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Hadeycentre - ODSEIVAtiIONS are sparse

What are the problems?

 Permafrost is under
ground.

* Most of the Arctic is
uninhabited (very hard to
get there!)

» Batteries do not work at
-40°C.

Circum-Arctic view of mean annual ground
temperature (MAGT) in permafrost during
the International Polar Year (IPY 2007-2009;
from Romanovsky et al., 2010).
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Cold continuous permafrost temps:
up by 0.39 £ 0.15°C

Warmer discontinuous permafrost :
up by 0.20 £ 0.10°C

Biskaborn et al. (2019)
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Hadiey Centre — AI1 temp. VS probability of permafrost
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Hadiey Centre - P@rmafrost from air temperature

Ensemble: Chadburn
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Snow insulation is
important for
presence/absence of
permafrost
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Permafrost area
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HadieyCentre | N surface components

Model Institiute Land model No.layers  Soil depth (m) D, (m)
BCC-CSM2-MR BCC BCC_AVIM? 10 29
BCC-ESM1 BCC BCC_AVIM2 10 29
CESM2 NCAR CLM5 25 42.0 194
CESM2-WACCM REF CLM5 25 42.0 199
CNRM-CMG6-1 CNRM-CERFACS Surfex 8.0c 14 10.0
CNRM-ESM2- 1 CNRM-CERFACS Surfex 8.0c 14 10.0
CanESMS5 CCCma CLASS3.6/CTEMI 2 3 4.1
EC-Earth3 EC-Earth-Consortium HTESSEL 4 19
GEDL-CM4 NOAA-GFDL GFDL-LM4.0.1 20 8.8
GISS-E2-1-G NASA-GISS GISS LSM 6 27
GISS-E2-1-H NASA-GISS GISS LSM 6 27
HadGEM3-GC31-LL ~ MOHC,NERC  JULES-HadGEM3-GL7.1 4 20
IPSL-CM6A-LR IPSL ORCHIDEE (2.0, Water 18 65.6 16.0
JCarbon/Energy mode)
MIROCS MIROC MATSIRO6.0 6 9.0
MIROC-ES2L MIROC MATSIROG.0+ 6 9.0
VWISIT-c ver. 1.0
MPL-ESM1-2-HR MPL-M, DWD DKRZ JSBACH3.20 5 7.0
MRI-ESM2-0 MRI HAL 1014 85
NorESM2-LM NCC CLM 25 420 189
UKESM1-0-LL MACHE, NERC, JULES-ES-1.0 4 20

NIMS-KMA, NI'WA

More layers in some soil
schemes

A few models with deeper
soils

Still many models with
shallow soils and not many
layers

ERRORS IN MAXIMUM
SUMMER THAW DEPTH
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Max. thaw depth (ALT in m)

— ACCESS-ESM1-5 —— BCC-CSM2Z-MR — CAMS-CSM1-0 — (CESMZ

61 —— obs —— obs —— obs 1 —— obs
4197 % %Q 1100 % - Q 193 zo _ 172 % é
2 = - 73 s 8 =

- - B
0 T T T T T T T
8

—— CNRM-ESM2-1 —— CanESM5 —— E35M-1-0 —— EC-Earth3

6 1 —— obs —— obs 1 —— obs —— obs
4103 % @é 118 % _ 182 % 189 %
2 s é 2 i

-. %= é- —_ =z
0 T T T T T T T T
8

—— FGOALS-f3-L —— GFDL-CM4 — GISS-E2-1-G —— IPSL-CMBA-LR -
6 1 —— obs | —— obs —— obs 71 —— obs
4 4 4 i i L
71 % 95 % 93 % 6%
AR éé = a9 7 =
0 é --l- -lé ?l T _jl- ﬁlé T T |- |é T T
8
— MIROCE —— MPI-ESM1-Z-HR —— MRI-ESM2-0 —— MNorESM2-LM
6 1 —— obs | —— obs 1 —— obs 1 —— obs
4157 % é 179 % 150 % 171 %
2| __ =g %E é s 3
o .y = - e B
8 14 10 -6 -2 14 10 -6 -2
—— TaiESM1 —— UKESM1-0-LL

6 1 —— obs —— obs
4173 % 199 %
2 @é ‘é
0

14 -10 14 -10 -6

MAAT (°C)

© Crown Copyright 2020, Met Office




== Met Office

PF penchmark @anomaly (108 km?2)

Hadley Centre

Loss of permafrost (PFpenchmark)

o] K @

-5

—-10 4

—15 4

—-201

T T T T T T T

0 1 2 3 4 5 6
Global mean temperature (GMT) anomaly (°C)

3.3 - 4.1 million km? / degree

PF .y anomaly (10% km?2)

Future projections

Loss of permafrost (PFex)

251
0.0 1
-2.51
~5.0
~7.51
-10.0
-12.5

—15.01

0 1 2 3 4 5 6
Global mean temperature (GMT) anomaly (°C)

1.8 - 3.0 million km? / degree
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Atmosphere ®  Annual fossil fuel emissions

Cumulative permafrost
carbon emissions are
uncertain;:

RCP8.5Db
® w© (2100+) ’
Present day carbon
stocks.

Areas represent amounts and
uncertainties are not shown.
*Schuur et al. (2015) including Burke et al. (2012; 2013)
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Hadey e Comparing CMIP5 and CMIP6

« Many models still have shallow soils and not many layers

» A small number of models have demonstrably better snow insulation in CMIP6
which improves their representation of the permafrost extent

* The simulation of maximum summer thaw depth does not improve in CMIP6

* Only a couple of models in CMIP6 have a representation of permafrost carbon

www.metoffice.gov.uk © Crown Copyright 2020, Met Office



