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INTERGOVERNAL	  PANEL	  ON	  CLIMATE	  CHANGE	  (IPCC)	  is	  a	  scienGfic	  
body,	  which	  looks	  on	  Interac5ve	  processes	  in	  the	  Earth	  system	  that	  
govern	  climate	  and	  climate	  change.	  
(h"p://www.ipcc.ch/)	  
	  
	  
	  
Since	  the	  IPCC	  First	  Assessment	  Report	  in	  1990	  	  
we	  have	  a	  deeper	  understanding	  and	  quanGficaGon	  	  
of	  these	  processes	  and	  their	  incorporaGon	  in	  climate	  models.	  
	  
	  
	  
An	  increasing	  evidence	  of	  anthropogenic	  influences	  on	  climate	  change	  
has	  been	  found.	  

WHY THE WORLD IS WARMER? 

ScienGsts	  are	  working	  in	  understanding	  the	  climate	  system	  



The	  IPCC	  scienGfic	  intergovernmental	  body	  	  	  
set	  up	  by	  WMO	  and	  UNEP	  1988	  

h"p://www.ipcc.ch/index.htm	  

Synthesis	  Report	  
The	  Physical	  Science	  	  

Basis	  
Impacts,	  Adapta5on	  	  
and	  Vulnerability	  

Mi5ga5on	  of	  	  
Climate	  Change	  



IPCC’s	  Fibh	  Assessment	  Report	  (AR5)	  provides	  new	  
evidence	  of	  climate	  change	  based	  on	  many	  
independent	  scienGfic	  analyses	  from	  	  
•  observa5ons	  of	  the	  climate	  system,	  	  
•  paleoclimate	  archives,	  	  
•  theore5cal	  studies	  of	  climate	  processes	  and	  
simulaGons	  using	  climate	  models.	  	  

–  Evaluate	  the	  Risks	  of	  Extreme	  Events	  and	  Disasters	  	  
to	  Advance	  Climate	  Change	  AdaptaGon	  (SREX)	  	  

•  	  an	  important	  basis	  for	  informaGon	  on	  changing	  weather	  and	  
climate	  extremes.	  	  



•  Observa5ons	   of	   the	   climate	   system	   are	   based	   on	   direct	   measurements	   and	  
remote	  sensing	  from	  satellites	  and	  other	  plaforms.	  

	  
•  Global-‐scale	  observa-ons	  from	  the	  instrumental	  era	  began	  in	  the	  mid-‐19th	  

century	  for	  temperature	  and	  other	  variables.	  	  
	  

•  More	  comprehensive	  and	  diverse	  sets	  of	  observa7ons	  available	  for	  the	  
period	  1950	  onwards.	  

•  Paleoclimate	   reconstruc-ons	   extend	   some	   records	   back	   hundreds	   to	  
millions	  of	  years.	  	  

	  
Together,	   they	   provide	   a	   comprehensive	   view	   of	   the	   variability	   and	   long-‐term	  
changes	  in	  the	  atmosphere,	  the	  ocean,	  the	  cryosphere,	  and	  the	  land	  surface.	  	  
	  
SOURCE	  IPCC	  2013	  
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Yearly	  global	  average	  surface	  temperature	  	  
trends	  since	  1901.	  IPCC,	  WGI	  AR5	  (2013)	  
	  

EARTH HAS BEEN WARMING 

Temperature	  anomaly	  in	  2012	  relaGve	  to	  
mean	  global	  temperatures	  from	  1951-‐1980	  
as	  a	  funcGon	  of	  laGtude.	  

“Temperature	  anomaly”:	  departure	  from	  a	  reference	  value	  or	  long-‐term	  average	  	  

h"p://data.giss.nasa.gov/gistemp/maps/	  hMp://www.climatechange2013.org/images/
uploads/WGI_AR5_SPM_brochure.pdf	  
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What	  changes	  climate?	  

