function [vmin vmax dv cco2 T p z vt tau ] = HITRAN_0_3()

% Absorption through atmosphere of defined temperature & pressure

% uses the HITRANS database

%

% v0.1 - Basic calculations to get out of the starting blocks

% v0.2 - Tidy up and allow a "slab" to be at any pressure and temperature

%       with line width determined by the pressure & temperature

% v0.3 - Allow multiple layers

clear

disp(['---- New Run ---- ' datestr(now) ' ----']);

disp('  ');

% =========== Basic definitions =====================

p0=1.013e5; % std pressure for the HITRANS database in Pa

T0=296; % std temperature for HITRANS database in K

cco2=560e-6; % concentration of CO2

Na=6.02e23; % Avogradro's number

mair=29e-3; % molar mass of air

% now define the fractional abundance of each isotopologue of CO2

isoprop=[0.98420 0.01106 0.0039471 0.000734 0.00004434 0.00000825 0.0000039573 0.00000147];

ignoreiso=false; % allows easy switching between main isotopologue only or all of them

% =========== Define wavenumber ranges ==============

vmin=500; % min wavenumber to consider (overall)

vmax=850; % max wavenumber to consider (overall)

dv=0.001; % resolution of wavenumber

% because absorption lines below the lower boundary (and above the upper

% boundary) can still affect the wavenumbers under consideration we need to

% extend the boundaries of which absorption lines to consider

rvmin=0.98; % ratio below lower boundary to consider

rvmax=1.02; % ratio above upper boundary to consider

%vt=vmin:dv:vmax; % vt = wavenumbers we will calculate optical depth for

vt=linspace(vmin,vmax,1063);

vtmax=length(vt);

tau=zeros(1,vtmax); % set optical depth to zero as a starting point

% =========== Read in CO2 data and select vmin-vmax data ========

% selected paramaters for complete HITRAN CO2 database already stored in file: co2.mat

load('co2');

if ignoreiso==true

    % select only main isotopologue between the wavenumber boundaries

    iv=find(iso==1 & v>vmin*rvmin & v<vmax*rvmax); % select upper and lower bounds

else

    % select all isotopologues and between the wavenumber boundaries

    iv=find(v>vmin*rvmin & v<vmax*rvmax); % select upper and lower bounds

end

% select subset of CO2 spectral data for evaluate

iso=iso(iv); v=v(iv); S=S(iv); gama=gama(iv); nair=nair(iv); 

ivmax=length(v);

% ============= Define standard atmosphere against height ================

% reuse code from rte_0_5_0 to define std atmosphere and number of levels

% SI units used unless otherwise stated

% first a "high resolution" atmosphere

% zr = height, pr = pressure, Tr = temperature, rhor = density

Ts=296; % define surface temperature at same value as HITRAN measurements

ps=1.013e5; % define surface pressure

Ttropo=215; % define tropopause temperature

% nmv=2.079e25; % nmv x rho = total number of molecules per m^3, not yet

% used

maxzr=50e3; % height of atmosphere

numzr=5001; % 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_0_3(zr,Ts,ps,Ttropo); % function to determine (or lookup) p, T & rho 

% Create "coarser resolution" atmosphere - this reduces computation

% requirements for absorption & emission of radiation

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

numz=16; % number of boundaries to consider (number of layers = numz-1)

minp=2e4; % top of atmosphere to consider in pressure (Pa)

% want to divide the atmosphere into approximately equal pressure changes

dp=(pr(1)-minp)/(numz); % finds the pressure change for each height change

zi=zeros(1,numz); % zi = lookup vector to "select" heights, pressures etc

for i=1:numz % locate each value

    zi(i)=find(pr<=(pr(1)-i*dp), 1); % gets the location in the vector where 

                                % pressure is that value

end

% now create the vectors of coarser resolution atmosphere

% z(1) = surface; z(numz) = TOA

% T, p, rho all need to be in the midpoint between the boundaries

% T(1) is the temperature between z(1) and z(2), etc.

z=zr(zi);   % height

pb=pr(zi);   % pressure at boundaries

Tb=Tr(zi);   % starting temperature at boundaries

rhob=rhor(zi);  % density at boundaries

% now calculate density, pressure and temperature within each layer

for i=1:numz-1 

    dz(i)=z(i+1)-z(i); % precalculate thickness of each layer

    Tinit(i)=(Tb(i+1)+Tb(i))/2; % temperature in midpoint of boundary

    p(i)=(pb(i+1)+pb(i))/2; % pressure in midpoint of boundary

    rho(i)=(rhob(i+1)+rhob(i))/2; % density in midpoint of boundary

end

% =============== Iterate through each layer of the atmosphere =====

% note: work in cm for volumes and distances (absorption coefficients are in cm)

for i=1:numz-1

    T=Tinit(i);

    na=(Na*rho(i)/mair)/1e6; % number of air molecules per cm^3

    Nco2=na*cco2; % number of CO2 molecules per cm^3

    d=100*dz(i); % path length in cm *** just a starting point

    % ======== Iterate through each absorption line ======

    % for one slab of depth, d

    for j=1:ivmax  % each absorption line

        % v(j)=line center, S(j)=line strength, gama(j)=half width

        % first do a code inefficient method - calculate the profile for each

        % across the entire wavenumber range

        if ignoreiso==true   % if we only want to consider the main isotopologue

            prop=Nco2;

        else

            prop=isoprop(iso(j))*Nco2;

        end

        ga=gama(j).*(p(i)/p0).*(T0/T).^nair(j);

        % ======== Iterate through each wavenumber  ====

        for k=1:vtmax  % each wavenumber

            %  vt(k) is the wavenumber under consideration

            dtau=prop*d*S(j)*ga/pi/((vt(k)-v(j))^2+ga^2);

            tau(k)=tau(k)+dtau;

        end

    end

end

plot(vt,exp(-tau))

title(['Transmittance due to CO2 @ ' num2str(cco2*1e6) ' ppm, up to ' num2str(minp) ' Pa, through ' num2str(numz-1) ' layers'])

ylabel('Transmittance','FontSize', 8)

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

grid on

disp(['Range = ' num2str(vmin) ' - ' num2str(vmax) ' cm^-1, dv = ' num2str(dv) ', lines = ' num2str(ivmax)]);

disp(['Number of CO2 molecules per cm^3 = ' num2str(Nco2) ', path length = ' num2str(z(numz)/1000) ' km']);

disp(['p= ' num2str(p) ' Pa']);

disp(['T= ' num2str(Tinit) ' K']);

disp(['---- Complete End ---- ' datestr(now) ' ----']);

