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About myself

m Forest ecology
m Climate change
m Simulation modeling
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= University of Wyoming
OIntensive field ecology

1How can | use my knowledge
to solve global environmental
problems?
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m Harvard University

[1Modeling forest
dynamics
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n JAMSTEC

1 The Earth Simulator

O Building terrestrial
ecosystem submodel
as a component of the
Earth System Model

1“An ecologist among
experts in physics”
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m University of Hyogo (2011-2014)

Your next door!
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Climate change:
Importance of terrestrial ecosystems

changing
climate
= Changes in £\ Carbon cycle
O Temperature N
O Precipitation Positive feedback?
v Negative feedback?
b B & = Changes in
ecosystem | BiomaSS?
O Fire?

1 Soil carbon?




Carbon cycle

Atmosphere

6.4 GtClyr

Intermediate
& Deep Ocean

37,100 + 100

8 Surface sediment
150
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Importance of ecosystem

Change in soil carbon (Gt C)

only CO, fertilization,
no CO, greenhouse effect
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Modeling terrestrial ecosystems

m Types of simulation models
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Modeling terrestrial ecosystems

O

OO0 0 O

m Lots of variables and
parameters

Temperature

Precipitation

Soil type

Time since disturbance

Species competition

Species characteristics
= Suitable climate

= Suitable soil

m Suitable time after
disturbance

Physiology
= Photosynthetic rates
= Wood density
m Leaf thickness
= deciduousness
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Modeling terrestrial ecosystems

m Our challenges
1Lots of parameters!
[1Heterogeneity!

OWeak theories
(comparing against
physics)!

O Abrupt changes (i.e.,
cusp)! o — N

AN
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2 topics about soil organic carbon

m Physics-based simulation

m Parameter estimation using annealing and
maximum likelihood



High temperature sensitivity
of peat decomposition due

to physical-biogeochemical
feedback

Takeshi Ise
Kyoto University



" A Bhe New York Times

Rising Temperatures Mayv Drv Up Peat Bogs, Causing
Carbon Release

m |se, T., A.L. Dunn, S.W.
Wofsy, and P.R.
Moorcorft. 2008. High
temperature sensitivity of
peat decomposition due e | e
to physical- e e

By HENRY FOUNTAIN

biogeochemical Patans ceche 2
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f d b k It's increasingly clear that the effects of climate change will be felt — g
e e a.C ar are already being felt — in all corners of the globe, in all kinds of

REFRINTS
BCosystems. E
SHARE
Ewven, it appears, in peat bogs, A study
SPONSORED B
Related in Nature Geoscience suggests that THE SECRET

Observatory: Plant Seeds Hitch  northern bogs may lose a significant SEEHERRES

nature s peofheretegded
eo SClenC e Observatory: The Thrill of the temperatures rise. Organic matter in the peat will
; ; HURT I N0t Lost on Benobos decompose, releasing carbon into the atmeosphere,
g (Cctober 14, 2008)
More Gbservatory Columns Ordinanly peat bogs are a hiige carbon sink. Thev consist

Web Link of marsh grasses, trees and other organic matter that,
High Seneitivity of Peat because of the wet, oxygen-starved conditions, don't decay
Decompesition to Climate much. What's more, peat generally begets more peat:

Change Through Water-table . N : .
Feedback (Nature Geoscience) because it holds so much water and blocks drainage, as it

. - - .o w . " . -
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Why peatland?

Soil carbon
*1500 GtC (2x in the atmosphere)
sup to 30% in northern peatlands A

Ise and Moorcroft (2006)
Global Soil Data Task (2000)
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Boreal region under climate change
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m Peatland carbon cycle
OContinental bog
OFen
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m Peatland biogeochemistry
OContinental bog
CFen



http://gsc.nrcan.gc.cal/landscapes/

m Bog

0 Disconnected from
regional hydrology

Forested bog, northern Manitoba

terrestrialization  paludification

(Anderson, Foster, & Motzkin 2003)



I i Mature spruce bog

SOC In peatland

Young spruce bog

fibrous layer

m Peat column
gains height

m Rise in water fibrous layer |litter & moss

=)

table

mineral soil
bedrock

mineral soil
bedrock
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How to model

water table?

