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Permafrost	is	Perennially	Frozen	Ground

[Brown	
et	al.	1998]	



Ice	Wedge
Permafrost	Soil	with	Carbon

Active	Layer

Permafrost	Thaws,	it	Doesn’t	Melt



Arctic	is	Warming	2x	Faster	Than	Globe

Actual	Temperature	Measurements



Trends	in	Permafrost	Temperature
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Romanovsky et	al.	2012;	Global	Terrestrial	Network	– Permafrost	2015;	Biskaborn et	al.	2015;	Hugelius 2014	
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Why	Should	Global	Society	Care?

°TOrganic	matter	
decomposition

CO2, CH4

Permafrost
thaw

Climate	change	might	happen	faster	than	we	think

What	we	want	to	know:	
How	much?
How	fast?
What	form?	
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Permafrost Carbon Published Literature
Search Terms in Science Citation Index at Web of Science (ISI)
Permafrost and Carbon in Full Text

2000–present: 91%  
2005–present: 80% 
2010–present: 55% 
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www.nature.com/nature/focus/permafrost/



Permafrost	Zone	
Soil	Carbon
Vulnerable	Fraction
~5-15%	by	2100

10%	of	known
permafrost	C	pool
=130-160	billion	tons

Similar	in	amount
to	biospheric sources	
deforestation
Less	than	human	sources
fossil	fuels

Permafrost	Carbon Emissions

Schuur	2015	Nature
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C	Koven et	al.	Proc Royal	Soc.	B	2015

Data	Constrained-Model
Permafrost	Zone	Soil	C
Emissions	by	2100:
RCP8.5	=	28-113	Pg
RCP4.5	=	12-33	Pg

Accounting	for	CH4:
10-18%	increase
RCP8.5	=	32-129	Pg
RCP4.5	=	14-38	Pg



Dynamic	Model	Simulation	of	Carbon	Stocks

D.	McGuire,	D.	Lawrence,	C.	Koven et	al.	Model	Integration	Working	Group

Retrospective	Analysis
1960	to	2010	
(15	models)

Vulnerability	Analysis
2010	to	2300
(8	models)

Diagnostic	Papers
(active	layer,	GPP,	soil	
Temp,	Eurasia,	Tibet,	
air/soil/snow	



D.	McGuire	et	al.	in	prep	Global	Biogeochemical	Cycles

Permafrost	Carbon	Model	Intercomparison

1960-2010:
Surface	permafrost	loss

Warming	induced	loss	of	soil	carbon

CO2 fertilization	induced	vegetation	
carbon	gain,	soil	carbon	gain

Net	gain	ecosystem	carbon	storage
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Key Outcomes

• Permafrost	C	pools	are	large	and	sensitive	to	climate	
change	on	decadal	to	century	time	scale	

• Future	permafrost	C	emissions	will	not	overshadow	
fossil	fuel,	but	will	serve	to	accelerate	pace	of	climate	
change	(weakening	biospheric sink)

• But,	increased	permafrost	C	emissions	will	counteract	
mitigation	measures	elsewhere	

• No	support	for	catastrophic	C	release	that	could	
change	climate	abruptly	(years-decade)



Might	there	be	Arctic	carbon	cycle	surprises?



What	Can	Be	Done?

• Slower	warming	scenarios	limit	permafrost	C	
emissions

• Need	to	forecast	permafrost	C	emissions	to	quantify	
additional	mitigation	needs

• Sustained	permafrost	and	Arctic	C	monitoring	
networks

• Evaluate	risk	,cost,	and	mitigation	of	local	to	
regional	impacts	of	changing	permafrost



3)66L057,-5)02&J75/0-5:57&AL-</,7+
A<8,05T/U&J/;;5)0;2

> I6/<57,0&>/)9+H;57,4&V05)0&"%!!R"%!W#&J,0&X<,075;7)#&3I
m3#*"(8.6#6+/-%C-'"(&8C(%)+->8(.%*-+%->#6&8+"->28*?"
sf-%(8#-)"))6%*)O- K-B%)+"(-)"))6%*O- K-)B"$68#-)"))6%*k

> DL<)9/,0&>/);75/07/;&V05)0&"%!"R"%!N#&G5/00,#&IL;-<5,
5))"))6*?-+2"-"CC"$+)-%C-?#%.8#-J8(&6*?-%*-B"(&8C(%)+-,"?(8,8+6%*-̀ $%*+(6.3+6%*)-
C(%&-C6"#,-)+3,6")O-("&%+"-)"*)6*?-8*,-&%,"##6*?;
sK %(8#-)"))6%*O- K-B%)+"(-)"))6%*k

> AL<&3)66)0&XL-L</&L0U/<&3456,-/&3+,08/&"%!W#&?,<5;#&X<,07/
I6%?"%$2"&6$8#-G"",.8$Y)-+%->#6&8+"->28*?";
sK-%(8#-)"))6%*O- K-B%)+"(-)"))6%*k

