
LETTER • OPEN ACCESS

Subsea permafrost carbon stocks and climate change sensitivity
estimated by expert assessment
To cite this article: Sayedeh Sara Sayedi et al 2020 Environ. Res. Lett. 15 124075

 

View the article online for updates and enhancements.

This content was downloaded from IP address 12.146.40.153 on 21/12/2020 at 23:34

https://doi.org/10.1088/1748-9326/abcc29


∼
−

∼

https://doi.org/10.1088/1748-9326/abcc29
https://crossmark.crossref.org/dialog/?doi=10.1088/1748-9326/abcc29&domain=pdf&date_stamp=2020-12-22
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-5272-4383
https://orcid.org/0000-0001-5861-3481
https://orcid.org/0000-0002-5640-6419
https://orcid.org/0000-0003-2414-778X
https://orcid.org/0000-0002-1206-5878
https://orcid.org/0000-0003-2145-6210
https://orcid.org/0000-0003-4245-357X
https://orcid.org/0000-0002-6650-7619
https://orcid.org/0000-0002-2711-3780
https://orcid.org/0000-0002-6046-1488
https://orcid.org/0000-0003-1004-5213
https://orcid.org/0000-0001-5483-8456
https://orcid.org/0000-0001-7194-5245
https://orcid.org/0000-0002-7372-7687
https://orcid.org/0000-0003-1772-8180
mailto:sarasayedi91@gmail.com
https://doi.org/10.1088/1748-9326/abcc29


∼

∼

∼

https://stacks.iop.org/ERL/15/124075/mmedia


a)

LGM permafrost extent on continental shelves
Current subsea permafrost extent

b)

d)

c)

(45 GtC) 

The Last Glacial Maximum (LGM; ~26,500 BP)

After sea level rise (~14,000 BP)

Present day

Thermogenic CH4

Thermogenic CH4

Thermogenic CH4

(4 MtCyr-1) 

East Siberian

Sea 

Beaufort

Sea 

Laptev

Sea 

Kara

Sea 

Barents

Sea 



∼

∼
∼

∼

−

−



∼
∼
∼



n = 18
n = 17

n = 16

0

25

50

75

100

2050 2100 2300

(%
)

SOM affected by climate changea)

n=16
n=16

n=17

0

25

50

75

100
CH4  affected by climate changeb)

n = 12 n = 12
n = 11

0.001

0.1

10

1,000

2050 2100 2300

c)

n=16 n=16
n=17

0.001

0.1

10

1,000

2050 2100 2300

d)

(G
tC

)

2050 2100 2300

−



−
−

∼

∼



n=10

n=10

n=9

0

5

10

25

100

400

(%
)

Scenario
RCP2.6

RCP4.5

RCP8.5

Change in CO2  flux a)

n=11

n=11

n=11

0

5

10

25

100

400

Change in CH4  flux b)

n=10
n=10

n=9

0.001

0.01

0.1

1

10

100

1,000

2050 2100 2300

(M
t C

 y
r−

1
)

c)

n=10
n=10 n=10

0.001

0.01

0.1

1

10

100

1,000

2050 2100 2300

d)

2050 2100 2300 2050 2100 2300

n=10

n=10

n=9

0

5

10

25

100

400

(%
)

Scenario
RCP2.6

RCP4.5

RCP8.5

Change in CO2  flux a)

n=11

n=11

n=11

0

5

10

25

100

400

Change in CH4  flux b)

n=10
n=10

n=9

0.001

0.01

0.1

1

10

100

1,000

2050 2100 2300

(M
t C

 y
r−

1
)

c)

n=10
n=10 n=10

0.001

0.01

0.1

1

10

100

1,000

2050 2100 2300

d)