Hypothesis:
Constant from surface
(Clymo 1984)

Young spruce bog depth _

MaWlre spr

\
fibrous layer

water — ¥
table

i

water ~}
table
depth _

|‘

water
table

depth _-

Strong positive feedback
(paludification)

|‘

fibrous layer

mineral soil
bedrock

mineral soil
bedrock
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How to model
water table?

Null hypothesis Young spruce bog

Constant from bedrock

Strong negative feedback

fibrous layer

mineral soil
bedrock

Mature spruce bog

fibrous layer

mineral soil
bedrock
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How to model
water table?

Mature spruce bog

Young spruce bog

Which hypothesis ?

fibrous layer

Somewhere in between

Needs for mechanistic
simulation!

mineral soil mineral soil

bedrock bedrock



ED2 e

atm atm
Process-based land-
surface model
Fast timescale fluxes |
O carbon e :
O water T Teanopy i
O energy
= Ipputdata ¢ | N N , B |
0 update in 30 minutes
[0 meteorological variables e T
(SW, LW, air temperature, surface surface
preC|p|tat|on, _humlldlty, €soil n Tsoil_n
wind speed/direction, and
[CO,)) Csoil i Tsoili
esoil_l Tsoil_l

ED1: Moorcroft et al. 2001. Ecological Monographs 71:557-585.
ED2: Medvigy et al. 2006. Ph.D Thesis. Harvard University.
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Biogeochemical model

m Two peat types
1 Fibrous
1 Humic

m Simulation of SOC

m Real-time conversion to fluctuates

accordingto —
peat depth water balance

m Simple, but powerful
00 Reproduce feedbacks

mineral soil
bedrock
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Biogeochemical model

deet — I
dt met
str _ Istr
dt
hum __ h r
t m " str

mineral soil
bedrock
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temperature
dependence

30

soil temperature [ °C]

moisture
dependence

Frolking et al. 2002
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2 simulations
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Results

positive | negative
feedback | feedback
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Results

positive | negative
feedback | feedback

= Dynamic Model
= Static Model

fraction below water table

peat depth [m]
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hydrology

— Dynamic Model
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I I I I
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Comparison: BOREAS NOBS, 2003
Resu ItS (Dunn, Barford, Wofsy, Goulden, & Daube 2007)
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| Canadian Land Cover Map
created by the

— observation
— simulation
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Climate change:
equilibrium

soil organic carbon [kgC m-]
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= Dynamic Model
= Static Model

under
current
climate

under
4 °C rise
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40% loss

v

Extrapolate over
northern peatlands,

72-182 PgC
34-87 ppm



Climate change:

transient
(\'IE o = Dynamic Model
O N = Static Model
2 "
o _| Wy
g K
@
(&) ~ |
o under under
= current HadCM3
o o | climate SRES A2
(®) N
IS ~10% loss
N I I I I
1950 2000 2050 2100
year Extrapolate over
northern peatlands,
HadCM3 SRES A2 at 2099 18-46 PgC
+4.3° C 9-22 ppm

+42.1 mm
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Summary:
continental bog

m Both positive and negative feedback
processes are important determinants of
peatland dynamics

m Effects of climate change and on climate
change will be more pronounced than
previously thought



Acknowledgements

m  Advisors
Paul R. Moorcroft
David R. Foster
James J. McCarthy
Steven C. Wofsy

m Moorcroft Lab

Marco Albani, Mike Dietze, Yeonjoo Kim,
Gil Bohrer, David Medvigy, Heather
Lynch, Shirley Dong, Jackie Hatala,
Daniel Lipsitt

m Significant others

Ali Dunn, Jennifer Harden, Susan
Trumbore, Mike Goulden, Yuko
Hasegawa, Hugo Veldehuis, Motoko




