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Summary for Policymakers IPCC WGI Fourth Assessment Report

Changes in Temperature, Sea Level and
Northern Hemisphere Snow Cover
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FIGURE SPM-3. Observed changes in (2) global average surface temperature; (b) global average sea level rise from tide
gauge (blue) and satellite (red) data and (¢) Northern Hemisphere snow cover for March-April. All changes are relative to
corresponding averages for the period 1961-1990. Smoothed curves represent decadal averaged values while circles show
yearly values. The shaded areas are the uncertainty intervals estimated from a comprehensive analysis of known
uncertainties (a and b) and from the time series (¢). {FAQ 3.1, Figure 1, Figure 4.2 and Figure 5.13}



CLIVAR WGOMD: June 2004

What are key physical ocean processes that must be
explicitly represented and/or parameterized in order to
reduce uncertainty in the climate's response to
anthropogenic forcing?

How well do the global 1-degree class of models do with
these processes?

Will enhanced resolution resolve problems?

What sorts of resolution are required for the different
processes?



The Ocean Component of Coupled Climate Models

The importance of simulating the ocean as accurately as
possible in climate studies results from its role in storing and
transporting heat, energy, freshwater, nutrients, and
dissolved gases such as CO..

The ocean acts as a heat capacitor in the coupled
atmosphere-ocean system and hence acts as an integrator
of climate variability, introducing long scales and slowing the
rate of response to climate change forcing.

Variability intrinsic to the ocean interacts with the atmosphere
over a range of time scales to produce coupled modes of
climate variability such as ENSQO, the NAQO, and the SAM.



The fidelity of coupled climate system dynamics depend on its
air/sea interactions.

The ocean model must supply realistic sea surface temperature
fields to the atmospheric model.

To do this the ocean model must realistically simulate all aspects of
the hydrodynamical nature of the ocean. These include:

— Energy levels

— Mean, variability, and location of currents
— Intrinsic scales

— Modes of variability

— Planetary waves

— Water masses

— Meridional heat and mass transports

— Representation of sea ice (Not covered here; see lvanova
poster)
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Sea Surface Temperature
(SST).CCSM3/T85
simulation of present day
climate

Largest positive

1.6°C  biases occur along
eastern boundaries of

3.2°C subtropical ocean
basins. Within 15° of

1.7°C coast biases are:

Large and Danabasoglu, J. Climate, 2006
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LATITUDE

Mean velocity vectors (cm/s): Drifter Data, Yrs 1979-2006

TSN
\ 4 ~ /N
Lo N

e A
7 L e T s e R T T >y S
2 Y et ST I T
R i e s V£
= - e
T T e e A A ) /y
ST o e i)
‘\:‘gm.\t,.._»—»,$»; NCNIAR

—
T
pact VNP «,

HEitey :
L s s e | &‘ fr—

.

R T A R T R s

ARSI S SO SIS IOSMASeiStPII I AN
7 R e L Y TR s S IR SR DI PO o) M

R e I S R AR AL T DDA |

»pA//4,«‘11.“AA‘\"\“\xa\\\wu\»W“uvvn«(,,l‘,,

LIRSS SN S NN | S SN S VRt

O T T N SRR NN PN LEZPNE S S iy
B e I e

< SeseNS

20°N

=TT

00

S A
i FANNNY NNV Py p p 5y 46 f ) i s ot i o aP ari i 2 i i =
A/}/ R A A ARl s e vl ittt
\ = S e R LS Ll e = A
p e T e A R e i
(—FF IR
Ay A

<y

2 R D e e e B L R A s
20°S T e e v 2
P e il SNt

F’\\*’,,,, LT R TR P

FYAN T ANy v ae s
N A
O N

ey N
N

FEVE Y ;//vwwwfﬁvu»‘/*rv*u///r/'t'znwt“}“;‘
TN R IS N A N I A e 7 NN
}S‘7- B g ,-‘..‘uiv,,,,ﬁ“,‘dw}'{u—*‘\f
R NERAIRY v‘* \/' S SRR et
N e AR ﬁa R R NN ““,N\»\
N R e AR T T TN A e herrend
P S TR vt AL ,.u,rﬂv\:,r_.\.»»y..r\,nv\‘-.\,\~‘>-m-~ﬂ..4,Au\ﬂ\
S ae<stesrcrvaanas JU T I o I 7 - TEONN RO S SRS Y 7
oo N AN ah Ay g hh Sata Aty 14/4//1\ N | B AN~ AV A rTaTar e e e T T oa ¥ AT 7 T Ty 7 A o AN n‘\k 4
Qo o A ATS A At 0 g AN N B D A B R P
o N AR A T A T, 7 o r 7 P/ P2E O SSRGS RPIAC Rl i At SOeRiE 7 7
40 S 2 { e P TN O ey S S N )
T NS R P e Ay I S A e
Z oy rd st AN Pt Aa R o A [ A e S G A Y
> AN A A ALY T S I B A VA A
et 7 ) A S 2 7 o
e

60°S

RPN
'y Y e TrArreNAs et e siss s ansispy
(7 hvi~osodroaciohaysscoccescsty

5 YpNee ey
p I AT T e
e SRR ET

b ey
D e e

§ < i s e

J; Ve ¥ gt

M e

Ii ) Vu bttt

VANAS Y Ay £ e <
R R
Sl R T e
P Y N e e
/‘44-> PO e e e TN
”

