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Introduction 
ALCES Online is a decision support tool for cumulative effects assessment.  The tool facilitates spatial 

scenario analysis through a web-based GIS, indicator calculator, landscape and population simulators, 

and visualization tools.  ALCES Online has been used across Canada and globally to assess risks 

associated with land use and climate change and to evaluate the effectiveness of mitigation strategies.  

Additional information about ALCES Online is available in the appendix. 

Scenario analysis for cumulative effects assessment requires the integration of a wide range of data such 

as the current distribution of land cover, anthropogenic footprints, forest age, forest disturbance, and 

additional biophysical attributes; historical and potential future climate; and factors influencing the 

future distribution of land use and natural disturbance.  The time required to prepare the diverse data 

layers that are required can be a major impediment to scenario analysis.  To overcome this obstacle, 

ALCES Online has been  initialized with data layers for numerous jurisdictions so that data are readily 

available for application in subsequent scenario analyses.  Canadian jurisdictions for which ALCES Online 

has been initilized include Alberta, British Columbia, Saskatchewan, Northwest Territories, Manitoba, 

and Ontario.  The project “Initialization of ALCES Online for the Yukon” prepared a version of ALCES 

Online for the Yukon through funding provided by the Canadian Mountain Network.  This report 

provides a summary of the outcomes of that project. 

Data Layers 
Yukon ALCES Online was prepared with core data layers that are often required for scenario analysis, 

based on experience in other jurisdictions.  This includes data related to landscape composition, 

anthropogenic footprint, forest age and disturbance, a digital elevation model, climate, and 

environmental and administrative units.  

Two types of data layers were prepared for the project: Indicators and Regions.  Indicators are cell-

based data layers that can be applied in landscape simulations and indicator calculations.  Regions are 

polygons that are used as study areas or for subregional summaries.  Regions can also be used in 

indicator relationships or landscape simulations to define spatial rules.  For example, habitat 

relationships can differ by herd ranges, burn rate can differ by fire regime zones or timber harvest can 

be constrained to occur within forest management areas. 

Indicators and Regions that have been prepared for Yukon ALCES Online are described below.  A 

subsequent section provides guidance on how to use ALCES Online to view the indicators and regions. 

Indicators 

Digital Elevation Model 
A digital elevation model (DEM) is available that includes the following indicators: Max Elevation, Mean 

Elevation, Min Elevation, Mean Aspect, and Mean Slope.  The source dataset was a 30m DEM provided 

by Yukon Environment.  The indicators are available in the Basic Geography indicator folder. 
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Landscape Composition 
Landscape composition is represented by the unity dataset, which describes the non-overlapping 

distribution of natural and anthropogenic cover types across the territory. Like all indicators in ALCES 

Online, the unity dataset is cell based with a maximum resolution of 100 m. Each cell’s composition is 

multivariate, represented as proportional coverage by each natural and anthropogenic cover type. The 

unity dataset was created by intersecting multiple source datasets that were identified in collaboration 

with Megan Hornseth and Mitch Heynen of Yukon Environment.  Source datasets include: NASA Above 

land cover classification; Upland and wetland predicted ecosystem map (Peel, Ross River Dena, Dawson, 

Beaver River); digitized linear and polygonal disturbance mapping; and Canvec hydrology and footprint 

data layers.  When intersecting the datasets, anthropogenic footprints took higher precedence that 

natural landcover.   

Two versions of the unity dataset were prepared.  The detailed unity dataset includes 40 anthropogenic 

footprint types and 34 natural cover types.  Due to the large number of footprint and cover types, the 

detailed unity dataset is cumbersome to use in scenario analysis.  A summary unity dataset was created 

by aggregating the detailed types into 17 anthropogenic footprint types and 17 natural cover types.  The 

summary types were selected with input from Megan Hornseth and Mitch Heynen, and based on 

experience from scenario analyses completed in other jurisdictions.  The detailed unity dataset is 

available in the Yukon Detailed Unity indicator folder.  The summary unity dataset is available in the 

Yukon Summary Unity indicator folder.  Metadata available in ALCES Online identify source data for each 

unity indicator. 

