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Overview 

  Motivation 

  A review of Lintner and Neelin (2008), hereafter LN08 

  Results from performing the LN08 composite analysis on 
output from 14 CMIP3 and 14 CMIP5 models 

  New additions to the analysis: 
  Examination of vertical structure 
  SPCZ mean longitude composite analysis 

  Conclusions 



Motivation 
  The simulation of the SPCZ under present-day conditions in 
CMIP3 (and, preliminarily, CMIP5) models is quite variable, but 
generally poor 

  Brown et al. (2011) uses many metrics to quantify this for CMIP3 models 

  Does poor SPCZ simulation reflect issues like the moisture 
sensitivity of convection in these models? 

  Are models capturing relationships among circulation, moisture, and 
precipitation? 

  In addition, we are interested in the sensitivity of the SPCZ to 
both eastern- and western-based influences 

  West: Storm graveyard in Widlansky et al. (2011) 
  East: Influence of Andes in Takahashi and Battisti (2007), LN08, [our work] 
  How are these controls connected? 



LN08: SPCZ & convective margins theory 
Composite analysis 
based on mean u925 
within the region 
140-120 °W and 
20-10 °S 

“+” composite:  +1σ 
“-” composite: -1σ 

Plots are positive 
minus negative (weak 
easterlies minus 
strong easterlies) 
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Results show a relaxation of easterlies in the compositing region (yellow 
box) is associated with a positive q850 anomaly to the northeast of a cyclonic 
circulation centered near (130 °W, 30 °S). 
In addition, SPCZ precipitation shifts toward the east. 



Model information and methodology 
CGCM3.1 (T47) (Canada) GFDL-CM2.0 (USA) FGOALS-g1.0 (China) 

CGCM3.1 (T63) (Canada) GFDL-CM2.1 (USA) INM-CM3.0 (Russia) 

CNRM-CM3 (France) GISS-AOM (USA) ECHAM5/MPI-OM (Germany) 

CSIRO-Mk3.0 (Australia) GISS-EH (USA) MRI-CGCM2.3.2 (Japan) 

CSIRO-Mk3.5 (Australia) GISS-ER (USA) 

CNRM-CM5 (France) INM-CM4 (Russia) MIROC4h (Japan) 

CSIRO-Mk3.6.0 (Australia) IPSL-CM5A-LR (France) MPI-ESM-LR (Germany) 

FGOALS-g2 (China) IPSL-CM5A-MR (France) MRI-CGCM3 (Japan) 

GFDL-ESM2G (USA) MIROC-ESM (Japan) NorESM1-M (Norway) 

HadGEM2-CC (UK) MIROC-ESM-CHEM (Japan) 

CMIP3 models used 

CMIP5 models used 

(Blue: similar models from CMIP3 and CMIP5 used in these analyses) 

CMIP3: 20th century experiment (1979-1999) 
CMIP5: Historical experiment (1960-2005) 
Used first ensemble member with daily output 
Regridded to 2.5° x 2.5°, used only January output, averaged to pentads 
Repeated LN08 composite method with u850 instead of u925 



Results: Individual models (CSIRO) 
LN

08
: 

N
C

EP
 R

ea
na

ly
si

s 

C
M

IP
3:

 
C

SI
R

O
-M

k3
.5

 
C

M
IP

5:
 

C
SI

R
O

-M
k3

.6
.0

 

LN08 composite 
analysis applied to 
CMIP3 (CSIRO-
Mk3.5) and CMIP5 
(CSIRO-Mk3.6.0) 
models. 

Both capture the 
observed circulation 
and moisture 
anomalies. 

[Anomalies exceeding 
the 95th percentile are 
indicated for moisture 
(diagonal lines) and 
wind (black) in the 
model results.] 



Results: Multi-model means 
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Multi-model means of 
LN08 composite 
analysis applied to 
CMIP3 and CMIP5 
models. 

