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      *If p = 0 at top-most level, it’s not shown and color-filling starts at the next level down. 
    **bcc-csm1-1 has exactly the same levels as CAM4. 
  ***WACCM4 adds levels above CAM4’s, reaching z ≈ 135 km. 
****CAM5 adds to CAM4 lower levels, accommodating UW PBL / shallow convection. 

Levels for T, etc. (dotted lines) and E-flux, etc. (solid lines*) 
in 10 CMIP5 Models 
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Why tides care about model tops 

• Introduction of “spurious 
resonances” 

• Compensating errors: artificial 
enhancement of surface pressure 
response but less O3 heating 
(Zwiers and Hamilton 1986, 
Hamilton et al. 2008) 
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* Actually sea-level pressure in CMIP3 high-time-frequency output; changed to 
                     surface pressure in CMIP5 high-time-frequency output. 



             

Preliminary results from CMIP5: Diurnal tide amplitude 
Color scale runs from 0 (blue) to 3 (red) hPa 

          WACCM4: 135 km top                              Observed (Dai and Wang 1999) 
 

INMCM4: 30 km top                                   MIROC-ESM: 85 km top            



Preliminary results from CMIP5: Semidiurnal tide amplitude 
Color scale runs from 0 (blue) to 2 (red-brown) hPa 
INMCM4: 30 km top                                   MIROC-ESM: 85 km top            

          WACCM4: 135 km top                              Observed (Dai and Wang 1999) 
 

             



Preliminary conclusion: CMIP5 output supports the “compensating errors” 
theory implied by CMIP3 and earlier GCM output. 

• Connections with other near-surface fields 
– Available in CMIP5 3-hourly output: p, T, u, v, q, E-fluxes, precipitation, runoff and soil 

moisture near surface; total cloudiness (3hr data) 

• Free atmosphere fields 
– Available in CMIP5 6-hourly output: T, u, v, q  on all model levels (6hrLev data) 
– Good enough for diurnal but not semidiurnal harmonic 

• Classical (linear) modeling with GCM vertical discretization 
– A diagnostic tool for understanding GCM simulation of tides 
– Extracting the forcing for each CMIP5 model will be difficult: 

• H2O forcing from 6hrLev q on model levels 
• O3 forcing from CMIP5 monthly mean output (includes O3 interpolated to 1000, 925, 850, 700, 600, 500, 400, 

300, 250, 200, 150, 100, 70, 50, 30, 20, 10 hPa, and “when appropriate,” 7, 5, 3, 2, 1, 0.4 hPa  -- Amon data) 
• Latent heat release NOT archived at high time frequency. 3hr precip can be a surrogate; how to distribute 

vertically?   

– ... but is it necessary? Simple schematic choices can illustrate how such matters as lids 
and daily variations in rainfall can affect things. 

• Related wave types 
– Planetary scale waves 
– Gravity waves 

Future directions: Beyond the surface-pressure signature: 
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