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Outline	  
•  Introduc@on	  IPCC	  AR5	  
•  Working	  Group	  I:	  Physical	  Science	  Basis	  

–  Advances	  in	  understanding	  
–  Climate	  observa@ons	  
–  Climate	  model	  projec@ons	  

•  Working	  Group	  II:	  Impacts,	  Vulnerability	  and	  Adapta@on	  
–  Impacts	  	  
–  Risks	  

•  Working	  Group	  III:	  Mi@ga@on	  
–  Recent	  emission	  trends	  
–  Feasibility	  of	  2°C	  
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IPCC	  –	  What	  is	  it	  and	  how	  does	  it	  work?	  

•  Publica@on	  of	  Assessment	  Reports	  on	  a	  regular	  basis	  (5	  reports)	  
•  More	  than	  830	  scien@sts	  par@cpate	  voluntarily	  to	  guarantee	  objec@vity	  
•  Governments	  par@cipate	  in	  review	  and	  plenary	  Sessions	  
•  Final	  Summary	  for	  Policy	  Makers	  (SPM)	  nego@ated	  and	  endorsed	  by	  

governments	  
	  	  

•  Established	  in	  1988	  by	  the	  United	  
Na@ons	  Environment	  Programme	  
(UNEP)	  and	  the	  World	  
Meteorological	  Organiza@on	  
(WMO)	  -‐>	  Legi@mate	  scien@fic	  UN	  
body	  

•  Open	  to	  all	  member	  countries	  of	  
the	  UN	  and	  WMO	  
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IPCC	  AR5:	  Greater	  evidence	  of	  human	  
influence	  since	  IPCC	  AR4	  in	  2007	  

•  Extremely	  likely	  that	  human	  influence	  has	  been	  
the	  dominant	  cause	  of	  the	  observed	  warming	  
since	  the	  mid-‐20th	  century.	  

•  The	  evidence	  for	  human	  influence	  has	  grown	  
since	  AR4.	  	  

4	  

WGI:	  Advances	  in	  understanding	  
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Global	  carbon	  budget	  
•  Total	  amount	  of	  

carbon	  emissions	  to	  
the	  atmosphere	  “ever”	  

•  Higher	  emissions	  now,	  
lower	  emissions	  later	  

•  Budget	  “overspending”	  
implies	  dependence	  on	  
possibility	  of	  	  
ac@vely	  removing	  
carbon	  from	  the	  
atmosphere	  at	  large	  
scale	  later	  

	  
	  

WGI:	  Advances	  in	  understanding	  

Warming	  propor@onal	  to	  cumula@ve	  CO2	  emissions	  
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Warming	  propor@onal	  to	  cumula@ve	  CO2	  emissions	  
also	  linked	  to	  long-‐term	  climate-‐change	  commitment	  

WGI:	  Advances	  in	  understanding	  

•  Here	  CO2	  
emissions	  follow	  
(extended)	  RCP	  
pathways	  un@l	  
2300	  

•  RCP2.6:	  global	  net	  
nega@ve	  CO2	  
emissions	  (BECCS)	  

•  Emissions	  go	  to	  
zero	  in	  2300	  

	  
•  Concentra@on	  

declines	  (very)	  
slowly	  
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WGI:	  Advances	  in	  understanding	  

Warming	  propor@onal	  to	  cumula@ve	  CO2	  emissions	  
also	  linked	  to	  long-‐term	  climate-‐change	  commitment	  

•  Temperatures	  
decline	  even	  slower	  

•  While	  sea-‐level	  rise	  
(from	  thermal	  
expansion)	  
con@nues,	  except	  in	  
the	  lowest	  scenario	  

Large	  Fme	  lags,	  therefore,	  
again:	  Budget	  
“overspending”	  implies	  
dependence	  on	  possibility	  of	  	  
acFvely	  removing	  carbon	  
from	  the	  atmosphere	  at	  
large	  scale	  later	  
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What	  is	  climate	  sensi@vity?	  

Change	  in	  global	  mean	  surface	  temperature	  at	  
equilibrium	  that	  is	  caused	  by	  a	  	  doubling	  of	  the	  
atmospheric	  CO2	  concentra@on	  
	  
If	  doubling	  CO2	  concentra@on	  caused	  only	  1oC	  of	  
warming	  concern	  would	  be	  a	  lot	  less	  than	  if	  
caused	  3oC	  or	  higher….	  

