


Why Couple?

The more we study the major problems over time, the
more we come to realize that they cannot be understood
in 1solation. They are systemic problems, which means

that they are interconnected and interdependent.
. F. Capra (1996)
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Global surface warming (°C)
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Net Forcing (Wm'z)
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Let's zoom 1in!

CONCEPTUAL MODEL of Earth System process operating on timescales of decades to centuries
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Coupling Components

Requires transfer across boundaries of:
* Energy
* Momentum
* Mass

Practical Issues:
e How frequent do components communicate
* Properties must conserve across boundaries
e Must deal with disparate grids
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Heat transport (PW)
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Momentum
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Evap-Precip Runoff
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Coupling Atfects Modes of Climate
Variability

e E] Nino Southern Oscillation (ENSO)
e North Atlantic Oscillation
e Pacific Decadal Oscillation

e Heinrch Events
e Others?

But some things don’t improve!




S R R R R RS

N North

/ America

South
America

A Non-El Nifio year

o North
America

1)) rre g ;'fﬁ;' ]
S / M,
111 ///, 1 II,///III
'I///I/I' I,[/III
111!y /) hat1h,
- 0 b
) /,I’,I’,/l///l,

i
1,/,/// x

Gl n)
by
/ I[III
.. I
Tabhiti 0

Equator

South
America

B El Nifio year

Ruddiman (1990)

4




Uncoupled PRECIP Coupled
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Climate Science

Feedbacks
Variability

We all fit in here somewhere!
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Climate Timescales

TABLE 1.1 Response Times of Various Climate Sustem Components

Component Response time (range) Example

Fast responses

Atmosphere Hours to weeks Daily heating and cooling
Gradual buildup of heat wave

Land surface Hours to months Daily heating of upper ground surface
Midwinter freezing and thawing

Ocean surface Days to months Afternoon heating of upper few feet
Warmest beach temperatures late in
summer

Vegetation Hours to Sudden leaf kill by frost

decades/centuries Slow growth of trees to maturity
Sea ice Weeks to years Late-winter maximum extent

Historical changes near Iceland

Slow responses

Mountain glaciers 10-100 years Widespread glacier retreat in 20th century
Deep ocean 100-1500 years Time to replace world’s deep water
Ice sheets 100-10,000 years Advances/retreats of ice sheet margins

Growth/decay of entire ice sheet

Ruddiman (1990)




Inherent Time Scales of Coupled Model
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Be aware when things are out of balance.
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Box Advective Diffusion Model
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Global Surface Energy Balance
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Earth’s Carbon Cycle
(on century time scales)
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Flux of CO; into/out of ocean

Mean Annual Air-Sea Flux for 1995 (NCEP 41-Yr Wind, 1166K, W-92)
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Mean net terrestrial and oceanic flux (NEP plus fires; no fossil fuel emissions included) for the period 2001-2005
estimated from our system
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Human Interactions




Why Does Climate Sensitivity Matter?
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Don’t get involved in partial problems, but always take
.~ flight to where there is a free view over the whole single
.~ great problem, even if the view is still not a clear one.

Ludwig Wittgenstein
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