# Combining instrumental warming and paleo evidence regarding climate sensitivity  
31May17
# R code to reproduce the results and figures in the paper "Objectively combining AR5 instrumental period and paleoclimate climate sensitivity evidence" by Nicholas Lewis and  Peter Grünwald, accepted for publication by Climate Dynamics on 28 May 2017
######################################

# Directory setup and copying of files

######################################

# Italics indicates manual user action required - apart from that the code runs without intervention

# set main working directory - choose this to suit the machine used
mainPath= 'C:/R/AR5combi/final/'

# directories to store data and plots in

codePath= paste(mainPath,'code/', sep="")

dataPath= paste(mainPath,'data/', sep="")

origDataPath= paste(mainPath,'origData/', sep="")

plotsPath= paste(mainPath,'plots/', sep="")

# Create subdirectory and path structure, and default save option
dir.create(mainPath)

dir.create(codePath)

dir.create(dataPath)

dir.create(origDataPath)

dir.create(plotsPath)

setwd(mainPath)

path.home=getwd()

saved= FALSE
# set to TRUE if the objects and plots produced by running the code are to be saved
# Manually copy to the 'mainPath/origData' subdirectory the data files extracted from the supplied archive file AR5combi_origData.zip, being:
# aldrin_a.pdf

# aldrin_f.pdf

# fg_handMade.pdf

# forsterGreg.pdf

# frame.pdf

# greg.pdf

# har_ayako.pdf

# har_grl.pdf

# kohler.pdf

# lewis.pdf

# lewis_rev.pdf

# otto_avg.pdf

# otto2000s.pdf

# palaeosens.pdf

# schmittner_all.pdf

# schmittner_land.pdf

# schmittner_ocean.pdf

# sexton.pdf

# tomassini_ex.pdf

# eb7.ecs.pdfs_14Sep14.txt 

# ECS.4xOLS.150.pentads.1_7.1_30.txt
# ecs.pdfs.2015update.txt
# input required functions

##########################
# fitPercPts: function to fit various parameterised distributions to a PDF, CDF or set of CDF points

fitPercPts= function(pts, vals=c(0.05,0.50,0.95), div=NA, xout=NA, type='t', spacingtol=div*1e-6, reltol=1e-11, maxit=5000, scale=FALSE, cutoff=1, normalise=TRUE, discrepancy='L2') {


#20Dec14 version: changed scale option to: scale=FALSE (or 0) for no scaling; scale=1 (or TRUE) for scaling based on truncation at top of range; scale=-1 for scaling based on truncation at bottom of range. Also [**not yet implemented**] now option to minimise discrepancy between given and fitted PDFs by summed logs of the PDF ratios weighted by the given PDF- the best measure per Bernardo & Smith p76 not the sum of the squares of CDF differences. Also on 1Jan15, without changing version date, corrected the prior for shifted log-t cases by multiplying by a factor of sqrt([v+1]/[v+3]) where v is DoF. See top LH entry of Fisher info matrix in appendix to Fonseca: Objective Bayesian analysis for the Student-t regression model (2008) Biometrika 


#19Dec14: amended 26Nov14 version by adding normalise option to prevent scaling of fitted PDF
#26Nov14 version: fixes use of non-existent par[4] for ratio.n fitted pdf and no loger forces type='normal' if only 3 points given; gets scaling of prior for shifted lognormal fit correct (sqrt of Fisher information) [may need DoF correction when t not normal]; includes 17Aug fixes.


#4Jul14 version: extends 12Mar14 version, updated 5Apr14 to fitting ratio normal and ratio t


# function to fit a shifted lognormal or ratio-normal distribution given a PDF or any three or more CDF percentiles; or to fit a shifted log-t or ratio log-t distribution given a PDF or four or more CDF points. 


# specify type='normal', or specify only 3 CDF points, to force fit to a shifted lognormal


# specify type= 'power' to fit a shifted log-t distribution to the points to an integral power


# specify type= 'ratio.n' to fit a ratio of two normal distributions using Raftery's formula


# specify type= 'ratio.t' to fit a ratio of a t-distribution to a normal distributions using Raftery's formula and t-emulation by a mixture of 4 normals


#If div is specified, pts must be at intervals of div and vals are then PDF values at the corresponding pts (and are converted to a CDF, treating the PDF as changing linearly between pts).


# the fit is optimised by miminising the sum of squared CDF errors


# xout is sequence of values at which fitted PDF, fittedPdf, is to be output. 


# If xout=NA but pts are evenly spaced and div is specified then fittedPdf is output at pts


# if scale=TRUE (and div is specified), fits a PDF that is allowed to be truncated.


# cutoff adjusts the point beyond which logArg (the Jeffreys' prior) is not allowed to rise, as a  way of dealing with machine precision and range problems when logArg approaches zero.


# normalise forces the fitted PDF to unit probability over the xout range


# if a fitted PDF is produced then so are the related objective likelihood function and noninformative prior. For a ratio-t fit two versions are given using different weighting bases


# if discrepancy is 'L2' then the sum of the squared differences of the fitted and target CDFs (at all PDF/CDF divisions) or CDF points is used to optimise the fit. If 'weighted log' is specified and a PDF is given then the sum of the log ratio of the target PDF to the fitted PDF, weighted by the given PDF values, is minimised.

# define functions used internally - optimisation targets, etc


pt.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - percs)^2 ) 


}


pnorm.err= function(pars, pts, percs) { 



sum( (pnorm( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3] ) - percs)^2 ) 


}


pt.power.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts^ceiling(pars[5]) + pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - percs)^2 ) 


}


pt.scaleEnd.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - percs*min(1,pars[5]))^2 ) 


}


pnorm.scaleEnd.err= function(pars, pts, percs) { 



sum( (pnorm( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3] ) - percs* min(1,pars[4]))^2 ) 


}


pt.power.scaleEnd.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts^ceiling(pars[6]) + pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - percs*min(1,pars[5]))^2 ) 


}


pt.scaleBeg.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - (1-(1-percs)* min(1,pars[5])))^2 ) 


}


pnorm.scaleBeg.err= function(pars, pts, percs) { 



sum( (pnorm( ( log(pmax(pts+pars[1], 1e-12)) - pars[2]) / pars[3] ) - (1-(1-percs)* min(1,pars[4])))^2 ) 


}


pt.power.scaleBeg.err= function(pars, pts, percs) { 



sum( (pt( ( log(pmax(pts^ceiling(pars[6]) + pars[1], 1e-12)) - pars[2]) / pars[3], pars[4] ) - (1-(1-percs)* min(1,pars[5])))^2 ) 


}


ratio.n.err= function(pars, pts, percs) { 



sum( (pnorm( (pts - pars[1]) / sqrt(pars[2]*pars[2] + (pts * pars[3])^2) ) - percs)^2 ) 


}


ratio.n.scaleEnd.err= function(pars, pts, percs) { 



sum( (pnorm( (pts - pars[1]) / sqrt(pars[2]*pars[2] + (pts * pars[3])^2) ) - percs* (1+tanh(pars[4])^2))^2 ) 


}


ratio.n.scaleBeg.err= function(pars, pts, percs) { 



sum( (pnorm( (pts - pars[1]) / sqrt(pars[2]*pars[2] + (pts * pars[3])^2) ) - (1 - (1-percs)*(1-0.5*tanh(pars[4])^2)))^2 ) 



}


ratio.t.err= function(pars, pts, percs) { 



t= emulateT(pars[2], pars[4])



sum( (t$weight[1] * pnorm( (pts - pars[1]) / sqrt(t$scale[1]^2 + (pts * pars[3])^2) ) + t$weight[2] * pnorm( (pts - pars[1]) / sqrt(t$scale[2]^2 + (pts * pars[3])^2) ) + t$weight[3] * pnorm( (pts - pars[1]) / sqrt(t$scale[3]^2 + (pts * pars[3])^2) ) + t$weight[4] * pnorm( (pts - pars[1]) / sqrt(t$scale[4]^2 + (pts * pars[3])^2) ) - percs)^2 ) 


}


ratio.t.scaleEnd.err= function(pars, pts, percs) { 



t= emulateT(pars[2], pars[4])



sum( (t$weight[1] * pnorm( (pts - pars[1]) / sqrt(t$scale[1]^2 + (pts * pars[3])^2) ) + t$weight[2] * pnorm( (pts - pars[1]) / sqrt(t$scale[2]^2 + (pts * pars[3])^2) ) + t$weight[3] * pnorm( (pts - pars[1]) / sqrt(t$scale[3]^2 + (pts * pars[3])^2) ) + t$weight[4] * pnorm( (pts - pars[1]) / sqrt(t$scale[4]^2 + (pts * pars[3])^2) ) - (1 - (1-percs) * pars[5]))^2 ) 


}


ratio.t.scaleBeg.err= function(pars, pts, percs) { 



t= emulateT(pars[2], pars[4])



sum( (t$weight[1] * pnorm( (pts - pars[1]) / sqrt(t$scale[1]^2 + (pts * pars[3])^2) ) + t$weight[2] * pnorm( (pts - pars[1]) / sqrt(t$scale[2]^2 + (pts * pars[3])^2) ) + t$weight[3] * pnorm( (pts - pars[1]) / sqrt(t$scale[3]^2 + (pts * pars[3])^2) ) + t$weight[4] * pnorm( (pts - pars[1]) / sqrt(t$scale[4]^2 + (pts * pars[3])^2) ) - percs * pars[5])^2 ) 


}

emulateT= function(sd.t=1, DoF.t, sims=4, DoF.f=NA) {


# 22Apr12: Emulation of t-distribution by a suitable mixture of 4 normal distributions


# From Climate/Forest06 paper AMS/Code/objectivef06-code-jclim.doc.  DoF.f not currently used.


# if sims=4, provides for emulating a t-distribution with DoF.t degrees of freedom as an inverse gamma weighted mixture of four normal distributions (whose spread varies inversely with DoF.do), numerically integrated wrt variance.  This provides a very close approximation to a t-distribution with >2 df, and not bad at 2 df.  


# if sims=1, returns the standard deviation specified as sd.t and a weight of one, resulting in emulation being by a normal distribution with that standard deviation


# returns a list with vector components: scale- the standard deviations to use for each of the mixture of normal distributions; and weight - the weight to give each of them


out=list()


out$DoF.t= DoF.t


if(sims==1) {



out$scale= sd.t



out$weight= 1


}



if(sims==4) {



vars=c(0.3,0.9,2.7,8.1)^(2/sqrt(DoF.t))



wt=dgamma(1/vars, DoF.t/2, scale=2/DoF.t)/vars^2 



gaps=colSums( rbind( -c(vars[1]^2/vars[2],vars[-4]), vars) )



out$scale= sqrt(vars) * sd.t



out$weight= gaps * wt / sum(gaps * wt)


}




out

}

# perform checks on inputs


n.pts= length(pts)


if(!n.pts==length(vals)) { print('Error: lengths of pts and vals vectors differ'); break }


if(n.pts<3) { print('Error: at least 3 CDF or PDF points must be specified'); break }


if( n.pts==3 && !(type=='normal'||type=='ratio.n') ) { print('Error: only 3 points given but type is not normal or ratio.n so fit is underdetermined'); break() }

# if div is specified, implying that a PDF is supplied, check pts is even spaced by value of div and that the PDF values, val, sum to no more than 1. Otherwise vals defines the specified cdf values and pts defines where those values are reached. 


if( !is.na(div) ) {



if( sum((pts[-1]-pts[-n.pts]-div)^2) > spacingtol * length(pts) )
{ print('Error: vector of pts is not even spaced by value of div'); break }



cdfPts= pts + 0.5 * div



cvals= ( cumsum(vals) + 0.125 * (c(vals[-1],rev(vals)[1]) - c(vals[1],vals[-length(vals)])) ) * div



if( abs(rev(cvals)[1]-1) > 1e-3 ) {print(paste('Warning: CDF reaches',rev(cvals)[1])) }  


} else {



cdfPts= pts



cvals= vals


}

# Process cases where no scaling for possible missing probability (due to truncation) is required; includes where just CDF points are fitted not a full PDF. Find applicable type and run optimisation


power= 1


if(scale==FALSE || is.na(div)) {



scale= 1



if(type=='t') {




out= optim(par=c(0,1,0.2,20), pt.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )



} else {



 
if(type=='normal') {





out= optim(par=c(0,1,0.2), pnorm.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )




} else { 





if(type=='power') {






out= optim(par=c(0,1,0.2,20,1), pt.power.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )






power= out$par[5] = ceiling(out$par[5])





} else { 






if(type=='ratio.n' || type=='ratio.t') {







if(type=='ratio.n') {








out= optim(par=c(1,0.5,0.5), ratio.n.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )







} else {








out= optim(par=c(1,0.5,0.5,20), ratio.t.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )







}






} else { print('Error: type must be t or normal or power or ratio.n or ratio.t'); break }





}




}



}


} else {



# now for cases where scale is either 1 or -1



if(type=='t') {




if(scale==1) {





out= optim(par=c(0,1,0.2,20,0.9), pt.scaleEnd.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )




} else {





out= optim(par=c(0,1,0.2,20,0.9), pt.scaleBeg.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )




}




scale= out$par[5]



} else {



 
if(type=='normal') {





if(scale==1) {






out= optim(par=c(0,1,0.2,0.9), pnorm.scaleEnd.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )






} else { 






out= optim(par=c(0,1,0.2,0.9), pnorm.scaleBeg.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )






}





scale= out$par[4]




} else { 





if(type=='power') {






if(scale==1) {







out= optim(par=c(0,1,0.2,20,1,0.9), pt.power.scaleEnd.err, gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )






} else { 







out= optim(par=c(0,1,0.2,20,1,0.9), pt.power.scaleBeg.err, gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )






}






power= out$par[6] = ceiling(out$par[6])





} else { 






if(type=='ratio.n' || type=='ratio.t') {







if(type=='ratio.n') {








if(scale==1) {









out= optim(par=c(1,0.5,0.5,0), ratio.n.scaleEnd.err, gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )









scale= out$par[4]= 1 + tanh(out$par[4])^2








} else { 









out= optim(par=c(1,0.5,0.5,0), ratio.n.scaleBeg.err, gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) ) 








}








scale= out$par[4]= 1 - 0.5*tanh(out$par[4])^2







} else {








if(scale==1) {









out= optim(par=c(1,0.5,0.5,20,0.9), ratio.t.scaleEnd.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )








} else { 









out= optim(par=c(1,0.5,0.5,20,0.9), ratio.t.scaleBeg.err,  gr=NULL, pts=cdfPts, percs=cvals, control=list(maxit=maxit, reltol=reltol) )








}








scale= min(1, out$par[5])







}






} else { print('Error: type must be t or normal or power or ratio.n or ratio.t'); break }





