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Presenter
Presentation Notes
This presentation provides an overview of the updated climate change projections for Newfoundland and Labrador. The update was completed in 2018. As you review the slides, please take note of the comments (visible in the top left corner of select slides) which provide further detail.
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1. Introduction



Department Name

4

Why do this work?

 Climate change is happening

 Changes will be significant over time, and will impact on different industries and 
stakeholders in different ways

 Governments, businesses, individuals and communities need information to 
plan

 Better information leads to better planning and better decision making

 Better decision making can lead to reduced risks and costs
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Climate Change is happening – temperatures are rising

1900 1970

1990 2016

White indicates 
temperatures at 

historical norms.

Yellow, orange and 
red shades indicate 
areas warmer than 

average.

Blue shades 
indicates areas 

cooler than average.

2016 was the 
warmest year on 

record. 
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Presenter
Presentation Notes
This slide shows NASA global temperature analysis, dating back to 1900.

2016 was warmest year on record, 2015 was the second warmest and 2017 was the third warmest.

Nine of the top ten hottest years on record have been in this century (the other year was 1998, ranking 9 of 10).

The northern polar region is especially warming, but so is the eastern seaboard of the US and eastern Canada.
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Overview of Work Since 2013

 Provincial Government funded Memorial University to develop provincial climate change 
projections in 2013
 Projections “downscaled” global climate models to make provincial projections

 Main findings: By mid-century the province will experience higher temperatures, more 
precipitation, more intense extreme precipitation events
 Higher temperatures particularly pronounced in winter months

 Since 2013, models have been updated, new information is available, and change in 
projected climate variables have been more pronounced than anticipated

 Provincial Government funded Memorial University to update projections in 2018 using 
North American downscaling techniques
 Same prediction approaches used by Ouranos (QC) and Pacific Climate Impacts Consortium (BC)

 Methodology is peer reviewed by academic and industry experts

Presenter
Presentation Notes
The Province contracted Memorial University climatologists to do provincial local climate projections work in 2013.  This is the first time that such work was done locally. 

The projections used a downscaled regional North American approach. This is the same approach as used by organizations such as Ouranos in Quebec and Pacific Climate Impacts Consortium (PCIC) in British Columbia, among others in North America.  More detail is provided on the next slide.

The main findings are that the province is expected to become warmer, wetter and stormier. This is the same messages for most areas in eastern Canada.

Since 2013, modeling has improved, data collection has improved, and more data is available.  Given this, the Province contracted Memorial University in 2017 to update the work.  The methodology used has been peer reviewed by experts from academia (MUN, Pacific Climate Impacts Consortium) and industry (Wood Group, formerly Amec Foster Wheeler). 
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Technical Overview of 2018 Study

 Based on 5th Report from Intergovernmental Panel on Climate Change (2014)
 Previous study based on 4th Report (2007)

 Focus is on RCP8.5 (business as usual) scenario

 Ensemble approach – 6 Pacific Climate Impact Consortium (PCIC) statistical downscaling 
simulations and 6 NA-CORDEX dynamic downscaling simulations
 Previous study used 7 North American Regional Climate Change Assessment Program (NARCCAP) 

downscaling simulations (NA-CORDEX is the successor to NARCCAP)

 Projections for 2041-2070 and 2071-2100
 Previous study used 2041-2070 only

 25x25 km grids where possible, 50x50 km grids otherwise
 Previous study used 50x50 grids only

Presenter
Presentation Notes
The study used the most recent Intergovernmental Panel on Climate Change (IPCC) modeling framework, which was released in 2014.  It is based on what is known as RCP 8.5 or business as usual scenarios.  Other scenarios that assume lower climate change were not the focus of the work for three reasons: (1) the timing, stringency and outcomes of policy intervention by countries is uncertain; (2) recent data suggest the globe is already on pace to exceed the more conservative scenarios developed for 2014; and (3) in a study of this nature we felt it important to not under-estimate what may occur, particularly for extreme precipitation events.

As you can see this study includes more simulations and a more diverse array of simulations than the 2013 study. For example, it includes both mid- and late century projections, as well as smaller grids to assess change at a local level.
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Location Overview

 28 weather stations in the province assessed for 
temperature and precipitation, plus 1 in Schefferville, QC

 Previous study used 16 locations (did not include Schefferville)

Newfoundland Labrador (and Quebec)

Argentia
Bay d’Espoir
Burgeo
Comfort Cove
Corner Brook
Daniel’s Harbour
Deer Lake
Exploit’s Dam
Gander
Grand Falls
Isle aux Morts

LaScie
North Harbour
Plum Point
Port aux Basques
Springdale
St. Alban’s
St. Anthony
St. John’s
St. Lawrence
Stephenville
Twillingate

Cartwright
Churchill Falls
Goose Bay
Mary’s Harbour
Nain
Wabush Lake
Schefferville (Quebec)

Presenter
Presentation Notes
The study includes 28 weather stations for temperature and precipitation analysis, plus Schefferville located on the Quebec-Labrador border.  This station was included given mining developments in the region.