160°W
LONGITUDE

50.0




LATITUDE

Mean velocities @15m: CCSM3/T85 (left) Drifting buoys (right)
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Model/Data Comparison
of Eulerian and Eddy-
Induced Meridional
Overturning in the Tropical
North Pacific
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Time-mean, normal transport in temp. bins (59 =1°C) in the upper ocean ( 6 > 5°C),
averaged in time (8 yr.), and integrated along the repeated hydr. ship track in the tropical
North Pacific: (a) modeled Eulerian, 7" (6) (Sv); (b) modeled eddy-induced, Ti(Q)QV); (c)
as in (b) except based only on 8 (S=35psu); (d) measured eddy-induced transport ")
(Roemmich and Gilson 2001). Numerical labels: total southward and northward transports

in the upper ocean. McWilliams and Danabasoglu, 2002 (JPO)



@ Role of eddies in Southern Ocean

» Eddies can alter sensitivity to forcing changes (e.g., winds) of Southern Ocean
overturning.

 How well are the boundary currents, rings, etc. parameterized in coarse
models? Depends on the questions being asked.

Ocean Surface Speed in NOAA/GFDL Southern Ocean Simulations
1° HIM

-2 -18-16-14-12 -1 -09-08-0.7-06-05-04-03-0.2-0.1 0O 0.2 04
Log,y of Magnitude of Velocity Averaged over Top 100 m in m s~!




Why Fine-Resolution Global Ocean Models?

More realistic representation of:
— ocean-bottom bathymetry and coastal geometry.

—Narrow mean currents such as: Gulf Stream, ACC, open-ocean
zonal jets

—Mesoscale (20-150 d and 50-500 km): generally accounts for the
majority of energy in the ocean circulation

— Fronts: for air-sea interactions in a fully coupled model. Large
SST errors result from path errors.

—Realistic eddy growth rates and decay time scales.









1992-2002 Mean Dynamic Ocean Topography (0.5°)
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1/12° Global HYCOM
Mean Gulf Stream and Kuroshio pathways
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Latitude

70

Surface drifter tracks (left) and North Atlantic 0.1°, 40-level POP
numerical trajectories for 1993-1997 (McClean, Poulain, Pelton, &
Maltrud, JPO, 2002)
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1998-2000 Zonal Averages of RMS SSHA (cm)

Zonal Average of RMS SSHA (cm) from 60 to 70°E
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Mesoscale
(20-150d)
RMS SSHA
(cm)
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How Realistic is the High Frequency Signal of a 0.1° Resolution Ocean Model?

Tokmakian & McClean, JGR (2003)

Wavelet decomposition of SSH anomaly signal near Atlantic City
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The altimeter-derived SSH residual contains noise, so:

<hh> <hh>+<ege>
<Wh> <hh>+<€e>

[’ =

Where <> is the noise in SSH and < €€ > is the noise in the slopes.

We added scaled white noise to the model SSH and recalculated the
length scales. Altimeter error is 2-4 cm. Note reduction of equatorial scales

Length Scale of gl ssh w/wn from 1/5/1994 to 12/26/2001
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Coverage changes 2003-2005
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Meridional heat transport (PW) for 1997-1999

Global Ocean Meridional Heat Transport, (W)
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Zonally-Integrated Meridional Eddy Heat Flux (PW):
Global (red), Atlantic (blue) Indo-Pacific (green) from
0.1° POP: 1997-1999

Ocean Meridional Eddy Heat Transport, (pi)
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Zonally-integrated eddy heat transports from the top 1000m of
the water column from POP (left) and Stammer (1998, JPO)
(right). The latter estimates were calculated from v’T’=pCpk
dT/0y, where k=20KgT,;,, 0=0.05, K 1s an estimate of near-

surface eddy energy from altimetry, and T, are time scales from
altimetry




Tidally-Driven Circulation in a Global OGCM
Simmons, Jayne, Laurent, & Weaver

« Parameterization incorporated into a coarse
resolution global OGCM that explicitly accounts for
tidal energy source for mixing. Mixing evolves both
spatially & temporally with the model state

« 3 cases:
— Tidal mixing parameterization: variable mixing
— Uniform mixing 0.9 cm? s-'

— Arctangent mixing profile: 0.3 cm? s-! in upper
ocean, 1.3 cm? s-1 below 2500 (Bryan and Lewis,

1979)



Global Meridional heat transport from the OGCM with the
tidally-driven mixing parameterization, from a WOCE inversion
(Ganachaud and Wunsch 2000, Nature), and from weather
prediction model reanalysis and satellite data (Trenberth and
Caron, 2001)

[ NCEP reanalysis + ERBE
=O= WOCE data inversion

Variable mixing

Uniform Mixing

Heat Transport (1 0'° W)

Latitude



Conclusions

« Best representation of energy levels, intrinsic scales,
etc. as depicted by observations by eddy-resolving
simulations with realistic forcing. Data with near-
global or basin-scale coverage have provided an
excellent means of comparing modeled and observed
statistical quantities.

« Continuing improvements of parameterizations
e.g.bottom and planetary boundary layers,eddy
mixing, tidal mixing. Need more observational
estimates for parameterizations.



The Way Forward

* A one-day meeting was held at the IPRC at
the University of Hawaii in 2006 to discuss
ocean model metrics for synoptic forecasting,
process studies, and climate applications.

* The workshop report will appear shortly at:
http://www.ocean.washington.edu/people/fac
ulty/luanne/metricsworkshop.htmi
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Ratio Mesoscale : Total RMS SSHA 1997-2001
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