

Slide 59 shows the mean monthly temperature over the ARB as calculated by the climate models. The 
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dashed line shows the recorded temperature; these models do a good job of simulating the 

temperatures of the basin. Slide 60 shows projected future temperature rises; all of the models (except 

one) show warmer temperatures in the winter and fall. 

Slide 61 shows the mean monthly precipitation in the ARB as calculated by the climate models. The 

dashed line shows the recorded data. Slide 62 shows the projected future precipitation in the ARB. 

Climate models have a hard time simulating precipitation; it is much harder to simulate than 

temperature. 

There were ten climate models that could have been selected for the ARB Initiative; summaries of the 

output from these models can be seen on slides 62 and 63. Three of these were provided to the 

modelling team; one as the most average of all of the possible climate models, and the other two 

represent the extremes of all of the climate models.  

There are many uncertainties in projecting temperature. Three major sources of uncertainty are the 

uncertainty of the model itself, the uncertainty of what the future greenhouse gas emissions will be, and 

the internal natural variability of the climate system. Most of the uncertainty for precipitation is related 

to the natural variability of the climate system. This uncertainty is higher in North America, especially in 

the winter at the mid and high latitudes; because of high variability in the natural climate system. 

Northern Alberta and Siberia have the world’s most variable climates. 

If we want to look at historical natural variability in the ARB there is only gauge data from 1913 – 2016. 

To reconstruct the historic precipitation records tree rings were used; this can be done because streams 

and trees respond to the same weather variables. In trees the amount of growth every year is 

dependent on the amount of water available to the tree; this is also reflective of the amount of water in 

the river. Once the tree ring data was collected the recent years were compared to recent river gauge 

records (slide 76) to validate the model. 

Looking at tree ring data back to 1111 and 1500 (slides 77 and 78) the natural variability of the system is 

apparent. On slide 78 the high flow years are seen in blue and the low flow years are seen in red. Dry 

years in recent history, such as 2001 and 1930, can be seen. Just before the gauge data there was a 

period where the river was low for 10-12 years. There are periods where there are many red bars close 

together, indicating a long term drought (10+ years), the most recent being in the early 1900’s. 

Slide 80 shows periods of weather variation; time is on the horizontal axis, the vertical axis is the length 

of the natural climate cycle. If the cycle is long it is shown in red in the figure. This figure illustrates there 

are some natural cycles in the ARB. 

There are three scales of variation in the climate and the flow of the Athabasca River: 

 Decadal where the climate is wet and the river is high for a decade or two 

 A shorter cycle where there are a couple wet years and a couple dry years, and 
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 An overall trend—this overall trend is global warming.  

When these three variations are added together it is hard to distinguish the distinct impact of global 

warming because it’s amongst the other variations. A good way to think about the system is it is mostly 

natural variation with an overall trend to global warming.  

Question: Have the models given any thought to the discontinuous permafrost area, whether that 

will start affecting flows in terms of the lands potential to hold and/or release water? 

Response: There has been research in other parts of the world regarding permafrost and the frost 

has started to degrade a lot. River flows have gone up quite a bit in the Northwest Territories; this is 

attributed to permafrost.  

Question: Basin boundary—is there a small part in other basins?  

Response: No. The modelling does not include the Saskatchewan part of the Basin. 

Question: What climate scenario is the data for the integrated model from? 

Response: Climate data is from NARCAP (North American Regional Climate Assessment Program), 

based on the A2 GHG climate scenario.  

Question: For an impact assessment, if you have data from 2041-60, can you do a 20 year impact 

assessment? 

Response: There are only two places in Canada which can currently run these climate models: 

Victoria and Montreal—it requires a lot of computing power. 

Question: The general predicted trend is warmer and wetter, however there is a general downward 

trend in flow, how can that be reconciled? 

Response: Slide 81 is for illustration purposes only. There is very little change in overall trend, what is 

more important is the variability year to year and decade to decade. None of these cycles are natural 

anymore; human activity has changed the whole system. The amplitude and length of these cycles 

are changing because humans have influenced many of the impacting climate variables. Additionally, 

the Pacific Ocean largely affects the Alberta climate—we are heating up the Pacific therefore 

changing the climate. 

6 
Potential climate effects on water in the ARB: how climate will be included in the modelling 

and Roadmap development 

As a Working Group we need to decide how to approach changes in climate to create a robust Roadmap. 

The suggested approach is to look at the range of future changes to climate in the basin and ensure 

there is group discussion on how to adapt to potential future conditions. Based on previous studies in 

the basin, and the work Dr. Dave Sauchyn spoke about earlier, changes in air temperature and 

precipitation will provide a range of possible future scenarios. The broad set of scenarios can be 

represented quite simply as: 

 wetter than the recent past (Wetter scenario) 
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 similar to the recent past (Historical scenario), and 

 drier than the recent past (Drier scenario). 

We propose using these three scenario groups to test opportunities and to discuss the most robust 

opportunities across all three scenarios.  

Question: What we heard this morning is that the system will not get drier, it will only get wetter. 

Why would we want to use a Drier scenario? 

Response: We saw this morning the climate will almost certainly get warmer; as the climate warms 

there is potential we’ll lose more water because of evapotranspiration. It is also important to 

remember that, even in a 30 year climate projection that is wet there can still be individual and 

multi-year dry periods between the primarily wet years because of inter-annual variability.  

The Historic scenario illustrates what the future might look like if we assume the future looks like the 

recent past. The Drier scenario is based on work Dr. Dave Sauchyn has done, and combines 17 drought 

or low flow years together in a 30 year climate projection. This is meant to simulate effects of a long-

term drought that is seen in the tree-ring reconstructions, but not seen in our recent past. The Wetter 

scenario assumes precipitation will generally increase and air temperatures will also generally increase.  

Ryan reviewed how the three climate scenarios impact different parts of the basin. 

 Headwater region:  

o The Wetter scenario results in higher spring and summer flows; they also show less 

snow, higher water losses to the atmosphere, and higher glacial melt relative to the 

Historic scenario. 

o The Drier scenario shows a little bit more water in the headwaters in the spring and less 

water in the summer. Overall the Drier scenario shows less water available in the system 

relative to the Historic scenario.  

 Foothills region: 

o The Wetter scenario shows much higher winter flows and higher overall flow relative to 

the Historic scenario. 

o The Drier scenario results in lower flow relative to Historic scenario. 

