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Strong variability year to 
year, decade to decade.  
Observed wetting trend 

much stronger than 
predicted by AR4 models.

Thursday, September 15, 2011



1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
−1

−0.5

0

0.5

1
Annual GPCC (black), GOGA Mean (blue) corr 0.6427, +/− 2 STD (lt blue) SA Precip

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
−1

−0.5

0

0.5

1
Annual GPCC (black), POGA−ML Mean (red) corr 0.4128, +/− 2 STD (pink) SA Precip

Southeast South 
America

Over past century, 
global SST forced 
model simulates 
observed precip 

very well.

Tropical Pacific 
influence is large 
but other oceans 

help provide 
multidecadal 

variability 
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Seasonal Correlation of GOGA TS on SESA - ENSO 1901-2006/2007

a) MAM b) JJA
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The Atlantic 
influence on 

ENSO-removed 
SESA 

precipitation is 
strong in the 
global SST-

forced model
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Det. Std. Annual SESA - ENSO (black) and Tropical Atlantic * -1 (Pink)

a) GOGA corr 0.6752
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b) GPCC Precip and Hadley SSTA corr 0.3386
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Global 
SST-forced 

model

observations

Time history of 
tropical Atlantic SSTs 
(detrended) have a 
reasonable match to 
non-ENSO, 
detrended, SESA 
precipitation and 
provide multidecadal 
variability.
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Trop Atl Minus - Plus Precip (colors) and 200 mb Heights (contours)
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Examine mechanism 
for tropical Atlantic-

SESA link in 
simulations with 
turn-on of SST 

anomaly on June 1.  
100 runs for 100 

days.

For cold Atlantic, 
wet conditions 

develop over SESA 
in days. 
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Trop Atl Minus - Plus Vert Int Moisture Conv (contours) and Vert Vel (colors)
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SESA wet 
anomaly 

related to 
upward 

motion and 
increased 
moisture 

convergence
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cold-warm tropical atlantic 100 day runs, 200mb
wind difference (vectors) and mean absolute vorticity (contours)
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day 5 day 7
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day 9 100 day average
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The upward 
motion related 

to the 
anomalous 
upper level 

winds flowing 
across the mean 

absolute 
vorticity 
gradients

Thursday, September 15, 2011



Cold-Warm Tropical Atlantic, 200mb

day 3
(ζ̄ + f)∇ · u′ u′ ·∇ζ̄ + ū ·∇ζ ′
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day 7
(ζ̄ + f)∇ · u′ u′ ·∇ζ̄ + ū ·∇ζ ′
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Stretching term balances the 
vorticity advection.

1. Cold Atl SSTs, less precip

2. Upper level convergence

3. Vorticity advection, 
stretching balances

4. Forced ascent over SESA

5. Wet SESA

Day 3

Day 7

After all terms had been evaluated, it was found by
inspection that, for the tropical Atlantic and SESA re-
gion of interest, the stretching term involving the anom-
alous vorticity and the mean divergence, z9$ ! u; the
transient-eddy vorticity convergence anomaly,$ ! (u0z0)9;
and the damping anomaly were negligible compared to
the order of magnitude of the other terms. Thus, Eq. (1)
can be simplified to

›z9
›t

1 (u9 ! $z1 u ! $z9)1 (z1 f )$ ! u91by95 0. (2)

The time evolution of the upper-tropospheric flow,
plotted togetherwith themean absolute vorticity, is shown
in Fig. 13. The upper-level cyclone centered south of the
tropical Atlantic heating anomaly is clearly visible along
with the southerly flow over SouthAmerica, north of 308S,
on its western flank. The contribution of the relative vor-
ticity to the absolute vorticity is shown by the departure of
the contours from lines of latitude and the creation of
areas of strong and weak vorticity gradients. The anoma-
lous southerly flow over South America at about 208S
flows across a strong vorticity gradient, creating a large
vorticity tendency that needs to be balanced by another
term in the vorticity equation.

The four dominant terms in the vorticity budget, with
the two advection terms grouped together, for days 3 and
7 are shown in Fig. 14. The cold SST anomalies create
a negative atmospheric heating perturbation that is bal-
anced by anomalous downward flow and, hence, upper-
level convergence. Since b is positive everywhere, the
meridional flow within this convergence pattern is shown
in the panel forby9 and hasmostly southerly flowover the
SouthernHemisphere and northerly flow in the Northern
Hemisphere, to the west of the heating anomaly and the
opposite east of the heating anomaly. This is associated
with the characteristic ‘‘Gill-type’’ response with upper-
level cyclones symmetric about the equator centered
west of the heating anomaly, contained within a Rossby
wave response, and easterly winds to the east, con-
tained within a Kelvin wave response.
The solution departs from the Gill (1980) response in

that the advection of relative vorticity by the mean and
anomalous flow is also important. Examining the mag-
nitude of the individual terms within the model solution
suggests that Eq. (2) can be simplified further as

›z9
›t

1 y9
›z

›y
1 u

›z9
›x

1 (z1 f )$ ! u91by95 0. (3)

FIG. 8. Time history of annual mean SESA precipitation for GPCC observed and the (top)
GOGA-modeled ensemble mean and (bottom) POGA-ML ensemble mean for the 1901–2007
period. Units are mm day21.
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Annual SSTA Indices: Tropical Atlantic (solid), AMO (dashed)
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The tropical 
Atlantic SST 
variations 

are an 
expression 

of N. Atlantic 
AMV
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Conclusions

1. Interannual variations of SESA precipitation strongly 
influenced by ENSO (we knew that)
2. Multidecadal variability has origins in tropical Atlantic 
(expression of AMV) via an established dynamical 
mechanism that begins with SST-induced heating 
anomalies in the Atlantic ITCZ
3. Century long wetting trend, if real, still requires an 
explanation.  If anthropogenic, AR4 models are very 
wrong.  If natural, what are the causes?
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