8	  

WGI:	  Advances	  in	  understanding	  
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9	  

IPCC	  climate	  sensi@vity	  es@mates	  
WGI:	  Advances	  in	  understanding	  
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IPCC	  climate	  sensi@vity	  es@mates	  and	  
climate	  policy	  implica@ons	  

10	  

WGI:	  Advances	  in	  understanding	  

Projec@ons	  under	  RCP8.5	  
	  
	  
	  
	  
Projec@ons	  under	  RCP2.6	  

Overall	  warming	  projec@ons	  are	  
not	  changed	  by	  AR5	  assessment	  

Risk	  assessment:	  
Irreducible	  uncertainty	  for	  now	  
•  Es@mates	  at	  the	  high	  end	  (>	  6°C)	  remain	  a	  possibility	  
•  Methods	  leading	  to	  current	  lower	  es@mates	  are	  strongly	  

influenced	  by	  last	  15	  years	  of	  data	  
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Recent	  warming	  ”slowdown”	  or	  “hiatus”	  

•  Past	  decade:	  warmest	  
on	  record	  

•  Periods	  of	  slowdowns	  
and	  acceleraFons	  occur	  
regularly	  

•  These	  are	  related	  to	  
varia@ons	  in	  forcing	  
(e.g.	  volcanic	  
erup@ons,	  solar	  
ac@vity)	  and	  to	  
internal	  
redistribu@on	  of	  heat	  
in	  ocean,	  causing	  
natural	  variaFons	  of	  
surface	  warming,	  and	  

11	  

Global	  Average	  surface	  temperature	  
(°C)	  compared	  to	  average	  over	  

1850-‐2012	  

WGI:	  Climate	  Observa@ons	  
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Ocean	  warming	  has	  con@nued	  over	  past	  
10-‐15	  years	  

12	  

Change	  in	  global	  average	  upper	  
ocean	  heat	  content	  (1022	  J)	  

WGI:	  Climate	  Observa@ons	  
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Observa@ons	  
•  Warming	  of	  the	  climate	  system	  is	  unequivocal,	  and	  since	  the	  1950s,	  

many	  of	  the	  observed	  changes	  are	  unprecedented	  over	  decades	  to	  
millennia	  

•  Each	  of	  the	  last	  three	  decades	  has	  been	  successively	  warmer	  at	  the	  
Earth’s	  surface	  than	  any	  preceding	  decade	  since	  1850	  
–  Also	  changes	  in	  many	  extreme	  weather	  and	  climate	  events	  have	  been	  

observed	  since	  about	  1950,	  for	  example,	  (a)	  an	  increase	  in	  the	  number	  of	  
warm	  days	  and	  nights	  on	  the	  global	  scale	  and	  a	  decrease	  in	  the	  number	  of	  
cold	  days	  and	  nights,	  (b)	  an	  increase	  in	  the	  frequency	  of	  heat	  waves	  in	  
large	  parts	  of	  Europe,	  Asia	  and	  Australia,	  (c)	  an	  increase	  in	  the	  regions	  that	  
experience	  heavy	  precipita@on	  events	  

•  The	  rate	  of	  sea	  level	  rise	  since	  the	  mid-‐19th	  century	  has	  been	  larger	  than	  
the	  mean	  rate	  during	  the	  previous	  two	  millennia	  
–  Over	  the	  period	  1901–2010,	  global	  mean	  sea	  level	  rose	  by	  0.19	  [0.17	  to	  

0.21]	  m	  
•  Most	  of	  the	  energy	  added	  to	  the	  climate	  system	  is	  stored	  in	  the	  ocean	  

under	  the	  form	  of	  ocean	  warming	  
–  This	  accounts	  for	  more	  than	  90%	  of	  the	  energy	  accumulated	  between	  

1971	  and	  2010	  

13	  

WGI:	  Climate	  Observa@ons	  
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Framing	  scenarios	  
•  4	  GHG	  concentraFon	  pathways	  provided	  to	  WG	  I	  in	  2009	  	  

RCPs:	  representa@ve	  concentra@on	  pathways	  
•  RCPs	  used	  globally	  by	  climate	  science	  community	  
•  Core	  of	  WG	  I	  assessment	  →	  statements	  framed	  with	  respect	  

to	  	  RCPs	  
•  For	  example:	  	  

