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Preface 
 

This is a supplement to the “Let’s Talks about Climate Change: Atlantic Region” report (Parker, 2017) 

and is intended to support climate change discussions and planning in Gros Morne National Park.  

 

Future climate projections are modelled with several greenhouse gas concentration trajectories, called 

Representative Concentration Pathways (RCP) (Vuuren et al., 2011). They describe possible climate 

futures and are named after respective radiative forcing values in the year 2100 relative to pre-industrial 

values (i.e., +2.6, +4.5 and +8.5 watts/m2). RCP 2.6 assumes we take action and greenhouse gas 

emissions peak in 2010-2020 and decline thereafter. RCP 4.5 assumes emissions peak around 2040 and 

then decline. RCP 8.5 assumes we take no action and emissions continue “status quo” to rise throughout 

the 21st century. 

 

This is a site focussed document and to understand the larger climate change context please consult the 

Intergovernmental Panel on Climate Change assessment reports (e.g., IPCC, 2014) or Canada’s Changing 

Climate Assessments (http://www.nrcan.gc.ca/environment/impacts-adaptation/10029). With respect to 

adaptation and mitigation options, please review Gross et al. (2016) or Gray et al. (2017). 

  

http://www.nrcan.gc.ca/environment/impacts-adaptation/10029
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Highlights 
 

 Mean annual air temperatures for the Atlantic region have increased by 0.9 ±0.37˚C in last 

century (Lemmen et al., 2016). Compared to other areas in Canada, this a relatively modest 

increase. At the Daniel’s Harbour meteorological station (~32 km north of Gros Morne NP) 

summer and autumn temperatures have increased by ~1˚C since 1946. Seasonal differences are 

generally moderated by the ocean. 

 The warming trend is projected to continue and model results indicate a further increase by 3 - 

8˚C by 2100 depending on the location and RCP scenario. 

 Total annual precipitation at Deer Lake has increased by ~445 mm (45%) since 1933. The 

relative increase in snow has been greater than that for rain.  

 Today’s “one in 100 year” rainfall event (i.e., 34.79 mm/hr) is projected to become a “one in 10-

25 year” event and the future “one in 100 year” event is projected to increase to 47.43 mm/hr.  

 A northward shift in storm track is expected to increase the storm frequency in the region (Loder 

et al., 2013). 

 Relative sea level has increased in the region and an estimated vertical allowance increase of 14 

to 36 cm will be required by 2100.  

 The growing season has already increased by 16 days since 1900 and will continue to increase as 

much 74 days under RCP 8.5 by 2100. 

 AMEC (2012) provides a review of climate monitoring in Newfoundland.  

 

 

 

 

Disclaimer 

Views, statements, findings and conclusions are solely those of the authors and do not necessarily reflect 

the views and policies of Parks Canada. Although the authors have made every effort to ensure that the 

information is accurate, complete and correct, neither Parks Canada nor the authors can guarantee its 

integrity. Readers are encouraged to verify with original sources.   
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1. Observed Climate Trends 
 

1.1 Temperature 
 

Mean annual, seasonal and monthly temperature at Daniel’s Harbour climatological station (8401400) 

from 1946 to 2016 (ECCC, 2017). Trend determined using a generalized linear model (R Core Team, 

2017) including 95% confidence intervals. “*” = statistically significant trend (P<0.05). 

 

 
Daniel’s Harbour mean annual and seasonal temperature. No statistically significant trend (P<0.05) observed in 

mean annual temperature. However, a statistically significant increase (P<0.05) observed for summer (Jun, Jul, Aug) 

and autumn (Sep, Oct, Nov). Both seasons have increased by ~1°C since 1946. 

**

* *
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Daniel’s Harbour mean monthly temperature. Only Sep and Oct demonstrated a statistically significant (P<0.05) 

increase in mean monthly temperature. The greatest increase since 1946 was observed for Sep, ~1.2°C. 
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Daniel’s Harbour mean monthly minimum temperature. Apr, May, Jun, Aug, Sep, and Oct all demonstrated a 

statistically significant (P<0.05) increase in mean monthly minimum temperatures (i.e., nighttime). Both Apr and 

Sep demonstrated the greatest increase by ~1.4°C since 1946. 
 

  

**

*

***

*

***

*

*
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Daniel’s Harbour mean monthly maximum temperature. Apr, May, Jun, Jul, Aug, Sep, and Oct all demonstrated 

a statistically significant (P<0.05) increase in mean monthly maximum temperatures (i.e., daytime). Apr 

demonstrated the greatest increase by ~2.1°C since 1946. 
 