 Boreal region: 

o The Wetter scenario resulted in higher spring, summer, and winter flows, with lower fall 

flows relative to Historic scenario. 

o The Drier scenario resulted in lower flow during all seasons except winter.  

Question: Are the scenarios colour coded in the Performance Measures? 

Response: No, we will ensure they are in the future. 

Ryan reviewed the opportunity to limit TDLs in the Upper Athabasca under the context of climate 

change. This opportunity is described in the accompanying slide deck (Slide 99 – 102).  
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Question: Is the walleye recruitment reduction related to flow in the river? 

Response: This is based on Andy Paul’s paper from 2013, which used water use and flow in the river. 

Question: There is a recent study on climate change in the ARB from University of Lethbridge, have 

you compared the climate projections used in the ARB to this study? 

Response: Yes, we compared with a number of studies. There is huge variance and a lot of 

uncertainty in all of the scenarios, this why we do not want to predict what the climate will bring but 

instead want to challenge the opportunities around three different climate scenarios. 

Megan checked with the Working Group to ensure that everyone is comfortable with the proposed 

approach to look at climate change. We’re not trying to predict climate, we are trying to create a range 

of what the ARB might face in terms of effects from changes in climate, both anthropogenic change and 

natural variability.  

Question: Can you remind the Working Group of the Roadmap and how this all fits in with the end 

picture? Today are we playing with the model to gain understanding of the tool or are we working 

towards a Roadmap?   

Response: The Working Group is in the early stages of using the tool; right now we are all learning 

how to use the tool as a group, while we test opportunities for the Roadmap. As we test these 

opportunities in the model the Working Group can highlight some of the most promising 

opportunities. We recognise that while we are working through the opportunities we are really 

focussed on details of individual opportunities; as we progress we will be sure the Working Group 

has the time and the right structure to get out of the weeds and look at the bigger picture across the 

basin.  

7 Breakout Groups - Session 2: Explore opportunities to adapt to climate change scenarios 

Participants were asked to break into three groups to use the model to review the response of this 

morning’s opportunities to potential changes in climate and to identify opportunities to adapt to 

potential changes in climate. 

Participants broke into three groups representing three areas of the basin:  

Table 1 (Megan and Danielle): Lower Basin 

Table 2 (Denise and Ryan): Central Basin, and 

Table 3 (Claire and Devin): Upper Basin.  

Below is a summary reflecting discussions at the tables and points from the flip charts. 

Table 1: Lower Athabasca (Megan and Danielle) 

Opportunity: Grand Rapids 400,000 cdm reservoir upstream of Fort McMurray that releases water to 

meet the downstream 400cms AXF during open water season. 

Results: 
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 Implementing the dam removed all violations of the AXF compared to the system without the 

dam. 

 The reservoir storage chart showed that, at most, 120,000 cdm of the reservoir capacity was 

used to supplement the flow to reach the AXF, suggesting the reservoir could be considerably 

smaller than 400,000 cdm. 

 The same chart showed the reservoir was used in seven years out of 45. 

o This raised questions about the benefit of the infrastructure. Do costs outweigh 

benefits? 

o This could then lead to considering other purposes for the facility (multi-purpose instead 

of single purpose) or considering alternatives identified in the morning for enabling 

access to tributaries (dredging, different vessels, structures to create depth). 

Opportunity: Implementing the AXF in the Wetter scenario. 

Group expected to see fewer AXF violations as the basin would be generally wetter. 

Results: 

 AXF violation chart showed no violations i.e. the 400cms target was always met. 

However, in the Wetter scenario, temperatures would be higher therefore the open water season could 

be longer (see below) and there would be challenges for ice roads. 

Opportunity: Implementing the AXF in the Wetter scenario for a longer time window (e.g. mid March to 

end of November). This was also looked at with 30 days added on both ends. 

Group expected to see more violations because the timeframe has been expanded into both 

problematic shoulder seasons (early Spring and late Fall). 

Results: 

 The window is now 256 days instead of 196. While not always met (i.e. there were still some 

violations), the longer window for AXF resulted in more navigation days i.e. meeting the 400 cms 

compared to having the shorter window. 

 In general, it was observed shorting the oil sands licences had very little impact on improving 

navigation (measured in the number of days the AXF was met). It should be noted the model was 

all licences; not just oil sands licences. Oil sands are the major users and other licences are quite 

small in comparison, so it doesn’t change the story significantly. 

An outstanding question is whether there would be a demand for a longer navigation window. Some 

members raised an idea that just because we can have a longer window in the Wetter scenario, it 

doesn’t necessarily mean we should. 

Opportunity: Implementing the AXF (with the original timeframe) in the Drier scenario. 
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Group expected to see more violations, particularly in the fall. 

Results: 

 More violations than seen in the Historic scenario. 

Options to address the violations: 

 Look at licence reductions, however the reductions already specified in the Surface Water 

Quantity Management Framework are reflected in the model and would have been triggered, 

therefore the potential from licence reductions would be limited. 

 The list of other alternatives mentioned before (dredging, different vessels, structures to create 

depth, upstream reservoir). 

Opportunity: Implement AXF and an upstream reservoir to meet AXF in the Wetter scenario. 

Results: 

 There were no violations of the AXF. 

 Storage was not needed to meet the AXF all the time. 

 Licenses did not need to be shorted to meet the AXF all the time. 

ACTION: Check why a single shortage was showing up in early March in this run (Node 312). 

Opportunity: Implement AXF and an upstream reservoir to meet AXF in the Drier scenario. 

Group expected to see more violations in the spring and fall that could be reduced by the releases from 

the upstream reservoir. They expected the upstream reservoir would need to be bigger and used more 

often than what was seen in the Historic scenario. 

Results: 

 The upstream reservoir was used in five years out of 30 (compared to seven out of 45 in the 

Historic scenario. 

 The upstream reservoir used up to ~30,000 cdm of capacity (compared to ~120,000 cdm in the 

Historic scenario). 

This was surprising and led the group to ask whether the “Drier” scenario was actually much drier than 

the historic record given that the historic record contained 2001 which was an extremely low flow year. 

Dave Sauchyn’s data suggested that 2001 was the 26th worst year out of the past 900. 

ACTION: Ryan to check whether the Drier scenario is actually significantly drier than the Historic 

scenario. If not, consider adjusting the Drier scenario. 

Additional opportunities to be modelled: 

1. Run the Historic Scenario with the AXF in place, but with full allocation of licences instead of 

actual use. This may not show a large difference as low flows would trigger the Surface Water 
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Quality Management Framework triggers, therefore withdrawals would be capped. 