Temperature	  in	  lowest	  scenario	  (RCP2.6	  aka	  RCP3-‐PD):	  	  
–  Likely	  staying	  below	  2°C	  (IPCC:	  “Unlikely	  to	  exceed	  2°C”)	  
–  Likely	  to	  exceed	  1.5°C	  for	  all	  RCPs	  except	  RCP2.6	  

WGI:	  Climate	  model	  projec@ons	  
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Reference	  concentra@on	  paths	  
•  4	  RCPs	  (2007)	  
•  Used	  by	  climate	  

community	  
•  At	  core	  of	  WG	  I	  	  

assessment	  

•  RCP2.6/RCP3-‐PD:	  	  
Likely	  <2°C	  
T	  by	  2100	  ~1.6°C	  

WGI:	  Climate	  model	  projec@ons	  
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AR5	  confirms	  that	  substanFal	  and	  
sustained	  emission	  reducFons	  

needed	  	  
•  ConFnued	  emissions	  of	  greenhouse	  gases	  will	  cause	  further	  

warming	  and	  changes	  in	  all	  components	  of	  the	  climate	  
system.	  

•  LimiFng	  climate	  change	  will	  require	  substanFal	  and	  
sustained	  reducFons	  of	  greenhouse	  gas	  emissions	  
(IPCC	  AR5	  SPM	  –	  headline	  statement)	  

WGI:	  Climate	  model	  projec@ons	  
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17	  

Temperature	  projec@ons	  
Global	  Average	  surface	  temperature	  change	  (°C)	  above	  1986-‐2005	  

WGI:	  Climate	  model	  projec@ons	  

•  Likely	  to	  exceed	  1.5°C	  (and	  2°C)	  for	  all	  new	  IPCC	  scenarios	  except	  
the	  lowest	  (called	  RCP2.6)	  

•  Warming	  will	  con@nue	  beyond	  2100	  under	  all	  RCP	  scenarios	  except	  RCP2.6	  
•  Warming	  likely	  to	  exceed	  4°C	  by	  2100	  for	  highest	  of	  new	  IPCC	  

scenarios	  (RCP8.5)	  
•  If	  carbon	  cycle	  feedbacks	  include	  range	  of	  warming	  is	  higher:	  2.5-‐5.6°C	  in	  

2081-‐2100	  above	  1986-‐2005	  or	  3.1-‐6.2°C	  above	  pre-‐industrial	  
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Temperature	  

Global	  surface	  temperature	  change	  for	  the	  end	  of	  the	  21st	  century	  is	  likely	  to	  exceed	  
1.5	  °C	  relaFve	  to	  1850	  to	  1900	  for	  all	  RCP	  scenarios	  except	  RCP2.6.	  
	  
Warming	  will	  conFnue	  beyond	  2100	  under	  all	  RCP	  scenarios	  except	  RCP2.6.	  

WGI:	  Climate	  model	  projec@ons	  
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Water	  cycle	  

Changes	  in	  the	  global	  water	  cycle	  in	  response	  to	  the	  warming	  over	  the	  21st	  century	  will	  
not	  be	  uniform.	  	  
	  
The	  contrast	  in	  precipitaFon	  between	  wet	  and	  dry	  regions	  and	  between	  wet	  and	  dry	  
seasons	  will	  increase,	  although	  there	  may	  be	  regional	  excepFons.	  

WGI:	  Climate	  model	  projec@ons	  
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Cryosphere	  
WGI:	  Climate	  model	  projec@ons	  
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Sea	  level	  rise	  
The	  rate	  of	  sea	  level	  rise	  since	  the	  
mid-‐19th	  century	  has	  been	  larger	  than	  
the	  mean	  rate	  during	  the	  previous	  two	  
millennia.	  	  
	  
Over	  the	  period	  1901	  to	  2010,	  global	  
mean	  sea	  level	  rose	  by	  0.19	  m.	  
	  
Global	  mean	  sea	  level	  will	  conFnue	  to	  
rise	  during	  the	  21st	  century	  

	  
– 0.5	  to	  1m*	  rise	  by	  2100	  projected	  
for	  4oC+	  warming	  

– 0.3	  to	  0.6m*	  rise	  by	  2100	  even	  if	  
warming	  held	  below	  2oC	  

*Numbers	  rela@ve	  to	  1986–2005	  
	  

WGI:	  Climate	  model	  projec@ons	  
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Emerging	  issue:	  Ocean	  acidifica@on	  	  
WGI:	  Climate	  model	  projec@ons	  
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WGII	  AR5:	  	  Observed	  Impacts	  

•  In	  recent	  decades,	  changes	  in	  climate	  
have	  caused	  impacts	  on	  natural	  and	  
human	  systems	  on	  all	  conFnents	  and	  
across	  the	  oceans.	  