> YFZ&F0-/<0,-5)0,4&3)0:/</07/&)0&?/<6,:<);-&"%!Q#&?)-;U,6#&>/<6,0H
>#6&8+"->28*?"-8*,-+2"-'"(&8C(%)+->8(.%*-G"",.8$Yr-'8)+O-'(")"*+-8*,-G3+3("

J9/75,4&F;;L/2
> X)7L;&)0&3+,08508&?/<6,:<);-&50&,&*,<6508&*)<4U2&A@;/<P,-5)0&,0U&

F69457,-5)0
8&9$7%&."&1'()!"2"'705):"11"72;)'3.#6)2",- B8B"()r-RXu



?L@457&AL-</,7+&I7-5P5-5/;&"%!W
?</;;&O/4/,;/;2
> 3456,-/&3+,08/&,0U&-+/&?/<6,:<);-&3,<@)0&X//U@,712

TK-*"J)-8(+6$#")-B3.#6)2",-sWB&-WeKVeRVKXk-6*$#3,6*?-<'25$&#1%&)6%21=)
>5")+(%,")'&*)?'$(=)@A*&"A)?%7&$&#)B"7'(*=)>5")+C'7*$'&) ;;

> I&J56945:5/U#&(,-,R3)0;-<,50/U&I99<),7+&-)&D;-56,-/&-+/&
?/<6,:<);-&3,<@)0R3456,-/&X//U@,712
U-*"J)-8(+6$#")-B3.#6)2",-sWB&-WeKVeRVKXk-6*$#3,6*?-D'$(A 4'($3%7&$'&=)
E('2F')D$2/'105)G"H2

F0-/<P5/.;2
> I4,;1,&X5</&J/,;)0&"%!W2

!"#$%"&'()$*$+&%,;- A*-5#8)Y8O-0%%-Q8*/-G6(")O-4%+-F*%3?2-1*%J;-1"B+-RVKX
-$"&.%$#(/01#&'(2$3&.;-I"*"8+2-5#8)Y8*-!6#,C6(")O-5-\6,,"*-02("8+r-E%*?`
G(%7"*->8(.%*P)-028J;-^3#/-RVKX
4$56&%*".%( /.5";-5#8)Y8P)-0"((6C/6*?-!6#,C6("-1"8)%*-8*,-!28+-6+-18/)-5.%3+-
>#6&8+"->28*?";-̂ 3#/-RVKX
778Z '"(&8C(%)+-!8(&6*?-6*-'8(+)-%C-5#8)Y8-hA)-5$$"#"(8+6*?P;-d$+-RVKX

> 4.9#3(4&#3#&:,(;.0%3$"&.%;- 02"->6($#";-'"(&8C(%)+->8(.%*-8*,->#6&8+"-
>28*?";-d$+-RVKX;

> <6,(8$91.%79&,:r-!28+-+2"- #8+")+-)$6"*$"-)8/)-8.%3+-+28J6*?-B"(&8C(%)+;-
5B(6#-RVKX

IL-+)</U&?L@457&I<-574/;2&



(/75;5)0&[,1/<&JL99)<-
=,-5)0,4&\&F0-/<0,-5)0,4&JH0-+/;5;&J75/07/&O/9)<-;2
> ?)457H&F69457,-5)0;&):&*,<6508&?/<6,:<);-

9*6+",-48+6%*)-F*:6(%*&"*+8#-'(%?(8&&"
> J0).#&F7/#&*,-/<#&,0U&?/<6,:<);-&50&-+/&I<7-57

5($+6$-Q%*6+%(6*?- 8*,-5))"))&"*+-'(%?(8&O-5($+6$->%3*$6#
> J/7)0U&J-,-/&):&-+/&3,<@)0&3H74/&O/9)<-&]JA33O^

>8(.%*->/$#"-1$6"*$"-A*+"(8?"*$/-!%(Y6*?-@(%3B
> F0-/<0,-5)0,4&?,0/4&)0&3456,-/&3+,08/&]F?33 &̂

!%(Y6*?-@(%3B- A-[ >28B+"(-U->8(.%*
B<5/:508&O/9)<-;2
> F0-/<0,-5)0,4&?/<6,:<);-&I;;)75,-5)0;-RVKX;-

1F5=>\-8*,-+2"-'"(&8C(%)+->8(.%*-4"+J%(Y
> =,-5)0,4&I7,U/65/;&?)4,<&O/;/,<7+&B),<U;-RVKX;-

=8B6,->28*?"-8+-+2"-'%#");
> F0-/<,8/07H&I<7-57&O/;/,<7+&?)457H&3)665--//;-RVKX;-

'"(&8C(%)+->8(.%*-=")"8($2->%%(,6*8+6%*- 4"+J%(Y-'(%?("))-%*-
Q6#")+%*"-f;R;f;

