
Theme A - Observed Earth System Change in Cold Regions

ÅA1 ςAssessing change at the local scale

ÅA2 ςAssessing change at the regional scale

Inventory and Statistical Evaluation



A1.1 Inventory of observable local change

üA wide range of studies and analyses at the various WECC 
observatories and other local sites have been undertaken to inventory 
and assess Earth system changes, including vegetation, landcover, 
permafrost and soil conditions, and other characteristics.

üBaltzer et al. (2013), Bash and Marshall (2014), Connonet al. (2014), 
DeBeer et al. (2015, 2016), Demuth et al. (2014), Dumanski et al. 
(2015), Ehsansadehet al. (2014), Harder et al. (2015), Hayashi and 
Farrow (2014), Ireson et al. (2015), Marshall (2014b), Patankaret al. 
(2015), Paznekaset al. (2015), Quinton and Baltzer (2013b), Shi et al. 
(2015), Shook and Pomeroy (2015), Spence et al. (2015), Yang et al. 
(2014b)



A1.1 Inventory of observable local change

ü From Dumanski et al. 2015 

HP 



A1.1 Inventory of observable local change

XiaogangShi et al 2015 Environ. Res. Lett. 
Connonet al. 2014, HP. 



A1.1 Inventory of observable local change

ÅAnalyses did not include all WECC sites and that the specific variables 
and timescales being examined at individual sites differed. 

ÅNonetheless, this collective body of work represents an important 
deliverable of CCRN and we feel this milestone has been successfully 
achieved



A1.2 ςStatistical and meta-analysis of archived local data and 
environmental change



A1.2 ςStatistical and meta-analysis of archived local data and 
environmental change



A1.2 ςStatistical and meta-analysis of archived local data and 
environmental change



Pattern 1 ςspring increase

n=63

Paul Whitefield Work



Pattern 2 ςdecreases esp. late summer

n=32

Paul Whitefield Work



Pattern 3 ςincrease in mid to late summer

n=16

Paul Whitefield Work



Pattern 4 ςŎƘŀƴƎŜǎΣ ōǳǘΧΦ

n=209

Paul Whitefield Work



Pattern 5 ςincreases mid-summer to fall

n=29

Paul Whitefield Work



Pattern 6 ςincreases in mid summer

n=46

Paul Whitefield Work





üCluster analysis based 
on generalized annual 
daily hydrograph of RHBN 
sites in western Canada

üMethod: 
ü K-Means 

ü Affinity Propagation
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ü Employ a DL neural 

network with simple 

structure

ü Labelled ~1500 station-

year daily hydrographs

Confusion Matrix of DL Classification



ω Can class transition of annual 
hydrographs be a useful indicator 
of shift in hydrologic regimes?



A1.3 Dendrochronological examination of local change 

ÅCollection of tree core data and examination of local site conditions from across 
vast latitudinal transects over the western Canadian Boreal and Taiga ecoregions 
was undertaken to develop an extensive dendro-chronological record, which will 
provide unparalleled understanding of the connections between proxy record, 
ecosystem response, and climate variability.

ÅAnderson-Teixeira et al. (2015), Baltzer and Johnstone (2015), Baltzer et al. (2013, 
2014, 2016), Chasmer et al. (2014), Chun et al. (2017), Day et al. (2016, 2017), 
Johnstone et al. (2016), Kiemet al. (2016), Mamet et al. (2016), Marshal and 
Baltzer (2015, 2016), Merchant et al (2016), McNickleet al. (2016), Pantankaret 
al. (2013, 2015), Pappas et al. (in press), Quinton and Baltzer (2013a, 2013b), 
Quinton et al. (2016), Sniderhanand Baltzer (2016), Sniderhanet al. (2018), 
Turetsky et al. (2017), Walker and Johnstone (2014, 2015), Walker et al. (2017, in 
press), and Williams et al. (2013)



A1.3 Dendrochronological examination of local change 

Sniderhanand Baltzer (2016) JGR-B



A2 Assessing change at the local and biome scale

11 citations! 



A2.1 Inventory of observable change - regional/domain scales 



A2.1 Inventory of observable change - regional/domain scales 



A2.2 Documentation of extreme events 

ÅStrongly ties with Theme D.

ÅBrimelowet al. (2014, 2015), Fang et al. (2016), Kochtubajdaet al. 
(2016), Liu et al. (2016), Pomeroy et al. (2016a, 2016b), Shook et al. 
(2015), Szeto et al. (2015), Whitfield and Pomeroy (2016) 



A2.2 Documentation of extreme events 



Outreach Products

The Changing Climate and Environment of 

the Inter ior of Western Canada

Observations over the past several decades show clear warming trends and patterns of 

widespread climatic change that have affected landscapes, ecosystems, and water cycling over 

this vast region.

The climate across western and northern Canada has been warming and showing other clear changes in recent decades.

Rising temperatures and the loss of cold conditions continue to lead to declining snow and ice cover, thawing of frozen

ground,and associated terrestrial ecosystem changes and alteredwater cycling. It is important to understand these changes

in response to climatic variability and long-term change, and to address thequestion of what does the future hold? This is

the focus of the Changing Cold Regions Network (CCRN), a Canadian network of university and federal government

research scientists that aims to examine and better understand the behavior and variability of the climate and Earth system

over the cold interior of western Canada, and ultimately predict the most li kely future responses under different probable

global climate scenarios. An initial objective of theCCRN is to characterize and evaluate thechanges that have occurred in

the recent past to establish a foundation for more detailed analysis. Here, some of the climatic and environmental changes

that have been observed acrosstheregionarebriefly presented andexplored.

