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Anomalies relative to 1951-80 

Global Climate is Warming 
NASA: 2010 was tied for warmest year on record  

2011 was 9th warmest 

2012 was ~tied for 9th  



2012 marks the 36th consecutive 
year (since 1976) that the annual 
temperature was above the long-term 
(1880-2012) average.  

http://www.ncdc.noaa.gov/sotc/global/2012/13 



http://www.ncdc.noaa.gov/sotc/global/2012/13 



There is much variation 
within the global trend… 

…and 
yes it has 
slowed 
down in 
the last 
decade 



Does this mean that 
the global warming 
‘theory’ is wrong and 
there is nothing to 
worry about? 



No 



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



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

~11-year (132-month) sunspot cycle 

Carbon dioxide forcing is 
about 1.5 W/m2 and growing 

(~0.3 W/m2 per decade) 

Data through Jul. 2013 



Earth's Energy Imbalance and Implications  
 

James Hansen, Makiko Sato, Pushker Kharecha  
NASA Goddard Institute for Space Studies, New York, NY 10025, USA  

Columbia University Earth Institute, New York, NY 10027, USA  
 

Karina von Schuckmann  
Centre National de la Recherche Scientifique  

Laboratoire de Physique des Oceans, IFREMER, Brest, France 

http://www.columbia.edu/~mhs119/EnergyImbalance/ 

Energy imbalance 
for the planet as a 
whole continues to 
be ~ 0.58 Watts 
per square metre  



http://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 

Data through Sep. 2013 



El Niño evolution since 1950 
http://www.columbia.edu/~mhs119/ElNino-LaNina/ 



http://www.ncdc.noaa.gov/sotc/global/2012/13 



12 AUGUST 2011 VOL 333 SCIENCE www.sciencemag.org 

Small volcanoes and pollution may be blocking out 
more solar radiation than is previously thought. 



Pacific Ocean-Global Atmosphere (POGA) simulation forced by observed SST 
anomalies in the E. Equatorial Pacific captures recent hiatus very well. 

Yu Kosaka1 & Shang-Ping Xie, Nature 501, 403-407 (Sep. 19, 2013) 



Most of this excess energy was absorbed in the top 700 m of the 
ocean at the onset of the warming pause, 65% of it in the tropical 
Pacific and Atlantic oceans. Our results hence point at the key role of 
the ocean heat uptake in the recent warming slowdown. The ability to 
predict retrospectively this slowdown not only strengthens our 
confidence in the robustness of our climate models, but also 
enhances the socio-economic relevance of operational decadal 
climate predictions. 



Smith, D., NATURE CLIMATE CHANGE | VOL 3 | JULY 2013 | 

1880-2011 
Observed and 
Simulated 

Observed Decadal Trends 



The “Keeling Curve” 

394 ppm 
avg. in 2012 

http://co2now.org/Current-CO2/CO2-Now/scripps-co2-data-mauna-loa-observatory.html 



394 ppm 
avg. in 2012 

http://co2now.org/Current-CO2/CO2-Now/scripps-co2-data-mauna-loa-observatory.html 

1700-present 



Last 800,000 years 

http://co2now.org/Current-CO2/CO2-Now/scripps-co2-data-mauna-loa-observatory.html 



Radiative Forcing: 
The change in the net, downward minus 
upward, irradiance at the top of the 
tropopause 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 



Carbon dioxide is responsible 
for ~64% of the total radiative 
forcing of Earth by long-lived 
greenhouse gases. 

Its contribution to the increase in 
radiative forcing is 85% for the past 
decade and 81% for the last five 
years. 



IPCC AR5 SPM.4 



Representative 
Concentration 
Pathways 
(RCPs) 
 
Indicate future 
timelines of human-
caused radiative 
forcing (Watts per 
square metre) 

http://sedac.ipcc-data.org/ddc/ar5_scenario_process/RCPs.html 



Wikipedia 

Concentration – CO2 equivalent 
(including all forcing agents) 



33% of CO2 
remains in air 

after 100 years 

19% remains in air 
after 1000 years 

Decay of Fossil Fuel CO2 Emission 



Conclusion: 
 

The pause in 
global warming is 
almost certainly 
temporary. 



IPCC AR5 WGI at 
www.ipcc.ch/  



IPCC AR5 SPM at www.ipcc.ch/  



Warming of the climate system is unequivocal, and 
since the 1950s, many of the observed changes 
are unprecedented over decades to millennia. The 
atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, sea level has risen, 
and the concentrations of greenhouse gases have 
increased. 
 
Each of the last three decades has been successively 
warmer at the Earth’s surface than any preceding 
decade since 1850. In the Northern Hemisphere, 
1983–2012 was likely the warmest 30-year period 
of the last 1400 years. 
 
 

IPCC AR5 SPM 



Global surface temperature change for the end of 
the 21st century is likely to exceed 1.5°C relative 
to 1850 to 1900 for all RCP scenarios except 
RCP2.6. 
 