}




}



}


}

# create output list; the optim output list components are included in this


out$pts= pts


out$vals= vals


out$cvals= cvals


out$div= div


out$scale= scale


out$type= type


out$power= power


out$xout= xout


out$cutoff= cutoff


out$par[3] = abs(out$par[3])

    
if (type == "ratio.n" || type == "ratio.t") { out$par[2] = abs(out$par[2]) }


# compute a fitted PDF, likelihood and prior if xout specified (or if not but pts is a PDF)


if( !is.na(div)|| ( !identical(xout,NA) && length(xout)>1 ) ) {



if( is.na(div) ) { div = xout[2] - xout[1] }



if(!type=='ratio.n' && !type=='ratio.t') {




out$logArg= pmax( pts^power + out$par[1], exp(-1/.Machine$double.eps^0.18) )




if(!identical(xout,NA) ) {out$logArg= pmax(xout^power + out$par[1], exp(-1/.Machine$double.eps^0.18))}




# Jeffreys prior = derivative of argument of the normal or t-dist * its prior  




# Jeffreys prior for t-dist is that for N(0,1) [=1] but x by sqrt([1+DoF]/[3+DoF])




out$prior= ifelse(is.na(out$par[4]), 1, sqrt((out$par[4] + 1)/(out$par[4] + 3) ) ) / pmax( out$logArg,.Machine$double.eps^min(0.4, 0.03 * ifelse(is.na(out$par[4]),100,out$par[4]) * cutoff) )




if(!identical(xout,NA) ) { 





out$prior= out$prior * xout^(power-1) * power / out$par[3]




} else {





out$prior= out$prior * pts^(power-1) * power / out$par[3]




}




out$like= dt( (log(out$logArg) - out$par[2])/out$par[3], ifelse(type=='t', out$par[4], 99999) ) 




out$fittedPdf = out$like * out$prior




if(normalise) { out$fittedPdf= ( out$fittedPdf / sum(out$fittedPdf) ) / div }



} else {




out$par[2]= abs(out$par[2])




out$par[3]= abs(out$par[3])




if(!identical(xout,NA) ) { pts= xout; n.pts= length(xout) }




if(type=='ratio.n') {





# ratio-normal: use Raftery & Schweder formula - good approximation





out$V= out$par[2]^2 + pts^2 * out$par[3]^2





out$like= dnorm( (pts - out$par[1]) / sqrt(out$V) )





out$prior= (out$par[2]^2 + out$par[1] * out$par[3]^2 * pts) / out$V^1.5





out$fittedPdf = out$like * out$prior





if(normalise) { out$fittedPdf= ( out$fittedPdf / sum(out$fittedPdf) ) / div }




} else {





# ratio-t: emulate t distribution as the weighted sum of four normals





# not easy to use Jeffreys prior for a t-distribution here and not attempted





out$t= emulateT(out$par[2], out$par[4])





out$V= matrix(out$t$scale^2, nrow=n.pts, ncol=4, byrow=TRUE) + matrix(pts^2 * out$par[3]^2, nrow=n.pts, ncol=4, byrow=FALSE)





out$like.4= array(dim=c(n.pts,4))





for (i in 1:4) { out$like.4[,i]= dnorm( (pts - out$par[1]) / sqrt(out$V[,i]) ) }





out$prior.4= ( matrix(out$t$scale^2, nrow=n.pts, ncol=4, byrow=TRUE) + (out$par[2]^2 + pts * out$par[1] * out$par[3]^2) ) * out$V^-1.5





out$fittedPdf = colSums(t(out$like.4 * out$prior.4) *  out$t$weight)





if(normalise) { out$fittedPdf= ( out$fittedPdf / sum(out$fittedPdf) ) / div }





out$like= colSums(t(out$like.4) *  out$t$weight)





out$prior= out$fittedPdf / out$like





out$like1= colSums(t(out$like.4 * out$prior.4) *  sqrt(out$t$weight))





out$prior1= out$fittedPdf / out$like1




}



}


}


out

}

if(saved) { save(fitPercPts, file=paste(codePath, 'fitPercPts.Rd', sep='')) }
# plotBoxCIs3: function to tabulate CDF % points from PDFs and profile likelihoods and produce boxplots 

plotBoxCIs3= function(pdfsToPlot=NA, profLikes=NA, divs=NA, lower, upper, boxsize=0.75, col, yOffset=0.05, profLikes.yOffset=0, spacing=0.75, lwd=3, staplelty=1, medlty=1, medlwd=lwd, medcol=col, boxfill=NA, boxlty=1, whisklty=1, plot=TRUE, points=c(0.05,0.25,0.5,0.75,0.95), plotPts=NA, centredPDF=TRUE, pkLike=TRUE, dof=NA, horizontal=TRUE, cdf.pts=FALSE) {

#6Jun15: extended range of box line parameters that could be specified for each individual case

#23Dec14: addition of medlty and staplelty parameters, and addition of missing j identifier to boxlty. Also on 30De14 (without changing filename) added statements to make single valued boxfill, boxlty and whisklty  arguments into suitable vectors. And amended to permit only profLike to be used, with a default of NA set for pdfsToPlot

#20Nov14: minor correction by changing j to j+cases for medcol and boxfill in the bxp() statment for profLikes. No change to name of object or saved file

#13Sep14: Note re 'TotProb'. The CDF at each PDF point is, when centredPDF= TRUE, computed on the basis that only 50% of the probability for that division is realised by the CDF point located at the PDF point, the PDF point value applying symmetrically about that point. TotProb shows how much probability has been included in the CDF up to the upper limit. This will give a misleading answer if the final point is a sweeper up that includes all values above a limit one division below upper.

# 1Sep14: added boxlty argument

# 9Nov13. Now accepts single pdfsToPlot and profLikes as vectors as well as 1 column matrices

#v3 30Aug13. Now allows vertical bars (horizontal=FALSE) and inputting of CDF point values (cdf.pts=TRUE) rather than pdfs. One column of pdfsToPlot data per box to be plotted

#v2 1Aug13. Now allows a different number of % points ('points') than 5. If >5 points used and plot=TRUE, specify as plotPts which 5 of the points to use for plotting box and whiskers; the 3rd point should be 50%. Total probability in CDFs now included as final column of output (stats), replaced by peak of profile likelihood where using that method; if pkLike=TRUE the peak of the profile likelihood is plotted instead of the central CDF point.

# v1 18Jul13. Improved function to replace plotBoxCIs. Interpolates properly between grid values

# default of centredPDF=TRUE works on basis that the PDF value at each point is for that point, so that the CDF at each point is the sum of all the lower PDF values + 1/2 the current PDF value, multiplied by the grid spacing. If centredPDF=FALSE then CDF at each value is sum of that and all previous PDF values, implying that the PDF values are an average for the bin ending at that parameter value. Also now plots CIs using signed root log profile likelihood ratios if profLikes supplied. If pkLike=TRUE the vertical bar in the box shows the peak of the profile likelihood estimated from a quadratic fit (given in final column of the returned stats); this is more accurate than the 50th percentile of the CDF estimated using the SRLR method.

# if dof is set to a value, a t-distribution with that many degrees of freedom is used for the signed root profile likelihood ratio test instead of a normal distribution. This is non-standard.

# lower and upper are values of the parameter at start and end of pdfsToPlot columns


n.points= length(points)


range= upper - lower 


if(!identical(pdfsToPlot,NA) &&is.vector(pdfsToPlot)) { pdfsToPlot= matrix(pdfsToPlot, ncol=1) }


cases= ifelse( identical(pdfsToPlot,NA), 0, ncol(pdfsToPlot) )


if(!identical(profLikes,NA) && is.vector(profLikes)) { profLikes= matrix(profLikes,ncol=1) }


likeCases= ifelse(identical(profLikes,NA), 0, ncol(profLikes) )


totCases= cases + likeCases

if(plot==TRUE) {


if( !length(boxfill)==totCases ) { boxfill= rep(boxfill[1], totCases) }



if( !length(boxlty)==totCases ) { boxlty= rep(boxlty[1], totCases) }



if( !length(whisklty)==totCases ) { whisklty= rep(whisklty[1], totCases) }


if( !length(staplelty)==totCases ) { staplelty= rep(staplelty[1], totCases) }


if( !length(medlty)==totCases ) { medlty= rep(medlty[1], totCases) }


if( !length(lwd)==totCases ) { lwd= rep(lwd[1], totCases) }



if( !length(medlwd)==totCases ) { medlwd= rep(medlwd[1], totCases) }


if( !length(col)==totCases ) { col= rep(col[1], totCases) }


if( !length(medcol)==totCases ) { medcol= rep(medcol[1], totCases) }

}


if(identical(divs,NA)) { divs= range / (nrow(pdfsToPlot)-1) }


box=boxplot.stats(runif(100,0,1)) # sets up structure required by bxp


stats=matrix(NA,cases,n.points+1) 


if( identical(points, c(0.05,0.25,0.5,0.75,0.95)) ) { colnames(stats)= c('5%', '25%',' 50%', '75%', '95%','TotProb') } else { colnames(stats)= c(as.character(points),'TotProb') }


if(!length(plotPts)==5) { plotPts=1:n.points }


if(cdf.pts==FALSE) {



if(!n.points==5 && plot && !length(plotPts)==5) { print('Error: where if plot==TRUE and points>5, must specify (by position) which 5 of those percentage points are to be box-plotted'); break }


}


# loop through posterior PDF cases finding where all the specified CDF points are and plotting


if(cases>0) { for (j in 1:cases) {



if(cdf.pts==FALSE) {




z= ( cumsum(pdfsToPlot[,j]) - 0.5*pdfsToPlot[,j] * centredPDF ) * divs




for(k in 1:n.points) {





i= rev(which(z < points[k]))[1]
# last point at which cumprob < this prob. point





stats[j,k]= ( i + (points[k] - z[i]) / (z[i+1] - z[i]) ) * divs + lower - divs




}




stats[j,n.points+1]= max(z)



} else {




stats[j,]= c(pdfsToPlot[,j], 1)



}



# create and plot the box for the current posterior PDF case



box$stats=matrix(stats[j,plotPts], ncol=1)



if( plot==TRUE) { bxp(box, width = NULL, varwidth = FALSE, notch = FALSE, outline = FALSE, names="", plot = TRUE, border = col[j], col = NULL, boxfill=boxfill[j], pars = list(xaxs='i', boxlty=boxlty[j], boxwex=boxsize, lwd=lwd[j], staplelty=staplelty[j], staplewex=0.5, outwex=0.5, whisklty=whisklty[j], medlty=medlty[j], medlwd=medlwd[j], medcol=medcol[j]), horizontal=horizontal, add= TRUE, at=boxsize*yOffset+j*boxsize*spacing, axes=FALSE) }


} }


# loop through the profile likelihood cases, if any, finding all the specified CI points


if(likeCases>0) { for(j in 1:likeCases) {



percPts= vector()



srlr= log(profLikes[,j])



srlr[is.infinite(srlr)]= -1e12



srlr.like= sign( 1:length(srlr) - which.max(srlr) ) * sqrt( 2 * (max(srlr) - srlr) ) 



if(identical(dof,NA)) {srlr.cdf= pnorm(srlr.like)} else { srlr.cdf= pt(srlr.like,dof)}



for (k in 1:n.points) {




test= which(srlr.cdf>points[k])




if(length(test)>0) {





percPts[k]= test[1]






if(percPts[k]==1) {






percPts[k]= 0





} else {






percPts[k]= percPts[k] + (points[k]-srlr.cdf[percPts[k]])/(srlr.cdf[percPts[k]] - srlr.cdf[percPts[k]-1])





}




} else {





percPts[k]= length(srlr) + 1




}



}



# find peak of the likelihood function, assumed quadratic near there and put in final column



x= which.max(srlr)



if(x>1 & x< nrow(profLikes) ) {




X_mat= matrix(c(1,1,1,x-1,x,x+1,(x-1)^2,x^2,(x+1)^2), ncol=3)




coeffs= solve(X_mat) %*% c(srlr[x-1], srlr[x], srlr[x+1])




# sub-divide by 20 cells above and below peak and find which is peak, assuming quadratic




x.cands= seq(x-1, x+1, length= 41)




y.cands= matrix(c(rep(1,41),x.cands,x.cands^2), ncol=3) %*% coeffs




percPts[n.points+1]= x + (which.max(y.cands)-21)/20 



} else {




percPts[n.points+1]= NA



}



percPts= (percPts-1) * divs + lower 
# convert into parameter positions into values



stats=rbind( stats, percPts )


# add the current profLikes case percPts to stats



# create and plot the box for the current profile likelihood case



box$stats=matrix(percPts[plotPts], ncol=1)



if(pkLike) { box$stats[3,1]= percPts[n.points+1] }
# if pkLike=TRUE replace median with peak



if( plot==TRUE) { bxp(box, width = NULL, varwidth = FALSE, notch = FALSE, outline = FALSE, names="", plot = TRUE, border = col[j+cases], col = NULL, boxfill=boxfill[j+cases], pars = list(xaxs='i', boxlty=boxlty[j+cases], boxwex=boxsize, lwd=lwd[j+cases], staplelty=staplelty[j+cases], staplewex=0.5, outwex=0.5, whisklty=whisklty[j+cases], medlty=medlty[j+cases], medlwd=medlwd[j+cases], medcol=medcol[j+cases]), horizontal=horizontal, add=TRUE, at=boxsize*yOffset+(j+cases)*boxsize*spacing+profLikes.yOffset, axes=FALSE) }


} }

stats

}

if(saved) { save(plotBoxCIs3, file=paste(codePath, 'plotBoxCIs3.Rd', sep='')) }
# fitPlot: function to fit a PDF and plot the fit and the likelihood + Jeffreys' prior  21Dec14

# requires fitPercPts and plotBoxCIs3

fitPlot= function(pdf, method, fitPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), calcPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), wts=c(1,1,1,1,1,1,1), trueMedian=NA, scale=0, normalise=FALSE, like.scale=1, prior.scale=1, col, lwd=3, box.lty=1, whisk.lty=1, box.lwd=3, box.ht=0.07, box.spacing=0.75, box.yOffset=-2, profLikes.yOffset=-0.125, lty=1, xlab=xlab, ylab=ylab, line.x=1, line.y=1, cex.lab=1.4, cex.axis=1.4, legPos='topRight', legend=legend, legTitle=legTitle, cex.leg=1.4, boxPlotPts=2:6, ylim=NA, plot=TRUE) {


divs= pdf[2,1] - pdf[1,1]; lower= pdf[1,1]; upper= rev(pdf[,1])[1]; totProb= 1


xout= seq(from=lower, by=divs, length.out=nrow(pdf))


if(abs(rev(xout)[1] - upper)>0.01) { print('Upper ends of original and fitted PDF ranges disagree'); break() }


percPts= plotBoxCIs3(pdf[,2], divs=divs, lower=lower, upper=upper, plot=FALSE, points=fitPts, col=col)


out= fitPercPts(pts=percPts[-length(percPts)], vals=fitPts, div=NA, xout=xout, type=method, scale=scale, normalise=normalise, reltol=1e-14)

if(!is.na(trueMedian) && percPts[4] < trueMedian - 0.01) {



target= function(scale1, median=trueMedian, divs=divs, bottom=lower, top=upper) {