The number of stations has increased due to longer data collection periods now available at locations such as Comfort Cove, North Harbour and Twillingate, among others.
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Temperature and Precipitation Overview

 Projections completed for 20 temperature and precipitation variables
 Previous study projected 19 variables (did not include number of frost-free days)

Temperature Precipitation
Average Daily Mean Temperature
Mean Daily Minimum Temperature
Mean Daily Maximum Temperature
Cooling Degree Day
Heating Degree Day
Growing Degree Day
Number of Frost Days
Number of Frost Free Days
Maximum Heat Wave Duration

Mean Daily Precipitation
Mean Intensity of Precipitation Events
90th Percentile of Precipitation Events
Maximum 3-day Precipitation
Maximum 5-day Precipitation
Maximum 10-day Precipitation
Number of Days With 10mm or More of Precipitation
Maximum Number of Consecutive Dry Days
Average Dry Spell Length
Median Dry Spell Length
Standard Deviation of Dry Spell Length

Presenter
Presentation Notes
The list of temperature and precipitation variables are the same as for the 2013 study.

These variables are of benefit to those looking at short term, reactive, response driven events, such as storms, as well as those looking at longer term, ecosystem-level changes, such as soil productivity.

There are emerging climate issues being raised by stakeholders, such as wind, which are touched on at the end of this presentation.
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Extreme precipitation overview

 Projections for 7 intervals and 6 return periods for 20 
locations
 Previous study projected 3 intervals and 6 return periods

Locations Intervals Return periods
Argentia
Burgeo
Comfort Cove
Daniel's Harbour
Deer Lake
Gander
LaScie
Port aux Basques
St. Alban's
St. Anthony
Stephenville
St. John's
St. Lawrence
Twillingate

Churchill Falls
Goose Bay
Mary's Harbour
Nain
Schefferville (QC)
Wabush Lake

5 minutes
10 minutes
15 minutes
30 minutes
1 hour
2 hours
6 hours
12 hours
24 hours

2 years
5 years
10 years
25 years
50 years
100 years

Presenter
Presentation Notes
The study includes 20 weather stations for the extreme precipitation analysis, including Schefferville.  More in-depth data is required for this analysis than for temperature and general precipitation, meaning fewer locations are assessed.  More sub-daily intervals for extreme precipitation are included as well, particularly for shorter durations.  This is due to improved modeling capacity since 2013.



Department Name

11

2. Key Findings:
Temperature and Precipitation
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Key Messages from the Study
 Current study includes more locations, more recent data and improved modeling from 2013

 Key messages from 2013 remain – province is projected to become warmer, wetter, 
stormier

 However, current study projects even more pronounced trends - with the province 
becoming even warmer, even wetter and even stormier than projected in 2013
 Winter temperature growth, especially in Labrador, is projected to be 7.3°C higher by-mid-century as opposed 

to the 3.8°C projected in 2013 

 Frost days (proxy for winter) are projected to decline by 4-5 weeks by mid-century and 7-8 weeks by late 

century

 Degree growing days projected to grow by as much as 50% by mid century and to more than double by late 

century

 Number of precipitation days projected to remain relatively stable, but precipitation events projected to be 

more intense

Presenter
Presentation Notes
There are three main points to outline from this study:

First, the long term wetter, warmer and stormier trends remain, but the magnitude of change is expected to be stronger than previously identified.  This is in line with recent historical data and the findings of other studies in other jurisdictions.  NL is not unique, what this deck shows is in line with what is expected elsewhere.  Higher temperature growth, shorter winters and more intense precipitation events are projected changes for example.
Second, while the long-term trends are clearly visible, there may be significant variability and short-term abnormal shifts.  Any given spring may be colder than normal, and any given winter may bring more snow precipitation than expected.
Third, the key here is to focus on the direction and general magnitude of change, not the precise estimated change.  If we accept that it will be warmer for example, then we want to put some parameters around that expectation for planning purposes.  However, while we can talk about long term trends and expectations, it is challenging to predict today what the precise change in any given variable 6 to 8 decades from now.  If you review the technical tables on-line for example, you will see measures of uncertainty as well as the projected change shown on the following slides.
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Temperatures are projected to rise (1)
Change in average daily temperature – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Highest 
projected 

temperature 
growth in 

winter and in 
Labrador.

Lowest 
projected 

temperature 
growth in 

summer and on 
south half of 

island.

Presenter
Presentation Notes
Each of the seven variables (i.e. average daily temperatures, number of frost days, heating degree days, growing degree days, average dry spell, high precipitation days and maximum 3-day precipitation) examined in this presentation will be presented in this form.  First, a general slide, then some examples for particular locations, and then some projections looking at the latter part of the 21st century.

The first variable being examined is average daily temperature by mid-century. These are projected to grow in all seasons, particularly in winter and particularly in Labrador. For example, in Nain the projected temperature rise is just over 7°C.  In the 2013 study, this was projected at just under 4°C.

