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Research!Question

How important is uncertainty and learning
for the integrated assessment of climate change?
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The role of!uncertainty for optimal!abatement

S*(0'&$!#5'"-$!(+!'!6%2R*$0!2L!%(+4!0'"'-$0$"&!2L!="#$%&'("!
L=&=%$!.'0'-$+!H$M-M!S&$%"!W$K($;<!2007IM

B=&!;5'&!("L*=$"#$!2L!="#$%&'("&)!2"!'R'&$0$"&!*$K$*+Y

B(**!N2%.5'=+ H2008<!("!5(+!R224![/!\=$+&(2"!2L!R'*'"#$]I:!BC'0,2!1"!#.,!,D&,%#,2!
<#$*$#7!+12,*;!1",!8$"2$"(!18!#.,!<"%,/#'$"#7!'"'*70$0!$"!#.$0!@11E!$0!#.'#!#.,!
@,0#"(<,00!&1*$%7!$0!'!(112!'&&/1D$+'#$1"!#1!#.,!,D&,%#,2"F'*<,!&1*$%7G!-.,/,!
'&&,'/0!#1!@,!"1!,+&$/$%'*!(/1<"2!81/!&'7$"(!'!+'H1/!/$0E!&/,+$<+!81/!8<#</,!
<"%,/#'$"#$,0!@,71"2!5.'#!51<*2!@,!H<0#$8$,2!@7!#.,!'F,/'(,0!I0<@H,%#!#1!#.,!
%'F,'#0!'@1<#!%'#'0#/1&.$%!1<#%1+,0!JKGL

Surprising!feature!of!non"linear!integrated!assessment!models

H/++=0$!3$*L'%$!3H#< !I!'+!L="#&(2"!2L!62*(#)!#!'".!="#$%&'("!6'%'0$&$%+!!I

35)maxcW(c,E(!))!^K'*=$!2L!R$+&!-=$++!62*(#)_! #*2+$!&2
maxc E(W(c,!))!^K'*=$!2L!$C6$#&$."K'*=$!62*(#)_Y
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The Energy-Economy-Climate Model MIND

MIND1.0: Edenhofer, Bauer, Kriegler, 2005, Ecological Economics 54, 277-292

! W'0+$)"&)6$!26&(0'*!-%2;&5!02.$*!;(&5!#'6(&'*<!*'R2%<!$"$%-)!
'+!6%2.=#&(2"!L'#&2%+!HS7S!L="#&(2"I

! WB`!+$#&2%+!L2%!*'R2=%!'".!$"$%-)!6%2.=#&(K(&)
! 7"$%-)!+$#&2%!#2"&'("+!L2++(*!L=$*!$C&%'#&(2"<!L2++(*!$"$%-)!
-$"$%'&(2"!'".!E$%2"#'%R2"!$"$%-)!6%2.=#&(2"!;(&5!*$'%"("-"
R)".2("-

! >!;2%*.!%$-(2"

12.$*!;'+!'.'6&$.!&2!+&2#5'+&(#!'".!#5'"#$"#2"+&%'("$.!
6%2-%'00("-!;(&5!'".!;92!*$'%"("-
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Uncertainty

Knutti & Hegerl (2008)

3$!#2"+(.$%!="#$%&'("&($+!'R2=&!
a &5$!#*(0'&$!%$+62"+$!&2!$0(++(2"+!H$M-M!#*(0'&$!
+$"+(&(K(&)<!&%'"+($"&!#*(0'&$!%$+62"+$<!$&#MI

a #*(0'&$!#5'"-$!(".=#$.!$#2"20(#!.'0'-$+M

Roughgarden & Schneider (1999)



87*0'%!A%($-*$% B!/*$C'".$%!D2%$"E 8

Benefit!of!climate!policy!(BCP)

26&(0'*!62*(#) HC0I!(L
&5$%$ ;'+!"2!#*(0'&$
#5'"-$ H"0I

+&(#4("- &2!'!"2!#*(0'&$
#5'"-$ 62*(#) ("!&5$ L'#$!
2L!'K$%'-$ #*(0'&$
.'0'-$+ HR'%!"I

+&(#4("- &2!'!"2!#*(0'&$
#5'"-$ 62*(#) ("!&5$ L'#$!
2L!="#$%&'(" #*(0'&$
.'0'-$+ H"I

26&(0'*!62*(#) HC0I!(L
&5$%$ ;'+!"2!#*(0'&$
#5'"-$ H"0I

R$+&!-=$++ #*(0'&$ 62*(#)
HC>I!'##2="&("- L2%
'K$%'-$ #*(0'&$ .'0'-$+
HR'%!"IK'*=$ 2L!R$+&!-=$++ #*(0'&$

62*(#) HC>I!L2% ="#$%&'("
#*(0'&$ .'0'-$+ H"I

26&(0'*!#*(0'&$ 62*(#) HC2I!
L2% ="#$%&'(" #*(0'&$
.'0'-$+ H"I

BCP!=!best!guess BCP!+!re"evaluation of!BCP!under uncertainty
+!benefit of!adjusting to!uncertainty (BOAU)