 ( min( c(plotBoxCIs3(pdf[,2]*scale1, divs=divs, lower=bottom, upper=top, points=c(0.3, 0.4,  0.50, 0.6, 0.7), plot=FALSE, col=col)[3], top), na.rm=TRUE) - median )^2
}



totProb= optimize(target, interval= c(0,1), median=trueMedian, divs=divs, bottom=lower, top=upper, tol=.Machine$double.eps^0.5)$minimum



print(paste('50% CDF point below true median; true median matched when total included probability is', round(totProb,4), '. PDF rescaled to adjust for missing probability'))


percPts= plotBoxCIs3( pdf[,2]*totProb, divs=divs, lower=lower, upper=upper, plot=FALSE, points=c(0.025, 0.05, 0.17, 0.50, pmin(c(0.83,0.95,0.975), totProb-0.001)), col=col )


out= fitPercPts(pts=percPts[1:7], vals= c(0.025, 0.05, 0.17, 0.50, pmin(c(0.83,0.95,0.975), totProb-0.001)), div=NA, xout=xout, type=method, reltol=1e-14)

}


print( c(round(c(out$par, out$value), 3), round(out$convergence,0), round(out$counts[1],0)) )


proflike= like.scale * out$like/sum(out$like)/divs 

toPlot= cbind(pdf[,2], out$fittedPdf, proflike, prior.scale * out$prior*max(pdf[,2])/max(out$prior)) * totProb


plotPts= toPlot[,2:1]


if(totProb<1) { plotPts= rbind(plotPts, matrix(rep(0, max(0, round(20/divs,0)-2*length(xout))), ncol=2), 2/divs - 2*colSums(plotPts)) }


if(plot) {


y2= max(toPlot, proflike)


if(is.na(ylim[1])) { ylim= c(0.001-round(y2-0.1,1)/5, round(y2+0.05,1)) }



col=col; lwd=rep(lwd,4); lty= rep(lty,4)



matplot(xout, toPlot, type='l', lty=lty, lwd=lwd, col=col, xaxs='i', yaxs='i', xlim=c(0,10), ylim=ylim, xlab="", ylab="", cex.lab=cex.lab, cex.axis=cex.axis, xaxp=c(0,10,10))



lines(c(0,upper), c(0,0))



title(xlab=xlab, line=line.x, cex.lab=cex.lab)



title(ylab=ylab, line=line.y, cex.lab=cex.lab)



legend(legPos, legend, title=legTitle, lty=ifelse(legend=="", NA,lty), lwd= ifelse(legend=="", NA,lwd), col=col, bty='n', cex=cex.leg)


}



out$boxCIs= round(plotBoxCIs3(plotPts, profLikes=proflike, divs=divs, lower=lower, upper=upper, plotPts=2:6, boxsize=box.ht*ylim[2], boxlty= rev(box.lty), whisklty=rev(whisk.lty), medlty=1, staplelty=1, lwd=rev(box.lwd), col=col[c(2,1,3)], medcol= col[c(2,1,3)], spacing=box.spacing, yOffset=box.yOffset, profLikes.yOffset=profLikes.yOffset, points=calcPts, plot=plot), 3)

out$calcPts= calcPts


out$totProb= totProb


out

}

if(saved) { save(fitPlot, file=paste(codePath, 'fitPlot.Rd', sep='')) }
# load required functions

if(saved) { 


load(paste(codePath, 'fitPercPts.Rd', sep=''))

load(paste(codePath, 'plotBoxCIs3.Rd', sep=''))

load(paste(codePath, 'fitPlot.Rd', sep=''))
}
# utility functions

ssq=function(x, na.rm=FALSE) sum(x^2, na.rm=na.rm)
# read each of the AR5 Fig 10.20b studies' PDF data
###################################################
aldrin_a.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_aldrin_a.txt', sep=""), header= FALSE))
aldrin_f.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_aldrin_f.txt', sep=""), header= FALSE))
fg_handMade.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_fg_handMade.txt', sep=""), header=TRUE))
forsterGreg.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_forsterGreg.txt', sep=""), header=FALSE))
frame.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_frame.txt', sep=""), header= FALSE))
greg.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_greg.txt', sep=""), header= FALSE))
har_ayako.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_har_ayako.txt', sep=""), header= FALSE))
har_grl.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_har_grl.txt', sep=""), header= FALSE))
kohler.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_kohler.txt', sep=""), header= FALSE))

lewis.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_lewis.txt', sep=""), header= FALSE))
lewis_rev.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_lewis_rev.txt', sep=""), header= FALSE))
otto_avg.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_otto_avg.txt', sep=""), header= FALSE))
otto2000s.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_otto2000s.txt', sep=""), header= FALSE))
palaeosens.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_palaeosens.txt', sep=""), header= FALSE))

schmittner_all.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_schmittner_all.txt', sep=""), header= FALSE))

schmittner_land.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_schmittner_land.txt', sep=""), header= FALSE))

schmittner_ocean.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_schmittner_ocean.txt', sep=""), header= FALSE))

sexton.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_sexton.txt', sep=""), header= FALSE))
tomassini_ex.pdf= as.matrix(read.table(paste(origDataPath, '10.20b_tomassini_ex.txt', sep=""), header= FALSE))
# read the ASCII version of the Lewis & Curry 2014 AR5 energy budget study main results ECS pdfs (see Climate/AR5 Energy budget - Clim Dyn/AR5 EB study/AR5.EB.code2.doc p.15). This gives pdf values at 0 to 10 at 0.01 K intervals; row 1002 gives probability lying above 10.005 K, row 1 truncates probability at 0 K. Col 1 is for 1859-82 to 1995-2011. 
# just read the ECS values and the main 1859-82 to 1995-2011 estimate 
lewisCurry.pdf= as.matrix(read.table(paste(origDataPath, 'eb7.ecs.pdfs_14Sep14.txt', sep=""), header= FALSE))[,1:2] 
# create RS93 ratio-normal approximation fits for AR5 palaeoclimate studies with 5–95% ranges and best estimates only. No genuine lower bound is given by Annan & Hargreaves 2006 so it cannot be used.
# Holden et al 2010

holden.pdf= cbind(0:1000/100, fitPercPts(pts= c(2.0, 3.6, 5.0), vals=c(0.05, 0.50, 0.95), xout=0:1000/100, type='ratio.n', reltol=1e-14, normalise=FALSE)$fittedPdf)
# For Chylek & Lohmann 2008 the mean climate sensitivity parameter of 0.49 is used, x F_2xCo2 of 3.71 = 1.818, rounded to 1.8: the uncertainty range is symmetrical about this so it is also the median. AR5 concludes (10.8.2.4) that the true uncertainties are likely greater than stated. Also derive a PDF with the 1.3–2.3 K range downgrared from 5-95% to 17-83% in view of AR5 comment that uncertainties are likely greater than estimated (as per arrows at both ends of range).
chylek.pdf= cbind(0:1000/100, fitPercPts(pts= c(1.3, 1.8, 2.3), vals=c(0.05, 0.50, 0.95), xout=0:1000/100, type='ratio.n', reltol=1e-14, normalise=FALSE)$fittedPdf)
chylek_widened.pdf= cbind(0:1000/100, fitPercPts(pts= c(1.3, 1.8, 2.3), vals=c(0.17, 0.50, 0.83), xout=0:1000/100, type='ratio.n', reltol=1e-14, normalise=FALSE)$fittedPdf)

# For Schneider von Deimling et al 2006, the relationships shown in the study are fairly linear so a median ECS estimate of 2.75 K is derived as the mid point of the 5-95% range; the median is very close to the average of the medians for other palaeoclimate studies.

schneider.pdf= cbind(0:1000/100, fitPercPts(pts= c(1.2, 2.75, 4.3), vals=c(0.05, 0.50, 0.95), xout=0:1000/100, type='ratio.n', reltol=1e-14, normalise=FALSE)$fittedPdf)
# fit Raftery & Schweder (RS93) ratio-normal approximations to AR5 paleo median and range (as 10-90%)

#####################################################################################################
# select all AR5 paleo actual PDFs and fitted-to-ranges PDFs to determine AR5 paleo PDF median

cases=c('chylek.pdf', 'chylek_widened.pdf','har_grl.pdf', 'har_ayako.pdf', 'holden.pdf', 'kohler.pdf', 'palaeosens.pdf', 'schneider.pdf', 'schmittner_all.pdf', 'schmittner_land.pdf', 'schmittner_ocean.pdf')

n.cases= length(cases)

# set up storage for standard PDF range of 0 to 10 K by 0.01 K, with extra row for probability at < 0 K

nrows=1002

divs=0.01

origPdfs= array(dim=c(nrows, n.cases+1))

colnames(origPdfs)= c('ECS', cases)

origPdfs[,1]= ( -1:(nrows-2) ) * divs

for(i in 1:n.cases) {


pdf= get(cases[i])


lower= max( trunc(pdf[1,1]/divs), 0) 


upper=min( trunc(pdf[nrow(pdf),1]/divs), nrows -2 )


origPdfs[-1,1+i]= c( rep(0, lower), approx(pdf[,1], pdf[,2], xout=(lower:upper)*divs)$y, rep(0, nrows-upper-2) )


origPdfs[1,1+i]= cumsum(pdf[,2])[which(pdf[,1]>=0)[1]] - pdf[which(pdf[,1]==0),2]

}

# check medians are all correct

medians= apply(origPdfs[-1,-1], 2, cumsum) # cumsum from PDF at 0 K up
medians[medians > 50]= 0
(medians= apply(medians, 2, which.max) / 100)

#          chylek.pdf   chylek_widened.pdf          har_grl.pdf        har_ayako.pdf 

#                1.80                 1.80                 2.36                 3.06 

#          holden.pdf           kohler.pdf       palaeosens.pdf        schneider.pdf 

#                3.59                 2.69                 3.23                 2.75 

#  schmittner_all.pdf  schmittner_land.pdf schmittner_ocean.pdf 

#                2.25                 3.41                 2.19
# Include all AR5 ranges when dereiving median for AR5 palaeo 10-90% range, but only plot main PDF + widened Chylek PDF.

median(medians[-1]) 
# 2.72

mean(medians[-1])
# 2.733

# fit a RS93 approximation to a ratio-normal distribution with a 10-90% range of 1-6 K & median 2.75 K
######################################################################################################

# set median equal (rounded up to nearest 0.05 K) to the median of all the AR5 palaeo study medians

paleoPts= c(1, 2.75, 6)
lower= -2

upper= 100
divs=0.01

xout= seq(from=lower, to=upper, by=divs)
outPaleo10.90_2.75ratio_n= fitPercPts(pts=paleoPts, vals=c(0.1, 0.50, 0.9), div=NA, xout=xout, type='ratio.n', reltol=1e-14, normalise=FALSE)

round(c(outPaleo10.90_2.75ratio_n$par, outPaleo10.90_2.75ratio_n$value, outPaleo10.90_2.75ratio_n$convergence, outPaleo10.90_2.75ratio_n$counts[1]),4)

# 2.7500   1.3169   0.3612   0.0000   0.0000 210.0000 => almost all -ve prob is from -ve numerator; OK

sum(outPaleo10.90_2.75ratio_n$fittedPdf)



#[1] 99.56549
sum(outPaleo10.90_2.75ratio_n$fittedPdf[1:200])

#[1] 1.743861
sum(outPaleo10.90_2.75ratio_n$fittedPdf[1201:10201])
#[1] 2.613087
sum(outPaleo10.90_2.75ratio_n$fittedPdf[1401:10201])
#[1]: 1.703158 similar- 1.7% below 0 & > 12 K

#  0.3612 standard deviation of denominator normal => ~0.35% of probability is not below 100 K: 

# pnorm(2.75/100, 1, 0.3612) [1] 0.00354684.
# with median 2.75 K, PDF range -4:100 K - ignore ~0.001% probability between -5K and -4 K
temp= fitPercPts(pts=paleoPts, vals=c(0.1, 0.50, 0.9), div=NA, xout=seq(-4, 100, by=divs), type='ratio.n', reltol=1e-14, normalise=FALSE)

sum(temp$fittedPdf[1:200]) #[1] 0.0501198
# add the missing probability between -4 K and - 2 K at the - 2 K point

outPaleo10.90_2.75ratio_n$fittedPdf[1]= outPaleo10.90_2.75ratio_n$fittedPdf[1] + sum(temp$fittedPdf[1:200])
AR5_Paleo10.90_2.75ratio_n.pdf=  cbind(xout, outPaleo10.90_2.75ratio_n$fittedPdf)

if(saved) {  save(outPaleo10.90_2.75ratio_n, file=paste(dataPath, 'outPaleo10.90.2.75ratio_n.-2_100.Rd', sep="")) #(-2,100) - with missing probability between -4 & -2 K added to PDF only, at -2 K
save(AR5_Paleo10.90_2.75ratio_n.pdf, file= paste(dataPath, 'AR5_Paleo10.90_2.75ratio_n.pdf.Rd', sep=""))
}

# add the AR5 palaeo PDF to origPDFs

origPdfs= cbind( origPdfs, c(sum(AR5_Paleo10.90_2.75ratio_n.pdf[1:200,2]), AR5_Paleo10.90_2.75ratio_n.pdf[201:1201,2]) )
colnames(origPdfs)[13]= 'AR5_Paleo10.90'
round(colSums(origPdfs[,-1]),2)

#          chylek.pdf   chylek_widened.pdf          har_grl.pdf        har_ayako.pdf 

#              100.00                99.97               100.00               100.00 

#          holden.pdf           kohler.pdf       palaeosens.pdf        schneider.pdf 

#              100.00               100.00                99.99                99.83 

#  schmittner_all.pdf  schmittner_land.pdf schmittner_ocean.pdf       AR5_Paleo10.90 

#              100.00               100.00               100.00                97.01
# select AR5 paleo PDFs to plot - all main PDFs + widened version of Chylek

plotCases= c('chylek.pdf', 'chylek_widened.pdf', 'holden.pdf', 'kohler.pdf', 'schneider.pdf', 'schmittner_all.pdf', 'AR5_Paleo10.90','har_grl.pdf', 'palaeosens.pdf')

n.plotCases= length(plotCases)

plot.new()

