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Motivation 

• CCMI 'Specified Dynamics' (SD) simulations aim to 

reproduce the day-to-day evolution of the atmospheric 

dynamics 

– chemistry evolves freely 

• additional terms added to dynamical equations to 'nudge' 

the model towards the observed state (reanalysis) 

– correction of climatological biases in zonal winds would be 

equivalent to additional drag 

– changes in resolved waves from troposphere 

– changes in background state will modify propagation of 

parameterized waves 

– changes in mixing and temperature effects on chemistry 

– ….. 

 

 



Total Column Ozone - variability 
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simulations 

from 10 models 

- SSTs, solar 

variability, 

aerosols, QBO 

10 REF-C1SD 

simulations 

 

Seasonal anomaly in zonal average total column ozone over 35-60°N. 

Baseline is 1995-2009 and the black line shows the merged satellite / ground-

based observations updated from Fioletov et al. (2002). 



Total Column Ozone – long-term average 

RMSE in total column ozone across all models. Differences are calculated 

relative to v8.5 of merged TOMS-SBUV ozone for 1995-2009 period. 

10 REF-C1SD 

simulations 

10 REF-C1 simulations 

- single member from 

models that submitted 

ensembles 



Total Column Ozone – long-term average 

RMSE in total column ozone across all models. Differences are calculated 

relative to v8.5 of merged TOMS-SBUV ozone for 1995-2009 period. 

10 REF-C1SD 

simulations 

10 REF-C1 simulations 

- single member from 

models that submitted 

ensembles 



Total Column Ozone 

October average zonal average total column ozone for 1995-2009 across all 

REF-C1 and REF-C1SD simulations. The solid black line shows the v8.5 

merged TOMS-SBUV ozone for same period. 

18 REF-C1 

simulations from 

10 different 

models 

10 REF-C1SD 

simulations 



Inter-model spread in REF-C1 and C1SD runs 

Six REF-C1 

simulations 

- single simulation 

from each 

model 

Six REF-C1SD 

simulations 

Standard deviation of the annual mean zonal mean ozone mixing ratio 

for the individual models relative to the multi-model mean. Calculations 

are over 1995-2009. 



Response of tropical lower stratosphere 

DJF average w* and ozone VMR at 70 hPa over 20°S - 20°N. Data points are from 

individual years sampled over 1995-2009. 



Response of tropical lower stratosphere 

Seasonal average w* and 

ozone VMR at 70 hPa over 

20°S - 20°N from six 

models - 14 REF-C1 and six 

REF-C1SD simulations. 

Averages are over 1995-

2009. 

• no relationship between w* and ozone across models 

• SD simulations show greatly reduced range in ozone, but not w* 
– ozone response driven by mixing into tropical pipe 



Residual circulation 

• C1 and C1SD runs show a very similar pattern 

– differences in upwelling magnitude for some models and some 

tendency to narrow the upwelling region 

Annual average w* at 70 

hPa from the REF-C1 

(solid) and C1SD 

(dashed) lines. 



Tropical upwelling 

• good consistency in inter-annual variability (1990-2009) across models 

• model-to-model correlation (r) of 0.82 or larger at 70 hPa 

– except for EMAC vs. CAM4Chem and WACCM ~ 0.66 EMAC 

• similar at 10 hPa, but NIES against NCAR and EMAC are weaker 

Monthly (thin lines) 

and annual (thick 

lines) average 

tropical upwelling 

mass flux from the 

REF-C1SD 

simulations. 



Tropical upwelling 

• nudging does not narrow the range across models for upwelling but it doesn't 

necessarily accelerate the BDC 

• certain models (CMAM and NIES) show significantly larger upwelling in the 

SD runs 

• EMAC shows a slightly reduced tropical upwelling 

• seasonal comparisons show a bit more variability 

Annual average 

tropical upwelling 

mass flux from the 

REF-C1 

simulation(s) 

versus the C1SD 

simulation. Solid 

line is 1:1 and 

dashed lines show 

+/- 10%. 



Age of air 

Tropics 

NH mid-

latitudes 

REF-C1 REF-C1SD 

The 1995-2009 

annual average 

stratospheric age 

of air from the C1 

and C1SD 

simulations 

compared with 

observation-

derived age of air 

over the tropical 

and northern 

hemisphere mid-

latitudes. Tropical 

obs. From Waugh 

and Hall (2002) 

and mid-latitude 

obs from Ray et 

al. (2014). 



Age of air 

• MRI and CMAM show younger age of air throughout 

– CMAM showed increased w* in C1SD, but MRI showed only modest changes 

• other models have slightly older air in the C1SD runs, with larger 

differences in mid-latitudes 

C1SD younger C1SD older 



Mid-latitude – tropical gradient in AoA 

Mid-latitude – 

tropical 

difference in 

age of air 

along with 

observation-

based 

estimates. 



Mid-latitude – tropical gradient in AoA 

• strong convergence of C1SD models towards an AoA difference 

around 1 – 1.5 years in lower stratosphere 

– effect persists upwards into middle stratosphere 

Mid-latitude – 

tropical 

difference in 

age of air 

along with 

observation-

based 

estimates. 



• the range across all models decreases from ~ 1.0 years to ~ 0.5 years 

Mid-latitude – tropical gradient in AoA 

The mid-latitude to 

tropical gradient in 

stratospheric age of 

air at 50 hPa from the 

REF-C1 and C1SD 

runs. The dashed 

lines show the 

observation-based 

estimate with 

uncertainty given by 

the shading. 



Conclusions 
• inter-annual variability is well reproduced in the SD 

simulations 

– very nice reproduction of seasonal variability in total column 

ozone 

– strong model-to-model correlation in tropical upwelling variability 

• SD simulations also improve the simulation of the total 

column ozone climatology 

– earlier breakdown of the Antarctic vortex 

– improvements extend across all latitudes and seasons 

• no evidence of a convergence in model estimates of 

tropical upwelling (Brewer-Dobson circulation) 

• mixing between mid-latitudes and tropics in the lower 

stratosphere seems to be one of the dominant factors 

• working on downward control estimates to understand 

how BDC differs between REF-C1 and C1SD runs 



Additional slides…. 



Response of Ozone to Specified Dynamics 

Standard deviation of multi-model average zonal average ozone mixing ratio 

anomalies for 1995-2009, expressed as percent of climatological average. 

10 REF-C1 

simulations 

from 10 models 

10 REF-C1SD 

simulations 

from 10 models 



Tropical upwelling 

The ratio C1SD:C1 of 

the annual average 

tropical upwelling 

mass flux as a function 

of pressure 


