-5

F(Ereeer ‘m

BERKELEY LAB

Permafrost C and N Dynamics in
CLM4

Charles D. Koven?, William J. Riley?!, Zachary M. Subin?,
Jinyun Tang?, Margaret Torn?, Jennifer Harden?, David
Lawrence3, Gordon Bonan3, Sean Swenson?3

—

. Lawrence Berkeley National Lab, Berkeley, CA
. United States Geological Survey, Menlo Park, CA
National Center for Atmospheric Research, Boulder, CO

W N



High-latitude terrestrial ecosystems store a vast amount
(>1000 Pg in top 3 meters of permafrost soils) of soil C.

NCSCD soil carbon in upper 1m (g/m?)
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Problem: We want to include permafrost C processes
into ESMs, as they can change sign of C feedback to
warming at high latitudes; huge uncertainties remain
on the nature of response
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Vulnerability of permafrost C stocks is a function of depth
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At, e.g., 2 meter depth, CCSM4 predicts that the fraction of the
present-day total permafrost area that is within active layer will shift
from 20% (current) to 40% by 2050, and 60% by 2095, based on
CCSM4 in RCP 4.5, meaning that 40% of the carbon at 2m depth
will be newly vulnerable to decomposition
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Permafrost C profiles by depth and horizon type
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CLMA4-V Soil Model Structure
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*Generalized decomposition cascade structure
*Track C, 1*C and N content of each organic

pool; immobilization/mineralization of N
following standard CLM equations
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Replace inorganic N cycle and Nitrification/Denitrification
*Base CLM4 has first-order decay of any unused mineral N at each timestep with
rapid loss to denitrification
*Replaced this with nitrification/denitrification based on CENTURY approach

*Nitrification occurs as first-order decay of NH, pool, with same temperature

and moisture limitations as decomposition

Denitrification is co-limited by C decomposition and NO, availability

*Explicit O, concentration from CH, submodel, with anoxic microsite

parameterization and denitrification occuring only in anoxic soil fraction
*Leads to decreased tropical productivity; increased high latitude productivity; better
agreement with observations
*CLM very sensitive to poorly-constrained slow N cycle processes (N fixation,

denitrification)
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Sharp reduction in modeled decomposition
rates across freeze/thaw boundary due to

moisture limitation
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Vertical mixing by cryoturbation modeled as

diffusive transport
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e Carbon input, based on rooting profile, only in the active layer
 Mixing below active layer allows carbon to be subducted into upper

permafrost



What about vertical mixing rates?

Temperate/tropical soils:

Hefervnoe diffusion rate sdvection rate location depth poeystem procuss bow inferred
Elzein and Balesdent 1995 5.15 cm® yr! 0.13 mm yr! Kattinkar, India forest bioturbation o ¢
Elzein and Balesdent 1595 yr mm yr ! Para, Brazil forest bicturbation e
Elzein and Balesdent 1595 5.29 cm® yr! 18 mm yr! Bahia, Brozil forest bioturbation o -
Elzein and Balesdent 1595 0.94 cm? yr! 0.6 mm yr—! Rezange, France forest bicturbation e
Elzein ond Bolesderst 1995 1458 cm? wr?! 042 mm yr?! Marly, Franos forest bioturbation u“e
Bruun ef al. 2007 0.71 een®/ yr 0,081 mm yr—! Sweden o ¢
O'Hrien and Stowt 1978 13 cm? yr New Zesland O-1m pesture 14C
Jarms of ol 2010 0.3 cm? yr Sweden 0-50 ¢m forest bioturbation T Cx
Bovadern et ol 2002 0.01-0.4 ¢m yr Californis grassland | bioturbation 4G
Baoweden and Parfitt 2007 0.6, 009, 0,019 Californis prassland bioturbation lhe
Baisden and Parfitt 2 0.06, 0.13, 0.025% California grassland | bioturbation 14C
Baisden and Parfitt 2007 0.08 cm yr! New Zealand grassland | bioturbation 14C
Yoo et al 2011 1.5 cm yr Delaware surface agro tillage “UPh
Yoo et al 2011 0.6-1 cm yr Delawnre 20 cm agro tillage 0ph
Yoo et al 2011 0.50.7 cm yr—! Delaware surface farest bioturbation 0ph
Voo et al. 2011 2232 cm yr Delaware 10 cm forest bioturbation 0ph
Hesmsath et al. 2002 0.007-0.026 co yr Australia 10-8% cm forest killslope creep OSL
Kuste «f ol 2007 1-2 em?® yr—?! Australis and California prassland | bioturbation | 7Be and ?'9Pb
Richards and Humphreys 2010 0025004 cm yr—! Australia forest bioturbation tile burisl

Permafrost soils:
7?7



Comparison of modelled and
observed *C profiles of SOM
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e Vertical profiles of SOM:
SREE Sensitivity to mixing rate and history

— CLM4 with vertical mixing
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Seasonal CO, flux cycle dependent on mixing
rate via depth distribution of organic matter
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Asymmetric response of shoulder-season respiration,
due to time-lag resulting from deeper profile of SOM
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SOIl C soil C dist. (kg C m?)
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Conclusions and future work

Including depth-resolved soil C allows model to have
more realistic high-latitude C stocks

Large uncertainty remains in depth distribution of
soil C and its effect on lability and vulnerability

— Possible constraints include observed soil C depth
distributions, 14C, and seasonal cycle in respiration

Next steps: evaluate model responses to
perturbations

C decomposition and N mineralization feedbacks
with warming



Thanks

Organizers and contributors to National Soil Carbon Network
database

Members and leaders of Permafrost RCN
Many researchers for published 14C data

This research was supported by the Director, Office of
Science, Office of Biological and Environmental Research of
the U.S. Department of Energy under Contract No. DE-
AC02-05CH11231 as part of their Climate and Earth System
Modeling Program.