# Plot the paleo PDFs (first manually set graphics window to 29 cm wide, 22 cm high)
par(mfcol=c(1, 1), mar=c(4.5,4.5,1,1) )
yplot= origPdfs[, plotCases]
xplot= origPdfs[,1]
y2= max(yplot[-1,])

lwd=c(rep(3, n.plotCases-3), 6, 3, 3)

lty= c(1, 2, rep(1, n.plotCases-2) )
col=c('royalblue1','royalblue1', 'darkorange1', 'magenta2', 5, 8, 1, 'green3', 2) 
legTxt= c('AR5 1–6 K paleo range (as 10–90%)', 'Chylek & Lohmann 2008', 'Chylek & Lohmann 2008 (as 17–83%)', 'Hargreaves et al 2012', 'Holden et al 2010', 'Kohler et al 2010', 'Palaeosens 2012', 'Schneider von Deimling et al 2006', 'Schmittner et al 2012 land + ocean') #'Hargreaves et al 2012 Ayako', 'Schmittner et al 2012 land', 'Schmittner et al 2012 ocean'
legPerm= c(7,1,2,8,3,4,9,5,6)

matplot(xplot[-1], yplot[-1,], type='l', lty=lty, lwd=lwd, col=col, xaxs='i', yaxs='i', xlim=range(xplot), ylim=c(-0.5, round(y2+0.1, 1)), xlab= 'Equilibrium Climate Sensitivity (K)', ylab='Probability Density (K⁻¹)', cex.lab=1.4, cex.axis=1.4, xaxp=c(0,10,10), yaxp= c(0,1.4,7))

lines(range(xplot[-1]), c(0,0))

legend(x=5, y=1.36, legTxt, lty=lty[legPerm], lwd=lwd[legPerm], col=col[legPerm], bty='n', cex=1.4)

yplotPts= round(plotBoxCIs3(yplot[,rev(legPerm)], divs=0.01, lower=min(xplot), upper=max(xplot), plot=TRUE, points=c(0.025, 0.05, 0.1, 0.17, 0.50, 0.83, 0.90, 0.95, 0.975), plotPts=c(2, 4:6, 8), boxsize=0.06, spacing=0.85, boxlty=rev(lty[legPerm]), whisklty=rev(lty[legPerm]), lwd=pmin(rev(lwd[legPerm]), 4), col=rev(col[legPerm]), yOffset=-8.4), 3)
rownames(yplotPts)= rev(plotCases[legPerm])

round(yplotPts[9:1,], 2)

#                   0.025 0.05  0.1 0.17  0.5 0.83  0.9 0.95 0.975 TotProb

#AR5_Paleo10.90      0.17 0.56 1.00 1.40 2.75 4.84 6.01 7.96    NA    0.97

#chylek.pdf          1.20 1.30 1.41 1.51 1.80 2.09 2.19 2.30  2.40    1.00

#chylek_widened.pdf  0.78 0.94 1.13 1.30 1.80 2.30 2.47 2.66  2.83    1.00

#har_grl.pdf         0.48 0.76 1.12 1.45 2.36 3.25 3.59 3.99  4.39    1.00

#holden.pdf          1.82 2.10 2.43 2.73 3.59 4.45 4.75 5.07  5.36    1.00

#kohler.pdf          1.22 1.41 1.65 1.88 2.69 3.87 4.40 5.12  5.86    1.00

#palaeosens.pdf      1.09 1.45 1.85 2.21 3.23 4.49 5.03 5.68  6.29    1.00

#schneider.pdf       0.93 1.22 1.55 1.86 2.75 3.66 3.97 4.32  4.63    1.00

#schmittner_all.pdf  1.29 1.35 1.47 1.69 2.25 2.57 2.74 2.83  2.90    1.00
if(saved) { savePlot( paste(plotsPath, 'AR5paleoPDFs.b.png', sep=""), type='png') }
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# Fit RS93 ratio-normal approximations to all the AR5 individual study PDFs and plot them

#########################################################################################

cases2=c('greg.pdf', 'frame.pdf', 'fg_handMade.pdf', 'forsterGreg.pdf', 'har_grl.pdf', 'sexton.pdf', 'aldrin_a.pdf',  'aldrin_f.pdf', 'otto2000s.pdf', 'otto_avg.pdf', 'lewis.pdf', 'lewis_rev.pdf', 'lewisCurry.pdf', 'tomassini_ex.pdf', 'kohler.pdf')

n.cases2= length(cases2)

# set up storage for a standard PDF range of 0 to 10 K by 0.01 K

nrows=1001

divs=0.01

origPdfs2= fittedPdfs= likes= priors= array(dim=c(nrows, n.cases2+1))

colnames(origPdfs2)= colnames(fittedPdfs)= colnames(likes)= colnames(priors)= c('ECS', cases2)

origPdfs2[,1]= fittedPdfs[,1]= likes[,1]= priors[,1]= ( 0:(nrows-1) ) * divs

for(i in 1:n.cases2) {


pdf= get(cases2[i])


lower= trunc(pdf[1,1]/divs) 


upper=min( trunc(pdf[nrow(pdf),1]/divs), nrows -1 )


origPdfs2[,1+i]= c( rep(0, lower+1), approx(pdf[,1], pdf[,2], xout=((lower+1):upper)*divs)$y, rep(0, nrows-upper-1) )

}

if(saved) { save(origPdfs2, file=paste(dataPath, 'origPdfs2.Rd', sep="")) }

colSums(origPdfs2[,-1])

#        greg.pdf        frame.pdf  fg_handMade.pdf  forsterGreg.pdf      har_grl.pdf 

#        99.89300         99.91117         99.99445         99.96788         99.96530 

#      sexton.pdf     aldrin_a.pdf     aldrin_f.pdf    otto2000s.pdf     otto_avg.pdf 

#       100.00000         99.99816         99.99753         99.99915         99.99329 

#       lewis.pdf    lewis_rev.pdf   lewisCurry.pdf tomassini_ex.pdf       kohler.pdf 

#        99.99772         99.99991         98.61475        100.00004         99.99820
trueMedian= list(6.1, NA, NA, 2.68, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA, NA)

col=c(1,'magenta2', 'royalblue1', 'darkorange1')

xlab= 'Equilibrium Climate Sensitivity (K)'

ylab= 'PDF probability Density (K⁻¹)'

legPos= 'topright'

legend= c('Original Fig 10.20b PDF', 'Fitted ratio-normal PDF', 'Implied likelihood', 'Noninformative prior')

percPts= array( dim=c(3,7,n.cases2))

totProb= vector()

i= 1
legend.curr= 'legend' 

for(j in 1:n.cases2) {



fitted= fitPlot(origPdfs2[,c(1,j+1)], method='ratio.n', fitPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), calcPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), wts=c(1,1,1,1,1,1,1), trueMedian=trueMedian[[j]], scale=0, normalise=FALSE, like.scale=0.8, prior.scale=0.8, col=col, lwd=c(4,2,2,2), box.lty=c(1,1,1), whisk.lty=c(1,1,1), box.lwd=c(2,2,2), box.spacing=0.9, box.yOffset=box.yOffset[[i]], profLikes.yOffset=ylim[[i]][1]+0.03*ylim[[i]][2]-0.002, lty=1, xlab=ifelse(k>8, xlab, ""), ylab=ifelse(k%%2==1, ylab, ""), line.x=ifelse(k>8, 2.2, 0), line.y=2.5, cex.lab=1.3, cex.axis=1.3, legPos=legPos[[i]], legend=legend.curr, legTitle=studies[i], cex.leg=1.3, boxPlotPts=2:6, ylim=ylim[[i]], plot=FALSE)


fittedPdfs[,j+1]= fitted$fittedPdf


likes[,j+1]= fitted$like


priors[,j+1]= fitted$prior


percPts[,,j]= fitted$boxCIs[,1:7]


percPts[3,4,j]= fitted$boxCIs[3,8]


totProb[j]= fitted$totProb

}

dimnames(percPts)[[1]]= c('fittedPdf', 'origPdf', 'likelihood')

dimnames(percPts)[[2]]= as.character(fitted$calcPts)

names(totProb)= dimnames(percPts)[[3]]= cases2
if(saved) { save(percPts, file= paste(dataPath, 'percPts_17AR5pdfs.Rd', sep="")) }
if(saved) { save(totProb, file= paste(dataPath, 'totProb_15AR5pdfs.Rd', sep="")) }
if(saved) { save(fittedPdfs, file= paste(dataPath, 'fittedPdfs_15AR5pdfs.Rd', sep="")) }
if(saved) { save(priors, file= paste(dataPath, 'priors_15AR5pdfs.Rd', sep="")) }
#[1] "50% CDF point below true median; true median matched when total included probability is 0.5886 . PDF rescaled to adjust for missing probability"

#                                             function 

#   6.101    0.359    1.727    0.000    0.000  304.000 

#                                             function 

#   2.692    0.669    0.364    0.000    0.000  282.000 

#                                             function 

#   1.613    0.137    0.335    0.000    0.000  224.000 

#[1] "50% CDF point below true median; true median matched when total included probability is 0.8824 . PDF rescaled to adjust for missing probability"

#                                             function 

#   2.659    0.354    0.643    0.000    0.000  172.000 

#                                             function 

#   2.350    0.938    0.077    0.000    0.000  212.000 

#                                             function 

#   3.216    0.551    0.078    0.000    0.000  216.000 

#                                             function 

#   1.762    0.190    0.289    0.000    0.000  222.000 

#                                             function 

#   1.529    0.174    0.230    0.000    0.000  216.000 

#                                             function 

#   1.991    0.321    0.288    0.000    0.000  258.000 

#                                             function 

#   1.888    0.484    0.343    0.000    0.000  250.000 

#                                             function 

#   2.529    0.000    0.172    0.000    0.000  288.000 

#                                             function 

#   1.630    0.203    0.114    0.000    0.000  194.000 

#                                             function 

#   1.637    0.021    0.354    0.000    0.000  244.000 

#                                             function 

#   2.459    0.327    0.226    0.000    0.000  232.000 
#                                             function 

#   2.694    0.698    0.257    0.000    0.000  212.000
percPts
#, , greg.pdf
#

#           0.025  0.05  0.17   0.5   0.83   0.95  0.975
#fittedPdf  1.380 1.579 2.300 6.118 10.006 10.009 10.009
#origPdf    1.380 1.578 2.299 6.100 10.006 10.009 10.009
#likelihood 1.379 1.579 2.298 6.100 10.010 10.010 10.010
#

#, , frame.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.147 1.333 1.799 2.692 4.323 7.055 9.810
#origPdf    1.147 1.340 1.802 2.681 4.415 6.956 8.213
#likelihood 1.147 1.333 1.799 2.692 4.323 7.054 9.804
#

#, , fg_handMade.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  0.940 1.012 1.206 1.613 2.387 3.620 4.729
#origPdf    0.944 1.015 1.204 1.614 2.395 3.611 4.491
#likelihood 0.940 1.012 1.206 1.613 2.387 3.620 4.729
#

#, , forsterGreg.pdf
#

#           0.025  0.05  0.17   0.5  0.83   0.95  0.975
#fittedPdf  1.103 1.230 1.609 2.636 6.536 10.006 10.008
#origPdf    1.140 1.248 1.588 2.680 7.602 10.006 10.008
#likelihood 1.104 1.232 1.614 2.659 6.910 10.010 10.010
#

#, , har_grl.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  0.597 0.856 1.471 2.365 3.301 4.036 4.421
#origPdf    0.489 0.769 1.452 2.358 3.254 3.998 4.401
#likelihood 0.510 0.803 1.449 2.350 3.277 3.973 4.300
#

#, , sexton.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  2.090 2.265 2.655 3.216 3.813 4.275 4.496
#origPdf    2.096 2.267 2.653 3.216 3.815 4.272 4.489
#likelihood 2.090 2.265 2.655 3.216 3.813 4.275 4.495
#

#, , aldrin_a.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.057 1.137 1.348 1.762 2.465 3.414 4.130
#origPdf    1.050 1.135 1.350 1.761 2.461 3.433 4.202
#likelihood 1.057 1.137 1.348 1.762 2.465 3.414 4.130
#

#, , aldrin_f.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  0.973 1.041 1.215 1.529 1.997 2.526 2.864
#origPdf    0.969 1.040 1.216 1.528 1.997 2.532 2.868
#likelihood 0.973 1.041 1.215 1.528 1.997 2.526 2.864
#

#, , otto2000s.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.105 1.211 1.482 1.991 2.825 3.920 4.734
#origPdf    1.104 1.211 1.482 1.991 2.827 3.923 4.699
#likelihood 1.105 1.211 1.482 1.991 2.825 3.920 4.734
#

#, , otto_avg.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  0.798 0.933 1.267 1.888 2.963 4.612 6.106
#origPdf    0.806 0.938 1.265 1.886 2.985 4.570 5.699
#likelihood 0.798 0.933 1.267 1.888 2.963 4.610 6.101
#

#, , lewis.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.892 1.972 2.173 2.529 3.024 3.523 3.810
#origPdf    1.884 1.973 2.181 2.524 3.011 3.637 4.131
#likelihood 1.892 1.972 2.173 2.529 3.024 3.523 3.810
#

#, , lewis_rev.pdf
#

#           0.025  0.05  0.17  0.5  0.83  0.95 0.975
#fittedPdf  1.155 1.224 1.384 1.63 1.915 2.155 2.277
#origPdf    1.142 1.219 1.387 1.63 1.910 2.164 2.306
#likelihood 1.155 1.224 1.384 1.63 1.915 2.155 2.277
#

#, , lewisCurry.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  0.965 1.033 1.223 1.637 2.474 3.926 5.362
#origPdf    0.951 1.029 1.228 1.636 2.455 4.065 6.033
#likelihood 0.965 1.033 1.223 1.637 2.474 3.926 5.362
#

#, , tomassini_ex.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.528 1.645 1.938 2.459 3.218 4.057 4.584
#origPdf    1.535 1.651 1.938 2.453 3.254 3.993 4.379
#likelihood 1.528 1.645 1.938 2.458 3.218 4.057 4.584
#

#, , kohler.pdf
#

#           0.025  0.05  0.17   0.5  0.83  0.95 0.975
#fittedPdf  1.199 1.402 1.884 2.694 3.849 5.157 6.020
#origPdf    1.224 1.413 1.877 2.693 3.866 5.117 5.861
#likelihood 1.199 1.402 1.884 2.694 3.848 5.156 6.017
# Plot specific selected studies
studies= c('Aldrin 2012: uniform prior in feedback', 'Lewis 2013: noninformative prior\n& revised, long data diagnostics', 'Forster & Gregory 2006:\nuniform prior in ECS (per AR4)', 'Forster & Gregory 2006:\nuniform prior in feedback', 'Kohler 2010: sampling\n(product-ratio distribution)',  'Hargreaves & Annan 2012:\nregression ensemble', 'Gregory 2002: sampling\n(=noninformative prior)', 'Otto 2013 – 2000s: sampling')
## Set up Figure as panels in 4 rows, 2 columns

col=c(1,'magenta2', 'royalblue1', 'darkorange1')

xlab= 'Equilibrium Climate Sensitivity (K)'

ylab= 'PDF probability Density (K⁻¹)'

legPos= 'topright'

legend= c('Original Fig 10.20b PDF', 'Fitted ratio-normal PDF', 'Implied likelihood', 'Noninformative prior')

plot.new()



