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Large-scale flow variability in glacial and greenhouse climates
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eddy activity: cold to warm climates

mean climate factors

• �T

• 1/stability

• depth of baroclinic zones

• moisture

other factors

• “governors”

• mean flow interaction

• ...



idealized cold to warm climates
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warming climate

mean climate factors

• �T

• 1/stability

• depth of baroclinic zones

• moisture

Yin 2005 GRL



Li and Battisti 2008 JClim

cold climate

�T and jet



cold climate

eddy activity and jet
colours: eddy kinetic energy aloft

contours: zonal wind aloft (10 m/s starting at 30 m/s)
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200 mb EKE (mm2/s2)
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see also Laîné et al 2008 ClimDyn
Li and Battisti 2008 JClim



cold to warm: climates

Coupled simulations (CCSM3)

• Last Glacial Maximum (21 ka)

• deglaciation (14 ka)

• mid-Holocene (6 ka)

• pre-industrial

• present day 

• 4xCO2 
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---

+4.2 K



cold to warm: climates

Atmosphere simulations (CAM3)

• Last Glacial Maximum (21 ka)

• deglaciation (14 ka)

• mid-Holocene (6 ka)

• pre-industrial

• present day 

• 4xCO2 

-5.8 K

-1.4 K

-1.2 K

---

+4.2 K



cold to warm: eddy activity

winter (NDJFM) eddy kinetic energy
colours: column eddy kinetic energy (m2/s2)

left: zonal wind aloft (10 m/s contours starting at 40 m/s)

PI LGM-PI 4xCO2-PI

����
�	�� ���

���

�

��

��

���

���

�

��

��



cold to warm: eddy activity

PAC

JUL OCT JAN APR
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Pacific

seasonal cycle of column EKE
top: 6 m2/s2 contours starting at 15 m2/s2, pale colours showing Ts

 bottom: baroclinic zone EKE + rescaled �Ts (10-80N)
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cold to warm: eddy activity

Atlantic Pacific

LGM

PI

4xCO2
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cold to warm: variability

4xCO2 PI LGM

winter (DJFM) jet variance (m/s)
contours: 300 mb wind (10 m/s starting at 40 m/s)



winter (DJFM) jet and EKE variability
contours: U300 (10 m/s starting at 40 m/s)

colours: column EKE (m2/s2) on EOF1 of U300
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cold to warm: variability

4xCO2 PI LGM



cold climate

Donohoe & Battisti, submitted to JAS

seeding of the Atlantic storm track
top: distribution of storm magnitude

bottom: distribution of storm growth rate





motivation

interannual variability of January 
Atlantic jet and storm track

Li and Battisti 2008 JClim
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cold to warm: variability

4xCO2 PI LGM

winter (DJFM) jet and EKE variability
contours: EOF1 of U300 (5 m/s contours)

colours: column eddy kinetic energy (m2/s2)
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cold to warm: variability

4xCO2 PI LGM

winter (DJFM) jet and EKE variability
contours: EOF1 of U300 (5 m/s contours)

colours: column eddy kinetic energy (m2/s2)
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aloft

low level
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cold to warm: variability

4xCO2 PI LGM

winter (DJFM) jet and EKE variability
contours: EOF1 of U300 (5 m/s contours)

colours: column eddy kinetic energy (m2/s2)
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Atlantic vs Pacific
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�T and stability

50% sea ice
concentration

200mb jet
(10m/s contours)



Pacific midwinter suppression

Pacific
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aloft, low-level, column?
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NDJFM
In general, low-level vs column EKE 
shows a linear relationship. The 
Atlantic tends to have lower column 
EKE “concentrated at low levels (i.e., 
*+s lie above line) while the Pacific has 
higher column EKE  concentrated at 
higher levels (i.e., x+s lie below the 
line). This is an autumn/winter thing 
(see next).





CCSM vs obs
In particular, the ridge over the west coast of North 
America during DJF is shifted just to the west of the 
observed location at 500 hPa.

The simulation of the middle-tropospheric flow is 
very good in CAM3, with regional differences from ob- 
servations broadly consistent with the biases evident in 
the simulated SLP. The model successfully reproduces 
the observed large-scale zonal asymmetries at 500 hPa, 
including the dominance of wavenumber 1 at high lati- 
tudes of the SH throughout the year, and the very large 
interseasonal changes in the quasi-stationary wave 
structure over the NH. The major shortcoming of the 
simulation is that CAM3 500-hPa heights are higher 
than observed throughout the Tropics and subtropics, 
consistent with a slight warm bias in the tropical tropo- 
sphere (Hack et al. 2006a). 

The zonal wind structure in CAM3 is close to that 
observed, although the middle-latitude westerlies are 
too strong in both hemispheres throughout the year. 
These westerly biases, which are consistent with errors 
in the pressure fields and the simulated transient mo- 
mentum fluxes, are largest during northern summer 
and exceed 8 m s�1 in the zonal-mean upper-tropo- 
spheric flow over both the NH and the SH. An overall 
view of the upper-tropospheric flow, as measured

Hurrell et al. 2006 JClim



warming climate

Lorenz and DeWeaver 2007 JGR

zonal wind (left) and eddy kinetic energy (right)