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

age dataset (Pan et al. 2020), corrected to incorporate more detailed age information from cutblock and 

fire datasets. The cutblock and fire datasets superseded the Canadian forest age dataset because they 

are more current and have higher resolution (disturbance polygons of various sizes as opposed to the 

Canadian forest age dataset’s 1 km2 resolution).  In cases of multiple overlapping disturbance polygons, 

age was based on the most recent disturbance.  Forest age is as of 2018, based on the currency of the 

fire dataset.  The Canadian forest age dataset is as of 2011, such that age was adjusted by adding 7 

years.  The forest age indicator is available in the Yukon Forest Disturbance Metrics folder.  The folder 

also contains historical fire and historical cutblock indicators.  These are temporal indicators that identify 

the location and area of fires and cutblocks in past decades. 

Climate 
Climate data from the second generation Canadian Earth System Model (CanESM2) were downscaled 

using a digital elevation model, baseline and anomaly grids following methods described by Wang et al. 

(2016).  The following historical and future climate variables are available: minimum/mean/maximum 

temperature, precipitation, precipitation as snow, shortwave radiation, and evaporation. Historical 

climate data are available for the past 10 decades.  Future climate data are available for five decades 

under three emission scenarios: representative concentration pathway (RCP) 2.6, RCP 4.5, and RCP 8.5. 

Soils 
A review of data warehouses including the Yukon Government’s GeoYukon and the Federal 

Government’s Open Government portal did not identify a suitable soils data set.  The Yukon Detailed 
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Soil Survey is only available for a small portion of the Yukon and was judged unsuitable.  

Correspondence with Mitch Heynen confirmed that additional soil data are not available. 

Regions 

Administrative Regions 
Administrative regions that have been imported to ALCES Online include: Environmental Assessment 

Districts, Forest Resource Management Plan areas, game management zones, mining districts, moose 

management units, outfitting concessions, protected areas, and regional landuse planning areas. 

Ecological Regions 
Ecological regions that have been imported to ALCES Online include: caribou herd ranges, ecoregions, 

and homogenous fire regime zones. 

Viewing Data Layers in ALCES Online 
Yukon ALCES Online can be accessed by visiting online.alces.ca and using the login CMN_Yukon and 

password mountain1.  As described previously, ALCES Online consists of a set of tools.  Tools are 

accessed via the icons that appear in the top left corner after logging in.  The Maps tool, accessed by 

clicking the globe icon, can be used to explore the data layers that were prepared through this project to 

initialize ALCES Online for the Yukon.  The panel on the left side of the Maps screen provides the user 

with several tools to view spatial data.   

• The default study area (Yukon) can be modified be clicking Select Study Area, clicking the 

Checkmark and then the View List icon, and selecting a region from the list.   

• The data layer (referred to as indicators) to be mapped is selected by first clicking Data & 

Analysis, then clicking Select Indicator, and then clicking the View List icon.  Indicators are 

organized into folders.  Clicking a folder will display the indicators belonging to a folder.  An 

indicator can be selected for mapping by clicking it.  Alternatively, an indicator’s metadata can 

be viewed by placing the cursor overtop of an indicator and clicking the Information icon that 

appears.  

