% RTE = Radiative transfer equations in atmosphere

% Objective - allow progressively more complex applications

% to help people see what happens in practice in the atmosphere

% v0.2 allow iterations of one (or more) parameter to find the TOA flux vs

% changed parameter

% Define standard atmosphere against height

% zr = height, pr = pressure, Tr = temperature, rhor = density, all in SI units

Ts=300; % define surface temperature

ps=1.013e5; % define surface pressure

nmv=2.079e25; % nmv x rho = total number of molecules per m^3

maxzr=50e3; % height of atmosphere

numzr=1000; % number of points used to define real atmosphere

zr=linspace(0,maxzr,numzr); % height vector from sea level to maxzr

[pr Tr rhor ztropo] = define_atmos(zr,Ts,ps); % function to determine (or lookup) p, T & rho 

% Consider atmosphere in a coarser resolution than used for calculation

% z, p,T,rho; subset of values used for RTE calcs

numz=20; % number of layers to consider

maxz=20e3; % height of atmosphere to consider in meters

zi=round(logspace(0.3,log10(numzr),numz)); % zi = lookup vector to "select" heights, pressures etc

      % approximately logarithmically as pressure is logarithmic

z=zr(zi);

p=pr(zi);

T=Tr(zi);

rho=rhor(zi);

% various values

lapse=6.5; % environmental lapse rate ** note potential conflict with temp profile already determined

% could be max lapse rate for convective adjustment

ems=0.98; % emissivity of surface

% work in wavenumber, cm^-1

dv=5;

v=100:dv:2500; % wavenumber (=50um - 4um)

numv=length(v);

rads=ems.*planckmv(v,Ts); % surface spectral intensity against frequency v

% ====== Introducing the molecules ============

% need % mixing in the atmosphere vs height, % capture cross section per 

% number per frequency, pressure & temperature broadening function

nummol=2; % number of radiatively-active gases

mz=ones(nummol,numz); % initialize mixing ratios of the gases

% specific concentrations

% pH2O = pretend H2O

emax=17e-3; % max mixing ratio (surface) of 17g/kg

mz(1,:)=(ztropo-z).*emax./ztropo; % straight line reduction from surface to tropopause

mz(1,(mz(1,:)<0))=5e-6; % replace negative values with 5ppm, ie, for heights above tropopause

% pCO2 = pretend CO2

mz(2,:)=3.6e-4; % 360ppm

% absorption coefficients

k1=.3; % arbitrary pick - in m2/kg while we use rho

k2=.3; % likewise

a=zeros(nummol,length(v)); % initialize absorption coefficients

a(1,(v>=1250 & v<=1500))=k1;  % wavelength dependent absorption

a(2,(v>=600 & v<=800))=k2;

% === Loop to change key parameter for which we want to see the effect

% 

nres=10; % number of results to calculate

flux=zeros(1,nres); % TOA flux for each change in parameter

par=zeros(1,nres); % parameter we will alter

plotix=[1 3 5 8 10]; % graphs to plot

nplot=length(plotix)+1; % plot the "plotix" graphs plus the summary

% work out the location of subplots

if nplot==1

    subr=1;subc=1;  % 1 row, 1 column

elseif nplot==2

    subr=2;subc=1;  % 2 rows, 1 columns

elseif nplot==3 || nplot==4

    subr=2;subc=2;  % 2 rows, 2 columns

elseif nplot==5 || nplot==6

    subr=3;subc=2;  % 3 rows, 2 columns

else

    subr=3;subc=3; % 3 rows, 3 columns

end

% parameter values to try - this section has to be changed depending on the

% run

% CO2 concentration

par=logspace(-5,-2.5,nres); 

for n=1:nres  % each complete run with a new parameter to try

    % -- this line below has to change depending on parameter chosen

    mz(2,:)=par(n);

    % === Main loops to calculate TOA spectrum & flux =====

    % first we work through each layer

    % then through each wavenumber

    % currently calculating surface radiation absorption up to TOA

    rad=zeros(numz,numv);

    rad(1,:)=rads;  % surface radiation vs wavenumber

    for i=2:numz   % each layer

        for j=1:numv   % each wavenumber interval

            abs=1;  % initialize the amount of absorption within the wavenumber interval

            for k=1:nummol  % each absorbing molecule

                % for each absorber: exp(-density x mixing ratio x

                % absorption coefficient x thickness of layer)

                abs=abs*exp(-rho(i)*mz(k,i)*a(k,j)*(z(i)-z(i-1))); % calculate absorption

            end

            rad(i,j)=rad(i-1,j)*abs; %

        end

    end

    flux(n)=sum(rad(end,:)*dv);   % calculate the TOA flux

    % decide if and where to plot

    ploc=find(plotix==n);  % is this one of the results we want to plot?

    if not(isempty(ploc))  % then plot. "Ploc" is the location within all the plots

        subplot(subr,subc,ploc),plot(v,rad(end,:))  % plot wavenumber against TOA emissive power

        xlabel('Wavenumber, cm^-^1','FontSize',8)

        ylabel('W/m^2.cm^-^1','FontSize',8)

        title(['pCO2 = ' num2str(round(par(n)*1e6)) 'ppm, Total TOA flux= ' num2str(round(flux(n))) ' W/m^2'])

        grid on

    end

end

% final plot - TOA flux vs changed parameter

subplot(subr,subc,nplot),plot(par*1e6,flux)

title('Summary Results','FontWeight','Bold')

ylabel('TOA Flux, W/m^2')

xlabel('pCO2 ppm') % this x label is up for changing