2. Estimate how much more withdrawal capacity (i.e. for additional licences) the upstream 

reservoir would create, over and above making releases to meet the AXF. 

3. Estimate the impact on river flows of return flows from oil sands operations. This could show 

water quantity impacts not water quality impacts.   

Table 2: Central Athabasca (Denise and Ryan) 

Note the list of opportunities previously identified included scenarios that could not be modeled. These 

are on the list of opportunities from January 20th and appear numbered as:  1, Account for water 

collection at local sites; 5, Address access management and linear disturbances; 6, Ensure adequate 

reforestation and buffer requirements for logging activities.  

Opportunity under climate change scenarios. 

Mirror Hydroelectric Dam Site. 

Opportunity to reduce peak flows if reservoir retained at 1500 cms to manage downstream flood peaks. 

Modelled: Irrigation expansion with increase of 10,000 acre feet of water use scenario.  

Release would occur during the year except during high flow events; there is an effect on walleye 

recruitment and effects of shortages if this operation occurs over the entire year. However, it was noted 

irrigation would only occur May through August, during growing season.  

Nutrients from agricultural practices were discussed as a potential impact to water quality. Change in 

land use practices would have an effect but not modelled at this time. Different plants or crops have 

different uptake in nutrient potential. It was asked what forestry practices are considered to look at 

uptake of water. 

It was noted that irrigation is not driving shortages in the system. Spring shortages were also considered, 

along with number of acres to have effects on tributaries and mainstem. 

A dam would not trigger shortages, except at low flows while it is trying to meet 100 cms downstream.  

For example, in winter, there would be shortages in TDLs. In this case, the central part of the basin would 

show shortages in TDLs because the reservoir is assumed to have higher priority over TDLs. In reality, this 

may or may not be the case, and operators would be able to adjust accordingly.  

It was noted timing may impact walleye recruitment.  

The group suggested other ways to display results to make them more intuitive and easy to understand 

(for example, use box plots versus bar graphs). It was noted not all participants are scientist, and box 

plots can be difficult to interpret.  
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ACTION: Ryan to look into different ways to display the results. 

The Drier scenario and the Wetter scenario were modelled. Wetter scenario showed change in 

Aboriginal Navigation Index (ANI), and navigation would be improved due to more water in the system. 

Reservoir discussion. 

The group discussed the idea of how to approach TDLs and represent them in the model in general. TDLs 

occur in any given year, so assume TDLs are “on” reflecting a shortage in demand and realities. The 

reservoir would potentially “take” or hold water, thus impacting TDLs as modelled. 

ACTION: Ryan to model TDLs turned off, or scales down, to run model in this way to compare. 

With increase in irrigation, the idea could be to capture peak flows. In a drier year, as in drought, TDLs 

would be less available if at all. 

Wetter scenario modelled showed an increase in freshet flows and decrease in summer flows, with 

overall annual flow increasing. 

Drier scenario showed both a reduction in freshet and summer flows, and also in annual flows. Note that 

precipitation is higher, flows increase and snow amounts are 10-40% less. 

ACTION: Ryan to model TDLs and licences with full use of allocations and impacts to river quantity and 

flow. 

Note we ran this opportunity but time did not allow a review of the results. 

Assumption: Stabilize lake level with a 0.7 m increase in lake level with the weir. Low flows decrease and 

higher flows increase downstream for the Historic scenario.  

6 cms is assumed and the downstream requirement cannot be met with minimum lake level set, this 

results in a reduction of streamflow in the Athabasca River at Fort McMurray in winter.  

Table 3: Upper Athabasca (Claire and Devin) 

ACTION: The dates shown in the PMs when we are looking at future climate scenarios should be labeled 

as future years (currently the year numbers show past years such as 1995 which is confusing because the 

scenarios are meant to represent the future). 

 Looking at the PMs: Annual number of days at or below ecosystem baseflow – the Drier scenario 

looks better than the Historic scenario – is this accurate? 

o There is a chance this is simply due to the natural variations in weather in the basin. 

The group looked at the opportunity to limit TDLs by cutting availability to half under future climate 
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scenarios. The Drier scenario was contrasted to the Drier scenario with the limited TDLs opportunity. 

ACTION: PMs should be able to be viewed monthly, specifically there should be a monthly shortages PM. 

Opportunity: Add storage for TDLs, add 500,000 cubes (equivalent to 10 wells) or a one year program. 

 This storage could be used seasonally, or only when necessary (when TDLs would be cut off). 

 Long term this storage could be modelled as being filled with effluent, or with return flows. 

Discussions regarding basin-wide opportunities: 

 Alberta News Print Company is currently supplying companies with water for hydraulic 

fracturing. 

 The Alberta Desktop Method (ADM) should be looked at to create instream flow needs (IFNs). 

o These should be specifically looked at for Dismal Creek and the Upper Pembina – 

upstream of node 140 IFNs using the ADM could be looked at for when to limit IFNs. 

 Water withdrawal limits should be looked at in the Burland system. 

 Oldman hydro site: 

o The Oldman hydro opportunity was modelled using a constant storage; it was set up as a 

hydro site where the water flows through. When it operates this way it does not show 

any impact on the system. 

o Trade-offs for hydro: any hydro would have fish passage issues; hydro does not generally 

offer any benefits to fish. 

o Any hydro site will have land disturbances; these land disturbances will affect treaty 

rights. This ties back to the conversation around compensation lakes. 

Water efficiency: 

 Water Conservation, Efficiency and Productivity plans should be looked at. 

 Municipalities: ongoing effort to be as efficient as possible, mostly infrastructure upgrades. 

 Is there any way to improve the groundwater flows to the rivers, for example through 

groundwater connections, or improved culverts? 

Manipulations in the model don’t seem to have an impact; this likely shows there is so much water in 

the system that many changes won’t have an impact water availability. 

The ARB Integrated Model should be used to model a reservoir that has operations to provide water to 

shorted areas. 

8 Next Steps and Close 

Mike ended the day with some closing comments. He thanked the Working Group for attending today, 

there was a lot to digest and work through and there were some excellent contributions from the 

Working Group. 
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The next meeting is March 14th, 2017. The agenda for this meeting will be compiled over the next few 

weeks. We envision the next meeting stepping to see the bigger picture and use the model to simulate 

the opportunities identified to date, as well as discuss opportunities that cannot be simulated. We will 

also bring in the landscape change component to get the Working Group familiar with it. Going forward 

the Working Group will continue to model and discuss and refine opportunities in the context of future 

change. 

