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Summary 
•  The concept of a normal climate is 

disappearing 
•  Overwhelming evidence that climate change 

is largely caused by human activity  
•  Significant changes already observed 
•  More change is inevitable 
•  Major changes coming to Canada and 

Manitoba 
•  There are some benefits 
•  There are larger risks 



Meaning of ‘normal’ 

•  In climatology, ‘normal’ is the average of 
the last 30 years 

•  Climate normals (probabilities) allow you 
to consider what to expect when you are 
planning for the future 

Usual	  

Expected	  
Typical	  



Application of ‘normal’ 

Investment	  

Engineering	  

Risk	  Management	  

Agriculture	  

Strategic	  Planning	  

BudgeGng	  



Climate Disruption 

Stability	  Less	  Likely	  

ProbabiliGes	  Change	  

Extremes	  Important	  

Normals	  Change	  Rapidly	  

AdaptaGon	  and	  Resilience	  is	  EssenGal	  



Climate 
Disruption?  



3rd Warmest 
December 
1880-2013 

6th Warmest December for the Northern 
Hemisphere 1880-2013 

hMp://www.ncdc.noaa.gov/sotc/global/	  



2nd Warmest September for the Northern 
Hemisphere 1880-2014 

Warmest 
September 
1880-2014 



Warmest 
October 

1880-2014 

3rd Warmest October for the Northern Hemisphere 
1880-2014 

hMp://www.ncdc.noaa.gov/sotc/global/	  



hMp://www.ncdc.noaa.gov/sotc/global/	  

7th Warmest 
November 
1880-2014 

9th Warmest November for the Northern 
Hemisphere 1880-2014 



hMp://www.ncdc.noaa.gov/sotc/global/	  

Warmest 
December 
1880-2014 

Warmest December for the Northern Hemisphere 
1880-2014 



hMp://www.ncdc.noaa.gov/sotc/global/	  



hMp://www.ncdc.noaa.gov/sotc/global/	  



What	  you	  see	  out	  
the	  window	  is	  
local	  weather,	  not	  
global	  climate.	  
	  



Anomalies relative to 1951-80 

NASA: 2014 was warmest year on record  
+0.68	  oC	  	  



hMp://www.columbia.edu/~jeh1/mailings/2015/20150116_Temperature2014.pdf	  



hMp://www.columbia.edu/~jeh1/mailings/2015/20150116_Temperature2014.pdf	  

The 15 warmest 
years all occurred 
since 1998 
(including 1998).	  
	  

Global 
warming 
has not 

stopped. 
 



Yes, there is much variation 
within the global trend… 

…and it has 
slowed down 
in the last 
decade. 



What can cause the 
temperature to vary?	  
•  Solar input vs output 
•  El Niño and La Niña 
•  Volcanoes and aerosols 
•  Internal variability 
•  Human forcing 



h"p://www.columbia.edu/~mhs119/	  

Major volcanic 
eruptions cool 
the planet for a 
few years 

El Niño warms 
the planet for 
~2 yrs; La Niña 
cools for ~2 yrs 

Through Oct. 2014 



Winnipeg March Mean Temperatures 

2014 

2013 

1872-‐2014	  

Data:	  Environment	  Canada	  1872-‐2014	  



hMp://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/index.shtml	  

2014 was warmest on record 
even without an El Niño 



We have not had an El Niño 
since 2010 

hMp://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/index.shtml	  



Variation in Solar Output is Small 

Carbon dioxide forcing is 
about 1.5 W/m2 and growing 

(~0.3 W/m2 per decade) 

Data through Dec. 2014 

hMp://www.columbia.edu/~mhs119/Solar/	  

~11-year (132-month) sunspot cycle 



Volcanic aerosols temporarily cool the global climate 



Why Climate 
Disruption?  



Global Energy Balance: 
Over long periods of time, a system that 
receives external energy will tend toward 
an equilibrium condition. This would mean 
that the amount of energy that comes in, is 
balanced by that which goes out. 

IPCC 2007 

The earth system is 
no longer balanced; 
it is being forced 
toward a new, 
warmer equilibrium. 



IPCC	  AR4	  2007	  

Earth’s	  Average	  Global	  Energy	  Balance	  



Radiative Forcing: 
The change in the net, downward minus 
upward, irradiance at the top of the 
atmosphere due to a change in an external 
driver of climate change (expressed in 
Watts per square metre; W/m2). 