	  	  
•  Evidence	  of	  climate-‐change	  impacts	  is	  

strongest	  and	  most	  comprehensive	  
for	  natural	  systems.	  

WGII:	  Impacts	  and	  Risks	  
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IPCC	  AR5	  iden@fied	  5	  Reasons	  for	  Concern	  (RCFs)	  that	  
should	  be	  assessed	  equally	  important	  

1.   Unique	  Systems:	  Ecosystems	  and	  
cultures,	  e.g.	  coral	  reef	  system.	  Already	  
high	  at	  1.5°C	  warming	  

2.   Extreme	  weather	  :	  Tropical	  cyclones,	  
droughts	  and	  floods.	  High	  impacts	  on	  
crop	  yields	  and	  water	  availability.	  Risk	  
assessed	  high	  to	  moderate	  at	  1.5°C	  

3.   DistribuFon:	  Unevenly	  distributed	  for	  
countries	  at	  all	  levels	  of	  development.	  
Tropical	  and	  low-‐lying	  countries	  most	  
vulnerable	  

4.   Aggregate	  Impacts:	  on	  global	  economy	  
Moderate	  at	  1.5/2°C.	  Aggregate	  nature	  
insensi@ve	  to	  country	  differences	  

5.   Singular	  Events:	  Irreversible	  @pping	  
points.	  	  

IPCC	  WGII	  AR5:	  Reasons	  for	  Concern	  
WGII:	  Impacts	  and	  Risks	  
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IPCC	  WGII	  AR	  5:	  	  
Ex@nc@on	  

ExFncFon	  risk	  is	  
increased	  under	  all	  RCP	  
scenarios,	  with	  risk	  
increasing	  with	  both	  
magnitude	  and	  rate	  of	  
climate	  change.	  

WGII:	  Impacts	  and	  Risks	  
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Ocean	  acidifica@on	  
WGII:	  Impacts	  and	  Risks	  
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Ocean	  acidifica@on	  	  
For	  medium-‐	  to	  high-‐emission	  scenarios	  (RCP4.5,	  6.0,	  and	  8.5),	  ocean	  acidificaFon	  
poses	  substanFal	  risks	  to	  marine	  ecosystems,	  associated	  with	  impacts	  on	  the	  
physiology,	  behavior,	  and	  populaFon	  dynamics	  of	  individual	  species	  from	  
phytoplankton	  to	  animals.	  

RCP2.6	   RCP4.5	   RCP6.0	   RCP8.5	  

pCO2(μatm)	  

WGII:	  Impacts	  and	  Risks	  
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WGII:	  Impacts	  and	  Risks	  



CLIMATE
ANALYTICS

9/22/14	  

•  Significant	  observed	  impacts	  on	  crop	  
yields	  over	  1960-‐2013	  period	  due	  to	  
climate	  change	  

•  Strongest	  impacts	  wheat	  and	  maize	  

WGII	  AR5:	  	  
Observed	  Impacts	  –	  Food	  Security	  

WGII:	  Impacts	  and	  Risks	  
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IPCC	  WGII	  AR	  5:	  	  
Marine	  fisheries	  catch	  poten@al	  

	  

9/22/14	  
	  WGII	  Figure	  SPM.6	  A	  

Global	  projected	  changes	  to	  catch	  poten@al	  under	  warming	  of	  
approx.	  2°C	  by	  2050.	  	  

WGII:	  Impacts	  and	  Risks	  
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• IPCC	  AR5	  iden@fied	  5	  Reasons	  for	  Concern	  (RCFs)	  that	  
should	  be	  assessed	  equally	  important	  

1.   Unique	  Systems:	  Ecosystems	  and	  
cultures,	  e.g.	  coral	  reef	  system.	  Already	  
high	  at	  1.5°C	  warming	  

2.   Extreme	  weather	  :	  Tropical	  cyclones,	  
droughts	  and	  floods.	  High	  impacts	  on	  
crop	  yields	  and	  water	  availability.	  Risk	  
assessed	  high	  to	  moderate	  at	  1.5°C	  

3.   DistribuFon:	  Unevenly	  distributed	  for	  
countries	  at	  all	  levels	  of	  development.	  
Tropical	  and	  low-‐lying	  countries	  most	  
vulnerable	  