 

  

**

***

* *

***

*

*
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1.2 Precipitation 
 

Total precipitation at Deer Lake climatological station (8401501) from 1933 to 2012 (ECCC, 2017). 

Trend determined using a generalized linear model (R Core Team, 2017) including 95% confidence 

intervals. “*” = statistically significant trend (P<0.05). 

 

 
Deer Lake total annual and seasonal precipitation. Total annual precipitation has shown a statistically significant 

increase (P<0.05) by ~445 mm (45%) since 1933. All seasons have shown a statistically significant (P<0.05) 

increase, the greatest being observed for winter (Dec, Jan, Feb), ~254 mm (100%). 

 

*

**

* *
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Deer Lake total monthly precipitation. Total monthly precipitation has shown a statistically significant increase 

(P<0.05) in Jan, Feb, Mar, Jul, Sep and Dec since 1933. The greatest increase being observed in Jan, ~105 mm 

(140%). 

 

 

 

 

  

**

*

***

*

***

* *
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Total Annual Rain 

 
Total annual rain has demonstrated a statistically significant (P<0.05) increase since 1933, ~194 mm (30%). 

 

 

Total Annual Snow 

 
Total annual snow has demonstrated a statistically significant (P<0.05) increase since 1933, ~258 mm (80%). 

 

  

*

*
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1.3 Surface Wind Speed 
 

Mean wind speeds at Daniel’s Harbour climatological station (8401400) from 1964 to 2014 (ECCC, 

2017). Trend determined using a generalized linear model (R Core Team, 2017) including 95% 

confidence intervals. “*” = statistically significant trend (P<0.05). 

 

 
Daniel’s Harbour annual and seasonal mean wind speeds. Mean annual wind speeds have demonstrated a 

statistically significant (P<0.05) decrease by ~5 km/hr (20%) since 1964. Seasonally, winter (Dec, Jan, Feb), 

summer (Jun, Jul, Aug) and autumn (Sep, Oct, Nov) have all demonstrated a statistically significant (P<0.05) 

decrease, the greatest being observed for autumn, ~8 km/hr (28%) since 1964. 

*

*

*

*

*
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Daniel’s Harbour monthly mean wind speeds. Mean monthly wind speeds have demonstrated a statistically 

significant (P<0.05) decrease in Feb, Jun, Jul, Aug, Sep, Oct and Nov since 1964. The greatest decrease being 

observed for Oct, ~11 km/hr (37%) since 1964. 
 

 

  

*

**

**

*

**

*

*

*

*
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2. Projected Climate Trends 
 

2.1 Temperature  
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Projected mean annual temperature increase for Gros Morne National Park from a 1980-2010 baseline. 

Composite projection of CanESM2, CESM1CAM5, HADGEM2ES and MIROCESM. Data source: Natural 

Resources Canada, Canadian Forest Service, http://cfs.nrcan.gc.ca/projects/3 (Price et al., 2011). 
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2.2 Precipitation 
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Projected total annual precipitation change for Gros Morne National Park from a 1980-2010 baseline. 
Composite projection of four spatially interpolated downscaled Global Circulation Models: CanESM2, 

CESM1CAM5, HADGEM2ES and MIROCESM. Data source: Natural Resources Canada, Canadian Forest Service, 

http://cfs.nrcan.gc.ca/projects/3 (Price et al., 2011).  
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2.3 Rainfall Intensity, Duration and Frequency (IDF) 
 

Extreme rainfalls calculated with Generalized Extreme Values (GEV) and an ensemble of climate models within IDF_CC Tool 3.0 

(http://www.idf-cc-uwo.ca/; see Simonovic et al. (2017)). Engineering datasets are available at: http://climate.weather.gc.ca. Extreme precipitation 

for Atlantic Canada is also available at: http://atlantic-canada-precip.eas.cornell.edu. 

 

 

Baseline total precipitation amounts (mm) for Daniel’s Harbour from 1969-1995. 

 

 

Projected (2050-2100) precipitation (mm) for Daniel’s Harbour using an ensemble of models and RCP 4.5.  

 

 

Projected (2050-2100) precipitation (mm) for Daniel’s Harbour using an ensemble of models and RCP 8.5. 