IPCC 2007 

More greenhouse 
gases = more 
radiative forcing = 
more energy for 
warming 

TranslaGon:	  more	  energy	  staying	  within	  
the	  climate	  system,	  causing	  warming.	  



hMps://scripps.ucsd.edu/programs/keelingcurve/	  

Last	  2	  years	  



hMps://scripps.ucsd.edu/programs/keelingcurve/	  

The	  Keeling	  Curve	  

Full	  Mauna	  Loa	  record	  



hMps://scripps.ucsd.edu/programs/keelingcurve/	  

1700	  to	  present	  



hMps://scripps.ucsd.edu/programs/keelingcurve/	  

“Ice	  Ages”	  
280	  ppm	  

Last	  800,000	  years	  



Glacial-Interglacial Ice Core Data 

We have excellent estimates of ancient carbon dioxide 
concentrations from bubbles extracted from ice cores. 



Carbon dioxide is responsible 
for ~65% of the total radiative 
forcing of Earth by long-lived 
greenhouse gases. 

hMp://www.wmo.int/pages/prog/arep/gaw/ghg/GHGbulleGn.html	  

Accounts for ~84% of 
increase in last decade, and 
~83% over last five years. 



About 20,000 years ago, the 
radiative forcing was only 
about 6.5 W/m2 less than now: 

•  Planet	  was	  about	  5oC	  colder	  
•  Much	  of	  North	  America	  covered	  

with	  glacial	  ice	  
•  Ice	  over	  Manitoba	  was	  several	  

kms	  thick	  



The climate system is 
very sensitive to 
relatively small changes 
in radiative forcing. 



This is important: 

•  We	  have	  increased	  radiaCve	  
forcing	  by	  2.3	  W/m2	  since	  1750	  

	  
•  We	  are	  on	  track	  to	  increasing	  

it	  by	  a	  total	  of	  8.5	  W/m2	  by	  
the	  end	  of	  this	  century	  



Why?	  



hMp://commons.wikimedia.org/wiki/File:Uncle_Sam_(poinGng_finger).png	  



hMp://www.ipoliGcs.ca/2011/05/18/mix-‐of-‐old-‐and-‐new-‐faces-‐in-‐harpers-‐majority-‐cabinet/	  



Xi	  Jinping	  

hMp://en.wikipedia.org/wiki/President_of_the_People's_Republic_of_China	  



2013	  Annual	  Emissions	  (9.9	  GtC/yr)	  

hMp://www.columbia.edu/~mhs119/YoungPeople/	  



~380	  GtC	  from	  
fossil	  fuel	  
emissions	  
	  

Total	  =	  ~560	  
GtC,	  including	  
cement	  and	  
land	  use	  
change	  	  
	  

1751-‐2013	  CumulaGve	  Emissions	  (394	  GtC)	  

hMp://www.columbia.edu/~mhs119/YoungPeople/	  



The	  amount	  of	  CO2	  emiMed	  by	  the	  cement	  
industry	  is	  nearly	  900	  kg	  of	  CO2	  for	  every	  1000	  
kg	  of	  cement	  produced.	  	  

hMp://www.columbia.edu/~mhs119/CO2Emissions/	  



hMp://www.columbia.edu/~mhs119/CO2Emissions/	  



Conclusion:	  
We	  must	  expect	  the	  climate	  to	  
change	  (be	  disrupted)	  as	  we	  
con5nue	  to	  increase	  the	  

amount	  of	  carbon	  dioxide	  in	  
the	  atmosphere.	  	  





hMp://www.slate.com/blogs/future_tense/2015/01/21/senate_votes_that_climate_change_is_real_but_doesn_t_agree_on_cause.html	  

“It	  is	  the	  sense	  of	  Congress	  
that	  1)	  climate	  change	  is	  
real,	  and	  2)	  human	  acGvity	  
significantly	  contributes	  to	  
climate	  change.”	  	  
	  
50	  Yes;	  49	  No	  

“climate	  change	  is	  real	  and	  not	  a	  hoax.”	  

98	  Yes;	  1	  
No	  



Anomalies relative to 1951-80 

NASA: 2014 was warmest year on record  
+0.68	  oC	  	  



The	  amount	  of	  sea	  
ice	  in	  the	  ArcGc	  is	  
declining	  rapidly.	  



