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Global Ocean Conveyor.

* Present-day ocean thermohallne " rculanon. s driver by
deepwater sources in the Northern and Southe n%em

e During the geologic past and in the foreseeable futur
balance of the sources can change, causing climate to d|f er,
dramatl caI Iy from its present day State.

Glacial Earth




Stommel-Arons Ocean circulation (1958)

RS SR 2EN Il - Mer circulation

#epleward
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circulationiis dri\( 119)%
deep-water sourcesTimhigh -
|atitudes. .

» Geological past shows
substantial differencesin
ocean circulation during
warm and cold climates.

» Geological past shows that
‘an imbalance between high
latitudinal deep-water

- sources dramatically altered
the climate.

Fig. 217 The general surface clrculation of the ncean in schematic form. The dominant features are the large, anticyclonic sub-
ocea

trapical gyres in each ocean basin, the equatorial current systems, and the Antarclic Circumpolar Current.




Global Ocean (Salinity) Conveyor Belt

The concept of the global ‘conveyor w?ﬁ
W. Broecker in 1991 and has proved to/lse one
fruitful ideas in paleoceanography. 7

surface

currents
Cold deep-
waler currents

(after . Burroughs, 1999)



Structure of presenteti on

» Problems/questions 27 i eanf S
« What is the key to the large-scale oceanCiricl }}?m 0ff7

 What are the differences between southern=and™agrthein
meltwater events? - -

* Is a sea level rise possible without the meltdo miof ice
shields? . !

» What are the requirements for. climate studies?
+ Experiments (1 set) and validation (past and present)

~+ How does opetest amodel?
e Experirneri%a 85, present, and future)

»What Influence .our rHr ate pacemaker? (meltwater events
| and feedbacks)” -

e Conclusions




Structure of presenteti on

« Problems/questions B i e{f S
- Where isthe key tothe large-scale oc CUlien?

 What are the differences between southern and ferthern
meltwater events?

* Is a sea level rise possible without the meltdowof ice,
shields? .

e Will Washi ngton/ Cancun befl ooded’?
p What are the requirements for cl fmate studies?

. Experlments (1% set) and validation (past and present)
» How doesfor _*."rest 2nodel ?

e Experlments (209sex)) (oa:rhf esent, and future)

o What mflueﬁces, e pacemaker? (meltwater events
and feedbacks) -

e Conclusions



Requirements for climate studies
Data ' G
e Observation 5

Remote sensing (satellite, airplanes)

M easurements from vessels and
helicopters

Platforms and moorings .
Sediment drillings at land and on sea

Box corer and sediment sample: De\/lcefrom deepsea mooring



Experiment (1% set) and v'alidationl |
(oast and present) =S

1% possibility: Predict future including waiting to see whi "rr
forecast 1S proven to be true

ond poss b|||ty Start model in the past-and examine whether model
P . pl‘edICtS" known facts (WITHOUT cheating!)

after R. Alley [2000]

- For al those who queétion.dpmpu 1 S. For. exarﬁple, computer models are used to
develop cars, airplanes, houses, and'bridges, and: for some time have been used to create
"bombs and medicine. <> Correctly used'l é]bls are as great help in our daily life.



Global ocean circulation model

« MOM 2 (Modular ocean- model version &2
(Geophysical Fluid Dynamics L aboratory) ’

» Grid resolution: - horizontal: 6 x 4° (62 x 45 grid POINLS
_ vertical: 12 Unevenly spaced layérs.

Atmospheric Boundary Conditions
(temperature, evaporation-precipitation rates, wind)

heat exchange ' moisture exchange
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. Bottom topography (ETOPO 5)




Global ocean circulation model
The numerical model MOM 2 (Modular ocean model;. er 0N 2 2). developed

conveyor. The model equations are solved with different oelnuzRAC d|t1 ons
representing glacial, interglacial, and possible global warmir ng scen i

Atmospheric Boundary Conditions
(temperature, evaporation-precipitation rates, wind)

heat exchange ' moisture exchange

QOcean Circulation Model

Grid resolution: :
« ‘horizontal: 6 x 4° (62 x 45 grid points); -
« vertical: 12 unevenly spaced layers

Bottom topography (ETOPO 5)