2050 2100 2300 2050 2100 2300

−

∼





´



https://orcid.org/0000-0001-5272-4383
https://orcid.org/0000-0001-5272-4383
https://orcid.org/0000-0001-5272-4383
https://orcid.org/0000-0001-5861-3481
https://orcid.org/0000-0001-5861-3481
https://orcid.org/0000-0001-5861-3481
https://orcid.org/0000-0002-5640-6419
https://orcid.org/0000-0002-5640-6419
https://orcid.org/0000-0002-5640-6419
https://orcid.org/0000-0003-2414-778X
https://orcid.org/0000-0003-2414-778X
https://orcid.org/0000-0003-2414-778X
https://orcid.org/0000-0002-1206-5878
https://orcid.org/0000-0002-1206-5878
https://orcid.org/0000-0002-1206-5878
https://orcid.org/0000-0003-2145-6210
https://orcid.org/0000-0003-2145-6210
https://orcid.org/0000-0003-2145-6210
https://orcid.org/0000-0003-4245-357X
https://orcid.org/0000-0003-4245-357X
https://orcid.org/0000-0003-4245-357X
https://orcid.org/0000-0002-6650-7619
https://orcid.org/0000-0002-6650-7619
https://orcid.org/0000-0002-6650-7619
https://orcid.org/0000-0002-2711-3780
https://orcid.org/0000-0002-2711-3780
https://orcid.org/0000-0002-2711-3780
https://orcid.org/0000-0002-6046-1488
https://orcid.org/0000-0002-6046-1488
https://orcid.org/0000-0002-6046-1488
https://orcid.org/0000-0003-1004-5213
https://orcid.org/0000-0003-1004-5213
https://orcid.org/0000-0003-1004-5213
https://orcid.org/0000-0001-5483-8456
https://orcid.org/0000-0001-5483-8456
https://orcid.org/0000-0001-5483-8456


´

https://orcid.org/0000-0001-7194-5245
https://orcid.org/0000-0001-7194-5245
https://orcid.org/0000-0001-7194-5245
https://orcid.org/0000-0002-7372-7687
https://orcid.org/0000-0002-7372-7687
https://orcid.org/0000-0002-7372-7687
https://orcid.org/0000-0003-1772-8180
https://orcid.org/0000-0003-1772-8180
https://orcid.org/0000-0003-1772-8180
https://doi.org/10.1073/pnas.1012156107
https://doi.org/10.1073/pnas.1012156107
https://doi.org/10.1088/1748-9326/11/3/034014
https://doi.org/10.1088/1748-9326/11/3/034014
https://doi.org/10.1038/463294a
https://doi.org/10.1038/463294a
https://doi.org/10.1038/nclimate1778
https://doi.org/10.1038/nclimate1778
https://doi.org/10.1002/2017JC013605
https://doi.org/10.1002/2017JC013605
https://doi.org/10.1073/pnas.1208417109
https://doi.org/10.1073/pnas.1208417109
https://doi.org/10.1038/s41467-018-08240-4
https://doi.org/10.1038/s41467-018-08240-4
https://doi.org/10.1016/S0140-6736(14)62397-7
https://doi.org/10.1016/S0140-6736(14)62397-7
https://doi.org/10.1016/j.envsci.2016.06.019
https://doi.org/10.1016/j.envsci.2016.06.019
https://doi.org/10.1002/9781444323276.ch13
https://doi.org/10.1126/science.1172873
https://doi.org/10.1126/science.1172873
https://www.R-proect.org/
https://doi.org/10.1016/S1462-9011(99)00042-8
https://doi.org/10.1016/S1462-9011(99)00042-8
https://doi.org/10.1126/science.aax0504
https://doi.org/10.1126/science.aax0504
https://doi.org/10.1038/nature06825
https://doi.org/10.1038/nature06825
https://doi.org/10.1002/2013JF002987
https://doi.org/10.1002/2013JF002987
https://doi.org/10.5194/essd-11-1783-2019
https://doi.org/10.5194/essd-11-1783-2019
https://doi.org/10.5194/bg-10-4297-2013
https://doi.org/10.5194/bg-10-4297-2013
https://doi.org/10.1038/s41558-017-0009-5
https://doi.org/10.1038/s41558-017-0009-5
https://doi.org/10.5194/bg-11-6573-2014
https://doi.org/10.5194/bg-11-6573-2014
https://doi.org/10.1038/s41561-020-00646-4
https://doi.org/10.1038/s41561-020-00646-4
https://doi.org/10.1111/j.1462-2920.2008.01836.x
https://doi.org/10.1111/j.1462-2920.2008.01836.x
https://doi.org/10.1007/s00382-012-1505-y
https://doi.org/10.1007/s00382-012-1505-y
https://doi.org/10.1016/j.inffus.2018.11.009
https://doi.org/10.1016/j.inffus.2018.11.009
https://doi.org/10.1073/pnas.1411762111
https://doi.org/10.1073/pnas.1411762111
https://doi.org/10.5194/bg-12-6955-2015
https://doi.org/10.5194/bg-12-6955-2015
https://doi.org/10.1073/pnas.0705414105
https://doi.org/10.1073/pnas.0705414105
https://doi.org/10.1038/d41586-019-03595-0
https://doi.org/10.1038/d41586-019-03595-0
https://doi.org/10.1038/s41586-018-0371-0
https://doi.org/10.1038/s41586-018-0371-0
https://doi.org/10.1002/ppp.1851
https://doi.org/10.1002/ppp.1851
https://doi.org/10.1016/j.envsoft.2007.10.007
https://doi.org/10.1016/j.envsoft.2007.10.007
https://doi.org/10.1029/2018GB005969
https://doi.org/10.1029/2018GB005969
https://doi.org/10.1016/j.envsci.2011.01.003
https://doi.org/10.1016/j.envsci.2011.01.003
https://doi.org/10.1073/pnas.1719903115
https://doi.org/10.1073/pnas.1719903115
https://doi.org/10.1890/08-2025.1
https://doi.org/10.1890/08-2025.1
https://doi.org/10.1073/pnas.1319946111
https://doi.org/10.1073/pnas.1319946111
https://doi.org/10.1038/nature08823
https://doi.org/10.1038/nature08823
https://doi.org/10.1038/s41558-019-0592-8
https://doi.org/10.1038/s41558-019-0592-8
https://doi.org/10.1029/JC094iC11p16227
https://doi.org/10.1029/JC094iC11p16227