Trend	  in	  Annual	  Number	  of	  Days	  <=	  -‐30oC	  (1971-‐2010)	  
(NRCan	  10-‐km	  gridded	  daily	  data)	  

Ryan	  Smith	  
and	  Danny	  
Blair	  

NRCan	  Data	  Ref:	  Hutchinson,	  
Michael	  F.,	  Dan	  W.	  McKenney,	  
Kevin	  Lawrence,	  John	  H.	  Pedlar,	  
Ron	  F.	  Hopkinson,	  Ewa	  Milewska,	  
Pia	  Papadopol,	  2009:	  
Development	  and	  TesGng	  of	  
Canada-‐Wide	  Interpolated	  
SpaGal	  Models	  of	  Daily	  
Minimum–Maximum	  
Temperature	  and	  PrecipitaGon	  
for	  1961–2003.J.	  Appl.	  Meteor.	  
Climatol.,	  48,	  725–741.	  
	  
Hopkinson,	  Ron	  F.,	  Daniel	  W.	  
McKenney,	  Ewa	  J.	  Milewska,	  
Michael	  F.	  Hutchinson,	  Pia	  
Papadopol,	  Lucie	  A.	  Vincent,	  
2011:	  Impact	  of	  Aligning	  
Climatological	  Day	  on	  Gridding	  
Daily	  Maximum–Minimum	  
Temperature	  and	  PrecipitaGon	  
over	  Canada.	  J.	  Appl.	  Meteor.	  
Climatol.,	  50,	  1654–1665.	  
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Resolute,	  Nunavut:	  Annual	  Number	  of	  Cold	  Days,	  1971-‐2012	  

Days	  <=	  -‐30oC	  

Days	  <=	  -‐35oC	  

Days	  <=	  -‐40oC	  

Years	  with	  >	  10	  days	  missing	  not	  included	  

Data	  Source:	  Environment	  Canada	  

Days	  Missing	  

Produced	  by	  Danny	  Blair	  









Data	  to	  Nov	  2014	   h"p://www.columbia.edu/~mhs119/	  







The	  globally	  
averaged	  
combined	  land	  
and	  ocean	  surface	  
temperature	  data	  
as	  calculated	  by	  a	  
linear	  trend,	  show	  
a	  warming	  of	  	  
0.85	  °C	  over	  the	  
period	  1880	  to	  
2012.	  	  
	  (0.64oC	  per	  
Century)	  

~	  1.5oC	  per	  Century	  
In	  recent	  decades	  













All these changes 
associated with 
increased radiative 
forcing of: 

2.3	  W/m2	  



Alas:	  
	  

• There	  are	  few	  signs	  that	  we	  
are	  going	  to	  substanCally	  
slow	  down	  our	  carbon	  
emissions	  any	  Cme	  soon.	  

• There	  is	  no	  quick	  fix.	  



Future?	  



RCP8.5	  

RCP6.0	  

RCP4.5	  

RCP2.6	  

2.3	  W/m2	  
so	  far	  

Representative 
Concentration 
Pathways (RCPs) 



IPCC	  AR5	  Chapter	  8	  

Time-evolution of CO2 Concentration by 
RCP, 1850-2100 



Conclusion	  from	  our	  understanding	  of	  
how	  climates	  changed	  in	  the	  past	  and	  
current	  changes:	  
	  

•  Humans	  now	  control	  the	  
	  	  	  	  	  global	  climate.	  

James	  Hansen:	  hMp://www.columbia.edu/~jeh1/	  

James Hansen and his family 





Largest	  amount	  of	  warming	  in	  
higher	  laGtudes,	  over	  land.	  



In	  general,	  wet	  areas	  get	  weMer,	  
dry	  areas	  get	  drier.	  







The	  West	  AntarcGc	  Ice	  
Sheet	  is	  showing	  signs	  of	  
being	  very	  close	  to	  
collapsing.	  
	  
Once	  it	  starts,	  there	  is	  
very	  liMle	  chance	  that	  it	  
will	  stop.	  
	  
It	  would	  add	  at	  least	  1	  m	  
to	  sea	  level,	  over	  
centuries,	  and	  perhaps	  
as	  much	  as	  3	  m	  (if	  the	  
whole	  ice	  sheet	  went).	  
	  