Changes	  in:	  
–  SUN’S	  OUTPUT	  

•  Its	  energy	  output	  increased	  about	  0.1%	  from	  1750	  to	  1950,	  increasing	  temperatures	  by	  0.1°C	  in	  
the	  first	  part	  of	  the	  20th	  century.	  	  

•  But	  since	  1979,	  when	  we	  began	  taking	  measurements	  from	  space,	  the	  data	  show	  no	  long-‐term	  
change	  in	  total	  solar	  energy,	  even	  though	  Earth	  has	  been	  warming.	  

–  EARTH’S	  ORBIT	  
•  RepeGGve	  cycles	  in	  Earth’s	  orbit	  that	  OCCUR	  OVER	  TENS	  OF	  THOUSANDS	  OF	  YEARS	  can	  influence	  

the	  angle	  and	  5ming	  of	  sunlight.	  	  

–  DRIFTING	  CONTINENTS	  
•  by	  changing	  ice	  caps	  at	  the	  poles	  and	  by	  altering	  ocean	  currents,	  which	  transport	  heat	  and	  cold	  

throughout	  the	  ocean	  depths.	  	  

–  VOLCANIC	  ERUPTIONS	  
•  Huge	  volcanic	  erupGons	  can	  cool	  Earth	  by	  injecGng	  ash	  and	  Gny	  parGcles	  into	  the	  stratosphere.	  	  

–  GREENHOUSE	  GASES	  and	  AEROSOLS	  
•  Changes	  in	  the	  concentraGon	  of	  greenhouse	  gases	  and	  aerosols,	  which	  occur	  both	  naturally	  and	  as	  a	  

result	  of	  human	  acGviGes,	  also	  influence	  Earth’s	  climate.	  	  



 
UNDERSTANDING AND ATTRIBUTING CLIMATE CHANGE 

Observed 

Expected for all  
forcing 
(Anthropogenic 
+ Natural) 

Natural forcing only 



Energy balance and greenhouse effect 

cloud albedo forcing 

http://www.meted.ucar.edu/nwp/climate_models/print.htm 



“Greenhouse	  effect”	  	  Increasing greenhouse gases trap more 
heat 

1% of atm gases are greenhouse gases. 



Greenhouse	  gases	  

Nitrous	  oxide	  
N2OO	  

Water	  

Carbon	  dioxide	   Methane	  

Sulfur	  hexafluoride	  



HOW TO COMPARE IMPACTS OF 
DIFFERENT GASES? 

•  The Global Warming Potential (GWP) was 
developed to allow comparisons of the 
global warming impacts of different gases. 

  
•  Specifically, it is a measure of  
how much energy the emissions of one 
ton of a gas will absorb over a given 
period of time, relative to the emissions 
of one ton of carbon dioxide 



The Global Warming Potential (GWP):  
allow comparisons of the global warming 
impacts of different gases.  

The larger the GWP, the more that a given gas 
warms the Earth compared to carbon dioxide 
over that time period.  
 
The net effect of the shorter lifetime and higher 
energy absorption is reflected in the GWP.  

http://www3.epa.gov/climatechange/ghgemissions/gwps.html 
METHANE SOURCES 

carbon dioxide that 
will last thousands of 
year 



Fossil fuel  CO2 emissions have 
increased by more than  50% 
since 1990 

Emissions from coal have 
increased significantly over the last 
few years 

production 

CO2 account for largest GHG emissions 



Increased greenhouse effect 





Whitby and Cantrell, 1976 

Aerosols are defined as suspensions of 
liquid or solid particles in the air 

AEROSOLS CAN IMPACT CLIMATE IN DIFFERENT WAYS 

SECONDARY 

PRIMARY 
WHAT IS AN AEROSOL? 

 



volcanic ash       pollen   sea salt        Black Carbon 

http://earthobservatory.nasa.gov/Features/Aerosols/ 

Anthropogenic processes 

Natural processes 





WHY DO WE CARE ABOUT AEROSOLS? 
 