• Once an indicator is selected, additional map settings can be defined by scolling down the Select 

Indicator panel.  Frequently used settings include: 

o Resolution.  The default resolution (25000 m) is very coarse and most users will want to 

increase the resolution.  Higher resolution data require more time to render and 

calculate, but result with more detailed mapping.  The highest resolution (100 m) is only 

available for smaller study areas.  When viewing indicators for the entire Yukon 

Territory, 1000 m is the highest resolution available. 

o Scenario.  Some indicators have data for multiple scenarios.  For example, climate data 

have been prepared for three emission scenarios (RCP 2.6, RCP 4.5, and RCP 8.5).  The 

scenario is selected by clicking the Wrench icon occuring directly below the indicator 

box and selecting a scenario from the dropdown Forecast box (you may need to scroll 

down to see the box).  Climate variables are presently the only indicators in Yukon 

ALCES Online for which there exist multiple scenarios.  This will change once the tool is 

used to simulate land use scenarios. 

o Time Settings.  Maps with data for multiple years can viewed annually (Years) or 

decadally (Decades) by clicking the buttons that appear below the Resolution setting.  
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Decades is the default.  Further down, the Time Bar is used to select the reporting 

intervals (typically decades) to include when preparing a map series.  Temporal data are 

available for Climate indicators.  Temporal data for additional indicators will be created 

as the tool is used to simulate land use scenarios. 

• The style of the map can be customized by clicking the Map Style button.  

o Three display modes are available: Heatmap, whereby the mapped value is influenced 

not only by the cell’s value but also the value of surrounding cells; Grid Cell, which maps 

individual cell values; and Regional, which summarizes a indicator by subregion. 

o Breakpoints and the Color Scheme can be defined by clicking the Wrench symbol.  

Breakpoints can be either Continuous or Discrete.  The default breakpoints are based on 

equal quantiles.  User-defined breakpoints are created by clicking the Wrench symbol 

and entering breakpoints.  Click the Color Palette icon to select map colours. 

o Once the settings have been defined, click the green GO button to prepare the map.  A 

variety of basemaps are available by clicking the Layers icon in the top left corner of the 

Map Window.  The menu that appears can also be used to select a variety of additional 

map options. 

References 
Pan, Yude; Birdsey, Richard; McCullough, Kevin; Bernier, Pierre Y.; Beaudoin, Andrè; Villemaire, Philippe; 

Guindon, Luc. (2020). Forest stand age map of Canada (2011) and the United States (2006 & 2011). 
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Wang, T., Hamann, A. Spittlehouse, D.L. and Carroll, C. 2016. Locally downscaled and spatially 

customizable climate data for historical and future periods for North America. PLoS One 11: e0156720 
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Appendix – An Overview of ALCES Online 

What is ALCES Online? 
Alces Online is a spatially-explicit GIS and web-delivered landscape/land-use simulator developed by the 

Alces Group (ALLUL) and used by the Alces Group and its clients to explore past, present and future 

relationships involving biodiversity, ecosystem services, land uses (protected areas, residential, 

transportation, croplands, livestock, mining, oil and gas, forestry, tourism/recreation), natural 

disturbance regimes (fire, insects, landslides, storms, climate, climate change), and socio-economic 

indicators (employment, population, royalties, revenue). 

The ALCES Online simulator is designed to inform strategic planning through the analysis and 

visualization of ecological, economic and social data.  The tool increases the accessibility of spatial 

analysis and simulation modeling through a user-friendly interface and an integrated GIS and simulation 

environment.   The tool’s database architecture and adoption of current technologies such as WebGL 

provides the performance to accommodate complexities of land use planning such as large study areas 

at fine scale spatial resolutions (millions of cells), long time horizons, and multiple drivers and indicators 

while still delivering rapid results. 

ALCES Online and Scenario Analysis 
ALCES Online’s unique capacity to store, integrate, simulate, and visualize ecosystem data makes it well 

suited for tracking natural capital and its response to key drivers such as land use and conservation.  

• A grid-based data structure is used to represent ecosystem data in a spatially explicit format at a 

user-defined resolution (typically 100 m to 1,000 m).  For each cell, hundreds of variables are 

usually stored to provide a detailed representation of attributes such as land cover, 

anthropogenic footprints, physical characteristics (e.g., elevation, slope, etc.), climate, wildlife, 

water, carbon, human populations, management regimes and so forth.  Data layers are time 

stamped to track the response of ecosystem attributes through time.  