Higher temperatures in winter months mean, for example, shorter winters, less snow and unstable winter transportation routes.  Higher temperatures in summer mean more agricultural productivity but also the propensity for more invasive species and pests.
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Temperatures are projected to rise (2)
Change in average daily temperature – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Nain
+7.3°C in winter

+2.6°C in summer

Corner Brook
+4.4°C in winter

+3.0°C in summer

Gander
+4.3°C in winter

+2.6°C in summer

Select locations

St. John’s
+3.4°C in winter

+2.4°C in summer

← Naincorner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
This slide looks at four regionally diverse locations in the province for average daily temperature.  The presentation uses these locations throughout (except for one additional location for one variable below).

There are three main points from this slide:

First, winter temperature growth is expected to exceed summer growth.
Second, temperature growth is expected to be particularly strong in the north.
Last, the projections in this study are higher than in the previous 2013 study.
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Temperatures are projected to rise (3)
Change in average daily temperature – end of 20th century to end of 21st century 

15

Select locations – Change in °C

By mid century By late century

Summer Winter Summer Winter

St. John’s +2.4 +3.4 +4.2 +5.3

Gander +2.6 +4.0 +4.7 +6.6

Corner Brook +3.0 +4.4 +5.0 +6.8

St. Anthony +2.7 +5.0 +4.7 +7.5

Goose Bay +2.9 +6.0 +5.0 +9.2

Nain +2.6 +7.3 +4.8 +10.9

Presenter
Presentation Notes
This slide looks at projected change in average daily temperatures from the end of the 20th century to the mid and late 21st centuries.

Three key points on this slide are as follows:

First, it is important to look at the direction and magnitude of change, rather than the precise number.  You can also look at the technical tables on-line to sense the uncertainty in these projected changes. 
Second, temperature growth is projected to continue to rise in the latter half of the century.  It doesn't stop mid-century.
Third, winter temperature growth continues to rise relatively strong compared to summer temperature rise.



Department Name

Number of days with frost is projected to decline (1)
Change in number of frost days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

The number of 
frost days is a 

rough proxy for 
change to and 

from winter 
season, and a 

rough proxy for 
the potential 

number of days 
when there may 

be snow.

Presenter
Presentation Notes
Winter temperatures are projected to rise, thus inferring a shorter winter.  A proxy for the length of winter is the number of frost days, that is, the number of days when the minimum daily temperature declines below zero.

Look at spring and fall seasons in particular.  The projections in this study suggest earlier spring and later fall seasons, thus shortening the winter season.
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Number of days with frost is projected to decline (2)
Change in number of frost days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Nain
-21.6 Days in Fall

-11.4 Days in Spring

Corner Brook
-12.8 Days in Fall

-20.3 Days in Spring

Gander
-14.2 Days in Fall

-24.9 Days in Spring

Select locations

St. John’s
-12.8 Days in Fall

-19.3 Days in Spring

← Naincorner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
This chart shows additional detail on the projected spring and fall changes.  In total, by mid century, winter may be as much as a month shorter.  This compares to the previous 2013 study which projected a shorter winter by about 3 weeks.



Department Name

18

Select locations – Change in number of frost days

By mid century By late century

Fall Spring Fall Spring

St. John’s -12.76 -19.26 -15.80 -35.61

Gander -14.21 -24.89 -19.75 -38.36

Corner Brook -12.84 -20.26 -16.73 -31.39

St. Anthony -15.88 -20.72 -22.07 -35.09

Goose Bay -19.50 -15.56 -28.19 -26.90

Nain -21.57 -11.41 -30.77 -24.07

Number of days with frost is projected to decline (3)
Change in number of frost days – end of 20th century to end of 21st century 

Presenter
Presentation Notes
This slide provides further regional data on the number of days with frost.
It also projects that by late century, winter may be as much as 7 to 8 weeks shorter.
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Warmer temperatures mean less demand for space heat (1)
Change in heating degree days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Demand for 
space heating 
correlated with 
winter, spring 

and fall 
temperature 

change as most 
space heating 

is required 
during colder 

months

Presenter
Presentation Notes
Warmer winters mean less demand for space heating from electricity, fuel oil or wood.

This chart, using a technical concept called heating degree days, measures this.  Heating degrees days only apply to days when the average daily temperature falls below 16°C. Now think of a situation where the average temperature is 5 degrees below 16°C.  That counts as five heating degree days.  These daily differences across the whole year are added together and then change is measured for the full season.

There are a lot fewer degree heating days projected in winter as well as in the spring and fall seasons.
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Warmer temperatures mean less demand for space heat (2)
Change in heating degree days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

St. John’s
-18% in winter
-20% annually

Nain
-23% in winter
-21% annually

Corner Brook
-21% in winter
-24% annually

Gander
-20% in winter
-22% annually

Select locations

← Nain
corner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
Look at Gander as an example.  What this chart says is that, on average, there will be 20% to 22% less degree heating days by mid-century.