	  
	  



hMp://www.cna.org/reports/acceleraGng-‐risks	  



• Warming leads to more evaporation 
• More evaporation increases intensity 

and duration of drought 
 
• Warmer air also holds more water 

vapour (7% more per +1°C) 
• More water vapour will create more 

precipitation (with favourable 
weather patterns) 

• More atmospheric moisture provides 
more latent heat for storms 

Clausius–Clapeyron	  equaGon	  	  





Many people 
around the world 
now realize that 
their climates 
are no longer 
normal. 



Many people 
around the world 
now realize that 
their climates 
are no longer 
normal. 



2000  England and Wales   Wettest autumn on record since 1766 
2002  Germany      Highest daily rain since at least 1901 
2003  Europe      Hottest summer in at least 500 years 
2007  Greece      Hottest summer on record since 1891 
2009  Australia      Heatwave breaks many long records 
2010  Russia       Hottest summer since 1500 
2010  Pakistan      Worst flooding in history 
2010   E. Australia     Highest December rainfall since 1900 
2011  France       Record hot/dry spring since 1880 
2011  N.E. USA      Wettest Jan-Oct on record since 1880 
2011  S. USA      Most extreme Jul. heat/dry since 1880 
2011  W. Europe      Wettest summer on record since 1901 
2011  Japan       72-hour rainfall record 
2011  Rep. of Korea     Wettest summer on record since 1908

  2011     Canada                                 Souris-Assiniboine River Floods  



2012  Arctic       Lowest sea ice cover on record 
2012  Antarctic      Highest sea ice cover on record 
2012  Canada      Record high temps in March 
2012  Canada/U.S.     Record winter drought in many areas 
2012      United States     Hottest summer on record in lower 48 
2012     United States     Hottest year on record in lower 48 
2012      Canada      Hottest summer on record 
2012  Europe      Many areas record hottest summer  
2012  United States     Drought breaks many long records 
2012  Russia, Ukraine +    Drought raises food prices 10% 
2012  United States     Hurricane Sandy kills ~200; ~$70B 
2012  Greenland      97% of surface was melting in July 
2012  Eurasia      Extreme cold spell in Jan/Feb 
2012  S. Philippines     Rare Super Typhoon kills 100s in Dec 
2012  NE Brazil      Extreme drought worst in 5 decades 
2012  Africa          Floods in Jul-Oct affects >3 million 

2012 Extremes 



2013  Australia      Record heat wave in January 
2013      Australia      Hottest summer record 
2013     Australia                                Hottest year record 
2013      Canada      Record highs in Yukon, Edm. in Jan. 
2013     United States                        Record snowfalls in New England, Feb. 
2013     Africa                                   Hottest March temp on record 
2013     United States                        Widest tornado on record, in Oklahoma 
2013     United States                        Hottest June temp ever on Earth  
2013     Canada                                 June flood, Canada’s costliest disaster 
2013      Greenland                             Highest temp ever recorded, in July 
2013     Austria                                   Driest July on record 
2013     United States                        Wettest July on record in Florida 
2013     United States     Wettest summer on record, in N. East. 
2013     Japan                                    Highest temp ever recorded, in August 
2013      Philippines                            Typhoon Haiyan strongest landfall ever 
2013     Russia                                   Hottest Nov/Dec on record 
2013     Scotland                                Wettest December on record 
2013     United States                        Driest year on record in California 

2013 Extremes 



 
•  Record heat wave in Australia 
•  Continuing and historic drought in California 
•  Record December-January precipitation in much of United Kingdom 
•  Second wettest Dec-Jan in England/Wales (since 1766) 
•  Almost record high sea ice cover in Antarctica 
•  Record heat wave in Argentina 
•  Extreme winter polar vortex over North America 
•  Very cold winter in much of Canada and United States 
•  Very warm across much of the Arctic 
•  Record high temperatures in Alaska in January 
•  Near record warmth in France in January 
•  Record warm January in Los Angeles and San Francisco 
•  Record dry January in Los Angeles and San Francisco 
•  Driest March on record in parts of New Zealand 
•  Near record warmth in March in Alaska 
•  In April more than one-third of lower 48 states in drought 
•  Sixth wettest June in lower 48 states since 1895 
•  Largest sea-ice extent in Antarctica in June 