 

http://www.idf-cc-uwo.ca/
http://climate.weather.gc.ca/
http://atlantic-canada-precip.eas.cornell.edu/


 

 

2.4 Growing Season and Climate Moisture Index 
 

Growing Season is calculated as the number of days between the last occurrence of 0°C in spring and the 

first occurrence of 0°C in autumn. The metric is a widely used indicator of plant photosynthetic activity 

(http://www.nrcan.gc.ca/forests/climate-change/forest-change/18470). The Climate Moisture Index 

(CMI) is calculated as the difference between annual precipitation and potential evapotranspiration. A 

positive CMI value indicates wet conditions and a negative value indicates dry conditions 

(http://www.nrcan.gc.ca/forests/climate-change/forest-change/17772). Data courtesy of Dan McKenney 

and John Pedlar, Canadian Forest Service. Generalized linear model and plots developed in R (R Core 

Team, 2017). 

 
For Rocky Harbour, NL (49.59 N, 57.915 W). Trend in growing season length for the historic period and the RCP 

2.6 and 8.5 future scenarios all demonstrate a statistically significant (P<0.05) increase, e.g., since 1900 growing 

season has increased by ~16 days and may increase by an additional 74 days under RCP 8.5. No statistically 

significant (P<0.05) trend observed for CMI values over the historic period or RCP scenarios. Future CMI values 

are generally positive, indicative of wet conditions. Although there is no statistically significant difference (P<0.05) 

between the historic and either RCP time periods, future projections are estimated to be positive (wet) 70% of time, 

an increase from 56% for the historic period. Finnis (2013) reports that frequent droughts is not currently or 

projected to be a concern.  

http://www.nrcan.gc.ca/forests/climate-change/forest-change/18470
http://www.nrcan.gc.ca/forests/climate-change/forest-change/17772
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3. Climate Change Impacts 
 

3.1 Sea Level Rise 
 

Relative sea levels are rising in the region. For example, since 1960 Port Aux Basques has experienced an 

increase of 2.48 ± 0.4 mm/yr (~13.8 cm) (http://www.psmsl.org/products/trends/). 

 

 

 
 

Rocky Harbour, NL projected vertical allowance of 14 to 36 cm by 2100. Vertical allowance for Rocky Harbour 

was acquired from the Canadian Extreme Water Level Adaptation Tool (CAN-EWLAT, 

http://www.bio.gc.ca/science/data-donnees/index-en.php). Vertical allowances are “recommended changes in the 

elevation of coastal infrastructure required to maintain the current level of flooding risk in a future scenario of sea 

level rise”. These estimates are based on a future projection of regional sea level rise using the RCP 4.5 and RCP 8.5 

scenarios and the historical water level records, including both tides and storm surge. The historical records do not 

incorporate predicted changes in storm tides. 

 

 

NOTE: 

Newfoundland and Labrador maintains an on-line “Geoscience Atlas” 

(http://geoatlas.gov.nl.ca/Default.htm) that includes data that may be relevant to characterizing the coast 

and understanding coastal sensitivity (e.g., coastal erosion index, coastal sensitivity index).  

http://www.psmsl.org/products/trends/
http://www.bio.gc.ca/science/data-donnees/index-en.php
http://geoatlas.gov.nl.ca/Default.htm
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Map of coastal sensitivity in Gros Morne National Park. Sensitivity is based on coastal materials, landforms, 

relief, ground ice, wave height, tidal range, recent trends in sea ice concentration and projected sea level rise to 

2050. Data provided by Natural Resources Canada (Couture and Manson, 2016).    
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3.2 Wildfire Regimes 
 

 
RCP 2.6 

 
RCP 8.5 

 

 

Projected increase in wildfire season for Gros Morne National Park. Length in days from baseline (1981-

2010) by 2071-2100 under RCP 2.6 and RCP 8.5 scenarios. Data source Natural Resources Canada, 

http://cfs.nrcan.gc.ca/fc-data-catalogue. 

 

NOTE: 

Annual forest fire data (e.g., number of fires, area burned) for the province is available from the National 

Forestry Database (http://nfdp.ccfm.org/fires/jurisdictional_e.php). This database also includes forest 

insect defoliation (http://nfdp.ccfm.org/insects/jurisdictional_e.php). This may be used to assess 

provincial trends at least. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://nfdp.ccfm.org/fires/jurisdictional_e.php
http://nfdp.ccfm.org/insects/jurisdictional_e.php
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3.3 Hydrological Regimes 
 

Changes to temperature (e.g., snowmelt) and precipitation (e.g., intensity, duration, frequency, rain vs 

snow) affects stream hydrology.  