•  Aerosols affect planetary energy balance in two ways: 

–  Directly: aerosols scatter and absorb solar energy both in cloud-
free and cloudy conditions;   

–  Indirectly: via their role as cloud condensation nuclei (CCN), 
aerosols modify the optical properties and lifetimes of clouds 
playing an important role in the process of cloud formation and 
precipitation. 



AEROSOLS CAN MODIFY CLOUD MICROPHYSICS AND 
THEN OPTICAL PROPERTIES 



From emissions to climate change 

Emissions 

Atmospheric concentration changes 

Climate (radiative) forcing/ 
change in energy fluxes  

Climate changes 

Natural and anthropogenic substances and processes that alter the Earth’s energy 
budget are drivers of climate change.  



Energy balance and greenhouse effect 

Radiative forcing (RF) quantifies the change in energy fluxes caused by 
changes in these drivers  
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Effects: Global temperature change 

The first decade this century is 
the warmest in the period of  
instrumental record 

The last 30 year period is likely 
the warmest 30 year period in 
1400 years 

Warming during the period 
1850-2012 is 0.85 °C 

Figure SPM.1 



NASA,	  Goddard	  Ins5tute	  for	  Space	  Studies	  (GISS)	  
h"p://data.giss.nasa.gov/gistemp/animaGons/	  

http://earthobservatory.nasa.gov/Features/WorldOfChange/decadaltemp.php 

According to an ongoing temperature analysis conducted by scientists at NASA’s 
Goddard Institute for Space Studies (GISS), the average global temperature on 
Earth has increased by about 0.8° Celsius since 1880.  
 
Two-thirds of the warming has occurred since 1975, at a rate of roughly 
0.15-0.20°C per decade. 



White areas lack long 
time observations 

Figure SPM.2 

Effects: Global distribution of precipitation changes 



Effects: Warming of the entire climate system 

Figure SPM.3 



http://nsidc.org/arcticseaicenews/ 



Warming of the ocean 

The warming of the oceans goes 
deeper during the last decade 

Note well: ~60% of the net energy increase in the 
climate system is stored In upper ocean 



The oceans absorb most of the energy 

The warming of the oceans 
amounts to 93% of the energy 
accumulated in the climate system 
between 1970 and 2010 

Warming of the ocean has 
contributed to a significant part of 
the sea level rise 

3% has heated land surfaces,  
1% the atmosphere and 3% has 
melted glaciers 

The zettajoule (ZJ) is equal 
to  

one sextillion (1021) joules 



Greenland and Antarctica melting yields sea level rise 

(a) Plots of decadal averages of daily sea 
ice extent in the Arctic. 

GMSLR = global mean sea level rise 
GMSLR during 1901–2010 can be  
accounted for by ocean thermal expansion,  
ice loss by glaciers and ice sheets, and  
change in liquid water storage on land.  
 



At present .. Ice melting 

On September 11, 2015, sea ice extent 
dropped to 4.41 million square kilometers, 
the fourth lowest minimum in the 
satellite record.  
 
 
In response to the setting sun and falling 
temperatures, ice extent will now climb 
through autumn and winter. However, a 
shift in wind patterns or a period of late 
season melt could still push the ice extent 
lower. 
 
Both the Northern Sea Route, along the 
coast of Russia, and Roald Amundsen’s 
route through the Northwest Passage 
are open 

http://nsidc.org/arcticseaicenews/ 

The orange line shows the 1981 to 2010 average 
extent for the day. The black cross indicates the 
geographic North Pole. 