4.   Aggregate	  Impacts:	  on	  global	  economy	  
Moderate	  at	  1.5°C.	  Aggregate	  nature	  
insensi@ve	  to	  country	  differences	  

5.   Singular	  Events:	  Irreversible	  @pping	  
points.	  Most	  relevant	  for	  sea-‐level	  rise	  

IPCC	  WGII	  AR5:	  Reasons	  for	  Concern	  
WGII:	  Impacts	  and	  Risks	  
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•  Strong	  evidence	  from	  post-‐IPCC	  
science	  that	  several	  glacier	  systems	  
in	  West	  AntarFca	  are	  already	  
“Fpped”	  

•  This	  would	  lead	  to	  an	  addiFonal	  
global	  sea-‐level	  rise	  of	  about	  1m	  
with	  the	  poten@al	  of	  destabilizing	  
the	  West	  Antarc@c	  Ice	  sheet	  (about	  
4m	  global	  sea-‐level	  rise	  equivalent),	  
but	  @mescale	  much	  longer	  for	  lower	  
levels	  of	  long-‐term	  warming	  

•  New	  insights	  from	  Greenland	  
indicate	  that	  also	  this	  ice	  sheet	  
might	  be	  much	  more	  vulnerable	  to	  
rapid	  ice	  loss	  than	  previously	  
thought.	  

Post	  IPCC	  Update:	  Risk	  for	  some	  large-‐scale	  
singular	  events	  bigger	  than	  previously	  thought	  
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Figure 1. Velocity of the Amundsen Sea Embayment (ASE) sector of West Antarctica derived

using ERS-1/2 radar data in winter 1996 with a color coding on a logarithmic scale and overlaid

on a MODIS mosaic of Antarctica. Interferometrically-derived grounding lines of the glaciers are

shown in color code for years 1992, 1994, 1996, 2000 and 2011, with glacier and ice shelf names.

Note that for Pine Island and Smith/Kohler, the figure merges two independent di↵erential

interferograms to show a more complete spatial coverage of grounding lines.

c�2014 American Geophysical Union. All Rights Reserved.

Ice	  veloci@es	  in	  km/yr	  	  
Joughin	  et	  al.	  (2014)	  

See	  Joughin	  et	  al.	  (2014),	  Rignot	  et	  al.	  (2014),	  
Spence	  et	  al.	  (2014),	  Morlighem	  et	  al.	  (2014)	  
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Risks	  of	  climate	  change	  impacts	  can	  be	  
reduced	  by	  limi@ng	  rate	  and	  
magnitude	  of	  climate	  change.	  	  

•  Reducing	  climate	  change	  can	  also	  reduce	  the	  
scale	  of	  adaptaFon	  that	  might	  be	  required.	  	  

•  Under	  all	  assessed	  scenarios	  for	  adapta@on	  
and	  mi@ga@on,	  some	  risk	  from	  adverse	  
impacts	  remains	  (very	  high	  confidence).	  	  

9/22/14	  
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Is	  present	  ac@on	  sufficient?	  
•  GHG	  emissions	  rising	  faster	  than	  ever	  

(WMO	  Sept	  09	  2014)	  
•  0.74%	  increase	  in	  CO2	  concentra@ons	  

2012-‐2013	  
•  2013	  CO2	  concentra@ons	  142%	  above	  

preindustrial	  levels	  

	  

Table 1 provides globally averaged atmospheric abundances 
of the three major LLGHGs in 2013 and changes in their 
abundances since 2012 and 1750. The results are obtained 
from an analysis of datasets (WMO, 2009) that are traceable 
to WMO World Reference Standards. Data from mobile 
stations, with the exception of NOAA sampling onboard 
ships transecting the Pacific Ocean, are not used for this 
global analysis.

The three greenhouse gases shown in Table 1 are closely 
linked to anthropogenic activities and they also interact 
strongly with the biosphere and the oceans. Predicting the 
evolution of the atmospheric content of greenhouse gases 
requires quantitative understanding of their many sources, 
sinks and chemical transformations in the atmosphere. 
Observations from GAW provide invaluable constraints 
on the budgets of these and other LLGHGs, and they are 
used to verify emission inventories and evaluate satellite 
retrievals of LLGHG column averages.