 

No long-term stream hydrological stations are currently maintained in Gros Morne NP, regional stations 

include Greavett Brook above Portland Creek Pond (02YE001) and Upper Humber River above Black 

Brook (02YL008), see Appendix 1 for data, and a discontinued station at Bottom Creek near Rock 

Harbour (02YH001).  

 

 
Greavett Brook Hydrological Station Annual Peak Flow (m3/s). Preliminary analysis highlights a statistically 

significant (P<0.05) increasing trend in maximum peak flows from 1985 to 2015. Trend determined using a 

generalized linear model (R Core Team, 2017) and data from EC Data Explorer, HYDAT (Jan 17, 2018) 

(https://ec.gc.ca/rhc-wsc/). Additional analysis is recommended and could reveal patterns in minimum, maximum, 

and mean flows and levels, as well as timing and seasonal patterns.  
 

 

 
Upper Humber River Hydrological Station Annual Peak Flow (m3/s). Preliminary analysis highlights an 

increasing trend, but it is not statistically significant (P<0.05) from 1988 to 2016. Trend determined using a 

generalized linear model (R Core Team, 2017) and data from EC Data Explorer, HYDAT (Jan 17, 2018) 

(https://ec.gc.ca/rhc-wsc/) 

 

NOTE: 

Flood risk assessments are available for many communities in Newfoundland, including Trout River 

(Engineering Co. Ltd., 1990) and Parson’s Pond (Martec Ltd, 1988). 

  

*
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3.4 Biodiversity 
 

Conditions, including milder winters and summer drought, may be more favourable for invasive species 

colonization (Langor et al., 2014; Walther et al., 2009) and for more extensive forest insect and disease 

outbreaks (e.g., spruce budworm, forest tent caterpillar, gypsy moth) (Warren and Lemmen, 2014; 

Warren et al., 2013; Weed et al., 2013). Furthermore, introduced animals that currently are restricted in 

distribution (e.g., Red Squirrel, Eastern Chipmunk, Red Backed Vole, American Toad, Wood Frog and 

Green Frog in Newfoundland) may increase in numbers and spread to new ecoregions or higher 

elevations. This may lead to impacts on native species, for example through increased depredation of 

songbird nests by squirrels and chipmunk (Whitaker et al., 2015). 

 

 

 

 
 

Percentage of projected species turnover (50 km x 50 km grid) relative to current species occurrence, assuming full 

dispersal (i.e., species can move into new areas) using ten coupled atmosphere-ocean general circulations models 

(AOGCMS) as in Lawler et al. (2009) and the A2 emission scenario. Species turnover is calculated as a composite 

measure of species loss (i.e., % of species currently in a cell whose projected future range does not include the cell) 

and species gain (i.e., % increase in species due to range expansion). Data and analysis discussed further in Lindsay 

et al. (2016). 
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AdaptWest (https://adaptwest.databasin.org/) provides integrative tools that can inform conservation 

planning, including the following analysis and figure on climate velocity and species exposure to climate 

change (Stralberg et al., 2018). North American coverage clipped for Gros Morne NP.   

 

 
Projected climate refugia areas for songbird species. Refugia indices are based on niche-based velocities for 

individual species derived from Distler et al. (2015) for 268 songbirds. The Long Range Mountains appear to have 

high refugia value.  

 

 
Projected climate refugia areas for tree species. Refugia indices are based on niche-based velocities for individual 

species derived from McKenney et al. (2011) for 324 tree species. Refugia potential for Gros Morne appears low.  

Gros Morne NP

Gros Morne NP

https://adaptwest.databasin.org/
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Forward climate velocity (km/yr). The rate at which an organism in the current landscape has to migrate to 

maintain constant climate condition. Using RCP 8.5 projected velocities through 2041-2070 are 5-8 km/yr for Gros 

Morne NP. 

 

 
Backward climate velocity (km/yr). Given the projected future climate habitat of a grid cell, it is the minimum rate 

of migration for an organism from equivalent climate conditions to colonize this climate habitat. Using RCP 8.5 

projected velocities through 2041-2070 are 3-12 km/yr for Gros Morne NP.   

Gros Morne NP

Gros Morne NP
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Plant Hardiness 

 
Plant hardiness is associated with probabilities of plant survival in relation to average, broad scale 

climatic conditions. As the climate changes, habitat suitability for plant species also changes. Natural 

Resources Canada maintains a plant hardiness database that includes future projections of plant hardiness 

(http://www.planthardiness.gc.ca/). A query of this database revealed a future decline in the number of 

species in the Rocky Harbour area (49.45N, 57.90W), see Table 1.  