2014 Extremes 



 
•  New Zealand has warmest June on record  (since 1909) 
•  Second wettest June in Alaska 
•  Second earliest major hurricane in eastern Pacific in June 
•  58% of California in extreme drought in July 
•  Earliest landfall hurricane in North Carolina in July (since 1851) 
•  Hurricane causes billions in damage in SE Asia in July 
•  Warmest July on record in Norway (since 1900) 
•  Second warmest July in Denmark (141 years) 
•  Record wet July in France 
•  Largest sea-ice extent in Antarctica in July 
•  Record rainfall events in Eastern U.S. in August 
•  Record heat wave in Northern Europe in August 
•  Extreme summer flooding in Southern Manitoba 

2014 Extremes 



Normal	  No	  More:	  
	  

• The	  averages	  are	  changing	  rapidly	  

• The	  climate	  is	  becoming	  more	  
variable	  and	  extreme	  

• The	  past	  is	  no	  longer	  a	  good	  
surrogate	  for	  the	  future	  



Normal No More 

Stability	  Less	  Likely	  

ProbabiliGes	  Change	  

Extremes	  Important	  

Normals	  Change	  Rapidly	  

AdaptaGon	  and	  Resilience	  is	  EssenGal	  



Normal No More 

Investment	  

Engineering	  

Risk	  Management	  

Agriculture	  

Strategic	  Planning	  

BudgeGng	  



In	  Canada,	  there	  will	  be	  benefits:	  
	  

•  Longer	  warm-‐business	  season	  
•  Warmer,	  shorter	  winters	  
•  Fewer	  winter	  disrupCons?	  
•  New	  business	  opportuniCes	  
naConally	  and	  globally	  



There	  will	  be	  many	  risks:	  
	  

•  More	  extreme	  heat	  events	  
•  More	  cooling	  costs	  
•  More	  severe	  storms	  
•  More	  winter	  rain	  hazards	  
•  More	  social	  stress	  
•  Shorter	  cold-‐fun	  season	  



There	  will	  be	  many	  risks:	  
	  

•  More	  frequent	  droughts	  
•  More	  intense	  droughts	  
•  Longer	  droughts	  
•  More	  extreme	  rain	  events	  
•  ConCnued	  spring	  floods	  
•  A	  more	  variable	  climate	  
•  More	  climate	  surprises	  

	  	  



Globally,	  many	  risks:	  
	  

•  More	  dangerous	  weather	  
•  More	  weather	  disasters	  
•  More	  financial	  volaClity	  
•  More	  expensive	  insurance	  
•  More	  risk	  of	  starvaCon	  
•  More	  climate	  refugees	  
•  More	  risk	  of	  civil	  strife	  



Responding to Climate Change
Investors and financial institutions will continue to 
be exposed to downside risks as a result of climate 
change. Investment consequences may include 
dramatic reductions in the value of particular assets 
and, for banks, reductions in the creditworthiness 
and solvency of clients. However, they may also 
include new openings and opportunities.

Impacts

Physical risks and policy measures could 
have major impacts on investors and financial 
institutions

Integration

Effective responses to climate change will 
require major capital investment and finance

Uncertainty

The specific investment made and the 
financing mobilised will depend on 
government policy

Influence

Investors’ and financial institutions’ decisions 
are a critical influence on society’s response to 
climate change

Climate Change - Everyone's Business    Implications for Investors and Financial Institutions

New Sources 
of Capital?
USD 340 billion 
was invested in 
reducing global GHG 
emissions in 2011/12, 
with some 62% of 
this amount provided 
by the private sector. 

Trade-offs
Decoupling 
economic growth 
from GHG emissions 
will have profound 
implications for 
capital allocation 
decisions and 
risk-adjusted returns.

Dependencies
Decisions made by 
private sector 
investors and 
financial institutions 
will have a major 
influence on how 
society responds to 
climate change.

CLOSED

Changing Patterns 
of Investment
The energy supply 
sector is likely to 
see a significant shift 
away from fossil 
fuels towards nuclear 
and low-carbon 
sources such as 
renewables. In 2012, 
renewables made up 
more than half of 
worldwide 
investment in the 
electricity sector.