b(E$% H>997I!=+$+ Bc/!9BSb!&2!'++$++ %$*'&(K$!(062%&'"#$ 2L!26&(0(E("- =".$% ="#$%&'("&) K+M!R$+&!-=$++
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Importance!of!Uncertainty!in!the!MIND!model
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Sensitivity!to!risk!aversion
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Marginal!cost"benefit!picture
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Marginal!cost"benefit!picture

marginal benefits

marginal costs
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Marginal!cost"benefit!picture

marginal costs

expected marginal
benefits
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How to!derive cost"benefit information from integrated
assessment models?

a S'*#=*'&$ ;$*L'%$ ("!%$L$%$"#$ #'+$ ;(&52=& #*(0'&$ #5'"-$:!3HC0<"0I

a S'*#=*'&$ ;$*L'%$ 2L!"2!#*(0'&$ 62*(#) #'+$ =".$% #*(0'&$ #5'"-$:!3HC0<"I
a S'*#=*'&$ ;$*L'%$ 2L!62*(#) C!(L &5$%$ ;'+!"2!#*(0'&$ #5'"-$:!3HC<"0I

a S'*#=*'&$ ;$*L'%$ 2L!62*(#) C!=".$% #*(0'&$ #5'"-$:!3HC<"I

a 1(&(-'&(2" #2+&+ L2% 62*(#) C:!C(x)!= W(x0,"0)!"W(x,"0)!

a `'0'-$ L%20 "2& '#&("- 2"!#*(0'&$ #5'"-$:!3HC0<"I!"3HC0<"0I!

a `'0'-$ L%20 #*(0'&$ #5'"-$ '++=0("- 62*(#) C:!3HC<"I!"3HC<"0I!
a B$"$L(& 2L!#*(0'&$ 62*(#) d!.'0'-$ %$.=#&(2":!

B(x,")!=!(W(x,")!"W(x,"0))!– (W(x0,")!"W(x0,"0))!

"maxx B(x,")!– C(x)!=!maxx W(x,")!– W(x0,")
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Marginal!Cost"Benefit!picture!of!MIND
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Climate!cause"effect!chain!in!MIND

1(&(-'&(2" 7LL2%& HG&SI 1(&(-'&(2" 7LL2%& HG&SI

B$+&!-=$++ K'*=$ L2% SS

7C6$#&$. K'*=$
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Climate!cause"effect!chain!in!MIND

1(&(-'&(2" 7LL2%& HG&SI 1(&(-'&(2" 7LL2%& HG&SI

Mitigation costs
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Climate!cause"effect!chain!in!MIND
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Why is explicitly accounting for uncertainty not
important in!the standard MIND!setting?

0 500 1000 1500
0

1

2

3

4

5 x 10!4

x1 x2

mitigation effort [GtC] (zero equals 3165 GtC)

[%
!C

B
G

E
 /G

tC
]

65%

32%
4%

a cK$%'**!R$"$L(&!2L!#*(0'&$!62*(#)!(+!#2"+&%'("$.!R)!&5$!+'&=%'&(2"!2L!&5$!
$0(++(2"+!&2!&$06$%'&=%$!#5'"-$!%$*'&(2"+5(6!#206$"+'&("-!L2%!&5$!"2""
*("$'%(&)!("!&5$!#*(0'&$!.'0'-$!L="#&(2"!'".!R)!&5$!#2"+=06&(2"!+022&5("-!
6%26$%&)!2L!&5$!;$*L'%$!L="#&(2"M

a !"#$%&'("&)!.2$+!"2&!#5'"-$!0=#5!R$#'=+$!&5$!'..(&(2"'*!0'%-("'* ;$*L'%$!
R$"$L(&!2L!%$.=#("-!'!="(&!2L!$0(++(2"+!R$#20$+!2"*)!+(-"(L(#'"& L2%!*'%-$!
0(&(-'&(2"!$LL2%&<!;5$%$!0(&(-'&(2"!#2+&+!'%$!'*%$'.)!5(-5M!

a e5$!;$*L'%$!-'("+!L%20!'.f=+&("-!&5$!0(&(-'&(2"!62*(#)!=".$%!="#$%&'("&)!'%$!
*(0(&$.!R$#'=+$!2L!&5$!+&%2"-*)!("#%$'+("-!0(&(-'&(2"!#2+&+M
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When does uncertainty become important?

