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Permafrost in JULES

• Evaluating JULES for simulating large-scale 
permafrost characteristics

• NH grid runs, standard setup:

• GSWP2: 1983-1995, 1×1 degree

• WATCH: 1958-2000, 2×2 degree



© Crown copyright   Met Office

Spatial extent
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• JULES captures ~97% of area underlain with 
discontinuous and continuous permafrost

• JULES captures ~97% of area underlain with 
discontinuous and continuous permafrost

• … but overestimates total extent:

• 25% is isolated/sporadic permafrost in IPA map

• 14% has no permafrost in IPA map

Spatial extent
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Active Layer Thickness
• Observed end-of-season thaw depth at CALM 

sites

• Since 1990, i.e. limited overlap with model runs:

• GSWP2: until 1995, WATCH: until 2000
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Soil Temperatures

• Mean annual soil 
temperature 

• Observations at Russian 
meteorological stations

• Simulations from 
WATCH run (1958-
2000)
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Soil Temperatures

• Monthly soil 
temperatures 

• Observations at Russian 
meteorological stations

• Simulations from 
WATCH run (1958-
2000)

• Top soil (0-10 cm)
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Soil Temperatures

• Monthly soil 
temperatures 

• Observations at Russian 
meteorological stations

• Simulations from 
WATCH run (1958-
2000)

• Sub soil (10-35 cm)
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Soil Temperatures

• Monthly soil 
temperatures 

• Observations at Russian 
meteorological stations

• Simulations from 
WATCH run (1958-
2000)

• Deep soil (35-100 cm)
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Soil Temperatures

• Monthly soil 
temperatures 

• Observations at Russian 
meteorological stations

• Simulations from 
WATCH run (1958-
2000)

• Deep soil (100-300 cm)
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Why cold bias?
1. Uncertainties in precipitation input                 

� snow thickness

• Bonanza Creek, 1996
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Why cold bias?
2. Soil moisture dynamics / runoff

Atqasuk, 
2000

CALM 
43 cm
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Permafrost in JULES

• Evaluating JULES for simulating large-scale 
permafrost characteristics

• NH grid runs, standard setup:

• GSWP2: 1983-1995, 1×1 degree

• WATCH: 1958-2000, 2×2 degree

• Modifying JULES for simulating permafrost 
under climate change

• Modified soil parameters for organic soils

• Represent deep permafrost ‘heat sink’
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Organic soil parameters
• Final soil parameters linear combination of 

mineral and organic soil parameters according 
to organic fraction

• Similar approach as in e.g. CLM (Lawrence & Slater, 2008)

Source: C. Tarnocai et al., 'Soil organic carbon pools in the northern circumpolar permafrost region', GLOBAL 
BIOGEOCHEMICAL CYCLES, VOL. 23, GB2023, doi:10.1029/2008GB003327, 2009
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Deep permafrost
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• Aim is not a realistic 
simulation of deeper soil 
temperatures

• Lack of information on 
sub-surface variability

• Rather, provide 
additional heat sink for 
response of upper soil 
layers to warming
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Impact on ALT
• Relatively small impact on ALT in GSWP2 run
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Permafrost in JULES

• Evaluating JULES for simulating large-scale 
permafrost characteristics

• NH grid runs, standard setup:

• GSWP2: 1983-1995, 1×1 degree

• WATCH: 1958-2000, 2×2 degree

• Modifying JULES for simulating permafrost 
under climate change

• Modified soil parameters for organic soils

• Represent deep permafrost ‘heat sink’

• Future climate runs
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Future climate runs
• Driven by probabilistic climate scenarios from 

HadCM3 QUMP ensemble (Collins et al., 2010)

• 17 member perturbed physics ensemble 

• 2 scenarios (A1B, A1FI), 1860-2100 

• 2.5º x 3.75º grid

Mean annual temperature 
change north of 60ºN 

relative to 1960-89
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Future climate runs
• Surface permafrost projected to disappear

• A1B: ~ 45% (20-60%) of current area

• A1FI: ~ 60% (35-85%)
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Future climate runs
• Probability of permafrost occurrence
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Some conclusions…

• JULES simulates permafrost where it is known 
to occur…

• … but appears to overestimate total extent

• Overestimation of observed ALT…

• … but soil temperatures appear to be generally 
too cold (although least so in summer/autumn)

• Precip input / snow depth highly uncertain

• Soil moisture / runoff treatment 

• Very few observations available!
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Some conclusions…

• Organic soil parameterisation + representation 
of deep permafrost heat sink 

• Relatively small impact on ALT

• Counteract each other in many places

• Slows down response to warming to some extent, but 
does not change overall pattern

• Future climate simulations suggest general 
decline in surface permafrost area
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The future? 

• Better understand cold bias in soil temperature

• Snow � input issue?

• Parameter values?

• Point observations vs grid simulation?

• Dynamic soil carbon affecting soil properties?

• Sub-grid variability in soil properties / tiling?

• Higher vertical resolution for better 
representation of thawing front?

• … ?
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Thanks!
FCO Strategic Programme Fund, Joint DECC/Defra Met Office Hadley Centre 
Climate Programme, Andy Wiltshire, Doug Clark, Richard Essery, Matt Pryor…
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Permafrost???

• By definition, soil that is below 0ºC for 
two consecutive years or more

• Permafrost layer can be 100s of m deep 
and 1000s of years old

• Recent estimates of total carbon store: 
1672 Gt (Schuur et al., 2008) (i.e. twice 
atmospheric carbon pool)

Photo: P. Kuhry

Physicalgeography.net
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Permafrost in JULES

• Point simulation for Atqasuk, Alaska

Layer 1
(0-10 cm)

Layer 2
(10-35 cm)

Layer 3
(35-100 cm)

Layer 4
(100-300 cm)

NB precipitation input 
corrected for snow 
undercatch