It is likely to exceed 2°C for RCP6.0 and 
RCP8.5, and more likely than not to exceed 2°C for 
RCP4.5. Warming will continue beyond 2100 
under all RCP scenarios except RCP2.6. Warming 
will continue to exhibit interannual-to-decadal 
variability and will not be regionally uniform. 

IPCC AR5 SPM 



IPCC AR5 SPM.7 



IPCC WG1.11.10 

Relative to 1986-2005 



Confidence in precipitation change averaged over 
global land areas since 1901 is low prior to 1951 and 
medium afterwards.  
 
Averaged over the mid-latitude land areas of the 
Northern Hemisphere, precipitation has increased 
since 1901 (medium confidence before and high 
confidence after 1951).  
 

IPCC AR5 SPM 



The high latitudes and the equatorial Pacific 
Ocean are likely to experience an increase in 
annual mean precipitation by the end of this 
century under the RCP8.5 scenario.  
 
In many midlatitude and subtropical dry regions, 
mean precipitation will likely decrease, while in 
many midlatitude wet regions, mean precipitation 
will likely increase by the end of this century under 
the RCP8.5 scenario.  
 

IPCC AR5 SPM 



IPCC WG1.11.12 

Relative to 1986-2005 



Use average of 16 of the latest climate models to 
estimate changes in PRECIPITATION and changes in 
the DIFFERENCE BETWEEN PRECIPITATION AND 
EVAPOTRANSPIRATION. 
 
Comparing 1950-2000 to 2021-2040. 
 

Uses RCP8.5. 



Change in PRECIPITATION: Fall Months 



Change in PRECIPITATION: Winter Months 



Change in PRECIPITATION: Spring Months 



Change in PRECIPITATION: Summer Months 



Change in PRECIP-ET: Fall Months 



Change in PRECIP-ET: Winter Months 



Change in PRECIP-ET: Spring Months 



Change in PRECIP-ET: Summer Months 



Changes in many extreme weather and climate 
events have been observed since about 1950.  
 
It is likely that the frequency of heat waves has 
increased in large parts of Europe, Asia and 
Australia. There are likely more land regions where 
the number of heavy precipitation events 
has increased than where it has decreased.  
 
The frequency or intensity of heavy precipitation 
events has likely increased in North America and 
Europe. In other continents, confidence in 
changes in heavy precipitation events is at most 
medium. 

IPCC AR5 SPM 



Extreme precipitation events over most of the mid-
latitude land masses and over wet tropical 
regions will very likely become more intense and 
more frequent by the end of this century, as global 
mean surface temperature increases.  

IPCC AR5 SPM 



• Warming leads to more evaporation 
• More evaporation increase 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 equation  



IPCC AR5 WG1.1.8 



Number of Days with Temperature 
Exceeding 30°C 



http://ipcc-wg2.gov/SREX/ 

Released March 
2012 



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 year on record in lower 48  
2012  United States     Hottest summer 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 
2013  Australia      Record heat wave in January 
2013  Australia      Hottest summer on record (Dec-Feb) 
2013  Canada      Long cold spell in Canada (spring) 

2012-2013 Extremes 



e.g.,	  2816	  runs	  with	  at	  least	  3	  days	  
consecu've	  days	  below	  normal;	  a	  run	  is	  
preceded	  by	  a	  day	  <=	  normal.	  



Overall, the evidence indicates a likely increase 
in observed heavy precipitation in many 
regions in North America, despite statistically 
non-significant trends and some decreases in 
some sub-regions. This general increase in heavy 
precipitation accompanies a general increase in 
total precipitation in most areas of the [country]. 

The largest trends toward 
increased annual total 
precipitation, number of rainy days, 
and intense precipitation….were 
focused on the Great Plains/
northwestern Midwest. 

Chapter 3 



Science: 1 Feb 2008 

Stationarity—the idea that natural systems 
fluctuate within an unchanging envelope of 
variability—is a foundational concept that 
permeates training and practice in water-resource 
engineering. It implies that any variable (e.g., annual 
streamflow or annual flood peak) has a time-
invariant (or 1-year–periodic) probability density 
function (pdf), whose properties can be estimated 
from the instrument record. 



Of Concern: 
 

• The amount of non-
stationarity that will be 
present in the future is 
unknown 

• Also unknown: what we 
do not know 



Climate normals are dead: 
 

• The averages are changing 
rapidly 

• The climate is becoming more 
variable 

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



Climate Trend Mapper 
Free! at climate.uwinnipeg.ca 







Summary: 
 

•  The climate of our region 
is on track for major 
changes 

 

•  There will be some 
benefits, and many more 
risks 



Observation: 
 

• We generally expect it to 
be wetter 

• There is much uncertainty 
about the timing and 
location of the changes. 

• We expect more 
variability and extremes. 



There will be benefits: 
 

•  Longer growing season 
•  More heat for growing 
•  More crop/garden choices 
•  Improved yields 
•  Longer warm-fun season 
•  Warmer winters 



There will be many risks: 
 

•  More extreme heat events 
•  More cooling requirements 
•  More severe storms 
•  More winter rain hazards 
•  More weeds and pests 
•  More social stress 
•  Shorter cold-fun season 



There will be many risks: 
 

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