The graph above shows Arctic sea ice extent as of September 14, 2015, along with daily ice extent data for last year and the three lowest 
ice extent years (2012, 2007, and 2011). 2015 is shown in blue, 2014 in green, 2012 in orange, 2011 in brown, and 2007 in purple. The 
1981 to 2010 average is in dark gray. The gray area around the average line shows the two standard deviation range of the data 

http://nsidc.org/arcticseaicenews/ 

At present .. Ice melting 



Figure SPM.4 

CO2 has increased by 40% since pre-
industrial time to a concentration of 391 
ppm in 2011 (primarily from fossil fuel emissions and 

secondarily from net land use change emissions)  
 

Fossil fuel emissions in 2011 were 9.5 
GtC/yr which is 54% above the 1990 
level  

The oceans have absorbed ca 30% of 
the anthropogenic CO2 emissions 
resulting in acidification of the oceans 

MULTIPLE OBSERVED INDICATORS OF A CHANGING GLOBAL CARBON CYCLE:  

South Pole (89°59’S, 
24°48’W – black) 

from Mauna Loa (19°32’N, 155°34’W – red)  

partial pressure of dissolved CO2 at 
the ocean surface (blue curves) and 
in situ pH (green curves), a measure 
of the acidity of ocean water.  



From emissions to climate change 

Emissions 

Atmospheric concentration changes 

Climate (radiative) forcing 

Climate changes 

We talked about the indicators, now an outlook 
on the drivers 



Energy balance and greenhouse effect 



COOLING: 
1.  Most of aerosols 

reflect some of the 
incoming solar 
radiation! 

WARMING:  
1.  GHGs 

2.  Black Carbon aerosols  

IPCC, WGI AR5, 2013 Policy maker 

GHGs AND AEROSOLS CAN ALTER THE CLIMATE 

Figure SPM.5 



Steady increase 
for all drivers 
except volcanos 
 
Strong increase in 
total 
anthropogenic 
forcing since 1970 
 
CO2 and other 
GHG clearly most 
important, but 
other 
contributions are 
significant 



Solar radiation slightly 
weaker over the last few 
decades (solar cycles) 



From	  emissions	  to	  climate	  change	  

IPCC,	  2007	  



Simulated	  vs	  observed	  global	  temperature	  

Observed 
°C, relative to 1850-1900, 5-yr filtered	  



Observed (CRU) 
Model ALL forcings 

°C, relative to 1850-1900, 5-yr filtered	  

Simulated	  vs	  observed	  global	  temperature	  



Natural	  vs.	  human-‐induced	  forcings	  

ALL forcings 
°C, relative to 1850-1900, 5-yr filtered	  



ALL forcings 
GHG only 

°C, relative to 1850-1900, 5-yr filtered	  

Natural	  vs	  human-‐induced	  forcings	  



ALL forcings 
GHG only 
TA only 

°C, relative to 1850-1900, 5-yr filtered	  

Natural	  vs	  human-‐induced	  forcings	  



ALL forcings 
GHG only 
TA only 
VA and TSI only 

°C, relative to 1850-1900, 5-yr filtered	  

Natural	  vs	  human-‐induced	  forcings	  
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FUTURE	  CHANGES	  WILL	  DEPEND	  	  
ON	  MANY	  FACTORS	  

	  
The	  magnitude	  and	  rate	  of	  future	  climate	  change	  will	  primarily	  depend	  on	  the	  
following	  factors:	  
	  
1.  The	  rate	  at	  which	  levels	  of	  greenhouse	  gas	  concentraGons	  in	  our	  atmosphere	  

conGnue	  to	  increase	  

2.  How	  strongly	  features	  of	  the	  climate	  (e.g.,	  temperature,	  precipitaGon,	  and	  sea	  
level)	  respond	  to	  the	  expected	  increase	  in	  greenhouse	  gas	  concentraGons	  

3.  Natural	  influences	  on	  climate	  (e.g.,	  from	  volcanic	  acGvity	  and	  changes	  in	  the	  sun's	  
intensity)	  and	  natural	  processes	  within	  the	  climate	  system	  (e.g.,	  changes	  in	  ocean	  
circulaGon	  pa"erns)	  

ScienGsts	  use	  computer	  models	  of	  the	  climate	  system	  to	  be"er	  understand	  these	  
issues	  and	  project	  future	  climate	  changes.	  