Scale of the 
Challenge
To keep the global 
temperature increase 
below 2°C, additional 
investment required 
in the energy supply 
sector alone is 
estimated to be 
between USD 190 
and 900 billion per 
year through to 2050.

Extreme 
Weather Events
Between the 1950s 
and 1990s, the 
annual economic 
losses from large 
extreme events, 
such as floods and 
droughts, increased 
ten-fold. In the period 
1990 to 1996 alone, 
there were 22 floods 
with losses exceeding 
USD 1 billion each. 

Food Security
Climate impacts 
on agriculture are 
expected to lead to 
higher prices and 
increased volatility in 
agricultural markets. 
Higher and more 
volatile prices may 
affect socio-political 
stability.

Stranded Assets
Assets become 
stranded for a 
number of different 
reasons: they can 
be supplanted by 
greener alternatives 
or technological
innovations, or in 
sectors experiencing
change due to new 
regulations or
resource constraints.

Policy Signals
The amount of 
capital required and 
allocated for 
emissions reduction 
and in addressing 
the physical impacts 
of climate change 
will depend on the 
specific policy 
measures adopted.

Macroeconomic 
Impacts
There are significant 
challenges in 
estimating the global 
economic impacts 
from climate change 
– both in terms of the 
costs associated with 
the physical impacts 
and in terms of the 
cost of GHG 
emissions mitigation.

Investments
The willingness of 
private investors and 
financial institutions 
to provide this capital 
will depend on the 
risk exposure of 
potential investments, 
including policy risk,
and on the incentives 
that are provided.

Expectations
Governments are 
likely to look to the 
private sector to 
provide much of the 
capital required to 
deliver significant 
reductions in GHG 
emissions and to 
respond to physical 
impacts of climate 
change.
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Responding to Climate Change
Investors and financial institutions will continue to 
be exposed to downside risks as a result of climate 
change. Investment consequences may include 
dramatic reductions in the value of particular assets 
and, for banks, reductions in the creditworthiness 
and solvency of clients. However, they may also 
include new openings and opportunities.

Impacts

Physical risks and policy measures could 
have major impacts on investors and financial 
institutions

Integration

Effective responses to climate change will 
require major capital investment and finance

Uncertainty

The specific investment made and the 
financing mobilised will depend on 
government policy

Influence

Investors’ and financial institutions’ decisions 
are a critical influence on society’s response to 
climate change

Climate Change - Everyone's Business    Implications for Investors and Financial Institutions
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of Capital?
USD 340 billion 
was invested in 
reducing global GHG 
emissions in 2011/12, 
with some 62% of 
this amount provided 
by the private sector. 

Trade-offs
Decoupling 
economic growth 
from GHG emissions 
will have profound 
implications for 
capital allocation 
decisions and 
risk-adjusted returns.

Dependencies
Decisions made by 
private sector 
investors and 
financial institutions 
will have a major 
influence on how 
society responds to 
climate change.

CLOSED

Changing Patterns 
of Investment
The energy supply 
sector is likely to 
see a significant shift 
away from fossil 
fuels towards nuclear 
and low-carbon 
sources such as 
renewables. In 2012, 
renewables made up 
more than half of 
worldwide 
investment in the 
electricity sector.

Scale of the 
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below 2°C, additional 
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year through to 2050.
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there were 22 floods 
with losses exceeding 
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Food Security
Climate impacts 
on agriculture are 
expected to lead to 
higher prices and 
increased volatility in 
agricultural markets. 
Higher and more 
volatile prices may 
affect socio-political 
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Stranded Assets
Assets become 
stranded for a 
number of different 
reasons: they can 
be supplanted by 
greener alternatives 
or technological
innovations, or in 
sectors experiencing
change due to new 
regulations or
resource constraints.

Policy Signals
The amount of 
capital required and 
allocated for 
emissions reduction 
and in addressing 
the physical impacts 
of climate change 
will depend on the 
specific policy 
measures adopted.

Macroeconomic 
Impacts
There are significant 
challenges in 
estimating the global 
economic impacts 
from climate change 
– both in terms of the 
costs associated with 
the physical impacts 
and in terms of the 
cost of GHG 
emissions mitigation.

Investments
The willingness of 
private investors and 
financial institutions 
to provide this capital 
will depend on the 
risk exposure of 
potential investments, 
including policy risk,
and on the incentives 
that are provided.