> Q8+"(68#)-B(%:6,",-+%-91@>='-8*,-1+8+"-D"B8(+&"*+-6*-5,:8*$"-%C-
'(")6,"*+-d.8&8P)-B(")"*+8+6%*-8+-+2"-@E5>AF=-$%*C"("*$";-53?3)+-RVKX;-
2++B)reeJJJ;J26+"2%3)";?%:eRVKX`8#8)Y8`+(6Ba)6,pKRf

A-+/<&(/75;5)0&[,1/<&JL99)<-2&



?/<6,:<);- 3,<@)0&=/-.)<1&=/S-&J-/9;

V97)6508&*)<1;+)9;2
> JH0-+/;5;&_/,U&6//-5082&^3*"-KM`KLO-RVKUZ-'%+),8&O-@"(&8*/-
> Q-+ I00L,4&[//-508#&?/<6,:<);-&3,<@)0&=/-.)<12&D"$-KKO-RVKUO-18*-G(8*$6)$%O->5

O/7/0-&JH0-+/;5;&?<)UL7-;&];507/&(/7&"%!W^2
I@@)--&B* "+-8#;-sRVKUk-8&9$7%&."&1'()!"2"'705):"11"72= KKO-VfWVKW-
><);;/&> "+-8#;-RVKU;-8&9$7%&."&1'()!"2"'705):"11"72=)KKO-VWVRVK
J7+`U/4 3 "+-8#;-RVKU-6*-B("));-G'1C7")4($.'1")45'&#"
G)01 CD "+-8#;-RVKX;-I$%#"%20$"&0"2= KRO-TKRL`TKUT;
*51 [ "+-8#;-RVKU; G'1C7")+"%20$"&0"

=/S-&>/0&JH0-+/;5;&?<)UL7-;2&E5-4/2&=,$3(>'&,%"&5"
• ?/<6,:<);-&3,<@)0&[)U/4&F0-/<7)69,<5;)0r-DJ)?0+C$7"=)DJ):'H7"&0"=)4J)K%9"&
• _,0U;7,9/&,0U&3,<@)0&GL40/<,@545-H&-)&I@<L9-&E+,.Z&DJ)L("3"(*1 D=)"1)'(J)
• ?/<6,:<);-&O/85)0&[/-+,0/&BLU8/-;r-DJ ?0+C$7"=)MJ)N7"*"7$0F=)!J)?0D%&'(*
• *+/</&,0U&*+/0&*544&-+/&I<7-57&B/7)6/&*/--/<&)<&(<5/<a&4J)E&*7"2"&=)4J)<$(2%&



?/<6,:<);-&I7-5)0&E/,6&=/S-&J-/9;
=/-.)<1&(/P/4)96/0-
> J75/07/&,0U&I7-5)0&J-//<508&3)665--//r-

>8+2/-!6#)%*-sDdF-E%)-5#8&%)-48+6%*8#-E8.O-4@FF-5($+6$kZ-F(6$-q8)6)$2Y" s4515O-
5I%mFkZ-D8:"-Q$@36("-s95Ge91@1O-'>4kZ-m#8,6&6(-=%&8*%:)Y/ s95GO-@04`'kZ-
q":6*-I_"##8 s>==FEkZ-0%*6-E"JY%J6$7 s9-d++8J8O-A'5kZ-Q"((6++-03("+)Y/ s9-@3"#B2O-
'>4kZ-D8:"-1$26(%Y83"( sD"*8#6-4'1kZ-Q6$2"##"-!8#:%%(, s91@1-D"*:"(kZ-1$%++-
=3BB-s95GO-145'O-5#8)Y8->#6&8+"->"*+"(k

> JH0-+/;5;&?);-U)7-)<,4&O/;/,<7+/<&
G3*,",-./-91@1->#6&8+"-1$6"*$"->"*+"(;-I8)",-8+-9-5#8)Y8eA5=>
G%$3)",-%*-E%$8#e="?6%*8#-'"(&8C(%)+-A&B8$+)
E+/6/&" A*C(8)+(3$+3("O-%(-
E+/6/&b F$%)/)+"&-1"(:6$")-

> O/85)0,4&F69,7-;&):&3+,08508&?/<6,:<);-&*)<1;+)9
c1"B+"&."(ed$+%."(-RVKU



Network Building Lessons Learned

• Developing	the	human	network	a	critical	
component	of	adding	value	to	data	observation	
networks

• Network	engagement	facilitated	by	a	clear	coherent	
science	question

• Network	production	facilitated	by	engaging	a	range	
of	scientists	and	stakeholders

• Built	network	is	poised	to	ingest	new	observations	
and	deliver	results	on	the	timeframe	needed	by	
decision	makers
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