## Manual intervention needed here to resize the graphics window to approx 23 cm wide x 24 cm high

par(pin=c(3,1.6), mfcol=c(4, 2), mar=c(3.5,4.5,0.1,1.2) )

ylim= list(c(-0.265,1.2), c(-0.354, 1.6), c(-0.099,0.47), c(-0.199,0.9), c(-0.133,0.6), c(-0.099,0.47), c(-0.04,0.2), c(-0.177,0.8) )

legPos= list('topright', matrix(c(4.35, 1.43-.025), ncol=2), matrix(c(4.7, .44-.025), ncol=2), matrix(c(5.7, .81-.025), ncol=2), matrix(c(5.6, .55-.02), ncol=2), matrix(c(5.4, .44-.025), ncol=2), matrix(c(5.7, .2-.02), ncol=2), 'topright')

box.yOffset= as.list( c(rep(-2.5,8), -2.4, -2.5))

for(k in 1:8) {



i= k


j= c(8,12,4,3,15,5,1,9)[k]

if(k==1) { legend.curr= legend } else { legend.curr= "" }


par(mfg=c((k+1)%/%2, (k-1)%%2 + 1))

fitted= fitPlot(origPdfs2[,c(1,j+1)], method='ratio.n', fitPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), calcPts=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975), wts=c(1,1,1,1,1,1,1), trueMedian=trueMedian[[j]], scale=0, normalise=FALSE, like.scale=0.8, prior.scale= ifelse(cases2[j]=='lewis.pdf', 4e6, ifelse(cases2[j]=='greg.pdf', 5, 0.8)), col=col, lwd=c(4,2,2,2), box.lty=c(1,1,1), whisk.lty=c(1,1,1), box.lwd=c(2,2,2), box.spacing=0.93, box.yOffset=box.yOffset[[i]], profLikes.yOffset=ylim[[i]][1]*1.05+0.03*ylim[[i]][2]-ifelse(cases2[j]=='greg.pdf',0.003,0.002), lty=1, xlab=ifelse(k>6, xlab, ""), ylab=ifelse(k%%2==1, ylab, ""), line.x=ifelse(k>6, 2.2, 0), line.y=2.5, cex.lab=1.3, cex.axis=1.3, legPos=legPos[[i]], legend=legend.curr, legTitle=studies[i], cex.leg=1.3, boxPlotPts=2:6, ylim=ylim[[i]])


text(0.4, 0.9*ylim[[i]][2], c('a','b','c','d','e','f','g','h','i','j')[k], cex=1.5)

}

[image: image2.emf]0 1 2 3 4 5 6 7 8 9 10

-0.2

0.2

0.6

1.0

PDF probability Density (K⁻¹)

Aldrin 2012: uniform prior in feedback

Original Fig 10.20b PDF

Fitted ratio-normal PDF

Implied likelihood

Noninformative prior

a

0 1 2 3 4 5 6 7 8 9 10

0.0

0.5

1.0

1.5

Lewis 2013: noninformative prior

& revised, long data diagnostics

b

0 1 2 3 4 5 6 7 8 9 10

0.0

0.1

0.2

0.3

0.4

PDF probability Density (K⁻¹)

Forster & Gregory 2006:

uniform prior in ECS (per AR4)

c

0 1 2 3 4 5 6 7 8 9 10

0.0

0.2

0.4

0.6

0.8 Forster & Gregory 2006:

uniform prior in feedback

d

0 1 2 3 4 5 6 7 8 9 10

-0.1

0.1

0.3

0.5

PDF probability Density (K⁻¹)

Kohler 2010: sampling

(product-ratio distribution)

e

0 1 2 3 4 5 6 7 8 9 10

0.0

0.1

0.2

0.3

0.4

Hargreaves & Annan 2012:

regression ensemble

f

0 1 2 3 4 5 6 7 8 9 10

0.00

0.05

0.10

0.15

0.20

Equilibrium Climate Sensitivity (K)

PDF probability Density (K⁻¹)

Gregory 2002: sampling

(=noninformative prior)

g

0 1 2 3 4 5 6 7 8 9 10

0.0

0.2

0.4

0.6

0.8

Equilibrium Climate Sensitivity (K)

Otto 2013 – 2000s: sampling

h


if(saved) { savePlot(paste(plotsPath, 'fits.8panel.f.png', sep=""), type='png') } # used as Fig.1 
# more accurately fit RS93 ratio-normal distribution to AR5 Energy budget (Lewis/Curry) PDF 
###########################################################################################
lewisCurry.pdf= as.matrix(read.table(paste(origDataPath, 'eb7.ecs.pdfs_14Sep14.txt', sep=''), header= FALSE))[,1:2] # just the ECS values and the main 1859-82 to 1995-2011 estimate 

# Lewis/Curry xout is 0:10.01 (as range(lewisCurry.pdf[,1])# [1]  0.00 10.01) 
study= 'AR5 instrumental period forcing and heat uptake\nestimates (Lewis & Curry 2014: energy budget)'

pdf= lewisCurry.pdf

lower= -2
upper= 100
divs=0.01

xout= seq(from=lower, to=upper, by=divs)

# fit entire pdf (ex the probability lump at end, being all probability at above 10.00 K)

outEB= fitPercPts(pts=lewisCurry.pdf[-1002,1], vals=lewisCurry.pdf[-1002,2], div=0.01, xout=xout, type='ratio.n', reltol=1e-14, normalise=FALSE)

# [1] "Warning: CDF reaches 0.98614625" - OK; PDF is correctly scaled but omits probability above 10 K
round(c(outEB$value, outEB$convergence, outEB$counts[1]),3)
# 0.015   0.000 184.000
outEB$par

# [1] 1.634922e+00 2.345318e-07 3.590435e-01
toPlot= cbind( c(rep(0,200), lewisCurry.pdf[,2], rep(0,8999)), c(rep(0,200), lewisCurry.pdf[-1002,2], rep(0,9000)), outEB$fittedPdf )

round(plotBoxCIs3(toPlot, divs=divs, lower=lower, upper=upper, plotPts=2:6, plot=FALSE, points=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975)), 3)

#     0.025  0.05  0.17   0.5  0.83  0.95 0.975 TotProb

#[1,] 0.951 1.029 1.228 1.636 2.455 4.065 6.033   1.000
#[2,] 0.951 1.029 1.228 1.636 2.455 4.065 6.033   0.986 
#[3,] 0.960 1.028 1.218 1.635 2.487 3.993 5.518   0.997

colSums(toPlot[1:1201,])
#[1] 98.61475 98.61475 99.00981 - slightly less ECS >10 K prob for fitted PDF

colSums(toPlot[1:1202,])
#[1] 100.00000  98.61475  99.01101
round(outEB$prior[c(201,401,601)],3)


#[1] 4263813.681       1.138       0.285
round(colSums(toPlot[1191:1201,2:3])/ colSums(toPlot[1091:1101,2:3]),3) # [1] 0.705 0.719: fitted PDF decline rate similar to that of original PDF in its upper reaches. c/f shift log-t fit decline ratio is 0.746
sum(outEB$fittedPdf[1:200])

#[1] -2.13737e-05 : Lewis/Curry estimated fit has ~0 prob at <0 K
sum(outEB$fittedPdf[2202:10201])
#[1]  0.2195226 : Lewis/C estimated fit has 0.2% prob over 10-100 K
if(saved) { save(outEB, file=paste(dataPath, 'outEB.-2_100.Rd', sep=""))  # with fitted range (-2,100) 
load(paste(dataPath, 'outEB.-2_100.Rd', sep=""))
}

# accurately fit RS93 ratio-normal distribution to Otto2000s PDF, over range -2:100 K
#####################################################################################

# fitting based on the usual 7 percentage points suffices
points= c(0.025, 0.05, 0.17, 0.50, 0.83, 0.95, 0.975)

percPts.otto2000s= plotBoxCIs3(origPdfs2[, 'otto2000s.pdf'], divs=0.01, lower=origPdfs2[1,1], upper=rev(origPdfs2[,1])[1], plot=FALSE, points=points)
out.otto2000s = fitPercPts(pts= percPts.otto2000s [-length(c(points,1))], vals= points, div=NA, xout=xout, type='ratio.n', reltol=1e-16, normalise=FALSE)

round(c(out.otto2000s$par, out.otto2000s$value, out.otto2000s$convergence, out.otto2000s$counts[1]), 5)

# 1.99109   0.32125   0.28773   0.00000   0.00000 282.00000



# same as before
sum(out.otto2000s$fittedPdf[1:200])

# [1] -4.571774e-08: otto2000s fit has ~0 prob at <0 K
sum(out.otto2000s$fittedPdf[2202:10201])
# [1] 0.05603363: otto2000s fit has ~0 prob over 10-100 K
if(saved) { save(out.otto2000s, file=paste(dataPath, 'out.otto2000s.-2_100.Rd', sep="")) 
load(paste(dataPath, 'out.otto2000s.-2_100.Rd', sep=""))
}
# Widen the Lewis & Curry PDF to adjust for equilibrium vs effective sensitivity 
################################################################################
ECS.4xOLS.150.pentads.1_7.1_30= read.table(paste(origDataPath, 'ECS.4xOLS.150.pentads.1_7.1_30.txt', sep=''))

ECS.4xOLS.150.pentads.1_7.1_30= cbind(ECS.4xOLS.150.pentads.1_7.1_30, ECS.4xOLS.150.pentads.1_7.1_30[,2]/ ECS.4xOLS.150.pentads.1_7.1_30[,3])

colnames(ECS.4xOLS.150.pentads.1_7.1_30)= c('CMIP5 model', 'ECS from yrs 1-35', 'ECS from yrs 1-150', 'EffCS/EquilCS ratio')

rownames(ECS.4xOLS.150.pentads.1_7.1_30)= ECS.4xOLS.150.pentads.1_7.1_30[,1]

ECS.4xOLS.150.pentads.1_7.1_30= ECS.4xOLS.150.pentads.1_7.1_30[,-1]

round(t(ECS.4xOLS.150.pentads.1_7.1_30), 3)

#                    ACCESS1-0 ACCESS1-3 bcc-csm1-1 bcc-csm1-1-m BNU-ESM CanESM2 CCSM4 CNRM-CM5

#ECS from yrs 1-35       3.230     2.965      2.688        2.689   4.077   3.440 2.674    3.402

#ECS from yrs 1-150      3.891     3.568      2.804        2.837   4.002   3.706 2.936    3.283

#EffCS/EquilCS ratio     0.830     0.831      0.958        0.948   1.019   0.928 0.911    1.036

#                    CNRM-CM5-2 CSIRO-Mk3-6-0 FGOALS-g2 FGOALS-s2 GFDL-CM3 GFDL-ESM2G GFDL-ESM2M

#ECS from yrs 1-35        3.386         3.190     2.817     4.021    3.511      2.282      2.429

#ECS from yrs 1-150       3.447         4.196     3.432     4.279    3.986      2.349      2.460

#EffCS/EquilCS ratio      0.982         0.760     0.821     0.940    0.881      0.971      0.988

#                    GISS-E2-H GISS-E2-R HadGEM2-ES inmcm4 IPSL-CM5A-LR IPSL-CM5A-MR IPSL-CM5B-LR

#ECS from yrs 1-35       2.225     1.887      4.157  2.107        3.937        3.873        2.395

#ECS from yrs 1-150      2.343     2.152      4.566  2.057        4.027        4.110        2.631

#EffCS/EquilCS ratio     0.950     0.877      0.910  1.024        0.978        0.942        0.910

#                    MIROC-ESM MIROC5 MPI-ESM-LR MPI-ESM-MR MPI-ESM-P MRI-CGCM3 NorESM1-M

#ECS from yrs 1-35       4.299  2.668      3.341      3.249     3.204     2.482     2.490

#ECS from yrs 1-150      4.651  2.717      3.644      3.489     3.464     2.600     2.824

#EffCS/EquilCS ratio     0.924  0.982      0.917      0.931     0.925     0.955     0.882
mean(ECS.4xOLS.150.pentads.1_7.1_30[, 3])
#[1] 0.9279358

median(ECS.4xOLS.150.pentads.1_7.1_30[, 3])
#[1] 0.9312468

sd(ECS.4xOLS.150.pentads.1_7.1_30[, 3])

#[1] 0.06339197
# fit a normal to the ratio of effective to equilibrium climate sensitivity

# a normal with a mean of 0.925 and a sdev of 0.065 has 3 models than 1 sd above the mean and 4 models more than 1 sd below the mean, which is a reasonable match

# but there are other uncertainties, and regressing using annual rather than pentadal data or over 20, 25 or 30 rather than 35 years, slightly increases the standard deviation and marginally reduces the mean. And there are other uncertainties. So increase the standard deviation to 0.10

# sample pairs from the RS93 approximation to the Lewis&Curry distribution and the Equilibrium-to-Effective climate sensitivity distribution, derive a PDF for their product and fit a RS93 distribution 
# Lewis & Curry is approximated under RS93 by 1.6349  divided by a N(1, 0.359) distribution

LC14.samp= outEB$par[1] / rnorm(1e7, 1, outEB$par[3])

# Equilibrium-to-Effective climate sensitivity distribution is approximated by 1/ N(0.925, 0.065) 

EqToEff.samp= 1 / rnorm(1e7, 0.925, 0.10)

# form product and truncate it at 0 K and 100 K; all < 0K values will be due to negative denominator

LC14.Equil.samp= LC14.samp * EqToEff.samp 
LC14.Equil.samp= LC14.Equil.samp[LC14.Equil.samp >= 0]
LC14.Equil.samp= LC14.Equil.samp[LC14.Equil.samp < 100]
LC14.Equil.PDF= hist(LC14.Equil.samp, breaks=0:10000/100)$counts / 1e7 * 100

rm(LC14.samp, EqToEff.samp, LC14.Equil.samp)

outEB.equil= fitPercPts(pts=1:10000/100 - 0.005, vals=LC14.Equil.PDF, div=0.01, xout=xout, type='ratio.n', reltol=1e-14, normalise=FALSE)
# [1] "Warning: CDF reaches 0.9969"
round(c(outEB.equil$par, outEB.equil$value, outEB.equil$convergence, outEB.equil$counts[1]),3)
#  1.787    0.193    0.360    0.000    0.000  194.000 : 3 parameters may vary slightly; counts more so

toPlot= cbind( rowMeans(cbind(c(rep(0,200), LC14.Equil.PDF, 0), c(rep(0,201), LC14.Equil.PDF))), outEB.equil$fittedPdf )

round(plotBoxCIs3(toPlot, divs=divs, lower=lower, upper=upper, plotPts=2:6, plot=FALSE, points=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975)), 3)