 
Table 1. Plant species richness for Rocky Harbour, NL based on plant hardiness projections. 

 1971-2000 2011-2040 2041-2070 2071-2100 

Full Range 813 818 534 392 

Core Range 204 166 97 77 

 

 

 

 
 
Balsam fir (Abies balsamea) is an example of a species whose core and full range is projected to change. Currently, 

Rocky Harbour is considered within the core range for this species, but depending on the future scenario it may no 

longer be within its core range. More models and information for this species are available: 

http://www.planthardiness.gc.ca/index.pl?m=9b&lang=en&speciesid=1000005. 

 

 

 

 

 

http://www.planthardiness.gc.ca/
http://www.planthardiness.gc.ca/index.pl?m=9b&lang=en&speciesid=1000005
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Additional Reading on Biodiversity 

 
Berger, A. R. (2017). Tracking rapid landscape change with repeated photography, Gros Morne National 

Park, Newfoundland, Canada. Atlantic Geology, 53, 115-126. doi:10.4138/atlgeol.2017.005. 

Gosse, J., Hermanutz, L., McLaren, B., Deering, P., and Knight, T. (2011). Degradation of Boreal Forests 

by Non-native Herbivores in Newfoundland's National Parks: Recommendations for Ecosystem 

Restoration. Natural Areas Journal, 31(4), 331-339.  

Humber, J. M. and Hermanutz, L. (2011). Impacts of non-native plant and animal invaders on gap 

regeneration in a protected boreal forest. Biological Invasions, 13(10), 2361-2377. 

doi:10.1007/s10530-011-0048-1. 

Poissant, J., Knight, T. W., and Ferguson, M. M. (2005). Nonequilibrium conditions following landscape 

rearrangement: the relative contribution of past and current hydrological landscapes on the 

genetic structure of a stream-dwelling fish. Molecular Ecology, 14(5), 1321-1331. 

doi:10.1111/j.1365-294X.2005.02500.x. 

Rae, L. F., Whitaker, D. M., and Warkentin, I. G. (2013). Multiscale impacts of forest degradation 

through browsing by hyperabundant moose (Alces alces) on songbird assemblages. Diversity and 

Distributions. doi:10.1111/ddi.12133. 

Rose, M. and Hermanutz, L. (2004). Are boreal ecosystems susceptible to alien plant invasion? Evidence 

from protected areas. Oecologia, 139(3), 467-477. doi:10.1007/s00442-004-1527-1. 

 

 

4. References 
 
AMEC. (2012). A Study of Climate Monitoring Capabilities in Newfoundland and Labrador. Government 

of Newfoundland and Labrador, St. John’s, NL. 

http://www.exec.gov.nl.ca/exec/occ/publications/climate_monitoring_capabilities_nl.pdf. 

Couture, N. J. and Manson, G. K. (2016). CanCoast: a tool for helping to assess climate vulnerability. 

Natural Resources Canada. Geological Survey of Canada 

Distler, T., Schuetz, J. G., Velásquez‐Tibatá, J., and Langham, G. M. (2015). Stacked species distribution 

models and macroecological models provide congruent projections of avian species richness 

under climate change. Journal of Biogeography, 42(5), 976-988. doi:10.1111/jbi.12479. 

ECCC. (2017). Adjusted and Homogenized Canadian Climate Data (AHCCD). Environment and Climate 

Change Canada. https://www.ec.gc.ca/dccha-ahccd/. 

Engineering Co. Ltd. (1990). Flood Risk Mapping Study of the Trout River Area. Canada-Newfoundland 

Flood Damage Reduction Program, Department of Environment and Lands, St. John's, NL. 

http://www.mae.gov.nl.ca/waterres/flooding/frm.html. 

Finnis, J. (2013). Projected Impacts of Climate Change for the Province of Newfoundland & Labrador. 

The Office of Climate Change, Energy Efficiency & Emissions Trading. 

http://www.turnbackthetide.ca/tools-and-resources/whatsnew/2013/climate_projections.pdf. 

Gray, P. A., Perdeaux, S., and Cobb, P. (2017). Approaches for Integrating Climate Change into Natural 

Resource Management and Management Planning for Protected Areas. A Review of the 

Literature. Ontario Ministry of Natural Resources and Forestry 

Gross, J. E., Woodley, S., Welling, L. A., and Watson, J. E. M. (Eds.). (2016). Adapting to Climate 

Change. Guidance for protected area managers and planners. (Vol. No. 24). Gland, Switzerland: 

IUCN. https://portals.iucn.org/library/node/46685. 