In simple terms, this means that for every 100 kilowatt hours of electricity consumed for space heating today will be reduced to about 80 kilowatt hours by mid-century.
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Warmer temperatures mean less demand for space heat (3)
Change in heating degree days – end of 20th century to end of 21st century 
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Select locations – Percent change

By mid century By late century

Winter Annual Winter Annual

St. John’s -18% -20% -28% -33%

Gander -20% -22% -31% -35%

Corner Brook -21% -24% -32% -38%

St. Anthony -20% -21% -31% -33%

Goose Bay -20% -21% -30% -33%

Nain -23% -21% -34% -34%

Presenter
Presentation Notes
As in previous charts, the trends continue in the latter half of the century.

For every 100 kilowatt hours of electricity consumed for space heating today, this will be reduced to about 80 kilowatt hours by mid-century as shown on the previous slide and to about 67 to 70 kilowatt hours by the end of the century.
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Warmer temperatures mean more resource productivity (1)
Change in growing degree days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Growing degree 
days is a 

measure for 
warmth in soil 
and water and 

impacts on 
agriculture, 
forestry and 

fisheries 
productivity.  It 

is correlated 
with rising 

temperatures in 
summer, spring 

and fall.

Presenter
Presentation Notes
Higher temperature growth means warmer soil and warmer water, particularly in the summer season.  Similar to the technical concept of degree heating day, this chart looks at growing degree days.  The baseline for a growing degree day is 10°C.  This means that a day with an average daily temperature of 20°C will have 10 growing degree days.

Higher degree growing days mean more productivity in agriculture, fisheries, forestry and aquaculture.  It also means, however, that water quality may change and that more invasive species and pests may appear in the province.



Department Name

Warmer temperatures mean more resource productivity (2)
Change in growing degree days – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

St. John’s
+61% annually

Nain
+126% annually

Corner Brook
+64% annually

Gander
+59% annually

Select locations

St. Alban’s
+75% annually

← Nain
corner        
Brook

Gander

St. John’sSt. Alban’s

Presenter
Presentation Notes
Growing degree days are projected to grow by over 50% by mid-century on the island portion of the province.  St. Albans has been included on this chart given the aquaculture industry in that region.

While the rate of growth is stronger in Nain, in absolute numbers there are fewer degree growing days in that region of the province.
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Select locations – Percent change

By mid century By late century

Annual Annual

St. John’s 61% 117%

Gander 59% 111%

St. Alban’s 75% 137%

Corner Brook 64% 115%

St. Anthony 78% 149%

Goose Bay 69% 130%

Nain 126% 294%

Warmer temperatures mean more resource productivity (3)
Change in growing degree days – end of 20th century to end of 21st century 

Presenter
Presentation Notes
On this chart, you will see that growing degree days are projected to more than double by late century.
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The average dry spell is expected to remain stable (1)
Change in average dry spell – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Dry spells are a 
measure for 
frequency of 
precipitation, 

stress on 
vegetation 

(from lack of 
water), and 

propensity for 
flooding (if  

waterways have 
more or less 
time to clear 
after major 

precipitation 
events)

Presenter
Presentation Notes
Let's switch to precipitation.  What does higher temperatures mean for precipitation trends?

First, let's look at the average dry spell, or the average period between precipitation events.  Longer dry periods, for example,  place stress on vegetation, limits propensity for floods as water systems can clear out from the pervious precipitation event.

What this chart shows is that the average dry spell is projected to remain fairly stable by mid-century.  In simple terms, on average, the number of precipitation events may not change.  However, the intensity of precipitation events will increase.
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The average dry spell is expected to remain stable (2)
Change in average dry spell – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

St. John’s
+0.9 days in Fall

+0.2 days in Spring

Nain
-0.4 days in Fall

-0.7 days in Spring

Corner Brook
+0.5 days in Fall

+0.5 days in Spring

Gander
+0.3 days in Fall

+0.3 days in Spring

Select locations

← Nain
corner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
This chart looks at the average change in the dry spell for fall and spring.

These trends continue to late century as demonstrated in the next slide which looks at late century projections.
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Number of high precipitation days is expected to increase (1)
Change in precipitation day with 10+ mm – end of 20th century to mid 21st century 
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High 
precipitation 
days are a 
proxy for 

erosion and 
flooding 

propensity.

10mm of rain 
precipitation 
equates to at 
least 10cm of 

snow 
precipitation.

Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Presenter
Presentation Notes
The frequency of high precipitation events is key to understanding the potential for coastal erosion, erosion in rivers and lakes, as well as the propensity for flooding.

On this chart, a high precipitation day is a day that includes 10 or more mm or rain, or 10 cm or more of snow.

