How warming relates to cumulative carbon emissions after many centuries or many decades
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1. The problem

Climate models reveal warming is
linked to cumulative carbon
emissions.

Derive underlying theoretical
relationship for an atmosphere and
ocean after

(a) many centuries

(b) many decades
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2. Different climate responses
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Over many decades, ocean takes up heat
& carbon modifying warming & forcing.

Over many centuries after emissions cease,
an air-sea equilibrium is approached.

3. Long-term response

Many centuries after emissions
cease, ocean heat & carbon
uptake ceases.

A simple climate relationship
emerges by combining climate
sensitivity and carbon relation
accounting for ocean chemistry
(Goodwin et al, 2007; Williams et al., 2012).

Our theory: global warming is ~1.5 K for every 1000 PgC (range of 0.8-1.9 K for every 1000 PgC)
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cf Earth system models find 1 to 2.1 K for every
1000 PgC (Matthews et al., 2009)

4. Short-term response

Over several decades, ocean heat
and carbon uptake modify both
surface warming & radiative
forcing.

A modified climate relationship
emerges including dependences
on ocean heat uptake & ocean
carbon undersaturation (Goodwin
et al., 2014).
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See opposing dependencies for

surface warming & radiative

forcing with time

00 2500 5000

thermal response

anthropogenic carbon response
intal responise to carbon emissions on decadal imescales
{ R radiative forcing

atmosphere atmosphere

excess CO, increasod from emissions

surtace warming | AT cimate response ocean uptake of CO,

“ccetn Naat oo™ P e

deep ocean undersaturated

high DIC

S high lattude

equator . high latfude

deep ocean equillbrates with the atmosphere after many centuries

amosphore A radialive forcing atmosphere
O, i aquiibrum with ocean

ocoan uptae o1 O, conses
e
Lupw e T J

} AT climate response.
. warmer 77
||\ osan sty coass

ocean ool higher DIC.

Ventilation leads to similar heat & carbon evolution

5. Summary

Our theory for an atmosphere & ocean reveals a near linear dependence of warming on carbon emissions.

Linear transient response is due to opposing effects of ocean uptake of heat & carbon.
Longterm response due to climate sensitivity & ocean chemistry feedback.
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