IPCC. (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Intergovernmental Panel on 

Climate Change (IPCC). The Summary for Policymakers of the Working Group II contribution to 

the Fifth Assessment Report. http://www.ipcc.ch/index.htm. 

http://www.exec.gov.nl.ca/exec/occ/publications/climate_monitoring_capabilities_nl.pdf
https://www.ec.gc.ca/dccha-ahccd/
http://www.mae.gov.nl.ca/waterres/flooding/frm.html
http://www.turnbackthetide.ca/tools-and-resources/whatsnew/2013/climate_projections.pdf
https://portals.iucn.org/library/node/46685
http://www.ipcc.ch/index.htm


25 

 

Langor, D. W., Cameron, E. K., MacQuarrie, C. J. K., McBeath, A., McClay, A., Peter, B., Pybus, M., 

Ramsfield, T., Ryall, K., Scarr, T., Yemshanov, D., DeMerchant, I., Foottit, R., and Pohl, G. R. 

(2014). Non-native species in Canada's boreal zone: diversity, impacts, and risk. Environmental 

Reviews, 22(4), 372-+. doi:10.1139/er-2013-0083. 

Lawler, J. J., Shafer, S. L., White, D., Kareiva, P., Maurer, E. P., Blaustein, A. R., and Bartlein, P. J. 

(2009). Projected climate-induced faunal change in the Western Hemisphere. Ecology, 90(3), 

588-597. doi:10.1890/08-0823.1. 

Lemmen, D. S., Warren, F. J., James, T. S., and Mercer Clarke, C. S. L. (Eds.). (2016). Canada's Marine 

Coasts in a Changing Climate. Ottawa, ON: Government of Canada. 

http://www.nrcan.gc.ca/environment/resources/publications/impacts-

adaptation/reports/assessments/2016/18388. 

Lindsay, K., Gobeil, J.-F., Lawler, J. L., Schloss, C., Beazley, K. F., and Beechey, T. J. (2016). Wildlife 

Conservation, Protected Areas and Climate Change in Canada: Implications of Projected 

Species Range Shifts. Canadian Council on Ecological Areas, CCEA Secretariat, Ottawa, Ontario. 

http://www.ccea.org/wp-

content/uploads/2015/10/CCEA_WildlifeConservationProtectedAreasandClimateChangeinCanad

a_Digital.pdf. 

Loder, J. W., Han, G., Galbraith, P. S., Chassé, J., and van der Baaren, A. (Eds.). (2013). Aspects of 

Climate Change in the Northwest Atlantic off Canada. Bedford Institute of Oceanography, 

Dartmouth, Nova Scotia: Fisheries and Oceans Canada. 

http://publications.gc.ca/collections/collection_2014/mpo-dfo/Fs97-6-3045-eng.pdf. 

Martec Ltd. (1988). Historical Flooding Review and Flood Risk Mapping Study for Parson's Pond. 

http://www.mae.gov.nl.ca/waterres/flooding/frm.html. 

McKenney, D. W., Pedlar, J. H., Rood, R. B., and Price, D. (2011). Revisiting projected shifts in the 

climate envelopes of North American trees using updated general circulation models. Global 

Change Biology, 17(8), 2720-2730. doi:10.1111/j.1365-2486.2011.02413.x. 

Parker, S. (2017). Let's Talk about Climate Change: Atlantic Region. Parks Canada, Office of the Chief 

Ecosystem Scientist 

PCIC. (2014). Statistically Downscaled Climate Scenarios. Pacific Climate Impacts Consortium, 

University of Victoria. https://www.pacificclimate.org/data/statistically-downscaled-climate-

scenarios. 

Price, D. T., McKenney, D. W., Joyce, L. A., Siltanen, R. M., Papadopol, P., and Lawrence, K. (2011). 

High-Resolution Interpolation of Climate Scenarios for Canada Derived from General 

Circulation Model Simulations. Natural Resources Canada, Canadian Forest Service, Northern 

Forestry Centre, Edmonton, Alberta. http://cfs.nrcan.gc.ca/publications?id=32971. 

R Core Team. (2017). R: A Language and Environment for Statistical Computing (ver. 3.4.3).  

http://www.R-project.org 

Simonovic, S. P., Schardong, A., and Sandink, D. (2017). Mapping Extreme Rainfall Statistics for 

Canada under Climate Change Using Updated Intensity-Duration-Frequency Curves. Journal of 

Water Resources Planning and Management, 143(3), 12. doi:10.1061/(asce)wr.1943-

5452.0000725. 