Most growth will occur in the fall and winter months when leaves are falling and show is on the ground that may limit access to drainage.
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Number of high precipitation days is expected to increase (2)
Change in precipitation day with 10+ mm – end of 20th century to mid 21st century 

28

Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Select locations

St. John’s
+1.8 days in Fall

+2.6 days annually

Nain
+2.3 days in Fall

+4.3 days annually

Corner Brook
+2.1 days in Fall

+6.8 days annually

Gander
+1.1 days in Fall

+5.4 days annually

← Naincorner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
This chart looks at the change in high precipitation day per location.  Look at Corner Brook, for example.  Today, Corner Brook experiences about 41 days per year, or about 3.5 days per month.  By mid-century, this will grow to about 4 per month or an extra 7 days a year, about a 15 per cent increase.
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Select locations – Number of days

By mid century By late century

Fall Annual Fall Annual

St. John’s 1.8 2.6 0.7 2.2

Gander 1.1 5.4 1.0 8.1

Corner Brook 2.1 6.8 1.5 8.7

St. Anthony 3.2 8.2 3.2 10.9

Goose Bay 1.8 6.0 1.9 8.7

Nain 2.3 4.3 2.3 5.7

Number of high precipitation days is expected to increase (3)
Change in precipitation day with 10+ mm – end of 20th century to end of 21st century 

Presenter
Presentation Notes
Similar to previous charts, this shows that the number of high precipitation days will continue to grow to late century, except for St. John‘s.  This may be a function of the high number of high precipitation days already.
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Maximum 3-day precipitation is expected to increase (1)
Change in precipitation – end of 20th century to mid 21st century 
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Precipitation 
over several 

days is a proxy 
to measure 

flooding as it 
impacts on 

reservoir levels, 
soil moisture 

capacity, water 
drainage 

systems and 
water body 
capacity.

Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Presenter
Presentation Notes
This slide looks at the change in the projected maximum 3-day precipitation.   Some precipitation events cross a number of days and cumulative impacts over multiple days can increase flooding propensity.

Precipitation change is expected to be more pronounced on the island portion of the province, than in Labrador, and will cross all four seasons.  The change is particularly pronounced on the south coast of the island in the winter season.

Later, this presentation will look at changes in extreme precipitation events which is a different concept than total maximum precipitation over 3 days.  Extreme precipitation events for example, looks at short durations, such as high precipitation over 5 or 10 minutes, and looks at major storms, such as 1-in-100 year storms.
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Maximum 3-day precipitation is expected to increase (2)
Change in precipitation – end of 20th century to mid 21st century 
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Winter

Summer

Spring

Fall

Winter

Summer

Spring

Fall

Select locations

St. John’s
+19.3% in Fall

+8.3% annually

Nain
+31.5% in Fall
-8.2% annually

Corner Brook
+22.4% in Fall

+15.5% annually

Gander
+19.3% in Fall
+13.3 annually

← Nain
corner        
Brook

Gander

St. John’s

Presenter
Presentation Notes
This slide shows that there will, generally, be about a 20% increase in maximum precipitation over 3 days on the island in fall.

Fall is a high precipitation season when we are most prone to tropical storms and hurricanes, and so this season has a higher growth in precipitation than the annual average.  On the south coast of the island, the high precipitation season will extend into winter.
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Select locations – Percent change

By mid century By late century

Fall Annual Fall Annual

St. John’s 19.3% 8.3% 23.1% 13.9%

Gander 19.3% 13.3% 26.9% 22.4%

Corner Brook 22.4% 15.5% 32.6% 27.0%

St. Anthony 33.6% 19.3% 47.1% 30.3%

Goose Bay 21.7% 17.8% 27.9% 28.9%

Nain 31.5% 8.2% 34.1% 14.0%

Maximum 3-day precipitation is expected to increase (3)
Change in precipitation – end of 20th century to end of 21st century 

Presenter
Presentation Notes
The further north you go the higher the growth in maximum 3-day precipitation. Growth in precipitation is expected to be higher in the latter half of the century than mid century.
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3. Key Findings:
Extreme Precipitation Events

Presenter
Presentation Notes
This part of the presentation focuses on extreme precipitation events.  These are high intensity precipitation events, lasting from 5 minutes to 24 hours, that may flood drainage systems, lead to public and private infrastructure damage, and result in sudden coastal erosion.

This is a key area for planning for the Province.

Government has taken important steps to improve its understanding extreme events.  It was included in the 2013 study, it was separately assessed in 2015 in light of new modeling techniques at that time, and it is further assessed at this time.  The findings in the current study generally align with the 2015 study.
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2071-2100

Extreme precipitation events are projected to intensify
Average of all intervals and all durations relative to end of 20th century
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Based on maximum likelihood estimation techniques for all 
locations except Argentia, St. Albans, Daniel‘s Harbour and 
Stephenville.  These locations use method of moments estimation.

Presenter
Presentation Notes
This chart shows the 20 locations for which an intensity-duration-frequency curve, or IDF curve, can be developed.  An IDF curve is the main tool used by engineers to assess infrastructure construction to withstand extreme precipitation events.

