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Core, Gander Bay, Nfld 1982
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Mining peat in Ireland

Northern peatlands

Ten percent of Minnesota is
peatland. That is 8,000 square
miles, our largest wilderness type.

Twelve percent of Canada is
peatland.

More carbon is stored in the earth’s
soils than in the atmosphere, and a
large share of that is in peatlands.

As the northern hemisphere warms,
we do not know whether peatlands
will sequester more carbon or release
their carbon to the atmosphere.
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Polar region with peatlands.
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Peatlands of Canada.
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Peatlands of Minnesota.
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Raised bog
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Red Lake Peatland with water track, Minn., EG
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Red Lake Ridge and Trough, 8/1979, CLA
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Bog ”islands” in sedge fen, Upper Red Lake Peatland, perfect ”teardrops”, 10-24-1961
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Hudson Bay Lowlands
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Sample peatlands initiated as of 19,650 BP

Carbon sequestration in peat bogs — — Clarence Lehman 15



Sample peatlands initiated as of 16,200 BP
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Sample peatlands initiated as of 14,700 BP
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Sample peatlands initiated as of 12,000 BP
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Sample peatlands initiated as of 8,900 BP
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Sample peatlands initiated as of 7,400 BP
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Sample peatlands initiated at present
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Cedar Bog Lake, University of Minnesota, CCNHA

Peatland initiation

1. Start with a database of
radiocarbon dates for the
bottom levels of peatland
sites in Canada and the USA
(basal dates), and depths where
available.

2. Construct and fit ecological
models of peatland initiation

3. Incorporate models of peatland
depth growth and carbon
accumulation.

4. Project to future.
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Four possible models of peatland initiation

N(t) = γA(t) (1)

N(t) = γA(t− τ) (2)

dN

dt
= r1(γA(t− τ)−N(t)) (3)

dN

dt
= (r1 + r2N(t)) (γA(t− τ)−N(t)) (4)
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Fraction Delay Rate Rate

Eqn. R2 γ τ r1 r2

1 0.7135 116.8 0 – –

2 0.9962 162.6 3969 – –

3 0.9998 196.1 1342 0.000229 –

4 0.9998 196.1 1342 0.000229 0.000000
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RCdist1.png
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RCdistC.png
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RCvar.png
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Carbon Accumulation

Simplest view of the carbon accumulation in peatlands:

(1) new carbon is added to the surface through photosynthetic processes at a
rate proportional to the surface area, independent of the volume of material
already accumulated.

(2) existing carbon is lost through decomposition at a rate that is proportional
to the volume already accumulated.
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Carbon Accumulation

Simplest view of the carbon accumulation in peatlands:

(1) new carbon is added to the surface through photosynthetic processes at a
rate proportional to the surface area, independent of the volume of material
already accumulated.

(2) existing carbon is lost through decomposition at a rate that is proportional
to the volume already accumulated.

Then the dynamics are
dH

dt
= a− bH

dH

dt
= r0

(
1− H

H0

)

H(t) = H0
(
1− e−r0t/H0

)

r0 is the rate of increase in depth when the peatland is young (just initiated).

H0 is the maximum depth, where decomposition exactly balances production.
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AgeDepth2.png
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Peatland age distributions

The cumulative curve of peatland initiation encodes the entire age distribution
of peatlands across all times. If F (t) is the number of sample peatlands
existing at time t, then the normalized age distribution at time t is

g(a, t) = F ′(t− a)/F (t) ,

where F ′(t) is the derivative of F (t) with respect to t.
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Nine thousand years ago the most common peatlands were newly formed.
Today the most common peatlands are about 7,000 years old. The peak of the
age distribution continues to shift right uniformly with time.
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Cumulative depth

All age distribution functions can be combined with the peatland depth
function to give the the cumulative depth of the sample peatlands at time t.
This is the convolution

D(t) =

∫ ∞
0
h(a)F ′(t− a) da ,

where h(a) is the expected depth of a peatland of age a. As before, this
function is

h(a) = (1− e−ra/H)H ,

where r is an intrinsic rate of increase in depth, H is the equilibrial depth, a is
the age of the peatland.
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Glacial Lake Agassiz in Minnesota
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8900 BP. Glacial lakes dammed with ice to the north.
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8600 BP. An open corridor pushing south through Hudson Bay.
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8500 BP. The ice dam progressively thinning.

Carbon sequestration in peat bogs — — Clarence Lehman 52



8400 BP. 150,000 cubic kilometers of fresh water suddenly discharged (1/2 meter ocean rise worldwide).
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World ocean currents
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The End

Thanks to Paul Glaser, Janneke
Hille-Ris-Lambers, Ben Kerr,
Fred Lehman, Richard McGehee,
Andrew Moore, Louis Robertson,
Shelby Williams, and others who
are helping with this project.
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MeanDepth.png
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CarbonContent.png
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BulkDensity.png
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BiomeRate.png
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