Stralberg, D., Carroll, C., Wilsey, C., Pedlar, J., McKenney, D., and Nielsen, S. (2018). Macrorefugia for 

North American trees and songbirds: climatic limiting factors and multi-scale topographic 

influences. Global Ecology and Biogeography. doi:https://doi.org/10.1111/geb.12731. 

Vuuren, D., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G., Kram, T., Krey, 

V., Lamarque, J.-F., Masui, T., Meinshausen, M., Nakicenovic, N., Smith, S., and Rose, S. 

(2011). The representative concentration pathways: an overview. Climatic Change, 109(1-2), 5-

31. doi:10.1007/s10584-011-0148-z. 

Walther, G. R., Roques, A., Hulme, P. E., Sykes, M. T., Pysek, P., Kuhn, I., Zobel, M., Bacher, S., Botta-

Dukat, Z., Bugmann, H., Czucz, B., Dauber, J., Hickler, T., Jarosik, V., Kenis, M., Klotz, S., 

Minchin, D., Moora, M., Nentwig, W., Ott, J., Panov, V. E., Reineking, B., Robinet, C., 

http://www.nrcan.gc.ca/environment/resources/publications/impacts-adaptation/reports/assessments/2016/18388
http://www.nrcan.gc.ca/environment/resources/publications/impacts-adaptation/reports/assessments/2016/18388
http://www.ccea.org/wp-content/uploads/2015/10/CCEA_WildlifeConservationProtectedAreasandClimateChangeinCanada_Digital.pdf
http://www.ccea.org/wp-content/uploads/2015/10/CCEA_WildlifeConservationProtectedAreasandClimateChangeinCanada_Digital.pdf
http://www.ccea.org/wp-content/uploads/2015/10/CCEA_WildlifeConservationProtectedAreasandClimateChangeinCanada_Digital.pdf
http://publications.gc.ca/collections/collection_2014/mpo-dfo/Fs97-6-3045-eng.pdf
http://www.mae.gov.nl.ca/waterres/flooding/frm.html
https://www.pacificclimate.org/data/statistically-downscaled-climate-scenarios
https://www.pacificclimate.org/data/statistically-downscaled-climate-scenarios
http://cfs.nrcan.gc.ca/publications?id=32971
http://www.r-project.org/
https://doi.org/10.1111/geb.12731


26 

 

Semenchenko, V., Solarz, W., Thuiller, W., Vila, M., Vohland, K., and Settele, J. (2009). Alien 

species in a warmer world: risks and opportunities. Trends in Ecology & Evolution, 24(12), 686-

693. doi:10.1016/j.tree.2009.06.008. 

Warren, F. J. and Lemmen, D. S. (Eds.). (2014). Canada in a Changing Climate: Sector Perspectives on 

Impacts and Adaptation. Ottawa, ON: Government of Canada. 

http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Full-

Report_Eng.pdf. 

Warren, R., VanDerWal, J., Price, J., Welbergen, J. A., Atkinson, I., Ramirez-Villegas, J., Osborn, T. J., 

Jarvis, A., Shoo, L. P., Williams, S. E., and Lowe, J. (2013). Quantifying the benefit of early 

climate change mitigation in avoiding biodiversity loss. Nature Climate Change, 3(7), 678-682. 

doi:10.1038/nclimate1887. 

Weed, A. S., Ayres, M. P., and Hicke, J. A. (2013). Consequences of climate change for biotic 

disturbances in North American forests. Ecological Monographs, 83(4), 441-470. 

doi:10.1890/13-0160.1. 

Whitaker, D. M., Taylor, P. D., and Warkentin, I. G. (2015). Gray-cheeked Thrush (Catharus minimus 

minimus) distribution and habitat use in a montane forest landscape of western Newfoundland, 

Canada. [Répartition et utilisation de l'habitat chez la Grive à joues grises (Catharus minimus 

minimus) dans un paysage forestier en altitude dans l'ouest de Terre-Neuve, Canada]. Avian 

Conservation and Ecology, 10(2). doi:10.5751/ACE-00778-100204. 

 

  

http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf


27 

 

Appendix 1. Stream Flow Data 
  

Data from EC Data Explorer, HYDAT (Jan 17, 2018) (https://ec.gc.ca/rhc-wsc). 

 

A.  Greavett Brook (02YE001) Annual Flow  

 

 

 

 

 

  

Year

 Mean 

(m³/s)

 Min. 

Month

 Min. 

Day

 Min.     

(m³/s)

 Max. 