For ease of viewing, the chart divides the locations in to five blocks: (1) eastern and Burin areas of the island, (2) the central area of the island, (3) the western part of the island and Northern Peninsula, (4) coastal Labrador, and (5) central and western Labrador.

The main message is that significant growth in extreme precipitation intensity is projected this century, on average, for all intervals from 5 minutes to 24 hours, and for all return periods from a 1-in-2 year storm to a 1-in-100 year storm.

All detailed data is available on government's website (http://www.exec.gov.nl.ca/exec/occ/climate-data/index.html) 
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Average 23%

Average 37%

Presenter
Presentation Notes
Just how much of an increase is projected?

By mid-century, average growth is almost 25% above current levels.  There is some variation by location, interval and duration of course.
By late century, growth will be 35% to 40% above current levels.  In simple terms, this means that the infrastructure constructed today may need to withstand up to 40% more precipitation in an extreme event than today.
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Presenter
Presentation Notes
The next few slides will provides detail on two of these locations.  St. Lawrence, which is subject to receiving a fair number of tropical storms and other high precipitation events, as well as Deer Lake for comparison purposes.
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Presenter
Presentation Notes
First, St. Lawrence. 

For simplicity, the chart shows 24 hour duration precipitation event. 
As depicted, for a 24 hour period, a 1-in-2 year storm will bring about 70 mm of precipitation today, a 1-in10 year storm will bring about 100 mm, and a 1-in-100 year storm will bring about 135 mm.
To clarify, a 1-in-100 year storm does not mean we will only have this storm every 100 years, rather that there is a 1% risk of that happening in any given year. For a 1-in-10 year storm, there is a 10% risk.
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Presenter
Presentation Notes
This chart adds on the projected precipitation for mid-century in green.  

The chart also builds in uncertainty with the red.  With uncertainty, there is the potential for even higher extreme precipitation amounts.
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A 1-in-100 year 
storm projected to 
bring 26% to 45% 
more precipitation 

by mid century

Presenter
Presentation Notes
Let’s look at a 1-in-100 year storm.  The projected precipitation could grow from about 135 mm today to 166 mm by mid-century and, with uncertainty, about 195 mm.

This represents growth of between, roughly, 26% and 45% from today.
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A 1-in-100 year 
storm today is 
projected to be

a 1-in-10 to 1-in-25 
year storm by mid-

century

Presenter
Presentation Notes
Let’s look at it another way.  

If we look horizontally, what is a 1-in-100 year storm today in St. Lawrence (about 134 mm) could become a 1-in-25 year storm by mid century (about 139 mm), or with uncertainty, a 1-in-10 year storm (about 138 mm).
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Presenter
Presentation Notes
Lets examine late century.  A 1-in-100 year storm will grow from 135 mm today, and about 166 mm by mid-century to 188 mm by the latter part of the century.  With uncertainty, this could approach 215 mm.
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A 1-in-100 year 
storm projected to 
bring 40% to 60% 
more precipitation 

by late century

Presenter
Presentation Notes
This means that a 1-in-100 year storm, with uncertainty, could be as much as 60% higher than current levels.
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A 1-in-100 year 
storm today is 
projected to be

a 1-in-5 to 1-in-10 
year storm by late 

century

Presenter
Presentation Notes
And it means that a 1-in-100 year storm today (135 mm) could become a 1-in-5 year storm (128 mm) to 1-in-10 year storm (134 mm).
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Presenter
Presentation Notes
Turning to Deer Lake, you will see than the trends are the same, however, the absolute levels of precipitation are lower.  At this time, for example, a 1-in-100 year storm will bring about 85 mm of precipitation to Deer Lake.
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Presenter
Presentation Notes
However, by mid-century, a 1-in-100 year storm is projected to increase to 113 mm and with uncertainty to as much as 132 mm. 



Department Name

0

30

60

90

120

150

2 5 10 25 50 100

Current
Mid Century Mean
Mid Century High

Duration: 24 hours

Intensity
(mm)

Frequency (years)

Extreme Precipitation: Deer Lake
Current and mid-21st century IDF projections

46

A 1-in-100 year 
storm projected to 
bring 32% to 53% 
more precipitation 

by mid century

Presenter
Presentation Notes
This represents growth of between 32% and 53% from today.
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A 1-in-100 year 
storm today is 
projected to be

a 1-in-5 to 1-in-10 
year storm by mid-

century

Presenter
Presentation Notes
And it means that a 1-in-100 year storm today (about 85 mm) will be a 1-in-5 (82 mm) to 1-in-10 (81 mm) year storm by mid-century.
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Presenter
Presentation Notes
By late century, a 1-in-100 year storm is projected to grow further, from 85 mm today to 113 mm by mid century and to 130 mm by late century.  With uncertainty, it could be as high as 145 mm.
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A 1-in-100 year 
storm projected to 
bring 53% to 71% 
more precipitation 

by late century

Presenter
Presentation Notes
This means that a 1-in-100 year storm could bring between 53% and 71% more precipitation by the latter part of the century.
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A 1-in-100 year 
storm today is 
projected to be

a 1-in-5 to 1-in-10 
year storm by late 

century

Presenter
Presentation Notes
And it means that a 1-in-100 year storm today (about 85 mm) will be a 1-in-5 to 1-in-10 (88 to 92 mm) year storm by late century.
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Key Messages

