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Interactions of High Latitude Ecosystems
with the Earth’s Climate System
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General Questions Guiding Research

1.  What are the geographic patterns of fluxes of CO, and CH,
over the Pan-Arctic region and how is the balance

changing over time? (Spatial Patterns and Temporal
Variability)

2.  What processes control the sources and sinks of CO, and CH,
over the Pan-Arctic region and how do the controls change
with time? (Processes and Interactions)



General Strategy: Model-Data Fusion

Atmospheric inversion estimates
of Arctic System CQ, and CH, dynamics
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Tasks

1. Conduct model-data fusion studies with process-based models of
various components of high latitude terrestrial C dynamics
including

a. Terrestrial CO, (McGuire lead) and CH, exchange (Zhuang
lead), and
b. Transfer of C from high latitude terrestrial ecosystems to
the mouth of rivers in the Pan-Arctic Drainage Basin
(Melillo/Peterson/McClelland/Kicklighter lead)

2. Conduct model-data fusion studies with a process-based model of
marine CO, exchange in oceans adjacent to the high latitude
terrestrial regions (Follows lead)

3. Improve atmospheric inversions of CO, and CH, across high
latitude regions through better incorporation of data and
process-understanding on CO, and CH, dynamics (Prinn
lead).

4. Project synthesis (All).
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Tool for Transfer of C from Land to Ocean
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Locations of fixed sites in the Yukon River Basin.

250 Kilometers

2002 — O —
between Eagle and Stevens Village

2003
between Stevens Village and Pilot Station

between Whitehorse, Canada, and Eagle
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Tools for Ocean C Transfers

« MIT Ocean Circulation Model

 MIT Ocean Biogeochemistry Model



Physical Framework

MITgcm

Global configuration, 1/4° resolution
Cubed-sphere grid configuration

Polar oceans reso
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Physical model — flow speed
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Current Ocean Biogeochemistry Model

Explicit C, P, O, Fe, Alk (Ca) cycles
Prognostic variables DIC, O,, PO4, DOP, Fe, Alk
Air-sea exchange of CO2, O2

DOC

— linked to DOP with fixed stoichiometry
— No continental sources
— “Semi-labile”, 6 month lifetime

Simple parameterization of export production (P, Fe,
light limitation)

Optional explicit ecosystem (2 phytoplankton classes,
single grazer, explicit Si cycle)

Physics — coarse res, generally no Arctic Ocean!
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This work: Biogeochemistry

“Offline” model driven by ECCO2 physics
Hemispheric configuration

Estimate air-sea fluxes, distributions, etc
1992 — 2001

Continental sources/treatment of DOC, DIC
Explore sensitivity to lifetime of DOC

Simple export production model (explicit
ecosystem)



Tool for Atmospheric Inversions
of CO2 and CH4

« MATCH: Model of Atmospheric Transport
and Chemistry



Inverse Modeling
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Time Line of Research

 First Year — Organize data sets and finish up
any necessary model development

e Second Year — Conduct model-data fusion
studies with the models

 Third Year — Project Synthesis



Education and Outreach

Undergraduate and Graduate Curriculum

Courses
MIT Course on Global Climate Change

Undergraduate, Graduate, and Postdoc Research
Graduate Students — Purdue
MIT - UROP
Postdocs — UAF, MIT

Public Outreach
Presentations: Policy Meetings/Workshops
MIT Global Change Forum
MIT Knight Science Journalism Fellows
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