EMISSIONS	  PATHWAYS	  

TOP:	  pathway	  assumes	  that	  greenhouse	  gas	  emissions	  will	  con5nue	  to	  rise	  throughout	  the	  
current	  century.	  
	  
BOTTOM:	  pathway	  assumes	  that	  emissions	  reach	  a	  peak	  between	  2010	  and	  2020,	  declining	  
thereaber.	  

projected	  greenhouse	  gas	  
concentraGons	  	  

for	  four	  different	  emissions	  
pathways	  (RCP).	  

Source:	  Graph	  created	  from	  data	  in	  the	  RepresentaGve	  ConcentraGon	  Pathways	  Database	  (Version	  2.0.5)	  

h"p://www3.epa.gov/climatechange/science/future.html	  



SETTING	  TEMPERATURE	  RISE	  GOALS	  

•  LimiGng	  the	  average	  global	  surface	  
temperature	  increase	  of	  2°C	  over	  the	  pre-‐
industrial	  average	  has,	  since	  the	  1990s,	  been	  
commonly	  regarded	  as	  an	  adequate	  means	  of	  
avoiding	  dangerous	  climate	  change,	  in	  science	  
and	  policy	  making.	  

	  
LimiGng	  global	  warming	  to	  2	  degrees	  'inadequate',	  
scienGsts	  say	  

dried-‐up	  bed	  of	  a	  reservoir	  in	  Sanyuan	  county,	  Shaanxi	  province	  July	  30,	  2014	  

h"p://www.unep.org/publicaGons/ebooks/
emissionsgapreport/chapter1.asp	  



Simulated	  future	  global	  temperature	  change	  

According	  to	  NorESM	  only	  RCP	  
2.6	  pathway	  keeps	  us	  below	  
2°C	  global	  warming	  



°C,	  2090-‐2099	  vs	  1961-‐1990	  

Simulated change in surface temperature, RCP8.5 
RCP: representative concentrations pathaways 



Simulated change in surface temperature, RCP6.0 
°C,	  2090-‐2099	  vs	  1961-‐1990	  



Simulated change in surface temperature, RCP4.5 
°C,	  2090-‐2099	  vs	  1961-‐1990	  



Simulated change in surface temperature, RCP2.6 
°C,	  2090-‐2099	  vs	  1961-‐1990	  



DJF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  JJA	  
%,	  2080-‐99	  vs	  1961-‐1990	  

Increase:	  Mostly	  in	  the	  tropics	  and	  at	  mid/high	  laGtudes	  
Decrease:	  Mostly	  in	  the	  sub-‐tropics	  	  (pushing	  sub-‐tropics	  towards	  mid	  laGGdes	  

Simulated	  change	  in	  precipitaGon,	  RCP8.5	  



DJF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  JJA	  
%,	  2080-‐99	  vs	  1961-‐1990	  

Simulated	  change	  in	  precipitaGon,	  RCP6.0	  



DJF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  JJA	  
%,	  2080-‐99	  vs	  1961-‐1990	  