A Data and Modelling Committee meeting will be arranged if necessary prior to March 14th 2017, to 

ensure the model is ready.  

ACTION: Claire and Ryan to set up the next Data and Modelling Committee meeting if necessary. 

Slides and a meeting summary from today will be circulated to participants for information and 

comments. The project team will follow up action items as necessary. 

Mike again acknowledged today’s excellent contributions and thanked everyone for their support, 

enthusiasm and input. The meeting adjourned at 4:00 pm. 
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Welcome and introductions 
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Today’s Agenda 

9:00 Welcome, introductions, and opening remarks Mike 

9:25 Overview of tool and live modelling in today’s meeting Ryan 

10:00 Break - 

10:15 Breakout groups: explore and discuss opportunities identified 
to date 

All 

11:20 Readouts to plenary Group Reps 

11:35 Presentation: Climate variability and change in the ARB Dave 
Sauchyn 

12:15 Lunch - 

1:00 Potential climate effects on water in the ARB: how climate will 
be included in the modelling and Roadmap development 

Megan and 
Ryan 

1:30 Breakout groups: explore opportunities to adapt to climate 
change scenarios  

Includes an informal break 

All 

3:30 Readouts to plenary Group Reps 

3:55 Next steps, and close Mike 
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Chatham House Rule 

4 

Be bold; be innovative; focus on fixing the problem, not the blame!   
• Chatham House Rule applies 

 
The Chatham House Rule is a system for holding debates and discussion panels on 
controversial issues, named after the headquarters of the UK Royal Institute of 
International Affairs, based in Chatham House, London, where the rule originated in 
June 1927. 
 
It is designed to increase openness of discussion. 

 

The Chatham House Rule reads as follows:  

 

“When a meeting, or part thereof, is held under the Chatham House Rule, participants 
are free to use the information received, but neither the identity nor the affiliation of 
the speaker(s), nor that of any other participant, may be revealed.” 
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Keep in mind… 

• There is lots of info here….slides and meeting summary will be sent out 

after today 

• Everything here can be shared publically 

• You may ask questions as we go through the slides and during the 

working sessions today 

• Some of the material will be reviewed in future meetings 

• This process is iterative - it is on-going work 

• There will be technical information presented today.  You don’t need to 

know this all in order to have the discussions and use the model as we 

are going to today.  
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Reminders about the integrated model… 

• The integrated model represents the basin today based on 

available data and information to date 

• “All models are wrong, some are useful” 

• We believe the integrated model is a useful 

representation of the ARB watershed. 

• The integrated model and PMs show direction and magnitude of 

change within the system. 

• There will be some small refinements as we move through this 

iterative process; however, the integrated model is built and 

ready for use.   
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Reminders about the integrated model… 

https://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjly_aPg-DRAhVN0WMKHQtrD70QjRwIBw&url=https://www.youtube.com/watch?v%3DBGVTWy_C8CY&psig=AFQjCNHqbMkCj-KuHEXwumDBIvq8NUt-_w&ust=1485527376854345


8 

Current scope  
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Scope looking forward  
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Collaborative water management creates informed 
discussions that can move toward action 

1. Bring together the people that know 
the water management systems  

2. Provide a strong base of data and tools  

3. Work collaboratively to identify 
impacts and opportunities  
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ARB integrated model  

Output: future daily precipitation 
and air temperature 

Outputs: changes in landscape 
composition from various scenarios  

Outputs: changes to streamflow based on 
changes to climate and landscape, 
changes in snowpack, soil moisture, etc. 

Outputs: Changes to streamflow and 
PMs that show  effects of strategies on 
the system 

Input: opportunities (e.g., changes in demand/water use, flow 
targets, infrastructure changes, land use  and landscape change, 
changes in climate, etc.) and expertise. 
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Examples of ‘What if…’ questions 

Working group participants decide on the issues and opportunities 
they would like to explore using the modelling tool 

• What if precipitation occurs as rain in the spring rather than snow?  

• What if current population centers were to double or triple in size? 

• What if water intensive resource processing industries located in ARB because 

licences are available? 

• What if we experience the drought of the century? 

• What opportunities might potential hydropower facilities provide for water 

management?  

• How would landscape change affect streamflow? 

• What actions will improve water navigability? 

 As a community or organization, what are my water concerns? 
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Reminder: Goal for this work is an ARB Roadmap 

A Roadmap is: 

a set of strategies and implementable actions, developed by an inclusive basin-wide 
working group using collaborative modelling and dialogue, that provide a 

recommended path toward sustainable water management in a basin. Roadmaps 
help inform future planning and management efforts as they relate to water. 

 

 

This current scope of work will build a “Roadmap for Sustainable Water 
Management in the ARB” (ARB Roadmap). 

• A set of recommendations outlining what sustainable water management could 
look like in the ARB from the Working Group.  

• Reflects what the Working Group (voice of the basin) has worked through, the 
opportunities that were identified as the most promising, along with 
commentary on tradeoffs for each.  

• Starting with surface water quantity 

• Additional components of the Roadmap can be built on this surface water 
quantity Roadmap work (e.g., water quality) 
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Participation in the ARB Initiative 

• Issues 

• Opportunities  

• PMs  

Perspectives 

• Models 

• Input 

• Dialogue  

Process 
• Strategies 

• Outcomes 

• Identified gaps 

Roadmap 
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Happenings since the last time we met… 

Data and modelling committee call (January 9th) 

• Meeting objectives 

• Review the hydrologic model and how it will be used in the third 
working group meeting 

• Discuss climate analysis and scenarios for the third working 
group meeting 

• Representatives from AEP, AWA, Repsol, Suncor and Teck were on the 
call. 

• Next steps were to finish the model development and verification and 
run all the climate scenarios. 

• There was a lot of data presented in this meeting and it was 
concluded that the next call will be after the January 26th Working 
Group meeting. 

• Meeting summary for this call is available if participants are 
interested.  
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Happenings since the last time we met… 

Fort McMurray meeting (January 17th) 

 

Attendees included representatives from: 

• ATCO 

• Environment and Climate Change Canada 

• Fort McKay First Nation 

• Fort McMurray First Nation #468 

• McMurray Métis (represented four Wood Buffalo Metis Locals) 

• Regional Municipality of Wood Buffalo 

• Repsol 

• Suncor 

 

Discussion and interest in the work, some participants requested clarification is provided on:  

• how and when the GoA will be consulting on various water management policies. 