These capture the 
observed circulation 
and moisture 
anomalies as well. 

[Anomalies exceeding 
the 95th percentile in 
more than 7 models 
indicated for moisture 
(diagonal lines) and 
wind (black).] 



Results: Individual models (CSIRO) 
LN

08
: 

N
C

EP
 R

ea
na

ly
si

s 

C
M

IP
3:

 
C

SI
R

O
-M

k3
.5

 
C

M
IP

5:
 

C
SI

R
O

-M
k3

.6
.0

 

mm/day 

LN08 composite 
analysis applied to 
CMIP3 (CSIRO-
Mk3.5) and CMIP5 
(CSIRO-Mk3.6.0) 
models. 

Both seem to capture 
the observed 
precipitation shift, 
though these results 
are less 
straightforward than 
the wind and moisture 
anomalies. 



Results: Multi-model means 
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Multi-model means of 
LN08 composite 
analysis applied to 
CMIP3 and CMIP5 
models. 

Here the precipitation 
shifts are not 
captured. Instead, 
there is a precipitation 
dipole in the 
southeastern portion 
of the SPCZ. 



Multi-level results (u850 composite) 

Is this circulation and 
moisture anomaly 
consistent throughout 
the troposphere, or 
does it quickly 
disappear away from 
the boundary layer? 

Since we would like to use 
these model simulations to 
diagnose SPCZ controls, it 
would be encouraging to see 
the vertical structure of the 
anomalies reproduced 

Multi-level results from LN08 

Red: 850 hPa 
Black: 700 hPa 
Blue: 500 hPa 



Multi-level results (models) 
CMIP3 (top: 200 hPa) CMIP5 (top: 250 hPa) 
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Wave forcing of the SACZ 
Considering the SACZ, Robertson and Mechoso (2000) performed an EOF 
analysis of 200 mb winds:  the leading mode (see figure below, depicting 200 
mb winds regressed onto this mode) is associated with an intense SACZ for 
the circulation as shown. 

Figure 2a from Robertson and Mechoso (2000).  

RM hypothesized that this mode, 
characterized by cold-core equivalent 
barotropic structure, is related to 
stationary Rossby wave forcing. 

This is similar to what we see near 
200 hPa in the Pacific using the 
LN08 composite analysis. 



SPCZ Mean Longitude for Composite Analysis 
Can we obtain the same characteristic wind, 
moisture, and precipitation signatures when 
using a precipitation metric for the composite 
analysis? 

Consider the following metric: 

We can use this to compute an SPCZ mean longitude across a latitude “strip” 
based on the distribution of precipitation intensity. The final mean longitude is 
simply some combination of this metric at multiple latitudes (model grid rows). 

Define positive (> +1σ) and negative (< -1σ) phases as before. 

λwest = 180 °W 
λeast = 100 °W 

8 grid rows spanning 
10 °S - 30 °S 



Results: SPCZ Mean Longitude 

The cyclone is now shifted to the north and an anticyclone 
appears to its west. Only those moisture anomalies associated 
with the anticyclone appear significant over a large area.  

CMIP5 (zonal wind) 
Multi-model mean 

CMIP5 (SPCZ mean longitude) 
Multi-model mean 



Conclusions 
  Using CMIP3 and CMIP5 output, the moisture and wind anomalies in 
LN08 due to differences in low-level inflow are reproduced; the 
precipitation anomalies are not consistently reproduced 

  CMIP5 results, in terms of significance, are slightly better 
  Moisture and wind relationships are captured 

  Multi-level results from these models show the surface anomalies are 
associated with an equivalent barotropic structure 

  Possible connection between lower-level and upper-level 
dynamics 
  Synthesis between this and earlier work (both SPCZ and SACZ) 

  When SPCZ mean longitude changes in these models, the moisture 
and wind anomalies are not solely those in LN08 

  Can we separate dynamic and thermodynamic drivers? 
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