• Additional indicators are calculated through the application of user-defined equations that 

integrate ecosystem attributes.  For example, wildlife populations and habitat or ecosystem 

carbon may be assessed based on the distribution of land cover, forest age, footprint, elevation, 

and climate.  Indicator equations are defined using a flexible calculator that delivers a powerful 

analytical framework through numerous mathematical, logical, and spatial functions.  

• To explore the response of indicators to potential future stressors (e.g., land use, climate) and 

management strategies (e.g., conservation, restoration), ALCES Online simulates ecosystem 

changes caused by scenarios that apply trajectories for future land use, management practices, 

natural disturbances, and ecological processes.  A population dynamics simulator can also be 

used to track the response of populations to changing landscapes, climate, and management 

strategies.  The simulators’ provide a flexible set of methods for the spatial representation of 

future events, and are computationally efficient to permit the simulation of multiple scenarios 

to compare consequences of alternative management strategies. 

• Past, present, and potential future state of indicators is communicated through dynamic maps, 

graphs, and tables that allow users to visualize impacts.  Dashboards can be customized to 

highlight key outputs, and results can be downloaded for reporting or subsequent 
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analysis.  Web-based delivery of ALCES Online makes it straight-forward to disseminate scenario 

analysis outcomes. 

ALCES’s functionality has seen it used for cumulative effects assessment in a variety of landscapes and 

management contexts.  Geographically, the technology has been parameterized for all or portions of 

Canada, US, Indonesia, Australia, New Zealand, Paraguay, and India.  Examples of management contexts 

include: identification of optimal strategies to protect wildlife habitat (e.g., Carlson et al. 2019); 

prioritization of conservation and restoration strategies to support ecosystem services (e.g., Carlson et 

al. 2018); strategic regional planning to assess environmental and economic tradeoffs associated with 

regional development (e.g., Rempel et al. 2018; Carlson and Stelfox 2014); urban planning to mitigate 

environmental, social, and economic impacts of population growth (e.g., Carlson et al. 2015), and 

assessment of the impact of resource development on natural capital required for Indigenous 

communities to practice traditional land use.  

ALCES Online Technical Specifications 

Serverless Architecture 
ALCES Online is transitioning to a modular structure to utilize serverless architecture for enhanced 

scalability, facilitate integration with other technologies, and permit deployment of customized 

applications that utilize ALCES Online data and functionality.  The ALCES Online API has resulted in a 

broadening suite of customized applications such as a statistical analysis tool for spatial data, a spatial 

explicit population dynamics model for assessing wildlife response to land use and management 

strategies, and dynamic linkage with detailed hydrologic modelling.  The stability and flexibility provided 

by the serverless architecture provides the foundation for efficient expansion of functionality going 

forward, including incorporation of AI for the analysis natural capital and land use patterns. 

Browser, OS, and Data Compatibility 
ALCES Online is a cloud platform that is delivered through standards-compliant web browsers including 

Chrome, Safari, Firefox, Internet Explorer and Edge.  Chrome is the preferred browser.  The tool is 

compatible with any major operating system.  Global OGC Standards are used and data are compatible 

with ESRI ArcGIS and Google Earth. 

Security Technology 
ALCES Online is delivered through a secure SSL connection. All connections to our server use an 

encrypted TLS 1.2 connection. Our certificate is signed using a SHA-256 RSA encryption 

algorithm.  Access to the ALCES Online tool suite is logged for analytical and security purposes.  ALCES 

Online uses a spatial data ownership and sharing structure that ensures private spatial data is only 

viewable by the users and / or groups that own the specific private data. All data requests and responses 

from the system are authenticated and verified against the logged in user’s credentials.  All user account 

data including emails, names, usernames and user activity logs is kept private and confidential and is 

never shared with any outside parties. 
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