• how this work will or can link with other water discussion (e.g., tailings management framework). 

• that GoA is not using this as their consultation mechanism in the basin, and if they are not, where 
this consultation is anticipated to occur. 

• how this may ‘inform’ updates to the LARP and what consultation will be undertaken with the 
‘opportunities’ identified in this report.  
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Happenings since the last time we met… 

Discussion on opportunities 

• Understand the link between surface hydrology, the changes in groundwater, vegetation 
conditions, and forest fires 

• Recreational fishing and hunting declines 

• Alternate methods of transportation on the river to access fishing and hunting areas 

• Need a specific policy/directive to enable oil sands to treat and release water  

• Create a threshold for groundwater withdrawals 

• Map areas of hydrologic sensitivity in the basin that supply water to sub-basins and are locally 
important to communities.  

• Identify and conserve areas for source water protection 

• Recognize and address Infringements on Treaty Rights: Create trust and path forward through 
addressing underlying issues.  

• Model environmental thresholds rather than production based thresholds in LARP 

• Protection of more water bodies 

• Explore temporal changes for withdrawals to limit stress on the aquatic system 

• Measure impacts from surface water quantity changes to the ecosystem 

• Different compensation mechanisms for fish compensation in the ARB 

 

Meeting summary will be sent out with the meeting summary from this meeting.   
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Vision: Roadmap for sustainable water management in 
northern Alberta 

Athabasca River Basin (ARB) Initiative 

+ 

Athabasca-Peace-Slave River Basin 
(APSRB) Initiative 

= 

Collaborative review of water 
management issues and opportunities 

for the whole Slave  River system in 
Alberta 

 

Roadmap for sustainable water 
management in northern Alberta 

• Begin with focus on surface water quantity management   

• Observe boundary agreements and existing water law 

• Engage in collaborative and proactive water management for the 
basin  
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Athabasca River Basin (ARB) Initiative: progress 

Status update: 

• First two Working Group 
meetings were well attended and 
productive 

• The third and fourth Working 
Group meetings are scheduled 
for January and March 2017 
where participants will explore 
water management opportunities 
they have actively identified 
across the basin, and how they 
look under climate and landscape 
change  

• A supplementary meeting was 
held in Fort McMurray January 
2017 to increase engagement 
from that region of the basin   

• To our knowledge, the integrated 
model has been further advanced 
than any other model at this scale  

Project funding to date ($1,450K of $1,500K) from: 

• AI-EES, ATCO, AER, AEP Policy; AEP Monitoring and 
Science, Suncor, Repsol 

Letters of support from: 

• ATCO, Shell, Suncor, Teck 

• AEP Policy, AEP Monitoring and Science 

• WPACS: LSWC, BRBC 

• Alberta Newsprint Company, Westmoreland Coal, 
Alberta Forest Products Assoc., Al-Pac 

Participation in first two working sessions: 

• ~ 5 First Nations and Métis groups 

• ~ 7 Federal and Provincial government agencies 

• ~ 6 Municipalities, municipal districts, and counties 

• 2 Watershed Planning and Advisory Councils  (WPACS) 

• ~ 7 ENGOs/NGOs groups 

• ~ 10 Industry (companies and groups) 

 

 
Project timeframe: May 2016 to May 2018 

January 2017 
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Athabasca-Peace-Slave River Basin (APSRB) 
Initiative: progress 

Status update: 

• Project is ready to launch 

• Alignment with GoA continues to 
be a priority  

• AEP is embarking on an internal 
planning process for 2017 and 
beyond; through this process they 
will ascertain how APSRB fits into 
their priorities and program 
deliverables 

• As a result, AEP is not yet able to 
support the launch of the APSRB 
Initiative 

• AEP support for this work 
expected, just a matter of timing 

Fully scoped project: 

• Preliminary basin issues and opportunities 

• Leverage ARB Initiative project lessons and resources 

• ~$1.7M budget, 2 years 

• AI-EES structure 

Expressions of commitment from range of participants: 

• AI-EES 

• MPWA 

• ATCO 

• Seven Generations 

• Aquatera 

Confirms value of covering the whole Slave system: 

• Water issues in the Peace-Athabasca Delta (identified 
as key for most ARB participants) 

• Transboundary considerations 

• Hydropower development in B.C. and Alberta 

Project timeframe: Needs to be launched in early 2017 to  
maintain momentum and participant interest 

January 2017 
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ARB issues and opportunities will form the Roadmap  

Issues 

An important concern or 
problem related to water in the 
basin that warrants attention. 
• Can be current or future. 
• Can be reach specific or 

basin-wide. 
 

What the Roadmap needs to 
address / resolve 

 
 
 

Opportunities 

Specific actions that can be 
implemented. 
• To address the basin’s 

issues. 
• To make improvements 

reach specific or basin-wide. 
 

The strategies that will make 
up the Roadmap 

 

Discussions and lists advanced at the December 1st meeting in 
Edmonton and January 17th meeting in Fort McMurray 
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Today’s Agenda 

9:00 Welcome, introductions, and opening remarks Mike 

9:25 Overview of tool and live modelling in today’s meeting Ryan 

10:00 Break - 

10:15 Breakout groups: explore and discuss opportunities identified 
to date 

All 

11:20 Readouts to plenary Group Reps 

11:35 Presentation: Climate variability and change in the ARB Dave 
Sauchyn 

12:15 Lunch - 

1:00 Potential climate effects on water in the ARB: how climate will 
be included in the modelling and Roadmap development 

Megan and 
Ryan 

1:30 Breakout groups: explore opportunities to adapt to climate 
change scenarios  

Includes an informal break 

All 

3:30 Readouts to plenary Group Reps 

3:55 Next steps, and close Mike 
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Model description 

Regional Climate Models: simulates 
future climate conditions for the 
Athabasca River Basin   

Landscape Simulation Model: simulates 
changes in land cover based on  natural 
processes and anthropogenic disturbance  

Hydrological Model: simulates hydrological 
processes, and changes those processes have on 
streamflow  

River System Model (AROM): simulates river 
management, including human and environmental 
demand, and infrastructure operations 

Outputs: future daily precipitation 
and air temperature 

Outputs: changes to land use and 
land cover from various scenarios  

Outputs: changes to streamflow based on 
changes to climate and landscape 

Outputs: Changes to streamflow, impacts on 
human and environmental demands 
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Model spatial representation 

Watershed separated into five hydrologic models 
based on physiographic regions 
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Model description 