Expectations
Governments are 
likely to look to the 
private sector to 
provide much of the 
capital required to 
deliver significant 
reductions in GHG 
emissions and to 
respond to physical 
impacts of climate 
change.
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government policy
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risk-adjusted returns.

Dependencies
Decisions made by 
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financial institutions 
will have a major 
influence on how 
society responds to 
climate change.
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of Investment
The energy supply 
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away from fossil 
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sources such as 
renewables. In 2012, 
renewables made up 
more than half of 
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investment in the 
electricity sector.

Scale of the 
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below 2°C, additional 
investment required 
in the energy supply 
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between USD 190 
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year through to 2050.

Extreme 
Weather Events
Between the 1950s 
and 1990s, the 
annual economic 
losses from large 
extreme events, 
such as floods and 
droughts, increased 
ten-fold. In the period 
1990 to 1996 alone, 
there were 22 floods 
with losses exceeding 
USD 1 billion each. 

Food Security
Climate impacts 
on agriculture are 
expected to lead to 
higher prices and 
increased volatility in 
agricultural markets. 
Higher and more 
volatile prices may 
affect socio-political 
stability.

Stranded Assets
Assets become 
stranded for a 
number of different 
reasons: they can 
be supplanted by 
greener alternatives 
or technological
innovations, or in 
sectors experiencing
change due to new 
regulations or
resource constraints.

Policy Signals
The amount of 
capital required and 
allocated for 
emissions reduction 
and in addressing 
the physical impacts 
of climate change 
will depend on the 
specific policy 
measures adopted.

Macroeconomic 
Impacts
There are significant 
challenges in 
estimating the global 
economic impacts 
from climate change 
– both in terms of the 
costs associated with 
the physical impacts 
and in terms of the 
cost of GHG 
emissions mitigation.

Investments
The willingness of 
private investors and 
financial institutions 
to provide this capital 
will depend on the 
risk exposure of 
potential investments, 
including policy risk,
and on the incentives 
that are provided.

Expectations
Governments are 
likely to look to the 
private sector to 
provide much of the 
capital required to 
deliver significant 
reductions in GHG 
emissions and to 
respond to physical 
impacts of climate 
change.

Key Findings from the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (AR5)      For more information please visit cisl.cam.ac.uk/ipcc 

Impacts Integration
and Response

Uncertainty Influence

Climate Change: Investors and Financial Institutions 
Impacts of climate change can have significant effects on investments 
by introducing  previously unforeseen risks. Policies to restrain climate 
change can also affect investments. However, opportunities are likely 
to open up in fields such as renewable energy and energy efficiency.   

hMp://www.cisl.cam.ac.uk/ipcc	  

IntegraGon	  



Responding to Climate Change
Investors and financial institutions will continue to 
be exposed to downside risks as a result of climate 
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below 2°C, additional 
investment required 
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losses from large 
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such as floods and 
droughts, increased 
ten-fold. In the period 
1990 to 1996 alone, 
there were 22 floods 
with losses exceeding 
USD 1 billion each. 

Food Security
Climate impacts 
on agriculture are 
expected to lead to 
higher prices and 
increased volatility in 
agricultural markets. 
Higher and more 
volatile prices may 
affect socio-political 
stability.

Stranded Assets
Assets become 
stranded for a 
number of different 
reasons: they can 
be supplanted by 
greener alternatives 
or technological
innovations, or in 
sectors experiencing
change due to new 
regulations or
resource constraints.

Policy Signals
The amount of 
capital required and 
allocated for 
emissions reduction 
and in addressing 
the physical impacts 
of climate change 
will depend on the 
specific policy 
measures adopted.

Macroeconomic 
Impacts
There are significant 
challenges in 
estimating the global 
economic impacts 
from climate change 
– both in terms of the 
costs associated with 
the physical impacts 
and in terms of the 
cost of GHG 
emissions mitigation.

Investments
The willingness of 
private investors and 
financial institutions 
to provide this capital 
will depend on the 
risk exposure of 
potential investments, 
including policy risk,
and on the incentives 
that are provided.

Expectations
Governments are 
likely to look to the 
private sector to 
provide much of the 
capital required to 
deliver significant 
reductions in GHG 
emissions and to 
respond to physical 
impacts of climate 
change.
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USD 340 billion 
was invested in 
reducing global GHG 
emissions in 2011/12, 
with some 62% of 
this amount provided 
by the private sector. 
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will have profound 
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decisions and 
risk-adjusted returns.