Month

 Max. 

Day

 Max.    

(m³/s)

1984 5.37 3 15 0.4 6 3 58

1985 4.14 2 13 0.08 5 20 39.9

1986 3.68 3 19 0.279 4 24 25.8

1987 3.83 2 10 0.126 4 22 30.2

1988 4.16 2 22 0.229 3 28 32.5

1989 4.48 2 17 0.105 8 7 35.6

1990 5.82 1 25 0.34 10 15 32

1991 4.52 4 18 0.29 5 13 22.5

1992 4.13 3 9 0.334 5 15 44.5

1993 4.99 3 15 0.17 5 7 42.6

1994 5.43 4 2 0.355 6 8 44.4

1995 5 2 25 0.178 6 9 55.3

1996 4.84 8 29 0.616 2 26 29.5

1997 4.85 3 29 0.238 6 20 29.3

1998 4.68 8 9 0.241 5 4 45.6

1999 5.3 7 20 0.909 11 22 39.6

2000 4.62 2 27 0.558 5 19 51

2001 4.28 2 19 0.121 5 13 35.7

2002 4.77 2 26 0.552 5 31 31.6

2003 4.99 1 26 0.44 4 1 58.3

2004 4.53 3 25 0.253 4 15 33.5

2005 4.62 4 2 1.12 10 22 29.6

2006 4.65 9 4 0.927 1 17 28

2007 5.18 3 10 0.308 5 12 38

2008 4.59 2 13 0.44 9 7 24.7

2009 4.09 2 27 0.38 9 16 30.2

2010 5.3 3 26 0.33 9 30 33.8

2011 5.5 8 8 0.168    

2012 5.55 2 8 0.385 4 18 55.1

2013 6.95 7 17 0.726 4 21 64.8

2014 4.99 3 26 0.283 4 17 55.3

2015 5.57 3 16 0.07 11 28 78
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B. Upper Humber River (02YL008) Annual Flow 

 

 

 

 

  

Year

 Mean 

(m³/s)

 Min. 

Month

 Min. 

Day

 Min.     

(m³/s)

 Max. 

Month

 Max. 

Day

 Max.    

(m³/s)

1988 24.7 2 20 2.3 5 22 267

1989 23.7 2 21 2.4 5 10 152

1990 29.7 1 26 1.58 6 5 201

1991 23.1 2 16 1.63 9 27 170

1992 23.2 3 7 1.18 5 15 257

1993 27.1 2 12 1.21 5 17 251

1994 30.9 3 10 1.48 6 15 265

1995 28.8 8 13 3.67 6 9 274

1996 25 9 6 0.975 5 3 158

1997 24.5 3 27 2.11 6 2 148

1998 25.7 2 25 2.08 5 5 251

1999 30.6 7 4 4.11 5 20 220

2000 30 8 9 3.93 5 20 352

2001 23.5 2 20 2.32 11 8 157

2002 28.5 2 13 3.18 11 13 246

2003 29.2 3 20 2.88 4 2 230

2004 23.5 3 26 2.4 5 30 205

2005 26.2 9 20 3.42 9 28 210

2006 27.1 9 9 3.35 1 17 207

2007 24.3 3 10 1.92 5 13 222

2008 26.8 8 12 2.14 12 17 221

2009 27.7 8 18 2.69 5 16 184

2010 28.7 3 24 2.45 9 30 216

2011 27.5 8 8 3.56 5 31 196

2012 25.3 8 12 1.32 9 11 254

2013 30.5 7 19 1.77 5 15 284

2014 28.9 1 6 1.32 5 20 202

2015 32.6 4 9 3.33 6 1 264

2016 26.4 8 17 2.68 5 10 155
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Appendix 2. Model Scatterplots for Temperature and Precipitation 
 

 
Annual 

 
Winter 

 

 
Spring 

 
Summer 

 
Autumn 

 

Climate models for Gros Morne area (10km x 10km grid). Each point represents a single model-simulated 

temperature/precipitation response to the RCP 8.5 scenario. Statistically downscaled data (Bias Corrected Spatial 

Disaggregation; BCSD) derived from 12 CMIP5 global climate models: ACCESS1.0, CanESM2, CCSM4, CNRM-

CM5, CSIRO-Mk3-6.0, GFDL-ESM2G, HadGEM2-CC, HadGEM2-LR, INM-CM4, MPI-ESM-LR, MRI-CGCM3, 

MIROC5 (PCIC, 2014). Figure source: Climate Atlas of Canada, https://climateatlas.ca/ 