• Aiming to represent hydrologic processes 
correctly 

• Meaningful representation of the system 
to support useful discussion 
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Data sources 

● Hydrometric Data 
• 51 Water Survey of Canada Gauges used for Daily Discharge (m3/s) 

● Climate Data 
• Daily Precipitation and Temperature from 7 Environment Canada Stations 

• Mica, Cariboo Lodge, Jasper, Hinton, Whitecourt, Slave Lake, Fort 
McMurray 

• 28 Synthetic climate stations,  
• Derived by scaling nearest EC Station and PRISM monthly data 

• 27 Snow Survey sites used for modelled SWE verification  
• AB Environment and Parks, BC River Forecast Centre, AB Climate 

Information Service 
• 25 Environment Canada Climate Stations used for modelled Temperature 

and Precipitation verification (independent from model) 

● Spatial Data (ALCES Online) 
• Land-use (Deciduous/Cut/Coniferous Forest, Wetland, Grassland, Alpine, 

Glacier, Disturbed, Mine, Lake) 
• Digital Elevation Model (25 m resolution) 
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Model calibration and verification 

● Each model is calibrated using 2-4 sub basin streamflow records, from 
2003 - 2013, and verified from 1986 – 2012 
 

● In each model, calibrated parameters include:  
• Precipitation and air temperature lapse rates, snow melt factors, 

vegetation interception, soil routing 
 

● Calibration is done by maximizing the daily Nash-Sutcliffe (NSE)  
  
● Model evaluation done using monthly NSE and Percent Bias (PBIAS) 
● Evaluated air temperature, precipitation, snow water equivalent 
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Headwaters model 

Site NSE PBIAS 

Athabasca River At 
Hinton 

0.92 -1% 

Athabasca River 
Near Jasper 

0.97 -5% 

Miette River Near 
Jasper 

0.89 8% 

Whirlpool River 
Near The Mouth 

0.86 -12% 
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Foothills model 

Site NSE PBIAS 

Athabasca River 
Near Windfall 

0.94 -2% 

Berland River 
Near The 
Mouth 

0.79 -5% 

Gregg River 
Near The 
Mouth 

0.81 -1% 

Mcleod River 
Above 
Embarras River 

0.70 3% 
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Prairie model 

Note: all other WSC gauges are influenced 
by the Paddle River Dam 

Site NSE PBIAS 

Pembina River 
Near Entwistle 

0.70 14% 
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Lesser Slave model 

Site NSE PBIAS 

Freeman River 
Near Fort 
Assiniboine 

0.81 14% 

Sakwatamau 
River Near 
Whitecourt 

0.74 19% 

Swan River 
Near Kinuso 

0.65 5% 

Note: WSC gauges are influenced by 
diversions 
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Boreal model 

Site NSE PBIAS 

Christina River 
Near Chard 

0.53 8% 

Clearwater 
River At 
Draper 

0.70 -7% 

Firebag River 
Near The 
Mouth 

0.56 -16% 

Hangingstone 
River At Fort 
McMurray 

0.58 5% 

House River 
At Highway 
No 63 

0.54 0% 
Note: WSC gauges are influenced by 
diversions 
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ARB - comparison with observations 

Daily NSE = 0.66 
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How we will use live modelling today 

1. Participants build the tools => shared 
understanding 

2. Participants use the tools => builds trust and 
positive relationships for informed and 
transparent decision making 

3. Participants apply the tools to explore and 
evaluate opportunities => proactive and 
implementable  sustainable water 
management solutions 
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How we will use live modelling today 

Current 
system 

Opportunity 
Performance 

Measures 
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Opportunities 

Upper 

• Limit TDL withdrawals 

 

Central 

• Mirror Hydro site 

 

Lower 

• Aboriginal baseflow and 
aboriginal extreme flow 



37 

Upper Athabasca - limit TDL withdrawals 

• Limit TDL withdrawals in 
watersheds with higher 
TDL licence volumes: 

• Lesser Slave 

• Lower Athabasca 

• Clearwater 

• McLeod 

• Upper Athabasca 

• Simple scaling factor 
added to the model  
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Opportunity 
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Performance Measures 
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Central Athabasca - Mirror Hydro site 

• Mainstem site upstream of 
Athabasca – hydro power is 
the primary purpose 

• Assumed maximum storage 
of 1,899,600 dam3 
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Lower Athabasca - Aboriginal baseflow (ABF) and extreme flow (AXF) 

• ABF set to 1600 cms 
between weeks 16-
43 on the Athabasca 
River, downstream of 
Ft. McKay 

• AXF set to 400 cms 
between weeks 16-4. 
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Today’s Agenda 

9:00 Welcome, introductions, and opening remarks Mike 

9:25 Overview of tool and live modelling in today’s meeting Ryan 

10:00 Break - 

10:15 Breakout groups: explore and discuss opportunities 
identified to date 

All 

11:20 Readouts to plenary Group Reps 

11:35 Presentation: Climate variability and change in the ARB Dave 
Sauchyn 

12:15 Lunch - 

1:00 Potential climate effects on water in the ARB: how climate will 
be included in the modelling and Roadmap development 

Megan and 
Ryan 

1:30 Breakout groups: explore opportunities to adapt to climate 
change scenarios  

Includes an informal break 

All 

3:30 Readouts to plenary Group Reps 

3:55 Next steps, and close Mike 
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Some of the opportunities for the Roadmap 

Opportunities identified at 
the last meeting are 
broken down into: 
• Basin wide 
• Upper 
• Central 
• Lower 
 
Grouped into 4 buckets: 
• Supply and Demand 
• Regulatory 
• Lands and Ecosystems 
• Data and Knowledge 
 
3 examples reviewed: 
• Limit TDL withdrawals 

(U) 
• Mirrior hydro site (C) 
• Aboriginal baseflow 

(ABF) and extreme flow 
(AXF) (L) 

 

Refer to the Running List of Opportunities in 
the ARB printout on the tables 
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Breakout Groups 
 

44 

Table 1: Megan and Danielle 

Lower Athabasca 

Table 3: Claire and Devin 

Upper Athabasca 

Table 2: Denise and Ryan 

Central Athabasca 
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Breakout Groups 
 

Discussion focus:  

• Review the example opportunity Ryan 
showed in your region. 

• Use the model to simulate 1-2 additional 
opportunities. 

• Capture discussion of modelled 
opportunities. 

• Capture opportunities that can’t be 
simulated in the model. 