The NOAA Annual Greenhouse Gas Index in 2013 was 
1.34, representing a 34% increase in total radiative forcing 
(relative to 1750) by all LLGHGs since 1990 and a 1.5% 
increase from 2012 to 2013 (Figure 1). The total radiative 
forcing by all LLGHGs in 2013 corresponds to a CO2-
equivalent mole fraction of 479 ppm. (http://www.esrl.
noaa.gov/gmd/aggi).

Carbon dioxide (CO2)

Carbon dioxide is the single most important anthropogenic 
greenhouse gas in the atmosphere, contributing ~65%[5] to 
radiative forcing by LLGHGs. It is responsible for ~84% of the 
increase in radiative forcing over the past decade and ~83% 
over the past five years. The pre-industrial level of ~278 ppm 
represented a balance of relatively large annual two-way 

fluxes between the atmosphere and oceans (~80 PgC yr–1) 
and the atmosphere and terrestrial biosphere (~120 PgC yr–1). 
Atmospheric CO2 reached 142% of the pre-industrial level 
in 2013, primarily because of emissions from combustion 
of fossil fuels and cement production (CO2 emissions 
were 9.7±0.5 PgC[6] in 2012, according to http://www.
globalcarbonproject.org). This conclusion is consistent 
with GAW measurements of the spatial distribution of CO2 
at the Earth’s surface and its rate of increase, a decrease in 
the abundance of atmospheric oxygen (O2), and a decrease 
in carbon isotope ratio, 13C/12C, in atmospheric CO2. Minor 
contributions to increased CO2 come from deforestation 
and other land-use change (1.0±0.5 PgC in 2012), although 
the net effect of terrestrial biosphere fluxes is as a sink. The 
average increase in atmospheric CO2 from 2003 to 2013 
corresponds to ~45% of the CO2 emitted by human activity 
with the remaining ~55% removed by the oceans and the 
terrestrial biosphere. The main sinks for CO2 emissions 
from fossil fuel combustion are the oceans and terrestrial 
biosphere. Knowledge of partitioning between these sinks 
is based on GAW observations of atmospheric CO2 and 
O2. Uptake of atmospheric CO2 by the oceans results in 
ocean acidification (see next page). 

Globally averaged CO2 in 2013 was 396.0±0.1 ppm  
(Figure 3 (a)). The increase in global annual mean 
CO2 from 2012 to 2013 of 2.9 ppm is greater than the 
increase from 2011 to 2012, the average growth rate for 
the 1990s (~1.5 ppm yr–1), and the average growth rate 
for the past decade (~2.1 ppm yr–1). Recent increases 
in emissions of CO2 from fossil fuel combustion 
(~2% yr–1 or ~0.2 PgC yr–1) cannot explain the interannual 
variability in CO2 growth rate nor the greater-than-
average increase in annual means from 2012 to 2013.  
Measurements of 13C/12C in atmospheric CO2 by GAW 
participants indicate that changes in CO2 growth rate result 
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Figure 3. Globally averaged CO2 mole 
fraction (a) and its growth rate (b) from 
1984 to 2013. Differences in successive 
annual means are shown as shaded 
columns in (b).

Figure 4. Globally averaged CH4 mole 
fraction (a) and its growth rate (b) from 
1984 to 2013. Differences in successive 
annual means are shown as shaded 
columns in (b).

Figure 5. Globally averaged N2O mole 
fraction (a) and its growth rate (b) from 
1984 to 2013. Differences in successive 
annual means are shown as shaded 
columns in (b).

(a) (a) (a)

(b) (b) (b)

(Continued on page 6)
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IPCC	  WGIII	  AR5	  Emission	  trends	  

WGIII	  Figure	  SPM.1	  



37	  

Based	  on	  Figure	  1.7	  

GHG	  emissions	  rise	  with	  growth	  in	  GDP	  and	  popula@on;	  	  
long-‐standing	  trend	  of	  decarbonisa@on	  of	  energy	  reversed.	  



GHG	  emissions	  rise	  with	  growth	  in	  GDP	  and	  popula@on;	  	  
long-‐standing	  trend	  of	  decarbonisa@on	  of	  energy	  reversed.	  