ECOREGIONS OF WESTERN CANADAôS INTERIOR

Western Canadaôs vast interior region, which includes the continental drainage

systems of the Mackenzie and Saskatchewan Rivers, encompasses a wide range

of ecoregions. These are all characterized ascold region environments, where the

influence of seasonal or permanent freezing conditions plays a major role in the

Earth systemprocessesand functioning, and theresponsesto climatic change.

Southern Arctic Lowlands, 

Trail Valley Creek, NT

Western Cordillera 

Continental Ranges, 

Lake OôHara, BC

Southern Boreal Forest, 

Boreal Ecosystem Research 

and Monitor ing Sites 

(BERMS), SK  

Mixed Grassland Prair ie, St. Denis 

National Wi ldlife Area, SK  

Sub-Arctic Taiga Shield, 

Baker  Creek, NT

WI DESPREAD, SEVERE 

DROUGHT 

Western Canadahasbeen subject to

severe, widespread, and historically

unprecedented drought conditions

at several times in the 21st century.

The1999ï2005 drought was one of

the most costly natural disasters in

Canadian history, with six billion of

dollars lost and significant stresses

to water resources. In 2015, severe

drought conditions resumed,

following a series of record wet

years in parts of the Prairies. The

drought covered a vastly large

region with many areas

experiencing record or near-record

dry conditions, leading to wildfire

occurrence, crop losses, low water

levels in rivers and reservoirs, and

major water shortages.

MAJOR FLOODING 

The region has experienced disastrous flooding in the

past several years. In June 2013, major flooding

occurred in southern Alberta, resulting in six billion

dollars of damages, over 100,000 evacuees, and

several deaths. Until the Ft. McMurray wildfire, this

had been the most costly natural disaster in Canadian

history. Other major, and unprecedented, floods have

occurred in the Assiniboine River Basin in

Saskatchewan and Manitoba (2011, 2014), causing

extensivedamage, lost crops, andmany evacuations.

LARGE WI LDFIRES 

A sequence of three record-setting wildfire seasons has

occurred in parts of western Canada: Northwest

Territories (2014), Saskatchewan (2015), Ft. McMurray

(2016). These fi res each set records in terms of area

burned, firefighting costs and damages, and/or number

of evacuees, while in each case straining community

resources and posing considerable risks to safety.

Together, these resulted in many billions of dollars in

damage and tensof thousandsof people evacuated. The

Ft. McMurray fi re is now considered the most expensive

natural disaster in Canadian history. Nevertheless, fi res

are part of the natural ecological cycles of the Boreal

Forest, and forests burned during these extreme yearsare

already showingsignsof recovery.

Weather extremes and natural disasters are a normal

occurrence and have affected parts of western Canadaôs

interior since its settlement and long before. However, in

the past one and a half decades alone, since the turn of the

century, the region has experienced some of the most

devastating extreme events in its history, which appear to be

becoming more frequent and widespread. Some of these

have set records in terms of damage, costs, severity/

intensity, and spatial extent, whileconditionshave oscillated

between opposing extremes (severe flooding and drought),

in some caseswithin a very short period of time and close

geographic proximity or at the same locations. These

extremes have occurred against a backdrop of rapidly

changing environmental conditions, described earlier, and

have exacerbated pressures on our land, water, and

vegetation, posing difficult challenges for management and

long-term planning in thefaceof uncertain futures.

CCRN is working to improve our understanding of these changes

and to use advances in climate modelling to predict li kely future

changes over the region. For more information and to learn more,

visit our webpageatwww.ccrnetwork.ca.

Wildfire at Scotty Creek, NT, in 

July 2014

Flooding in the Town of Canmore

and the City of Calgary in June 2013

Dustbowl conditions 

in southern 

Saskatchewan in 

Apr il 2003

Occurrence of Extreme Events in Western Canada



Outreach products



Outreach Products

The Changing Environment of Western Canada: 

Sub-Arctic Mountains
Monitoring, Understanding, and Predicting the Changing Climate, Land, Vegetation, 

and Water Cycle at the Wolf Creek Research Basin, Yukon Territory

Alpine Tundra Met. Station (1615 m) Sub-Alpine Buckbrush Met. Station

(1250 m)

Wolf Creek is located in the sub-Arctic mountainous headwater region of the Yukon River, near Whitehorse, YT. The

roughly 200 km2 Wolf Creek drainage was instrumented asa research basin in 1992to study the climate, water cycle, and

ecology of this important northern ecoregion. Observations from three long-term automated meteorological stations, four

stream level/discharge gauges, a groundwater monitoring well, and other specialized instrumentation continue to provide

detailed information on the variable weather conditions and water flows across the basin. Research here has provided

valuable insight into the snowmelt and rainfall-driven water cycle, the influence of frozen ground and vegetation, and the

response of the hydrological system and its parts under a changing climate over the past several decades. Further, the

observations andprocess-level understanding fromdecades of work provide a foundation for developingand testingcomputer

models that can beused to simulate the behavior of the watershed and its future sensitivity and response to changing climate

and extreme weather. Findings and models developed in Wolf Creek have been applied acrosstheYukon and in other similar

regionsandareessential toolsto help usunderstandandmanage uncertain water futures.

Granger  Creek 

Discharge Gauge

THE SUB-ARCTIC AL PINE 

AND BOREAL LANDSCAPE 

OF WOLF CREEK

Wolf Creek Basin ranges in

elevation from about 660 m to just

over 2,080 m, and is dominated by

three major landcover types: boreal

forest, sub-alpine shrub, and

exposed alpine. Permafrost occurs

over about 30% of the basin,

mainly on north-facing slopes and

athigh elevations.

White Spruce Forest Met. Station

(750 m)