 

 Feel free to move between tables 

 Scribes will record notes on flip charts 
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Table 1: Megan and Danielle 

Lower Athabasca 

Table 3: Claire and Devin 

Upper Athabasca 

Table 2: Denise and Ryan 

Central Athabasca 

A volunteer from each table needs to provide a brief readout back to 
the full group. 

Explore and discuss opportunities identified to date 
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Readouts 
 

Highlight:  

• One opportunity that was modelled by the group 

 

 

• 1-2 key assumptions for that opportunity  

 

 

• Results 

 

 

• 1-2 key discussion points 

 

 

 

• State additional opportunities modelled (if any) 
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You could..……win a prize!  

Model 
Take 5 minutes and come up with a name for “the 

integrated model”.  Table with the best name win’s a prize! 
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Today’s Agenda 

9:00 Welcome, introductions, and opening remarks Mike 

9:25 Overview of tool and live modelling in today’s meeting Ryan 

10:00 Break - 

10:15 Breakout groups: explore and discuss opportunities identified 
to date 

All 

11:20 Readouts to plenary Group Reps 

11:35 Presentation: Climate variability and change in the ARB Dave 
Sauchyn 

12:15 Lunch - 

1:00 Potential climate effects on water in the ARB: how climate will 
be included in the modelling and Roadmap development 

Megan and 
Ryan 

1:30 Breakout groups: explore opportunities to adapt to climate 
change scenarios  

Includes an informal break 

All 

3:30 Readouts to plenary Group Reps 

3:55 Next steps, and close Mike 



ARB Initiative Working Group meeting #3, 26 Jan 2017, Edmonton  

Climate Variability and Change in the ARB   
Dave Sauchyn and Iuliia Andreichuk, Prairie Adaptation Research 
Collaborative, University of Regina 





December 2016 was the 384nd consecutive month with 
a global temperature above the 20th century average   
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Winter 

 
2040-69 vs 
1961-90 
 
 
Source: PCIC 

Climate Change Projections, Northern Alberta 
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2040-69 vs 
1961-90 
 
 
Source: PCIC 
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GCM: Global Climate Model 

RCM: 
Regional 
Climate 
Model 



GCM Grid for Canada - ccds-dscc.ec.gc.ca   

















Sources of Uncertainty in Projection of Temperature  

Internal  
Variability 

GHG Scenarios 

Inter-Model Uncertainty 



Sources of Uncertainty in Projection of Precipitation 

Internal  
Variability 

GHG Scenarios 

Inter-Model Uncertainty 



The local model spread has not changed much despite substantial 
model development and a massive increase in computational 
capacity. …[it] is irreducible owing to internal variability in the climate   
Knutti and Sedláček (2012) 
 
“it will not be possible to provide the information on local changes in 
extremes ... The uncertainty owing to internal variability is dominant 
and is essentially irreducible”  
Fischer et al. (2013)  
 
Natural climate variability poses inherent limits to climate predictability … 
contributes substantial uncertainty to temperature and precipitation trends 
over North America, especially in winter at mid and high latitudes… is 

unlikely to be reduced as models improve 
Deser et al. (2012)  
 

 
 

Climate Change Projections and Uncertainty 



-ve: arid/semiarid    +ve: humid/subhumid 

< -0.75 
-0.75 - -0.25 
-0.25 – 0  
0 – 0.25 
0.25 – 0.75 
> 0.75 

Inter-annual Variation in Moisture 



Inter-annual Variation in Moisture 



Paleodroughts and modern analogues Paleodroughts and modern analogues 

Mean water-year (October 1 to September 30) flow of 
the Athabasca River at Athabasca, 1913–2013  



Streams and Trees Respond to the Same Weather Variables 









Semi-automated image analysis and measurement of tree rings 



Long-term variability and reliability of the 
flow of the Athabasca River  

Sauchyn, DJ, St Jacques, J-M, Luckman, BH. 2015 Long-term 
reliability of the Athabasca River (Alberta, Canada) as the 
water source for oil sands mining, Proceedings of the 

National Academy of Sciences, vol. 112 no. 41, 12621-12626, 
DOI10.1073/pnas.1509726112 
Published online September 21, 2015 
 



Observed versus modeled flow of the Athabasca River at Athabasca 
over the calibration period (1952−2010) for the five tree-ring models 



sample depth 

200 member ensemble 



High Flows 

Low Flows 

Departures from Average Water-Year Flow, 1111-2010 

High Flows 

Low Flows 

Departures from Average Water-Year Flow, 1111-2010 

High Flows 

Low Flows 

Departures from Average Water-Year Flow, 1111-2010 

High Flows 

Low Flows 

Departures from Average Water-Year Flow, 1111-2010 

High%Flows%

Low%Flows%

Departures from Average Water-Year Flow, 1111-2010!

Departures from Water-Year Flow (m3s-1) 
Athabasca River at Athabasca, 1111-2010  



Modern 
Analogues 
of Paleo 
Droughts 





decadal cycle 

annual cycle 

trend 

recorded water levels 
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Today’s Agenda 
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9:25 Overview of tool and live modelling in today’s meeting Ryan 

10:00 Break - 

10:15 Breakout groups: explore and discuss opportunities identified 
to date 

All 

11:20 Readouts to plenary Group Reps 

11:35 Presentation: Climate variability and change in the ARB Dave 
Sauchyn 

12:15 Lunch - 

1:00 Potential climate effects on water in the ARB: how climate 
will be included in the modelling and Roadmap development 

Megan and 
Ryan 

1:30 Breakout groups: explore opportunities to adapt to climate 
change scenarios  

Includes an informal break 

All 

3:30 Readouts to plenary Group Reps 

3:55 Next steps, and close Mike 
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Potential climate effects on water in the ARB 

This morning’s discussion 

Historic record of streamflow 

 

Long term climate variability 

 

Impacts of climate change 

Many studies 

Impacts of climate change  

 

Change in air temperature 

 

Change in precipitation 

 

Resulting change in streamflow 

Need to confirm how to approach changes in climate  
for this project’s Roadmap 
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Robust Roadmap best tested against range of climates 

Change in air 
temperature 

Change in 
precipitation 

“Wetter” “Drier” 

Similar water 
in the ARB 

“Historic” 

Less water 
in the ARB 

Each scenario must be credible and useful 

More water  
in the ARB 
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Climate scenarios 

1. Historic (1971 – 2015) streamflow 
• Provides perspective under historical conditions and provides a 

meaningful baseline 

 