#     0.025  0.05  0.17   0.5  0.83  0.95 0.975 TotProb

#[1,] 0.998 1.079 1.303 1.787 2.751 4.427 6.103   0.997

#[2,] 0.992 1.076 1.304 1.787 2.748 4.421 6.108   0.997

if(saved) { save(outEB.equil, file=paste(dataPath, 'outEB.equil.-2_100.Rd', sep="")) }
# fit RS93 ratio-normal distribution to updated to 2015 AR5 Energy budget (Lewis/Curry) PDF 

###########################################################################################

lewisCurry95_15.pdf= as.matrix(read.table( paste(origDataPath, 'ecs.pdfs.2015update.txt', sep=''), header=TRUE, sep=',') )[,c(1,5)] # just the ECS values and the main 1859-82 to 1995-2015 estimate 

# Lewis/Curry xout is 0:10.01 (as range(lewisCurry.pdf[,1])# [1]  0.00 10.01) 
study= 'AR5 instrumental period forcing and heat uptake\nestimates (Lewis & Curry update: energy budget)'

pdf= lewisCurry95_15.pdf
lower= -2

upper= 100

divs=0.01

xout= seq(from=lower, to=upper, by=divs)

# fit entire pdf (ex the probability lump at end, being all probability at above 10.00 K)

outEB2015= fitPercPts(pts=lewisCurry95_15.pdf[-1002,1], vals=lewisCurry95_15.pdf[-1002,2], div=0.01, xout=xout, type='ratio.n', reltol=1e-14, normalise=FALSE)

#[1] "Warning: CDF reaches 0.98394275"": OK; PDF is correctly scaled but omits probability above 10 K

round(c(outEB2015$par, outEB2015$value, outEB2015$convergence, outEB2015$counts[1]),4)

#                                             function 

#  1.7442   0.0000   0.3636   0.0196   0.0000 204.0000  

toPlot= cbind( c(rep(0,200), lewisCurry95_15.pdf[,2], rep(0,8999)), c(rep(0,200), lewisCurry95_15.pdf[-1002,2], rep(0,9000)), outEB2015$fittedPdf )

round(plotBoxCIs3(toPlot, divs=divs, lower=lower, upper=upper, plotPts=2:6, plot=FALSE, points=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975)), 3)

#     0.025  0.05  0.17   0.5  0.83  0.95 0.975 TotProb

# [1,] 1.020 1.099 1.309 1.743 2.634 4.450 6.787   1.000

# [2,] 1.020 1.099 1.309 1.743 2.634 4.450 6.787   0.984

# [3,] 1.018 1.091 1.295 1.744 2.671 4.339 6.069   0.997 - 0.11 K low at 95% point
colSums(toPlot[1:1201,])
#[1] colSums(toPlot[1:1201,]) 
# [1] 98.3944 98.3944 98.8427- 0.4% less prob at ECS >10 K for fitted PDF

round(colSums(toPlot[1191:1201,2:3])/ colSums(toPlot[1091:1101,2:3]),3) # [1] 0.698 0.717: fitted PDF decline rate similar to that of original PDF in its upper reaches.
sum(outEB2015$fittedPdf[1:200])

#[1] -1.349076e-05 : updated Lewis/Curry estimated fit has ~0 prob at <0 K
sum(outEB2015$fittedPdf[2202:10201])
#[1]  0.2583928: updated Lewis/C estimated fit has 0.26% prob over 10-100 K
if(saved) { save(outEB2015, file=paste(dataPath, 'outEB2015.-2_100.Rd', sep="")) }  
# saved with fitted range (-2,100) 

# plot all the PDFs, likelihoods and prior in 6 panels on the same graph

########################################################################

# load required data

load(paste(dataPath, 'outPaleo10.90.2.75ratio_n.-2_100.Rd', sep="")) 

load(paste(dataPath, 'outEB.-2_100.Rd', sep="")) 

load(paste(dataPath, 'out.otto2000s.-2_100.Rd', sep=""))

load(paste(dataPath, 'outEB.equil.-2_100.Rd', sep=""))
load(paste(dataPath, 'origPdfs2.Rd', sep=""))

load(paste(dataPath, 'AR5_Paleo10.90_2.75ratio_n.pdf.Rd', sep=""))

# set up plot line and other common details

lty= c(1,1,1,1,1,1)

lty1= c(1,1,2,1,2)

lty2= c(1,'22',1,'22',1)

lwd1= c(3, 5, 3, 5, 3)

# was c(3, 6, 3, 5, 2)
lwd2= c(3, 3, 3, 3, 3)

# was c(3, 3, 3, 2, 2)
lwd3= c(3, 5, 3, 5, 3) 

# was c(2,2,4,2,4)

col1= c('royalblue1', 'gray60','magenta2', 1, 'darkorange')

# was 'darkorange2'
col2= c('royalblue1', 'magenta2', 'green3', 'darkorange', 'brown') # was 'darkorange2','burlywood4'
xlab= 'Equilibrium Climate Sensitivity (K)'

cex.lab= 1.4

lower= -2

upper= 100

xplot.nos= 201:1201

xplot.vals= (xplot.nos-201)*divs 

xaxp= c(0, 10, 10)

## Set up Figure as panels in 3 rows, 2 columns

dev.off()

plot.new()


## Manual intervention needed here to resize the graphics window to approx 27 cm wide x 30 cm high

par(pin=c(4,3), mfcol=c(3, 2), mar=c(3.75,4.6,0.92,1.2) )
par(mfg=c(1, 1))
# plot the original and fitted non-combined PDFs - instrumental fits dashed
################################################

toPlot= cbind(AR5_Paleo10.90_2.75ratio_n.pdf[,2], c(rep(0,200), origPdfs2[,'lewisCurry.pdf'], rep(0,9000)), outEB$fittedPdf, c(rep(0,200), origPdfs2[,'otto2000s.pdf'], rep(0,9000)), out.otto2000s$fittedPdf) 

plotPts= toPlot[,ncol(toPlot):1]

legTitle= 'AR5 instrumental period energy budget\n(forcing and heat uptake estimates)'

legTitle1= 'AR5 paleo 1-6 K range; 2.75 K median'

y2= round(max(toPlot[xplot.nos,])/2 +0.025, 1) * 2

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty1, lwd=lwd1, col=col1, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0,y2, y2*5) )

ylab= '                    Probability density (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'a', cex=1.7)

legend(x=3.65, y=y2-0.3, c('Original Lewis & Curry PDF', 'Ratio-normal fit thereto', 'Original Otto et al 2000s PDF', 'Ratio-normal fit thereto'), title=legTitle, lty=lty1[-1], lwd=lwd1[-1], col=col1[-1], bty='n', cex=1.4)
legend(x=3.65, y=y2, c('Ratio-normal fit to 10-90% range'), title=legTitle1, lty=lty1[1], lwd=lwd1[1], col=col1[1], bty='n', cex=1.4)
round(plotBoxCIs3(plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.08, boxlty=1, whisklty=1, medlty=1, lwd=3, col=rev(col1), yOffset=-4.4, points=c(0.025, 0.05, 0.10, 0.17, 0.50, 0.83, 0.90, 0.95, 0.975)), 3)

#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95  0.975 TotProb 

#[1,] 1.105 1.211 1.346 1.482 1.991 2.825 3.263 3.920  4.734   1.000

#[2,] 1.104 1.211 1.347 1.482 1.991 2.827 3.267 3.923  4.699   1.000

#[3,] 0.960 1.028 1.120 1.218 1.635 2.487 3.028 3.993  5.518   0.997

#[4,] 0.951 1.029 1.127 1.228 1.636 2.455 3.002 4.065  6.033   0.986

#[5,] 0.172 0.562 1.002 1.405 2.751 4.841 6.007 7.961 10.921   0.996
# plot the priors as linear and then as logarithmic
###################################################
# combine the priors on a RMS basis: Jeffreys' priors are the square root of the Fisher information, which is additive when (as assumed here) based on independent data

combiLewisCurry.10_90.prior= sqrt(outEB$prior^2 + outPaleo10.90_2.75ratio_n$prior^2)

combiLewisCurry.equil.10_90.prior= sqrt(outEB.equil$prior^2 + outPaleo10.90_2.75ratio_n$prior^2)

combiOtto2000s.10_90.prior= sqrt(out.otto2000s$prior^2 + outPaleo10.90_2.75ratio_n$prior^2)
toPlot= cbind(outPaleo10.90_2.75ratio_n$prior, outEB$prior, combiLewisCurry.10_90.prior, out.otto2000s$prior, combiOtto2000s.10_90.prior) 

# set values affected by breakdown of RS93 approximation at negative and zero ECS to off-graph level

# the likelihood in the affected cases is negligible at zero and below so no affect on posterior PDFs 

toPlot[1:201, c(2,3,4,5)]= NA
legText= c('AR5 paleo range as 10-90%', 'Lewis & Curry: AR5 energy budget', 'Lewis & Curry EB and AR5 paleo', 'Otto et al 2000s: AR5 energy budget', 'Otto et al 2000s EB and AR5 paleo')

par(mfg=c(2, 1))
y2= 10

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(0, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0, y2, 5) )

ylab= 'Prior density [likelihood weighting factor] (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.95*y2, 'c', cex=1.7)

legTitle2= 'Jeffreys priors from ratio-normal fits to:'

legend('topright', legText, title=legTitle2, lty=lty, lwd=lwd2, col=col2, bty='n', cex=1.4)
# plot the priors on a log scale

par(mfg=c(3, 1))
y2= 100

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(1/y2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1/y2, y2, 1) )

ylab= 'Prior density [likelihood weighting factor] (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

title(xlab=xlab, line=2.6, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.72*y2, 'e', cex=1.7)

legTitle3= 'Jeffreys priors from ratio-normal fits: log scale'

legend('topright', legText, title=legTitle3, text.col=colors()[1], title.col=1, bty='n', cex=1.4)
# multiplicatively combine the likelihoods, on the basis that they are based on independent data

combiLewisCurry.10_90.like= outEB$like * outPaleo10.90_2.75ratio_n$like

combiLewisCurry.equil.10_90.like= outEB.equil$like * outPaleo10.90_2.75ratio_n$like

combiOtto2000s.10_90.like= out.otto2000s$like * outPaleo10.90_2.75ratio_n$like
# plot the fitted initial and combined evidence PDFs
####################################################

par(mfg=c(1, 2))
# compute posterior PDFs in combined evidence cases as product of related likelihoods and Jeffreys' priors. Normalise to unit probability over (-2,100) on basis that the combined likelihood is so low outside that range that it contibutes negligible probability 

combiLewisCurry.10_90.pdf = combiLewisCurry.10_90.like * combiLewisCurry.10_90.prior
combiLewisCurry.10_90.pdf = combiLewisCurry.10_90.pdf / ( sum(combiLewisCurry.10_90.pdf) * divs )

combiOtto2000s.10_90.pdf= combiOtto2000s.10_90.like * combiOtto2000s.10_90.prior 
combiOtto2000s.10_90.pdf= combiOtto2000s.10_90.pdf / (sum(combiOtto2000s.10_90.pdf) * divs)

toPlot= cbind(outPaleo10.90_2.75ratio_n$fittedPdf, outEB$fittedPdf, combiLewisCurry.10_90.pdf, out.otto2000s$fittedPdf, combiOtto2000s.10_90.pdf) 

plotPts= toPlot[,ncol(toPlot):1]
y2= 1

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty, lwd=lwd3, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0,y2, y2*5) )

ylab= '                    Probability density (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'b', cex=1.7)

legTitle4= 'Posterior PDFs from ratio-normal fits to:'

legend('topright', legText, title=legTitle4, lty=lty, lwd=lwd3, col=col2, bty='n', cex=cex.lab)#=cex1.4
round(plotBoxCIs3(pdfsToPlot=plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.08, boxlty=rev(lty[-1]), whisklty=rev(lty[-1]), medlty=1, lwd=4, col=rev(col2), yOffset=-4.4, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95  0.975 TotProb

#[1,] 1.203 1.316 1.460 1.605 2.139 2.950 3.333 3.853  4.416   1.000

#[2,] 1.105 1.211 1.346 1.482 1.991 2.825 3.263 3.920  4.734   1.000

#[3,] 1.031 1.113 1.226 1.348 1.877 2.849 3.348 4.051  4.842   1.000

#[4,] 0.960 1.028 1.120 1.218 1.635 2.487 3.028 3.993  5.518   0.997

#[5,] 0.172 0.562 1.002 1.405 2.751 4.841 6.007 7.961 10.921   0.996
# add the equilibrium-scaled PDFs and then save all PDFs as a single object

combiLewisCurry.equil.10_90.pdf = combiLewisCurry.equil.10_90.like * combiLewisCurry.equil.10_90.prior
combiLewisCurry.equil.10_90.pdf = combiLewisCurry.equil.10_90.pdf / ( sum(combiLewisCurry.equil.10_90.pdf) * divs )

EB.paleo.comb.pdfs= cbind(-200:10000/100, toPlot, outEB.equil$fittedPdf, combiLewisCurry.equil.10_90.pdf)

colnames(EB.paleo.comb.pdfs)= c('ECS', 'Paleo10.90_2.75', 'LewisCurry', 'LewisCurry.paleo', 'Otto2000s', 'Ottos2000s.paleo', 'LewisCurryEquil', 'LewisCurryEquil.paleo')

round(plotBoxCIs3(pdfsToPlot= EB.paleo.comb.pdfs[,7:8], profLikes=cbind(outEB.equil$like, combiLewisCurry.equil.10_90.like), divs=divs, lower=lower, upper=upper, plot=FALSE, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#        0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95 0.975 TotProb

#        1.018 1.096 1.201 1.311 1.776 2.713 3.305 4.358 6.017   0.997

#        1.098 1.190 1.314 1.446 2.002 2.984 3.482 4.183 4.973   1.000

#percPts 1.018 1.096 1.201 1.311 1.780 2.713 3.305 4.358 6.017   1.776

#percPts 1.094 1.185 1.309 1.440 1.990 2.970 3.469 4.174 4.972   1.992
if(saved) { save(EB.paleo.comb.pdfs, file= paste(dataPath, 'EB.paleo.comb.pdfs.Rd', sep="")) }
# plot the likelihoods, normalised to a maximum of one, linear scale

