OCEAN HEAT CONTENT

JIM HANSEN ON OCEAN HEAT CONTENT

...Third, there is the most important measurement — the change of ocean heat content.
Twenty years ago, when | was asked ‘what is the most important measurement for
global climate change’, | said ‘ocean heat storage, because that defines the planet’s
energy imbalance.

Bjerknes Lecture
American Geophysical Union Dec. 2008

HANSEN ON SEA LEVEL RISE
The threat of large sea level change is a principal element in my argument that the
global community must aim to restrict any further global warming to less than 1 °C

above the temperature in 2000. This implies a CO2 limit of about 450 parts per million
or less.

New Scientist, July 2007



¢ [ T I RIS EFEIFI SIS I S S S S . 16
World Ocean Yearly HC, 0-700m
[1969-2003 trend, 102 Jiyr]
12- ———— Present paper [0.32] -12
w{— |shii and Kimoto [0.24]
—@—— Domingues et al. (2008) [0.41]
8- -8
g
?_’ .
s 4 \ -4
8
o g \
'§ 0 ‘ I\ A A ‘: ‘A’ 0
4- \' .4
-8- —-8

IR I AL N T L L T L IR
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

Year

LI l LI |
2005 2010

Levitus 2009



OHCA curves using published methods.
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A GLOBAL NET ENERGY BUDGET
15 -
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Global average sea-surface temperature 1850-2009
Based on Rayner et al. 2006
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Abyssal recipes
WALTER H. MUNK*
(Received 31 January 1966)

Abstract—Vertical distributions in the interior Pacific (excluding tbe top and bottom Kkilometer)
are not incotsistent with a simple model involving a constant upward vertical velocity w~1-2cmday!
and eddy diffusivity « ~ 1-3 cm?®secl. Thus temperature and salinity can be fitted by exponential-
like solutions to [« de/dz2 — w- d,’d:] 7,5 =0, with x/w &~ | km the appropriate ** scale height.”
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o w(z.t oW (2.1t
Wz):W,W@)

A, vertical eddy diffusivity

Z . .
07 02 W  mean vertical velocity

I/I(Z ,1) potential temperature or tracer density

710 WaLTER H. Munk
turbulent : <7 —wf" =0; xS —wS =0 (1a, b)
laminar: «kpT" = wl' =0; ks S —wS =0 (2a, b)

For the case of turbulent diffusion the same Austausch coefficient x applies to the

temperature* T = T — T4 and salinity S, thus leading to identical depth distributions
and to a linear relation 7(S). For constant w/«,

T—7T et—1 S-S5 et—1]

— = " , b
T — Tl e’ l Sg — 51 e’ — | (38. )
where
GtV ¢ =270
K Z9 — 21
A fair fit is found for the values y = 3.9 with z; = — 4km, 22 = — | km; the

ratio «/w = 0-77 km is the pertinent scale height. We do not pretend that the observed
exnonential.like distribition confirms the vertical diffusion-advection madel. hnt it is
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Fig. 1. Potential temperature and salinity as functions of depth (km) at stations Snellius 1930 :
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turbulent and laminar diffusion, respectively.

A,=1.3 x10* m?/s
thermocline in the Pacific-> A,/W

W=1.2 cm/day
vertical distribution of 4C -> A, /W?



dw(z,t) o w(z,t) ow(z,t)
Wen _, IvED , yn
ot 07 07

W (z,t) potential temperature or tracer density
A vertical eddy diffusivity

z

w mean vertical velocity

A,=1.3x10%m?/s thermocline in the Pacific -> A, /W
W=1.2 cm/day vertical distribution of 4C -> A, /W?

R. H. Stewart, Introduction to Physical Oceanography

http://oceanworld.tamu.edu/resources/ocng_textbook/contents.html



Solution is available for a step change in sea surface temperature

7+ Wt

— Wz
Wz, t) = —exp — (exp —— erfc —F— t+ exp — erfc —— )
2 2A, 2A, 24 /Azt 2A, 24 /Azt

The Munk limiting lengthis  A(e0) = _AZ/W =~ 0.9 km.

As the diffusion length is L =~/4Dt the characteristic time is
7= A()/(44) = A_ [ (4W7) = 50 years.

The differential equation is linear and we can build up the solution for ocean temperature
profile change by adding small step changes.

z depth

n year

k starting year

B(zon,k) = Y, [SST(i)— SST(i — )y (z,n—i+1)

i=k+1



Response to a step change in temperature
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expansion coefficient [10‘4/K]
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To evaluate see level change, we need the average vertical profile of the

expansion coefficient, calculated here using the data from the Climatological
Atlas of the World Ocean, 1982.
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Global ocean response to 1 K step change at the surface
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SST change [K]

Input into the calculation are Had SST2 global average sea surface temperatures
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Calculated warming profile
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Calculated change in heat content compared to measurements
(no adjustable parameters)
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sea level change [mm]

Sea level change due to thermosteric expansion compared to measurements
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sea level change [mm]

Projected thermosteric sea level change for IPCC scenarios
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Projected steric sea level change compared to the models listed in IPCC 4t" report
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