2. Climate scenarios from Regional Climate Models 
• Provides scenarios using the most recent regional climate modelling  

 

3. Drought scenario from paleo climate analysis 
• Provides stressful water management scenario that is based on 

evidence of past droughts 
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Historical scenario: assumptions and sources 

Fundamental assumptions 

• Represented by the period from 
1971 to 2000 

• Assumes the future will replicate 
the recent past 

Key sources 

Raven hydrologic model simulations 
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Future climate scenarios: assumptions and sources 

Fundamental assumptions 

• Precipitation will generally increase 
• Much higher in the spring and summer 

• Lower in the headwaters during winter 

• Air temperatures will generally 
increase 

Key sources 

• Daily air temperature and 
precipitation values from Regional 
Climate Models (RCMs): 

• CRCM4_cesm2 – CanRCM4: 25 km2 
spatial resolution, representing the 
greatest increase in air temperature 
and precipitation 

• CRCM_cgcm3: 50 km2 spatial 
resolution, representing moderate 
increases in air temperature and 
precipitation 

• ECP2_gfdl: 50 km2 spatial resolution, 
representing the least increases in air 
temperature and precipitation 
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Future climate scenarios - precipitation 

Higher precipitation overall, especially in the spring and summer, lower 
winter precipitation in the headwaters 
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Future climate scenarios – air temperature 

Higher air temperature overall  
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Drought scenario: assumptions and sources 

Fundamental assumptions 

• The drought scenario is 
1971 to 2000 with a 17 
year drought period 
starting in 1974 

Key sources 

Droughts can be more severe than experienced in the recent past 

Sauchyn et al. (2015) 
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Climate scenarios: headwaters streamflow 
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Climate scenarios: headwater dynamics 

Drought = less water available  
CRCM4 = Less snow, higher loss to atmosphere, higher glacial melt 
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Climate scenarios: foothills streamflow 
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Climate scenarios: foothills dynamics 

Drought = Much less water available 
CRCM4 = Less snow in the winter and more water available 
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Climate scenarios: boreal streamflow 
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Climate scenarios: boreal dynamics 

Drought = Much less water available 
CRCM4 = Less snow and more available water 
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Robust Roadmap best tested against range of climates 

Change in air 
temperature 

Change in 
precipitation 

“Wetter” 
CRMC4 

“Drier” 
Drought 

Similar water 
in the ARB 

“Historic” 
1971-2000 

Less water 
in the ARB 

Each scenario must be credible and useful 

More water  
in the ARB 
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Opportunities under changes in climate 

Upper 

• Limit TDL withdrawals 

 

Central 

• Mirror Hydro site 

 

Lower 

• Aboriginal baseflow and 
aboriginal extreme flow 
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Upper Athabasca - limit TDL withdrawals 

• Limit TDL withdrawals in 
watersheds with higher 
TDL licence volumes: 

• Lesser Slave 

• Lower Athabasca 

• Clearwater 

• McLeod 

• Upper Athabasca 

• Simple scaling factor 
added to the model  
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Opportunity 
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Performance Measures 
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Performance Measures 



10
3 

Today’s Agenda 
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Ryan 
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3:55 Next steps, and close Mike 
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Breakout Groups 
 

Discussion:  

• Review the response of this morning’s 
opportunities to potential changes in 
climate  

• Capture effects from potential changes in 
climate  

• Identify opportunities to adapt to 
potential changes in climate 
 

 

 Feel free to move between tables 

 Scribes will record notes on flip charts 
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Table 1: Megan and Danielle 

Lower Athabasca 

Table 3: Claire and Devin 

Upper Athabasca 

Table 2: Denise and Ryan 

Central Athabasca 

A volunteer from each table needs to provide a brief readout. 

Opportunities to adapt to changes in climate  
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Breakout Groups 
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5 

Table 1: Megan and Danielle 

Lower Athabasca 

Table 3: Claire and Devin 

Upper Athabasca 

Table 2: Denise and Ryan 

Central Athabasca 



10
6 

Readouts 
 

Highlight:  

• One opportunity that was modelled by the group 

 

 

• 1-2 key effects the opportunity addressed   

 

 

• Results 

 

 

• 1-2 key discussion points 

 

 

 

• State additional opportunities modelled or identified  
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You could..……win a prize….again!  

ARB Pop Quiz!!  
 
5 questions.  First table to raise there hand with the correct answer (no 
Google help and no stalling after your hand is raised) gets a point.  If you are 
wrong or you stall you lose a point. Table with the most points wins a prize 
 
What are the names of the WPACs in the basin? 
 
What does acronym SWQMF stand for? 
 
What fish species is currently being given a rest period in the basin? 
 
How old is Jasper National Park? 
 
What is the proper name for studying tree rings?  
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Upcoming meetings 

Up coming meetings:  
 
March 14th- Edmonton 
• Explore effects from changes in the landscape on water in the ARB 
• Examine how effects from changes in the landscape impact issues and opportunities 

discussed in previous meetings 
• Explore and discuss opportunities to address or adapt to changes in the landscape for 

an ARB Roadmap 
 

Any thoughts or comments on the plan for the March 14th meeting? 
 
May Working Group meeting: Any weeks to avoid in May? 
• For each opportunity identified assess with the integrated model: 

• Specify purpose  
• Model it 
• Assess results 
• Identify trade-offs 
• Determine if opportunities are most or least promising strategies 
• Park less promising  

• Propose the week of May 8th or 15th? 
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Timelines of Working Group meetings for the ARB Initiative  
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Final Reminders 

11
1 

This work is focused on identifying practical options for adapting to change throughout 

the ARB 

• WaterSMART to draft meeting summary and distribute to Working Group members for 
review. 

• Likely to have another Data and Modelling Committee call. 

• Next meeting: March 14th- Edmonton 

• Explore effects from changes in the landscape on water in the ARB 

• Examine how effects from changes in the landscape impact issues and 
opportunities discussed in previous meetings 

• Explore and discuss opportunities to address or adapt to changes in the landscape 
for an ARB Roadmap 

• Please contact us if you have any thoughts, questions, comments! 

 

Thank you for all your support and participation  



www.albertawatersmart.com  

Thank you 
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Water: the key to our sustainable future 

For more information:  
 

Alberta WaterPortal  
www.albertawater.com 

 
Alberta WaterSMART 

www.albertawatersmart.com 

 
Email: 

mike.nemeth@albertawatersmart.com 

http://www.albertawater.com/
http://www.albertawatersmart.com/
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