Simulated	  change	  in	  precipitaGon,	  RCP4.5	  



DJF	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  JJA	  

Simulated	  change	  in	  precipitaGon,	  RCP2.6	  

%,	  2080-‐99	  vs	  1961-‐1990	  



Climate models with anthropogenic and natural 
climate forcings 

Figure SPM.6 



Figure SPM.6 



Figure SPM.6 



Future changes 
Final Draft (7 June 2013) Technical Summary IPCC WGI Fifth Assessment Report 
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Figure TS.19: Compatible fossil fuel emissions simulated by the CMIP5 models for the four RCP scenarios. Top: 
timeseries of annual emission (PgC yr–1). Dashed lines represent the historical estimates and RCP emissions calculated 
by the integrated assessment models (IAM) used to define the RCP scenarios, solid lines and plumes show results from 
CMIP5 ESMs (model mean, with 1 standard deviation shaded). Bottom: cumulative emissions for the historical period 
(1860–2005) and 21st century (defined in CMIP5 as 2006–2100) for historical estimates and RCP scenarios. Left bars 
are cumulative emissions from the IAMs, right bars are the CMIP5 ESMs multi-model mean estimate, and dots denote 
individual ESM results. From the CMIP5 ESMs results, total carbon in the land-atmosphere-ocean system can be 
tracked and changes in this total must equal fossil fuel emissions to the system. Hence the compatible emissions are 
given by cumulative Emissions = ǻCA + ǻCL + ǻCO , while emission rate = d/dt [CA +CL +CO], where CA, CL, CO are 
carbon stored in atmosphere, land and ocean respectively. Other sources and sinks of CO2 such as from volcanism, 
sedimentation or rock weathering, which are very small on centennial timescales are not considered here. {Box 6.4; 
Figure 6.25} 
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RCP 4.5 

RCP 6.0 

RCP 8.5 

Future estimates based on 
4 Representative 
Concentration Pathways 
(RCPs) 

Likelihood are not given for 
any  RCP 

The development of  CO2 
over the last decade is 
closest to RCP8.5 

RCP2.6 particularly useful 
related to the 2 degree 
target 

CO2 emissions 



RCP 8.5 warming 
2081-2100: 3.7 (2.6 to 4.8) 
°C relative to 1986-2005 

RCP 2.6 warming 
2081-2100: 1.0 (0.3 to 1.7) 
°C relative to 1986-2005 

Observed warming 
1986-2005: 0.61 (0.55 to 
0.67) °C 
relative to1850-1900 

Models that best reproduce 
trend 1979-2012 imply a 
near ice free Arctic ocean 
during summer is likely by 
middle of this century 

Figure SPM7 

Future changes 



Temperature 
Larger warming over land and 
in the Arctic than globally 

Precipitation 
Strengthening of patterns 
observed until now 

Arctic Sea ice 
Blue ocean in RCP8.5 in 
September 

Figure SPM8 



Contributions from Greenland 
and Antarctica are now 
included in the estimate (0.03 
to 0.20 m) in 2081-2100 

Figure SPM9 



Extreme temperatures and precipitation 

Historical changes are 
from models, but they 
are in generally good 
agreement with 
observations 



Taking into account also 
non-CO2 climate gases 
we have only 250 - 300 
GtC to likely stay below  
2 °C warming relative to 
pre-industrial time 

That is 25-30 years with 
present day emissions 
and 20 years assuming 
current growth rate 

CO2 emissions have 
increased by more than 
50% since 1990 

Figure SPM10 



CONCLUSIONS	  

•  Warming	  of	  the	  climate	  system	  is	  unequivocal	  

•  Very	  high	  confidence	  that	  global	  average	  net	  effect	  of	  human	  
acGviGes	  since	  1750	  one	  of	  warming	  	  

•  Human-‐caused	  warming	  over	  last	  30	  years	  has	  likely	  	  had	  a	  
visible	  influence	  on	  many	  physical	  and	  biological	  systems	  	  

•  ConGnued	  GHG	  emissions	  at	  or	  above	  current	  rates	  would	  
cause	  further	  warming	  and	  induce	  many	  changes	  in	  the	  global	  
climate	  system	  during	  the	  21st	  century	  that	  would	  very	  likely	  
be	  larger	  than	  those	  observed	  during	  the	  20th	  century.”	  



Be	  an	  educated	  consumer	  	  

•  IPCC	  AR5	  Synthesis	  Report	  	  
h"ps://www.ipcc.ch/report/ar5/	  
	  
•  Other	  organizaGons:	  	  

– NAS	  h"p://dels.nas.edu/climatechange/	  
– US	  CCSP	  h"p://www.climatescience.gov/	  