https://doi.org/10.1029/2018JC014675
https://doi.org/10.1029/2018JC014675
https://doi.org/10.1002/2014JG002862
https://doi.org/10.1002/2014JG002862
https://doi.org/10.1038/nature23316
https://doi.org/10.1038/nature23316
https://doi.org/10.1002/2016GC006582
https://doi.org/10.1002/2016GC006582
https://doi.org/10.1002/2016rg000534
https://doi.org/10.1002/2016rg000534
https://doi.org/10.5194/essd-8-697-2016
https://doi.org/10.5194/essd-8-697-2016
https://doi.org/10.1007/s10584-013-0730-7
https://doi.org/10.1007/s10584-013-0730-7
https://doi.org/10.1038/nature14338
https://doi.org/10.1038/nature14338
https://doi.org/10.1134/S1028334X09090220
https://doi.org/10.1134/S1028334X09090220
https://doi.org/10.1038/ngeo2007
https://doi.org/10.1038/ngeo2007
https://doi.org/10.1038/ncomms15872
https://doi.org/10.1038/ncomms15872
https://doi.org/10.1126/science.1182221
https://doi.org/10.1126/science.1182221
https://doi.org/10.1002/ppp.1933
https://doi.org/10.1002/ppp.1933
https://doi.org/10.1371/journal.pone.0182233
https://doi.org/10.1371/journal.pone.0182233
https://doi.org/10.1016/j.quascirev.2009.05.023
https://doi.org/10.1016/j.quascirev.2009.05.023
https://doi.org/10.1073/pnas.1810141115
https://doi.org/10.1073/pnas.1810141115
https://doi.org/10.1038/526317a
https://doi.org/10.1038/526317a
https://doi.org/10.1038/ncomms13653
https://doi.org/10.1038/ncomms13653
https://doi.org/10.1038/nclimate2740
https://doi.org/10.1038/nclimate2740
https://doi.org/10.1002/2016GL068977
https://doi.org/10.1002/2016GL068977
https://doi.org/10.3390/geosciences9090384
https://doi.org/10.3390/geosciences9090384
https://doi.org/10.1002/2016GL071772
https://doi.org/10.1002/2016GL071772
https://doi.org/10.1038/s41586-018-0752-4
https://doi.org/10.1038/s41586-018-0752-4
https://doi.org/10.1038/s41561-019-0526-0
https://doi.org/10.1038/s41561-019-0526-0
https://doi.org/10.1038/nature11392
https://doi.org/10.1038/nature11392
https://doi.org/10.1002/2014JC010261
https://doi.org/10.1002/2014JC010261
https://doi.org/10.1038/s41598-018-19505-9
https://doi.org/10.1038/s41598-018-19505-9
https://doi.org/10.1111/j.1502-3885.2011.00203.x
https://doi.org/10.1111/j.1502-3885.2011.00203.x
https://doi.org/10.1002/2015jg003133
https://doi.org/10.1002/2015jg003133
https://doi.org/10.1016/j.earscirev.2018.12.018
https://doi.org/10.1016/j.earscirev.2018.12.018

	Subsea permafrost carbon stocks and climate change sensitivity estimated by expert assessment
	1. Introduction
	2. Methods
	2.1. Results
	2.2. Past and present subsea permafrost degradation and carbon dynamics
	2.3. Present and future fluxes of CO2 and CH4

	3. Discussion
	3.1. Slow but substantial climate forcing from subsea permafrost
	3.2. Uncertainties of subsea permafrost estimates and greenhouse gas exchange
	3.3. Improving integration of science and policy

	4. Conclusion
	Acknowledgments
	References