Dependencies
Decisions made by 
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investors and 
financial institutions 
will have a major 
influence on how 
society responds to 
climate change.

CLOSED

Changing Patterns 
of Investment
The energy supply 
sector is likely to 
see a significant shift 
away from fossil 
fuels towards nuclear 
and low-carbon 
sources such as 
renewables. In 2012, 
renewables made up 
more than half of 
worldwide 
investment in the 
electricity sector.

Scale of the 
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To keep the global 
temperature increase 
below 2°C, additional 
investment required 
in the energy supply 
sector alone is 
estimated to be 
between USD 190 
and 900 billion per 
year through to 2050.

Extreme 
Weather Events
Between the 1950s 
and 1990s, the 
annual economic 
losses from large 
extreme events, 
such as floods and 
droughts, increased 
ten-fold. In the period 
1990 to 1996 alone, 
there were 22 floods 
with losses exceeding 
USD 1 billion each. 

Food Security
Climate impacts 
on agriculture are 
expected to lead to 
higher prices and 
increased volatility in 
agricultural markets. 
Higher and more 
volatile prices may 
affect socio-political 
stability.

Stranded Assets
Assets become 
stranded for a 
number of different 
reasons: they can 
be supplanted by 
greener alternatives 
or technological
innovations, or in 
sectors experiencing
change due to new 
regulations or
resource constraints.

Policy Signals
The amount of 
capital required and 
allocated for 
emissions reduction 
and in addressing 
the physical impacts 
of climate change 
will depend on the 
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measures adopted.

Macroeconomic 
Impacts
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economic impacts 
from climate change 
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What	  can	  we	  do?	  
	  

• Reduce	  our	  own	  emissions	  
• Work	  together	  to	  reduce	  global	  
emissions	  and	  change	  bad	  policies	  

• Assess	  vulnerability	  
• Minimize	  exposure	  to	  >	  risk	  
• Maximize	  resilience	  
• Prepare	  to	  adapt	  and	  change	  	  



The Climate Atlas of Manitoba Project 

Funding provided by: 
•  Manitoba Climate & Green 

Initiatives Branch 
Researchers: 
•  Danny Blair & Ryan Smith, 

UWinnipeg’s Richardson 
College for the Environment 

•  Kyle Swystun, IISD (formerly) 
Expert advice: 
•  Matthew Wiens, MB Agri-

Environment  Knowledge 
Centre 



First	  Phase	  of	  Project:	  
	  

•  Uses	  1950-‐2010	  gridded	  
weather	  data	  to	  represent	  
recent	  climate	  

•  Uses	  only	  one	  Global	  Climate	  
Model	  to	  represent	  future	  (the	  
RCP	  8.5	  W/m2	  scenario)	  

•  We	  need	  more	  GCM	  data!	  
	  



First	  Phase	  of	  Project:	  
	  

•  Temperature	  data:	  we	  are	  
quite	  confident	  in	  the	  quality	  
of	  the	  GCM	  data	  

•  PrecipitaCon	  data:	  we	  are	  less	  
confident	  in	  the	  quality	  of	  the	  
GCM	  data	  





Average	  Winter	  Min	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Winter	  Max	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Spring	  Min	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Spring	  Max	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Summer	  Min	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Summer	  Max	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Fall	  Min	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Fall	  Max	  Temperature	  

1981-‐2010	  	   2021-‐2050	  



Average	  Date	  of	  Last	  Spring	  Frost	  

1981-‐2010	   2021-‐2050	  



Average	  Date	  of	  First	  Fall	  Frost	  

1981-‐2010	   2021-‐2050	  



Average	  Length	  of	  Frost	  Free	  Period	  

1981-‐2010	   2021-‐2050	  







Next	  Phase:	  
	  

•  Now	  in	  the	  process	  of	  gekng	  
more	  and	  beler	  ‘future’	  data	  

•  Working	  hard	  to	  find	  new	  
project	  partners	  and	  funders	  

	  



Download presentation: 
 

dannyblair.uwinnipeg.ca 
 

Thank you 

climateguy@gmail.com	  

27	  Jan	  2015	  


