Partial Radiative Perturbation (PRP) analysis of climate change experiments.

(CFMIP sub-project 4a)

Aim: diagnose feedbacks in CFMIP experiments using Wetherald and Manabe (1988) approach.

Method:

Diagnose TOA radiative perturbations from offline version of model radiation code from substitution of fields one at a time from ‘perturbed’ into ‘control’.  In particular, the recommended method is:

(1) Use only instantaneous fields

(2) Ensure sufficiently frequent sampling to eliminate diurnal bias.   The particular sampling frequency is not prescribed here.  In the past I (Robert Colman) have used 21 hourly archives.  Some (most?) groups have saved six hourly I think, and we are not suggesting model reruns.  Whether it is better to sample more frequently for a shorter period of time, or less frequently for a longer period of time has not been investigated.  However, given the evidence that interannual variability of these contributions can be large, I suspect less frequently and for longer will give a better estimate of feedback strength.

(3) Analyse long enough to obtain good estimates of the feedbacks.  Experience has been that one or two years of 21 hourly sampling was sufficient for water vapour and probably lapse rate, but not necessarily clouds.  Will probably vary from model to model, and with sampling frequency, and this probably needs to be monitored by each group.  If we are to look at meridional or horizontal distributions of radiative perturbations, then the longer the better.  Again, interannual variability of contributions can possibly be large.

Example from 3 years of analysis, BMRC model:

Water vapour feedback analysed as 1.57, 1.58, 1.55 W/m2/K 

LW cloud fbk analysed as 0.40, 0.32, 0.50 W/m2/K

Albedo feedback analysed as 0.40, 0.50, 0.38 W/m2/K

(4) It is suggested that we perform 'double substitutions'.  This means first substitute from 2xCO2 into 1xCO2 climates giving radiation perturbation 
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for field x. Then substitute from 1xCO2 into 2xCO2 climates giving radiation perturbation 
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.  Final radiation perturbation is given by  
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.    This technique has the advantage of largely removing the 'decorrelation perturbation’ which otherwise occurs.  For discussion of this perturbation see Colman and McAvaney (1997) JGR, 102, 19383, on p 19387, and Schneider et al. (1999) JAS  56, 1649, on p 1655.

This approach doubles the analysis time, but probably not the analysis ‘effort’, since once the analysis software is set up, it is simply a matter of swapping the ‘control’ and ‘perturbed’ archives over.

This technique can make a significant difference when looking at the zonal mean contributions to the total feedback (i.e. the linear decomposition sums better to the ‘all’ substitution), although less difference to the final, global feedbacks. 

One way substitution values (
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) should also be kept.

(5) Perform an ‘all’ substitution, i.e. all fields, for comparison with summation of the individual field perturbations.

(6) Calculate a lapse rate feedback.  The tricky thing here is that the stratospheric temperature change should not be included in the lapse rate change.  This means that the tropopause needs to be diagnosed, and the lapse rate change substituted only to that level.  *** Bryant, we probably need some standard algorithm here, e.g. based on the WMO definition of tropopause.  Can you help out? Would the BAM code be sufficient? Should this be consistent with the other subprojects and just be specified at 200hPa or similar?****.  

There have been two ways that the lapse rate term has been calculated in the literature: 

First method is to do two calculations: full temperature substitution (i.e change temperature at all tropospheric levels to that of the perturbed climate), and ‘surface temperature’ substitution (i.e. perturb temperature at all tropospheric levels by that of the surface temperature change).  The lapse rate perturbation is then diagnosed as the difference of the two.

Second method Direct lapse rate change substitution at all levels, viz.:  
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, where T is the temperature, the primes denote the perturbed climate, and the i’s denote the model levels, with 0 being the surface.

I have used both methods, and have found that they give very similar results.

(7) Calculate a surface temperature ‘feedback’.  This is obtained by simply perturbing all model levels by the surface temperature change.

(8) Calculate a CO2 forcing.  I confess to calculating this in the past as either an ‘instantaneous’ forcing (i.e. without equilibriated stratosphere), or a residual (to get estimate of stratospheric cooling included).  In this intercomparison, I suspect that this term is an important one to get accurately, and therefore we need to calculate it directly, and with equilibriated stratosphere.  *** Brian, Bryant: any comments?? ***.  Suggested method: substitute doubled CO2, and with substituted temperatures between ‘tropopause’ (however defined) and TOA.

(9)  Calculate a ‘total’ cloud feedback only.  The extension of the analysis to cloud ‘components’ is a lot of effort, and is not suggested.  One optional extension, however, would be a separate 'optical properties' versus 'total cloud faction' diagnosis.

Output:

(1) Archive separate LW & SW

(2) Archive separate all sky & clear sky (if possible)

(3) Archive ‘full’ 2D (latitude x longitude) TOA perturbation field, if possible.  A minimum would be to keep zonal means, and global mean.

(4) Perform analysis for both slab and +/-2K runs if possible.   If only one is done then I suggest it be the more ‘realistic’ slab run.
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