 Current study includes more locations, more recent data and improved modeling from 2013

 Key messages from 2013 remain – warmer, wetter, stormier

 However, current study indicates more warmer, more wetter and more stormier than 
projected in 2013
 Winter temperature growth, especially in Labrador, is projected be especially high

 Frost days (proxy for winter) are projected to decline by 4-5 weeks by mid-century and 7-8 weeks by late 

century

 Degree growing days projected to grow by 50% by mid century and to more than double by late century

 Number of precipitation days projected to remain relatively stable, but precipitation events projected to be 

more intense

Presenter
Presentation Notes
This slide repeats the keys message outlined at the start of the presentation.

The province is expected to become warmer, wetter and stormier.
Particularly strong changes will be experienced in winter months.
The number of precipitation events will remain stable, but the intensity of those events will increase.

Now let‘s look at what all this means.
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4. Risks, Impacts and Vulnerabilities

Presenter
Presentation Notes
Everything talked about so far deals with data and projections.

Now let’s turn to how data builds information and builds knowledge to plan.

While this is not the main focus of presentation, the following slides will briefly highlight some risks, impacts and vulnerabilities.

While it is not possible to eliminate all risks, it may be possible to reduce them over the long term and address vulnerabilities in the near-term.  For example, there is a risk that climate change will result in significant sea-level rise.  We cannot prevent this risk from materializing, however, by reducing greenhouse gas emissions it is possible to reduce the risk over the lone-term.

The impacts from sea-level rise include coastal erosion.  It is possible to take steps to slow coastal erosion, but we cannot prevent erosion completely in all cases.

One vulnerability arising from sea-level rise and coastal erosion is damage to coastal infrastructure such as wharves, roads adjacent to a coast, and homes adjacent to a coast.  It is possible to steps to reduce these vulnerabilities such as redirecting roads and building coastal defenses. 
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Potential Risks, Impacts and Vulnerabilities
 Some potential impacts and vulnerabilities are positive – focus on seizing opportunities

 Potentially more productive agriculture, forestry, fisheries and aquaculture industries

 Longer summer tourism seasons

 Technology development opportunities to address risks, impacts and vulnerabilities

 Lower demand for space heating in winter months

 Potential risks, impacts and vulnerabilities – focus on adapting to change
 Sea level rise, coastal erosion, saltwater erosion, changing sea ice conditions and ocean acidification

 Private and public infrastructure damage from flooding and sea level rise

 Invasive species and pests, including human health vulnerabilities

 Shifts in tourism seasons (e.g., big game hunting) and shorter winter tourism seasons

 Potential for positive and negative impacts in same sector – balance and adapt
 More productive resource industries (e.g., fisheries) but more invasive species (e.g., green crab)

 Changes in tourism seasons

Presenter
Presentation Notes
First, it is important point out that not all is negative.  There are opportunities to develop natural resource industries, expand summer tourism and develop technologies such as ocean monitoring technologies like SMART Ice.  Additionally, homeowners exposed to rising energy costs may consume less energy as temperatures rise.

There are four broad areas where adaptation needs to focus.  These include oceans related risks and impacts as shown on the slide, infrastructure damage, invasive species and pests and shifting tourism seasons.  Overlaying these four items is the fact that these changes will be particularly pronounced in the north.

In some cases there are both positive and negative attributes.  As an example, warmer water may enhance fisheries and aquaculture productivity, but invasive species and changes in water quality may have negative connotations.
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Tools and Resources
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Presenter
Presentation Notes
Some of the tools and resources already available to assist decision-makers incorporate climate change adaptation into decision-making and help improve resilience are presented on this slide.  More details on the tools and resources shown, are included below:

