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Modeling peatland carbon dynamics on
decadal to millennial time scales

Steve Frolking & Julie Talbot (University of New Hampshire)
Nigel Roulet (McGill University), Eeva-Stiina Tuittila (University of Helsinki),
Jill Bubier (Mt. Holyoke College)
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Postcard of peat cutting for fuel, Co. Galway, Ireland




Mer Bleue Bog, Ontario, Canada
Photo: Elyn Humphries

2 Y 3% f‘-t"SuTﬁ ’freshwater swam'p
rap‘fiby @;WWF CanonMauri Rautkari

Peatlands are complex ecosystems:

e hydrology & biogeochemistry

e vegetation dynamics & interactions

e spatial heterogeneity

e microbial communities, decomposition

¥ o role of landscape setting & disturbance

Boreal fen Finland

e e e E s What do scientists typically do?




Mer Bleue Bog, Ontario
Photo: Elyn Humphries

Look more closely.
Describe more features.
|dentify more interactions.
Raise more questions.
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Modeling goal descrlbe system — state, functions, dynamics, feedbacks

Photo credit: A. Baird



Modeling goal: describe system — state, functions, dynamics, feedbacks

Photo credit: A. Baird




The Peatland Carbon — Hydrological System {

Net primary
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Aerobic decompaosition

Anaerobic decomposition
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Feedbacks in the plant-peat-water system
that control peat accumulation

vegetation productivity

water table

peat decomposition




Feedbacks in the plant-peat-water system
that control peat accumulation

vegetation productivity

water table
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Feedbacks in the plant-peat-water system
that control peat accumulation

vegetation productivity

/ run-off \\

water table

peat hydraulic properties

peat decomposition

vegetation types \ / \

litter/peat tissue quality




The Peatland Carbon — Hydrological System { Precipitation
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HPM 8500-year simulation of hypothetical sub-boreal peatland
annual peat accumulation and water table depth
(also simulating net C balance, plant community composition)
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HPM — Holocene Peat(land) Model
Frolking et al. 2010. Earth System Dynamics, 1, 1-21, 2010




Mer Bleue Bog, Ontario, Canada
peat accumulation through the Holocene
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Precipitation history - reconstructed | '™ T
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age-depth profile | Mer Bleue core and simulated ‘core
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Modeling peatland carbon dynamics

Characterizing anthropogenic disturbances

‘Mer Bleue Bog’ scenario for 6000 years...

at which time...
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Modeling peatland carbon dynamics
Characterizing anthropogenic disturbances

‘Mer Bleue Bog’ scenario, ditch installed in year 6000, maintained, then blocked in year 6100.
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Modeling peatland carbon dynamics

Characterizing anthropogenic disturbances

‘Mer Bleue Bog’ scenario, ditch installed in year 6000, maintained, then blocked in year 6100.
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Modeling tropical peatland carbon dynamics — challenges

» much less studied than temperate and boreal peatlands.
* no models developed to simulate tropical peatland C dynamics?

« a number of challenges to developing and applying effective & useful models.

1 — Characterizing tropical peatland vegetation...
e.g., northern peatland studies focus on mosses more than trees

2 — Characterizing tropical peatland hydrology...
e.g., are C/H,0 internal feedbacks of northern peatlands relevant?

3 — Parameterizing tropical peatland decomposition...
e.g., how to handle coarse woody debris in peat profile?

4 — Characterizing anthropogenic disturbances...
e.g., drainage, fire, restoration

5 — Mapping tropical peatlands...
e.g., vegetation community, peat depth, bulk density, hydrological setting




Modeling tropical peatland carbon dynamics — challenges

» much less studied than temperate and boreal peatlands.
* no models developed to simulate tropical peatland C dynamics?

« a number of challenges to developing and applying effective & useful models.

1 — Characterizing tropical peatland vegetation...
2 — Characterizing tropical peatland hydrology...
3 — Parameterizing tropical peatland decomposition...

4 — Characterizing anthropogenic disturbances...

5 - Mapping tropical peatlands...

Thank you!







Essentially, all models are wrong, but some are useful.

-George Box



Essentially, all models are wrong, but some are useful.
-George Box
_Or_

Remember that all models are wrong;
the practical question is how wrong do they have to be
to not be useful.

- George Box & Norman Draper
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