####################################################################

par(mfg=c(2, 2))

toPlot= cbind(outPaleo10.90_2.75ratio_n$like, outEB$like, combiLewisCurry.10_90.like, out.otto2000s$like, combiOtto2000s.10_90.like) 

toPlot= t( t(toPlot) / apply(toPlot, 2, max) )

plotPts= toPlot[,ncol(toPlot):1]

# find how small each of the likelihoods is at ECS = 100 K: negligible for the LC combined likelihood

round(toPlot[10201,], 4)
#                                          


  combiLewisCurry.10_90.like 

#                    0.0268                     0.0235                     0.0008 

#                            combiOtto2000s.10_90.like 

#                    0.0030                     0.0001
# add the equilibrium-scaled likelihoods and then save all likelihoods as a single object

EB.paleo.comb.likes= cbind(-200:10000/100, toPlot, outEB.equil$like, combiLewisCurry.equil.10_90.like)

colnames(EB.paleo.comb.likes)= c('ECS', 'Paleo10.90_2.75', 'LewisCurry', 'LewisCurry.paleo', 'Otto2000s', 'Ottos2000s.paleo', 'LewisCurryEquil', 'LewisCurryEquil.paleo')

if(saved) { save(EB.paleo.comb.likes, file= paste(dataPath, 'EB.paleo.comb.likes.Rd', sep="")) }

# form uniform prior based posterior PDFs by normalising the likelihoods

post.uniform= t( t(plotPts) / (colSums(plotPts) * divs) )

y2= 1.25

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty, lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0, 1, 5) )

ylab= 'Likelihood (relative to maximum)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'd', cex=1.7)

legTitle5= 'Likelihoods from ratio-normal fits'

legend('topright', legText, title=legTitle5, title.col=1, bty='n', cex=1.4, text.col=colors()[1])
# repeat, to eliminate any white flecks in lines

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0, 1, 5), add=TRUE )

# compute and plot confidence points using the SRLR method on the various likelihood functions

round(plotBoxCIs3(pdfsToPlot=NA, profLikes=plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.10, spacing= 0.8, boxlty=1, whisklty=1, medlty=1, lwd=4, col=rev(col2), yOffset=-4.6, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#        0.025  0.05   0.1  0.17  0.5  0.83   0.9  0.95  0.975 TotProb

#percPts 1.201 1.314 1.458 1.602 2.13 2.942 3.323 3.842  4.403   2.135

#percPts 1.105 1.211 1.346 1.482 1.99 2.825 3.263 3.920  4.734   1.991

#percPts 1.026 1.108 1.219 1.340 1.86 2.831 3.332 4.041  4.843   1.862

#percPts 0.960 1.028 1.120 1.218 1.63 2.487 3.028 3.993  5.518   1.635

#percPts 0.166 0.559 1.000 1.404 2.75 4.838 6.000 7.942 10.860   2.750
# plot the likelihoods on a log scale
#####################################

par(mfg=c(3, 2))
y2= 3

toPlot= apply(toPlot, 2, pmax, 1e-20)

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(1e-4*y2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1e-4, 1, 1) )

ylab= 'Likelihood (relative to maximum)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

title(xlab=xlab, line=2.6, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.72*y2, 'f', cex=1.7)

legTitle6= 'Likelihoods from ratio-normal fits: log scale'

legend('topright', legText, title=legTitle6, text.col= colors()[1], title.col=1, bty='n', cex=1.4)
# repeat, to eliminate any white flecks in lines

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(1e-4*y2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1e-4, 1, 1), add=TRUE )

if(saved) { savePlot(paste(plotsPath, 'pdf_like_prior.10_90paleo2.75_LC14_Otto_combi.0-10.png', sep=""), type='png') }
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# compute the CDF points for the uniform prior (-2,100) PDFs

round(plotBoxCIs3(pdfsToPlot=post.uniform, profLikes=NA, divs=divs, lower=lower, upper=upper, plot=FALSE, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#     0.025  0.05   0.1  0.17    0.5   0.83    0.9   0.95  0.975 TotProb

#[1,] 1.344 1.477 1.650 1.828  2.523  3.727  4.398  5.500  7.162       1

#[2,] 1.296 1.437 1.627 1.833  2.845  9.331 27.776 59.052 78.711       1

#[3,] 1.206 1.326 1.496 1.688  2.583  4.738  6.636 13.434 36.765       1

#[4,] 1.247 1.406 1.671 2.055 10.746 63.836 78.421 89.121 94.542       1

#[5,] 0.744 1.249 1.878 2.546  6.894 48.414 68.249 83.735 91.786       1
# form posterior PDFs based on updating the individual posteriors

#################################################################

update.LewisCurry.10_90.pdf= outEB$fittedPdf * outPaleo10.90_2.75ratio_n$like

update.10_90.LewisCurry.pdf= AR5_Paleo10.90_2.75ratio_n.pdf[,2] * outEB$like

update.Otto2000s.10_90.pdf= out.otto2000s$fittedPdf * outPaleo10.90_2.75ratio_n$like

update.10_90.Otto2000s.pdf= AR5_Paleo10.90_2.75ratio_n.pdf[,2] * out.otto2000s$like
update.LewisCurry.10_90.pdf= update.LewisCurry.10_90.pdf / sum(update.LewisCurry.10_90.pdf) / divs

update.10_90.LewisCurry.pdf= update.10_90.LewisCurry.pdf / sum(update.10_90.LewisCurry.pdf) /divs

update.Otto2000s.10_90.pdf= update.Otto2000s.10_90.pdf / sum(update.Otto2000s.10_90.pdf) / divs

update.10_90.Otto2000s.pdf= update.10_90.Otto2000s.pdf / sum(update.10_90.Otto2000s.pdf) / divs

# compute the CDF points for the Bayesian updating based (-2,100) PDFs

toPlot= cbind(update.LewisCurry.10_90.pdf, update.10_90.LewisCurry.pdf, update.Otto2000s.10_90.pdf, update.10_90.Otto2000s.pdf)

round(plotBoxCIs3(pdfsToPlot=toPlot, profLikes=NA, divs=divs, lower=lower, upper=upper, plot=FALSE, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95 0.975 TotProb

#[1,] 1.013 1.090 1.195 1.307 1.771 2.588 3.003 3.587 4.241       1

#[2,] 1.154 1.257 1.399 1.553 2.199 3.312 3.871 4.663 5.570       1

#[3,] 1.188 1.299 1.438 1.578 2.090 2.851 3.207 3.688 4.204       1

#[4,] 1.294 1.417 1.574 1.733 2.322 3.215 3.637 4.213 4.839       1
# Combining evidence using the updated (1859-82 to 1995-2015 Lewis & Curry EB pdf

#################################################################################
combiLewisCurry2015.10_90.prior= sqrt(outEB2015$prior^2 + outPaleo10.90_2.75ratio_n$prior^2)

combiLewisCurry2015.10_90.like= outEB2015$like * outPaleo10.90_2.75ratio_n$like

combiLewisCurry2015.10_90.pdf= combiLewisCurry2015.10_90.like * combiLewisCurry2015.10_90.prior
combiLewisCurry2015.10_90.pdf= combiLewisCurry2015.10_90.pdf / ( sum(combiLewisCurry2015.10_90.pdf) * divs )

round(plotBoxCIs3(pdfsToPlot= combiLewisCurry2015.10_90.pdf, profLikes=NA, divs=divs, lower=lower, upper=upper, plot=FALSE, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95 0.975 TotProb

#[1,] 1.092 1.179 1.298 1.426 1.975 2.967 3.472 4.186 4.991       1
# c/f was

#[3,] 1.031 1.113 1.226 1.348 1.877 2.849 3.348 4.051  4.842   1.000
# median is 10 bp higher; 95% point is 0.15 K higher
# Repeat using shift-log-t distribution (shift-lognormal for paleo for 3 pts)

#############################################################################



lewisCurry.pdf= as.matrix(read.table(paste(origDataPath, 'eb7.ecs.pdfs_14Sep14.txt', sep=""), header= FALSE))[,1:2] # just the ECS values and the main 1859-82 to 1995-2011 estimate 

# Lewis/Curry xout is 0:10.01 (as range(lewisCurry.pdf[,1])# [1]  0.00 10.01) 
#set upper ECS at 1000 to capture as much probability as possible

study= 'AR5 instrumental period forcing and heat uptake\nestimates (Lewis & Curry 2014: energy budget)'

lower= -2

upper= 1000

divs=0.01

xout= seq(from=lower, to=upper, by=divs)

percPts= plotBoxCIs3(lewisCurry.pdf[,2], divs=divs, lower=lewisCurry.pdf[1,1], upper=rev(lewisCurry.pdf[,1])[1], plot=FALSE, points=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975))

# fit entire LC14 pdf (ex the probability lump at end)

######################################################

# probability lump at end is all probability at above 10.00 K

# since fitPercPts scales the t-distribution prior by sqrt(v+1/v+3), must normalise

outEB_sh_logt= fitPercPts(pts= lewisCurry.pdf[-1002,1], vals=lewisCurry.pdf[-1002,2], div=0.01, xout=xout, type='t', reltol=1e-14, normalise=TRUE)

# [1] "Warning: CDF reaches 0.98614625" - OK; PDF is correctly scaled but omits probability above 10 K

round(c(outEB_sh_logt$par, outEB_sh_logt$value, outEB_sh_logt$convergence, outEB_sh_logt$counts[1]),4)

#    -0.8206   -0.2040    0.6277    3.4729    0.0018    0.0000 1295.0000

toPlot= cbind( c(rep(0,200), lewisCurry.pdf[,2], rep(0,98999)), outEB_sh_logt$fittedPdf )

plotPts= toPlot[,ncol(toPlot):1]

plot.new()

# plot the fit (graphics window set to ~ 23 cm wide, 18 cm high

par(mfcol=c(1, 1), mar=c(4.5,4.5,1,1) )

xplot= 201:1201

y2= max(toPlot[xplot,])

lwd=c(5,3)

col=c(1,6)

matplot((xplot-201)*divs, toPlot[xplot,], type='l', lty=1, lwd=lwd, col=col, xaxs='i', yaxs='i', xlim=c(0,10), ylim=c(0.001-round(y2-0.1,1)/5, round(y2+0.05,1)), xlab= 'Equilibrium Climate Sensitivity (K)', ylab='Probability Density (K⁻¹)', cex.lab=1.4, cex.axis=1.4, xaxp=c(0,10,10))

lines(c(0,upper), c(0,0))

legend(x=3.3, y=0.84, c('Original estimated PDF', 'Fitted shift-log-t PDF'), title=study, lty=1, lwd=lwd, col=col, bty='n', cex=1.4)
round(plotBoxCIs3(plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=2:6, boxsize=0.1*round(y2-0.1,1), boxlty= rep(1,ncol(toPlot)), whisklty=rep(1,ncol(toPlot)), lwd=3, col=rev(col), yOffset=-2.2, points=c(0.025, 0.05, 0.17, 0.50,0.83,0.95, 0.975)), 3)

#     0.025  0.05  0.17   0.5  0.83  0.95 0.975 TotProb

# [1,] 0.956 1.027 1.231 1.637 2.452 4.114 5.976       1: : the fitted PDF
#[2,] 0.951 1.029 1.228 1.636 2.455 4.065 6.033       1
#when upper= 100000 not 1000 the normalised fitted PDF has these perc pts:

# [1,] 0.956 1.027 1.231 1.638 2.454 4.125 6.018       1
# with upper= 100000:

# sum(outEB_sh_logt$fittedPdf[1:1201])
[1] 98.82241

# sum(outEB_sh_logt$fittedPdf[1:10201]) 
[1] 99.86999

# sum(outEB_sh_logt$fittedPdf[1:100201]) 
[1] 99.97011 - virtually all probability is at <1000 K

sum(outEB_sh_logt$fittedPdf[1:200])

#[1] 2.549651e-09 : Lewis/Curry estimated fit has ~0 prob at <0 K
sum(outEB_sh_logt$fittedPdf[1202:100201])
#[1]  1.14804 : Lewis/Curry estimated fit has 1.1% prob over 10-1000 K
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if(saved) {savePlot(paste(plotsPath, 'pdf_LC14_shift_lognormal.png', sep=""), type='png') } #with range (-2,1000), normalised

# fit shift lognormal distribution to AR5 paleo median and range (as 10-90%) 
############################################################################
# with only 3 points can't fit a shift logt distribution

paleoPts= c(1, 2.75, 6)
lower= -2

upper= 1000
divs=0.01

xout= seq(from=lower, to=upper, by=divs)
# fit shift-lognormal to 10-90% range of 1-6 K

outPaleo10.90_2.75.sh_logn = fitPercPts(pts=paleoPts, vals=c(0.1, 0.50, 0.9), div=NA, xout=xout, type='normal', reltol=1e-14, normalise=FALSE) # or set type= 'ratio.n'
round(c(outPaleo10.90_2.75.sh_logn$par, outPaleo10.90_2.75.sh_logn$value, outPaleo10.90_2.75.sh_logn$convergence, outPaleo10.90_2.75.sh_logn$counts[1]),4)

# 1.0417   1.3328   0.4830   0.0000   0.0000 280.0000
sum(outPaleo10.90_2.75.sh_logn$fittedPdf)



#[1] 100

sum(outPaleo10.90_2.75.sh_logn$fittedPdf[1:200])

#[1] 0.3630377
sum(outPaleo10.90_2.75.sh_logn$fittedPdf[1201:10201])
#[1] [1] 1.348907 

if(saved) { save(outPaleo10.90_2.75.sh_logn, file=paste(dataPath, 'outPaleo10.90_2.75.sh_logn.-2_100.Rd', sep="") ) } # saved with range (-2,1000)

# plot all the shift-logt/lognormal PDFs, likelihoods and prior in 6 panels on the same graph

#############################################################################################

# set up plot line and other common details

lty= c(1,1,1,1,1,1)

lwd1= c(3, 6, 3)

lwd2= c(3, 3, 3)

col1= c('royalblue1', 'gray60','magenta2')

col2= c('royalblue1', 'magenta2', 'green3')

xlab= 'Equilibrium Climate Sensitivity (K)'

cex.lab= 1.4

xplot.nos= 201:1201

xplot.vals= (xplot.nos-201)*divs 

xaxp= c(0, 10, 10)

## Manual intervention needed here to resize the graphics window to approx 27 cm wide x 30 cm high

## Set up Figure as panels in 3 rows, 2 columns

plot.new()


par(pin=c(4,3), mfcol=c(3, 2), mar=c(3.75,4.6,0.92,1.2) )
par(mfg=c(1, 1))
# plot the original and fitted non-combined PDFs