IDF Curves: Updated IDF curves have been completed for 19 provincial locations. IDF curves report estimated precipitation intensity to support design of bridges, culverts, dams, spillways, storm sewage systems, and other hydraulic structures or infrastructure. Extreme rainfall events also affect storm surges and coastal flooding, and are widely used in municipal planning and land allocation. IDF curves characterize the relationship between the intensity of precipitation, over a specified duration of time, and the frequency of occurrence or return period. Available at: http://www.exec.gov.nl.ca/exec/occ/climate-data/index.html  
Climate Change Flood Risk Maps: A tool for management and planning of flood plains and to minimize the impact of floods. Flood Risk Maps have been developed using climate change projections and are based on flood events associated with a return period of 20 and 100 years. Available at: http://www.mae.gov.nl.ca/waterres/flooding/frm.html
Hurricane Season Flood Alert System:  Provides precipitation, flood and hurricane alert information for 45 communities. A daily alert is provided to municipalities from July to December, with projected daily rainfall, 20 and 100-year flood risk levels, and time of estimated peak precipitation. This is designed for communities to prepare for storms and avoid future high-cost expenditures in repairs and damages, and supports emergency response planning efforts. Available at: http://www.mae.gov.nl.ca/waterres/flooding/hurricane.html#alerts 
7 Step Tool to Assess Climate Change Vulnerability in Your Community: A step-by-step guide to help communities assess their vulnerability to climate change. The tool does not require any technical expertise to use, and can serve as a guide for community leaders and decision makers, providing a means for a quick analysis of local climate change impacts and possible adaptation options.  An additional workbook was developed by MNL that is also available on this website. Available at: https://atlanticadaptation.ca/en/content/vulnerability-assessment
CARRA: In order to assess the vulnerability of coastal archaeological sites to sea-level rise and storm surges, a geographic information system (GIS) based assessment tool called Sites@Risk has been developed at Memorial University of Newfoundland (MUN) as part of the Coastal Archaeological Resources Risk Assessment (CARRA) project. This tool enables users to employ multiple geospatial data sets to assess the risk to coastal archaeological sites from projected higher water levels. Available at: http://www.exec.gov.nl.ca/exec/occ/publications/SitesAtRisk_Usr_Guide_Dev_Pilot_Stdy_F_Apr15_2016.pdf   
SmartICE: A climate change adaptation tool that integrates traditional knowledge of sea ice with advanced data acquisition and remote monitoring technology to provide data-driven insights into sea-ice thickness and local ice conditions, in near real-time. SmartICE’s Community Researchers provide information gathered by the stationary and mobile sensors to groups in the pilot areas of Nain and Pond Inlet (Nunavut), who use it to select the safest sea-ice travel routes. SmartICE is a cross-sector social enterprise that works in partnership with academia, industry, government and community. Available at: https://www.smartice.org/  
Coastal Erosion Monitoring Program: Provides coastal erosion data for approximately 120 sites across the province. Available at:  http://www.nr.gov.nl.ca/nr/mines/geoscience/publications/currentresearch/2015/Irvine-2015.pdf
Climate Data Information Portal: Provides historical climate data and charts including annual, quarterly, monthly and daily air temperature, precipitation and maximum wind gust. Available at: http://nl.communityaccounts.ca/climate/ 
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Emerging Areas for Further Analysis

 Sub-daily (<24 hours) extreme precipitation projections, particularly for durations of 
3 hours or less
 Improve projection accuracy

 Wind conditions
 New area for analysis facilitated by enhanced data collection and expanded modeling techniques

 Rain-snow precipitation mix
 New area for analysis facilitated by enhanced data collection and expanded modeling techniques

Presenter
Presentation Notes
To conclude, let’s highlight areas for further research raised by stakeholders.

First, the most recent IPCC report was released in 2014 and related projections at a regional level modeling is now only becoming available.  The next international IPCC report will not be released until the early 2020s and it will take a few years after that to downscale models to do the work described today.

In the interim, government has heard that there is a need to enhance modeling to analyze extreme precipitation events for periods of 3 hours or less.  To date, most models focus on longer durations such as 12 and 24 hours.  Modeling is improving and this is an area to work on.

Second, government has heard that there is more wind now than in the past. Wind also plays into factors such as spring sea ice conditions as wind direction and strength impacts on sea ice flow.  Wind is challenging to project, give historical data limitations, locational constraints with weather stations and modeling capacity.  This area is something to assess further going forward.

Third, government has heard that changing snow conditions and snow-water interactions is something to further research.  This is an area that will be looked further at going forward.
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5. Conclusion
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Conclusion

 In 2018 Provincial Government funded Memorial University to update climate change  
projections first developed in 2013

 This work projected that by mid-century the province will experience higher temperatures, 
more precipitation, more intense extreme precipitation events

 These changes will bring both risks and opportunities

 By using the updated climate change projections to inform planning and decision-making, 
it is possible to improve resilience and reduce vulnerability to climate impacts across 
sectors

 There are also a range of other tools and resources freely available to assist decision-
makers incorporate climate considerations into decision-making
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Conclusion 
Accessing the Data and Information

 All climate data is freely available online, and can be accessed on 
the provincial government website.
 To access climate projections data and technical report, visit: 

http://www.exec.gov.nl.ca/exec/occ/climate-data/index.html
 To access climate change flood risk maps, visit:

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

Presenter
Presentation Notes
To access the climate data and information, please visit the sites listed on the slide. 



https://www.gov.nl.ca/mae/occ/climate-data
http://www.mae.gov.nl.ca/waterres/flooding/frm.html
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Thank You

For additional information, please contact:

Climate Change Branch
Department of Municipal Affairs and Environment
Tel: 709 729 1210
Email: climatechange@gov.nl.ca

Presenter
Presentation Notes
Thank you for taking the time to review this presentation. If you have any questions or require additional information, please contact the Climate Change Branch.