Experiment (15 set) and.validation

( past and Dresent) f A

__
m Levitus and Boyer [1994] Levitus et al. [1994]

CLIMAP [1981] is used everywhere The present-day SSS was globally
except for the North Atlantic to the north | increased by 1 psu according to

of 50°N and east of 40°W, where the Duplessy et al. [1991] (lower sealevel);
data from Weinelt [1993], summarized |inthe North Atlantic, to the north of

by Sarnthein et al. [1995] and processed | 10°N, the data set is from Duplessy et al.

by Seidov et al. [1996], replace the [1991] and Weinelt [1993], and for the

CLIMAP data. North Atlantic to the north of 50°N and
east of 40°W, where the data from
Weinelt [1993] are used. All datawere
summarized by Sarnthein et al. [1995]
and processed by Seidov et al. [1996]

*PD =present—'cfay s i \ * SST = sea surface temperature
« MWE = meltwater event. 8 » SSS = seasurface salinity
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Water mass transport in Sverdrup -
Vertical integrated transport above 1500
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1 Sverdrup (Sv) = 10%5 mss'1



Atlantic water Mmasses

Latitude, A (deg)

Fig. 2.22 Schematic cross section of surface and subsurface currents in the North and South Atlantic. [Adapted from Wust, G.,
Kieler Meeresforschungen (1250).]

« NADW = North Atlantic Deepih/\ater
. AA BW = Antarctic Bottom Waté



Atlantic water masses (mirror image)
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Meridional overturh_i ngin the Atlantic Ocean in Sv
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Northward heat transport.in PW (1-PW. = 105W)

Northward heat transport in the Atlantic Ocean
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“northward heat piracy”
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Meridional temperatu[e section.in the North A_tl antic
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Experi ment ( 1St set) and vaIrdatron -
(past and present) ‘ X

e Validation of present-day: crrculatron through':campar'

ith
observation and measurements (“tnvral") N

e In the geologrcal past, nerther observations nor direct measur" ents
exist.

« Search for an rndr rect procedure =S the g irculation leaves a direct and’
distinct sedi ment pattern at the sea floor:

* -+ ldea Modeling J
with thegeo_ Ii




Sediment transport model SEDL OB

(SEDimentation in L.arge Ocean Basins)

| Initialisation with T, S, u, v, w, convection depth, and topography . s . & r':"'
from any OGCM and grain size, form factor, sediment density, y .
porosity, sedimentological grain diameter, and sinking velocity

\
Calculation of critical velocities

Vem,s =Vm,s(V,,U,dpr,ps,FF,g)

Vemb = Vem,b (V, MU, d; pF»pSag)

Calculation of bed load and suspended transport
s =qs(vuve,b,v,u,d,D*,pr,ps,p’,FF,g,p)
qs =qs(vs,vc,b,v,vO,u,d,D*,pr,ps,p’,FF,g,p)

Vertical convection due to hydrostatic instability
| Calculation of 3-D - and 2 -D -sediment transport
=—-V-(17C)+Q
=-Vy -(Vbo,C)+Q

Calculation of new topography

Ohey
+Vy-q=0
4 ot “d

¥ = porosity of sediment particles :

Integration time limit reached?
yes no



Present-day eol an dust distribution

180°
reproduced from Rea [1994], after Duce et al [ 1991]




"

Known sediment drifts

B60°wW

30°N

 Drifts reflect along—term response to
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response to discrete events [Flood and Shor 1988].
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sedimentation rate [cm/kyr]
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Modeled sediment drifté (North Atlantic model)




Structure of presenteti on

* Problems/questions

» What isthe key to the large-scale ocear

» What are the differences between southern e (l..:m‘r fthern
meltwater events? 3 |

- Is a sea level rise possible without the meltdo yANof ice,
shields? Y

» What are the requirements for. climate studies?
~» Experiment (1% set) and validati on (past and present)
“* How _do onetest amodel? —

e Concl usions



Structure of presentéti on

* Problems/questions —Z
e What isthe key to the Iargescale oc |

meltwater events?

°Is a sea level rise possble ithout the: MBNE0 ViRof ice;
shields? |

o Will Washi ngton/ Cancun befl ooded’?
p What are the requirements for cl fmate studies?