################################################

toPlot= cbind(outPaleo10.90_2.75.sh_logn$fittedPdf, c(rep(0,200), lewisCurry.pdf[-1002,2], rep(0,99000)), outEB_sh_logt$fittedPdf) 

plotPts= toPlot[,ncol(toPlot):1]

legTitle= 'AR5 instrumental period energy budget\n(forcing and heat uptake estimates)'

legTitle1= 'AR5 paleo 1-6 K range; 2.75 K median'

y2= round(max(toPlot[xplot.nos,])/2 +0.025, 1) * 2

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty, lwd=lwd1, col=col1, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0,y2, y2*5) )

ylab= '                    Probability density (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'a', cex=1.7)

legend(x=3.65, y=y2-0.3, c('Original Lewis & Curry PDF', 'Shift-logt fit thereto'), title=legTitle, lty=lty[-1], lwd=lwd1[-1], col=col1[-1], bty='n', cex=1.4)
legend(x=3.65, y=y2, c('Shift-lognormal fit to 10-90% range'), title=legTitle1, lty=lty[1], lwd=lwd1[1], col=col1[1], bty='n', cex=1.4)
round(plotBoxCIs3(plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.08, boxlty=1, whisklty=1, medlty=1, lwd=3, col=rev(col1), yOffset=-4.4, points=c(0.025, 0.05, 0.10, 0.17, 0.50, 0.83, 0.90, 0.95, 0.975)), 3)

#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95  0.975 TotProb 

#[1,] 0.956 1.027 1.126 1.231 1.637 2.452 3.017 4.114 5.976   1.000

#[2,] 0.951 1.029 1.127 1.228 1.636 2.455 3.002 4.065 6.033   0.986

#[3,] 0.429 0.671 1.000 1.350 2.750 4.970 6.000 7.351 8.731   1.000
# plot the priors as linear and then as logarithmic

###################################################

# combine the priors on a RMS basis: Jeffreys' priors are the square root of the Fisher information, which is additive when (as assumed here) based on independent data

combiLewisCurry.10_90.sh_logtn.prior= sqrt(outEB_sh_logt$prior^2 + outPaleo10.90_2.75.sh_logn$prior^2)

toPlot= cbind(outPaleo10.90_2.75.sh_logn$prior, outEB_sh_logt$prior, combiLewisCurry.10_90.sh_logtn.prior) 

# set values affected by breakdown of RS93 approximation at negative and zero ECS to off-graph level

# the likelihood in the affected cases is negligible at zero and below so no affect on posterior PDFs 

toPlot[1:201, c(2,3)]= NA
par(mfg=c(2, 1))
y2= 10
matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(0, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0, y2, 5) )

ylab= 'Prior density [likelihood weighting factor] (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.95*y2, 'c', cex=1.7)

legText= c('AR5 paleo range as 10-90%', 'Lewis & Curry: AR5 energy budget', 'Lewis & Curry EB and AR5 paleo')

legTitle2= 'Jeffreys priors from shift-logt/lognormal fits to:'

legend('topright', legText, title=legTitle2, lty=lty, lwd=lwd2, col=col2, bty='n', cex=1.4)
# plot the priors on a log scale

par(mfg=c(3, 1))
y2= 50

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(1/y2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1/y2, y2, 1) )

ylab= 'Prior density [likelihood weighting factor] (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

title(xlab=xlab, line=2.6, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.72*y2, 'e', cex=1.7)

legTitle3= 'Jeffreys priors from shift-logt/lognormal fits: log scale'

legend('topright', legText, title=legTitle3, text.col=colors()[1], title.col=1, bty='n', cex=1.4)
# multiplicatively combine the likelihoods, on the basis that they are based on independent data

combiLewisCurry.10_90.sh_logtn.like= outEB_sh_logt$like * outPaleo10.90_2.75.sh_logn$like

# plot the fitted initial and combined evidence PDFs
####################################################

par(mfg=c(1, 2))
# compute posterior PDFs in combined evidence cases as product of related likelihoods and Jeffreys' priors. Normalise to unit probability over (-2,100) on basis that the combined likelihood is so low outside that range that it contibutes negligible probability 

combiLewisCurry.10_90.sh_logtn.pdf = combiLewisCurry.10_90.sh_logtn.like * combiLewisCurry.10_90.sh_logtn.prior
combiLewisCurry.10_90.sh_logtn.pdf = combiLewisCurry.10_90.sh_logtn.pdf / ( sum(combiLewisCurry.10_90.sh_logtn.pdf) * divs )

toPlot= cbind(outPaleo10.90_2.75.sh_logn$fittedPdf, outEB_sh_logt$fittedPdf, combiLewisCurry.10_90.sh_logtn.pdf) 

plotPts= toPlot[,ncol(toPlot):1]
y2= 1

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty, lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0,y2, y2*5) )

ylab= '                    Probability density (K⁻¹)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'b', cex=1.7)

legTitle4= 'Posterior PDFs from shift-logt/lognormal fits to:'

legend('topright', legText, title=legTitle4, lty=lty, lwd=lwd2, col=col2, bty='n', cex=1.4)
round(plotBoxCIs3(pdfsToPlot=plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.08, boxlty=rev(lty[-1]), whisklty=rev(lty[-1]), medlty=1, lwd=3, col=rev(col2), yOffset=-4.4, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#     0.025  0.05   0.1  0.17   0.5  0.83   0.9  0.95 0.975 TotProb

#[1,] 1.029 1.116 1.230 1.347 1.804 2.647 3.108 3.770 4.497       1

#[2,] 0.956 1.027 1.126 1.231 1.637 2.452 3.017 4.114 5.976       1

#[3,] 0.429 0.671 1.000 1.350 2.750 4.970 6.000 7.351 8.731       1
# plot the likelihoods, normalised to a maximum of one, linear scale

####################################################################

par(mfg=c(2, 2))

toPlot= cbind(outPaleo10.90_2.75.sh_logn$like, outEB_sh_logt$like, combiLewisCurry.10_90.sh_logtn.like) 

toPlot= t( t(toPlot) / apply(toPlot, 2, max) )

plotPts= toPlot[,ncol(toPlot):1]

# find how small each of the likelihoods is at ECS = 100 K: negligible for the LC combined likelihood

round(toPlot[10201,], 4)
#                             0.0000                              0.0016 

#combiLewisCurry.10_90.sh_logtn.like 

#                             0.0000
y2= 1.25

matplot(xplot.vals, toPlot[xplot.nos,], type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(-y2*0.35, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(0, 1, 5) )

ylab= 'Likelihood (relative to maximum)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

lines(range(xplot.vals), c(0,0))

text(xaxp[1]+0.5, 0.95*y2, 'd', cex=1.7)

legTitle5= 'Likelihoods from shift-logt/lognormal fits'

legend('topright', legText, title=legTitle5, text.col=colors()[1], title.col=1, bty='n', cex=1.4)
# compute and plot confidence points using the SRLR method on the various likelihood functions

round(plotBoxCIs3(pdfsToPlot=NA, profLikes=plotPts, divs=divs, lower=lower, upper=upper, plot=TRUE, plotPts=c(2,4:6,8), boxsize=0.10, spacing= 0.8, boxlty=1, whisklty=1, medlty=1, lwd=3, col=rev(col2), yOffset=-4.6, points=c(0.025,0.05,0.10,0.17,0.50,0.83,0.90,0.95, 0.975)), 3)
#        0.025  0.05   0.1  0.17  0.5  0.83   0.9  0.95  0.975 TotProb

#percPts 1.089 1.168 1.268 1.369 1.75 2.448 2.836 3.414 4.074   1.754

#percPts 1.029 1.101 1.195 1.288 1.64 2.242 2.598 3.190 4.012   1.636

#percPts 0.430 0.671 1.000 1.350 2.75 4.970 6.000 7.351 8.731   2.750
# plot the likelihoods on a log scale

#####################################

par(mfg=c(3, 2))
y2= 3

toPlot= apply(toPlot, 2, pmax, 1e-20)

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(y2/50^2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1e-4, 1, 1) )

ylab= 'Likelihood (relative to maximum)'

title(ylab=ylab, line=2.7, cex.lab=cex.lab)

title(xlab=xlab, line=2.6, cex.lab=cex.lab)

text(xaxp[1]+0.5, 0.72*y2, 'f', cex=1.7)

legTitle6= 'Likelihoods from shift-logt/lognormal fits: log scale'

legend('topright', legText, title=legTitle6, text.col= colors()[1], title.col=1, bty='n', cex=1.4)
# to eliminate white flecks in lines

matplot(xplot.vals, toPlot[xplot.nos,], log='y', type='l', lty=lty[-c(1,3)], lwd=lwd2, col=col2, xaxs='i', yaxs='i', xlim=range(xplot.vals), ylim=c(y2/50^2, y2), xlab='', ylab='', cex.lab=1.4, cex.axis=1.4, xaxp=xaxp, yaxp=c(1e-4, 1, 1), add=TRUE )

if(saved) { savePlot(paste(plotsPath, 'pdf_like_prior_pdf.EB_LC14_combi.sh_logtn.png', sep=""), type='png') } # with range (-2,1000)
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# Deducing the likelihood function for the LC14 PDF by using the SRLC formula in reverse  
########################################################################################
# SRLR formula gives the x% and (1 - x)% points of the confidence distribution as a function of the likelihood L:

# pnorm( sqrt( 2 * log(L) /max(log(L)) ) )

# with which point it is depending on whether the position of the likelihood lies above or below the maximum likelihood position. Reversing this (sign d/w by the squaring):

# L = exp( 0.5 * qnorm(x)^2 ) up to proportionality

like.srlr.LC14= exp( -0.5 * qnorm(cumsum(lewisCurry.pdf[-1002,2]/100))^2 ) 

plotted= cbind(like.srlr.LC14, outEB$like[201:1201]/max(outEB$like[201:1201]) , outEB_sh_logt$like[201:1201]/max(outEB_sh_logt$like[201:1201]))
legTitle= 'Likelihood derived from ECS PDFs for Lewis & Curry 2014'

col= c('gray60', 'magenta2', 5)

lwd= c(5,3,3)

matplot(0:1000/100, plotted, type='l', lty=1, lwd=lwd, col=col, yaxs='i', xaxs='i', xlab= 'Equilibrium Climate Sensitivity (K)', ylab= 'Likelihood (relative to maximum)', ylim=c(0,1.19), cex.lab=1.4, cex.axis=1.4, xaxp=c(0,10,10) )
legend('topright', c('Original estimated PDF/CDF, using reverse SRLR', 'Fitted ratio-normal PDF divided by its Jeffreys prior', 'Fitted shift-logt PDF divided by its Jeffreys prior'), title=legTitle, lty=1, lwd=lwd, col=col, bty='n', cex=1.4)

if(saved) {savePlot(paste(plotsPath, 'like.EB.LC14_ratioN_shLogT.png', sep=""), type='png') }
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#Ratios of 35 to 150 year pentadal regression based CMIP5 ECS estimates from response to abrupt 4x CO2 

######################################################################################################

load(paste( origDataPath, 'ECS.4xOLS.150.5.Rd', sep='') )
round(rbind(ECS.4xOLS.150.5, ECS.4xOLS.150.5[1,]/ ECS.4xOLS.150.5[2,]),3)

                ACCESS1-0 ACCESS1-3 bcc-csm1-1 bcc-csm1-1-m BNU-ESM CanESM2 CCSM4 CNRM-CM5

ECS.Pentads1_7      3.230     2.965      2.688        2.689   4.077   3.440 2.674    3.402

ECS.Pentads1_30     3.891     3.568      2.804        2.837   4.002   3.706 2.936    3.283

ECS.Pentads5_30     4.500     4.494      2.901        2.976   3.984   3.888 3.181    3.231

F2x.Pentads1_7      3.490     3.399      3.597        4.035   3.678   4.136 4.132    3.505

F2x.Pentads1_30     2.909     2.858      3.360        3.678   3.734   3.779 3.584    3.627

F2x.Pentads5_30     2.333     2.115      2.955        2.960   3.780   3.324 2.927    3.809

                    0.830     0.831      0.958        0.948   1.019   0.928 0.911    1.036

                CNRM-CM5-2 CSIRO-Mk3-6-0 FGOALS-g2 FGOALS-s2 GFDL-CM3 GFDL-ESM2G GFDL-ESM2M

ECS.Pentads1_7       3.386         3.190     2.817     4.021    3.511      2.282      2.429

ECS.Pentads1_30      3.447         4.196     3.432     4.279    3.986      2.349      2.460

ECS.Pentads5_30      3.764         5.192     3.836     4.800    4.233      2.787      2.695

F2x.Pentads1_7       3.765         3.150     3.475     3.928    3.339      3.605      3.440

F2x.Pentads1_30      3.679         2.496     2.789     3.686    2.999      3.268      3.281

F2x.Pentads5_30      3.033         1.942     2.228     3.095    2.691      2.184      2.648

                     0.982         0.760     0.821     0.940    0.881      0.971      0.988

                GISS-E2-H GISS-E2-R HadGEM2-ES inmcm4 IPSL-CM5A-LR IPSL-CM5A-MR IPSL-CM5B-LR

ECS.Pentads1_7      2.225     1.887      4.157  2.107        3.937        3.873        2.395

ECS.Pentads1_30     2.343     2.152      4.566  2.057        4.027        4.110        2.631

ECS.Pentads5_30     2.432     2.305      5.670  2.053        4.180        4.457        2.823

F2x.Pentads1_7      4.008     4.613      3.237  2.985        3.291        3.501        2.899

F2x.Pentads1_30     3.705     3.621      2.944  3.046        3.220        3.320        2.591

F2x.Pentads5_30     3.239     3.038      2.166  3.061        2.998        2.877        2.157

                    0.950     0.877      0.910  1.024        0.978        0.942        0.910

                MIROC-ESM MIROC5 MPI-ESM-LR MPI-ESM-MR MPI-ESM-P MRI-CGCM3 NorESM1-M

ECS.Pentads1_7      4.299  2.668      3.341      3.249     3.204     2.482     2.490

ECS.Pentads1_30     4.651  2.717      3.644      3.489     3.464     2.600     2.824

ECS.Pentads5_30     4.970  2.888      3.965      3.766     3.747     2.708     3.312

F2x.Pentads1_7      4.592  4.405      4.622      4.475     4.827     3.484     3.555

F2x.Pentads1_30     4.299  4.268      4.087      4.023     4.264     3.260     3.059

F2x.Pentads5_30     3.828  3.614      3.278      3.257     3.394     2.843     2.313

                    0.924  0.982      0.917      0.931     0.925     0.955     0.882

mean(ECS.4xOLS.150.5[1,]/ ECS.4xOLS.150.5[2,])

#[1] 0.9279358

sd(ECS.4xOLS.150.5[1,]/ ECS.4xOLS.150.5[2,])

#[1] 0.06339197
mean(ECS.4xOLS.150.5[4,])





#[1] 3.764387 F2x CO2 est from pentads 1-7 OK