38	  

Based	  on	  Figure	  1.7	  
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Latest	  projec@ons:	  global	  aggrega@on	  of	  countries‘	  
individual	  proposed	  efforts	  not	  sufficient	  
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But	  some	  countries	  propose	  more	  than	  others	  
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But	  some	  countries	  propose	  more	  than	  others	  
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IPCC	  WGIII	  AR5:	  Below	  2°C	  is	  feasible	  

42	   23	  September	  2014	  
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IPCC	  WGIII	  AR5:	  Below	  2°C	  is	  feasible	  

43	   23	  September	  2014	  

WGI:	  Based	  on	  many	  models,	  but	  only	  one	  scenario,	  es@mated	  about	  
1000	  GtCO2	  remains	  ayer	  2011	  for	  likely	  below	  2°C	  

	  
WGIII:	  630-‐1180	  GtCO2	  for	  2011-‐2100	  
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IPCC	  WGIII	  AR5:	  Below	  2°C	  is	  feasible	  

It	  is	  technically	  and	  economically	  feasible	  to	  keep	  	  
warming	  below	  2°C,	  with	  a	  likely	  probability.	  

•  Requires	  halving	  global	  emissions	  compared	  to	  2010	  	  levels	  by	  
mid-‐century	  

•  Zero	  or	  nega@ve	  emissions	  by	  2100	  

44	   23	  September	  2014	  

If	  miFgaFon	  is	  considerably	  delayed	  keeping	  warming	  
below	  2°C	  becomes	  economically	  unfeasible	  

•  Key	  technologies,	  such	  as	  bioenergy,	  CCS	  and	  their	  combina@on	  
(BECCS)	  are	  needed	  in	  many	  models	  	  
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IPCC	  WGIII	  AR5:	  2oC	  mi@ga@on	  costs	  

•  Average	  global	  macro-‐economic	  costs	  over	  the	  
century	  are	  modest	  compared	  to	  expected	  economic	  
growth	  

•  Under	  a	  cost-‐effec@ve	  approach,	  macro-‐economic	  costs	  
equal	  an	  average	  annual	  reduc@on	  of	  consump@on	  of	  
about	  0.04-‐0.14	  %	  per	  year	  

•  Baseline	  increase	  of	  consump@on	  over	  21st	  century	  
projected	  1.6-‐3%	  per	  year	  

45	   22	  September	  2014	  



Renewable	  energy:	  good	  news	  for	  
decarbonisa@on	  

•  In	  2012,	  renewables	  made	  up	  just	  over	  half	  of	  total	  net	  
addiFons	  to	  electric	  genera@ng	  capacity	  from	  all	  sources	  in	  
2012.	  	  

•  The	  effect	  on	  global	  GHG	  emissions	  from	  increased	  
renewables	  is	  sFll	  leveled	  out	  by	  increased	  use	  of	  coal	  and	  
rising	  energy	  consump@on.	  

•  But	  could	  be	  paving	  the	  way	  to	  a	  full	  decarbonisa@on	  of	  the	  
energy	  sector	  	  
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Conclusions	  
•  WGI	  

–  Extremely	  likely	  that	  human	  influence	  has	  been	  the	  dominant	  cause	  of	  the	  
observed	  warming	  since	  the	  mid-‐20th	  century	  

–  The	  evidence	  for	  human	  influence	  has	  grown	  since	  AR4	  
–  For	  warming	  to	  be	  limited,	  limited	  cumula@ve	  CO2	  emissions	  are	  allowed	  

(1000	  GtCO2	  from	  2011	  onwards	  for	  likely	  below	  2°C)	  
–  Limi@ng	  climate	  change	  will	  require	  substan@al	  and	  sustained	  reduc@ons	  of	  

greenhouse	  gas	  emissions	  
•  WGII:	  	  

–  In	  recent	  decades,	  changes	  in	  climate	  have	  caused	  impacts	  on	  natural	  and	  
human	  systems	  on	  all	  con@nents	  and	  across	  the	  oceans	  

–  Reducing	  climate	  change	  can	  also	  reduce	  the	  scale	  of	  adapta@on	  that	  might	  
be	  required.	  	  

–  Under	  all	  assessed	  scenarios	  for	  adapta@on	  and	  mi@ga@on,	  some	  risk	  from	  
adverse	  impacts	  remains	  

•  WGIII:	  
–  Remaining	  budget	  630-‐1180	  GtCO2	  for	  2011-‐2100	  
–  It	  is	  technically	  and	  economically	  feasible	  to	  keep	  warming	  below	  2°C,	  with	  a	  

likely	  probability	  
–  If	  mi@ga@on	  is	  considerably	  delayed	  keeping	  warming	  below	  2°C	  becomes	  

economically	  unfeasible	  
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