. Experlment (1St set and validation (past-and present)

F i

o \What mflueﬁces,'
and feedbacks)"

» Conclusions

e Experlment (2rSEN(fzBMtiesent, and future)



Experiment (29 sat)

(past, present, and _fu_ture%ré =

Geologic record shows a direct
correlation between CO,—content
In air and temperature.
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“ Antarctic Meltdown”

There is aconcern about the stability of the
West Antarctic |ce Sheet, which may collapse
if global warming continues.

However, our model predicts that freshening.
of the sea surface in the high latitudes due to
the southern cryosphere melting can speed up.
“the North Atlantic conveyor and lead to .
climate changes that are gemiially not expected

" Northern versus southe :
and Planetary Change, 30/3, ZOQ

February 2000



“Antarctlc Meltdown” -
-subtitle:
Will Washi nqtoh/Canc_un"b il

There is aconcern about the stability of the
West Antarctic |ce Sheet, which may collapse
if global warming continues.

However, our model predicts that freshening.
of the sea surface in the high latitudes due to
the southern cryosphere melting can speed up.
the North Atlantic conveyor and lead to .
cI imate changes that are geniially not expected

’ -

" Northern versus southe :
and Planetary Change, 30/3, 2001) "

February 2000
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North Atlantlc water masses (sketch)
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Meridional overturning in the North Atlantic (Sv)
present day forward conveyo ﬁ
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Meridional overturning in the North Atlantic (Sv)

present-day forward conveyor | southern salinity increase (+1 psu) §
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Meridional northward ocean heat transport (PW)
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Meridional temperaiure secti_o'n In thé AtI antic Ocean

o = NN NN
N=O—=NWAUO~INOONEO0ON RO
o] ainieladwa)

section at 32.50

-80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80
S Latitude [© N

N
=]

o] @injeladwal

-
5}
3

el
@
L
<
o

[s)

6
24
22
20

8

6

4

2

0

9

8

7

6

5

4

3

2

1

0

-1
-2

section at 32. section at 32.

-80 -70 -60 -50 40 -30 -20 -10 O 10 20 30 40 50 60 70 80 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80
Latitude [° N d S Latitude [© N




Northern versus soufhe’rn mel tvvater event

southern meltwater event (-1 psu) northern meltwater event (-3 psu)
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Sea level rise caused by therma!. exp,ansi_ on

400 600
time [years]

Sea level risey |
melting of iCe sheets

-

Volume | Potential sea-§
[km3] level rise [m]

East Antarctic ice sheet |26,039,200 :

West Antarctic ice sheet | 3,262,000 8,06
Antartic Peninsula 227,100 0,46
Greenland 2,620,000 6,55

L ocation

All other ice caps, ice
fields, and glaciers

Total 32,328,300 ,
Modified from Williams and Hall, 1993

180,000 0,45



Sealevel rise caused by thermal expansion

northern meltwater event (-3 psu)
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Conclusions

hemispheres. The global conveyor reacts more sensitively 10 Prrr
meltwater event than to a northern meltwater event.

« Northern meltwater events slow.down the global conveyor, decreaéé the
northward oceanic heat transport, and cause a cooling of the deep ocean..

. Southern meltwater events accelerate the global conveyor, increase the

northward ocean heat transport, and cause a warming of the deep ocean.

A sdlinity -re_d%' ORENEisphere is equivalent to asalinity increase in
~the opposite h [




Conclusions

hemispheres. The global conveyor reacts more sensitively 10 Prrr
meltwater event than to a northern meltwater event.

« Northern meltwater events slow.down the global conveyor, decreaéé the
northward oceanic heat transport, and cause a cooling of the deep ocean..

. Southern meltwater events accelerate the global conveyor, increase the

northward ocean heat transport, and cause a warming of the deep ocean.

A sdlinity -re_d%' ORENEisphere is equivalent to asalinity increase in
~the opposite h [

A sealevel riseispa
*-Evena’ ‘global coolmg” event.ca -.o to. asealevel risel



Will Washington/Cancun be flooded?
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Will Washi-nOtoh/Cant.:uhd be fIOo_ded’?:

50 m sealevel rise
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