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Peatland coupled carbon—water system
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Plant-peat-water feedbacks in peat accumulation
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HPM (Holocene Peat Model)
e annual carbon balance (PD)
e annual water balance (WTD)

HPM calculates:

e PD & WTD — peat & water table depth

e m/m,— fraction of initial litter remaining
e p—annual cohort bulk density

Evapotranspiration
e influenced by: WTD
e influences: WTD

Run-on
e influenced by: WTD, PD
e influences: WTD

Run-off
e influenced by: WTD, PD, P
® influences: WTD

Decomposition
e influenced by: WTD, m/m0, PFT

e influences: m/m0, PD

Precipitation e changes in plant community

e influences: WTD

W /¢~ vascular/moss NPP

/ e influenced by: WTD, PD

* influences: litter quality and inputs

Peat humification
e influenced by: m/m0

e influences: p, WTD
water table '|‘- peat hydraulic prope rTIES peat depth

\ ‘ peat bulk clansllv
peat decompcsmon

vegetaticn types

vcgetauon productivity

Anoxia
e influenced by: WTD, p

¢ influences: decomposition rate

litte: rfpea‘t tissue quallt\,r

I Frolking et al. 2010. Earth System Dynamics, 1:1-21, doi:10.5194/esd-1-1-2010




Peatland coupled carbon—water system
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Temperate bog (Mer Bleue, Ontario) simulation

Model is driven by

annual precipitation

m/y
- - | stochastic reconstruction
ipitati tructi r e . .
$ oot 2005 " | ofannual precipitation

1 | since peatland initiation.

03 1T000° 2000 3000 4000 5000 6000 7000 8060
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e Water table depth

e \/egetation composition

e Net primary productivity

e Decomposition

e Peat accumulation (or loss)




Temperate bog (Mer Bleue, Ontario) simulation
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Temperate bog (Mer Bleue, Ontario) simulation
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Temperate bog (Mer Bleue, Ontario) simulation

- grass

- minerotrophic herb
- minerotrophic sedge
- deciduous shrub
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Final simulated ‘core’ can be compared to contemporary peat cores:
e age-depth profile.
e macrofossil composition profile.




Temperate bog (Mer Bleue, Ontario) simulation
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Temperate bog (Mer Bleue, Ontario) simulation

Fraction of initial litter mass remaining as peat
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Annual cohort depth trajectories .

through time, in 500 yr intervals. s
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Simulate the impact of a major drying or ditching

e on the peat profile
e on the net carbon balance over time

e on the apparent carbon accumulation rate over time
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New model scenario —
DRYING
ET, increased linearly
by 0.66% per decade
from 1500 to 1000 BP
(net 33% increase),

then held constant.

o

6500

' 560 Years BP




Peat height [m]
n (7] - wm

=

foine DRYING - ET, increased linearly 0.66% decade™!
1500-1000 BP (net 33% increase), then constant.

6500 4500, szsbo 500 d ryl g] g
base case | e o
5 | : : i : | formation
peat cohort height (m) i surfac;L
4 B 1
. 1000 BP
! . é 2000 BP
; ! ! 3000 BP
- : _T"‘“'“"*-: 4000 BP
, | | | - 5000 BP
r—— 6000 BP
1L —
N 7000 BP
0 | | | | | ; : |
7500 6500 5500 4500 3500 2500 1500 500 O

years BP



Apparent peat C accumU|at|0n rat www.northpennines.org.uk/Pages/Research.aspx
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.l drying | DRYING - ET, increased 0.66% dec.
E* -+ for 1500-1000 BP, then constant.
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Ditch - Water table lowered at 1500 BP by ~0.25 m for 200 yrs, then rapidly restored.
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, ditch DITCH — Water table lowered ~0.25 m
= for 200 yrs, then rapidly restored.
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CONCLUSIONS 03 R s

kg C m2y! — 100-year means

e A straightforward interpretation of

apparent C accumulation rate

climate-carbon relations from observed
apparent carbon accumulation rates in

peat cores could be misleading.




CONCLUSIONS 2] gty s - 100yvear means | M

e A straightforward interpretation of spparent C accamulation rate
climate-carbon relations from observed |
apparent carbon accumulation rates in
peat cores could be misleading.

e Many climate and land-use perturbation impacts will not penetrate much more
than ~1 meter into peat within 100 years, so for estimating 21 century impacts,
improved maps/models of peatland extent are more important than of peat depth.
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Plant-peat-water feedbacks in peat accumulation
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Plant-peat-water feedbacks in peat accumulation
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Plant-peat-water feedbacks in peat accumulation
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B lincar ETincrease by 0.66% decade™ (1500 — 1000 BP), then constant
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