Change!relationship of!marginal!damages vs.!mitigation effort

Assume exponential!damages:
S&'".'%.!L2%0=*'&(2":

S'*(R%'&$. &2!%2=-5*) 0'&#5 L2% R$+&!-=$++$+ 2L!a '".!l
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The!effect!of!exponential!damages
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b2+&=*'&$!#'%R2""#*(0'&$

%$+62"+$ HSSWI
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The!effect!of!linear!temperature!response
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Combined effect
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Conclusions!
a 7C6*(#(&!("&%2.=#&(2"!2L!="#$%&'("&)!'R2=&!SS!'".!.'0'-$+!(+!="(062%&'"&:

a e5$!0'%-("'*!%(+4!6%$0(=0!(+!2"*)!+(-"(L(#'"&!L2%!5(-5!0(&(-'&(2"!#2+&+M

a `=$!&2!&5$!+&$$6!0'%-("'*!#2+&+!2L!0(&(-'&(2"!

a !"#$%&'("&)!#'"!R$#20$!(062%&'"&!L2%!$C62"$"&('*!.'0'-$+<!*("$'% #*(0'&$!
#'%R2"!%$+62"+$!'".!+*2;$%!("#%$'+("-!0'%-("'*!#2+&+

a We!have!a!framework!for!determining!the!origin!of!important!uncertainty!
effects!in!complex!integrated!assessment!models.

Is this relevant!for the planned uncertainty comparison project?!

" `(LL$%$"&!6$%+6$#&(K$:!82#=+!2"!.$#(+(2"+ =".$% ="#$%&'("&) K+M!("6=& ="#$%&'("&)

" c"*) '##$++(R*$ &2!'!+0'** +=R-%2=6 2L!02.$*+ H;5(#5 #'" .2!+&2#5'+&(#
6%2-%'00("-I

" B=& 6'%&+ 2L!&5$ 0'%-("'*!#2+&"R$"$L(& 6(#&=%$ '%$ 02%$ '##$++(R*$ HR$ ';'%$ 2L!
.(LL$%$"&!0$&%(#+ L2% &5$ 2Rf$#&(K$ L="#&(2"I
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Further responding to!Bill‘s request

Sensitivity studies of!model response to!key input assumption
that may be interesting for the workshop

a Exploration!of!climate and!technological uncertainty in!MIND

a The RoSE project
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Sensitivity of!mitigation costs to!uncertain parameters

Strong dependence on!uncertain climate system (climate sensitivity,!ocean
heat uptake)!and!!techno"economic parameters (resource base,!
learning rate!of!renewable energies)

F$*.!F<!A%($-*$% 7<!D$++0'"" A<!
7.$"52L$% c!H2009I:!!fficient!
(limate!,olicy!under!2echnology!
and!(limate!5ncertaintyM!
7"$%-)!7#2"20(#+!3>



287*0'%!A%($-*$% B!/*$C'".$%!D2%$"E

RoSE – The Concept

Overarching RoSE policy question:
What are robust scenarios for transforming the energy system to 
meet climate protection targets?

Tools of the analysis: “Integrated assessment models” (IAMs)
i.e. coupled global energy-economy-(land use)-climate models 

Assessing „robustness“:
Explore IAM scenarios w.r.t.
• differences across models
• key assumptions in models
• effects neglected in models

Model baseline assumptions
e.g. Fossil fuel resources, GDP

Climate
policy

No policy
reference

550ppm CO2eq

450ppm CO2eq

Technology 
availability

Policy „realism“
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“Baseline cases”: Key assumptions 
that will be harmonized (GDP, 
population, resource extraction costs)

“Technology cases” etc.: Key assumptions with only 
their variation roughly harmonized (EMF24 technology 
axis + EI reduction)

Policy cases

RoSE scenario space



307*0'%!A%($-*$% B!/*$C'".$%!D2%$"E

RoSE Participants and!Contributors
Coordination: Elmar Kriegler, Ottmar Edenhofer (PIK)

Integrated assessment modeling teams:
• CMCC: Carlo Carraro, Massimo Tavoni, Enrica DeCian, Fabio Sferra; (WITCH)
• JGCRI/PNNL: Jae Edmonds, Leon Clarke, Kate Calvin (GCAM)
• ERI: Jiang Kejun (IPAC)
• PIK: Gunnar Luderer, Ioanna Mouratiadou, Lavinia Baumstark, Jessica Strefler, 
Nico Bauer, Anastasis Giannousakis (ReMIND)
• Tsinghua University: Chen Wenying, Yin Xiang (China-MARKAL)

Domain experts:
• Aleh Cherp (Central European University; Energy Security)
• Doyne Farmer (Santa Fe Institute; Technological Progress)
• Hans-Holger Rogner (IAEA; Energy Resources)
• Andreas Schäfer (Stanford University; Transport)
• Shonali Pachauri (IIASA; Energy Access and Hausehold Consumption)
• Further topics still open: Water resources, Policy scenarios, Institutional needs, 
(Rare) Material supply for the energy transformation
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Harmonization:!UN!Population!scenarios

RoSE harmonization:
UN medium scenario
(for all but one RoSE
scenario)

RoSE harmonization:
UN high scenario
(for slow growth 
scenario)
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RoSE GDP per capita scenarios - World
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Thank you!


