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1. What is 'R-Pstar3'?
'Pstar3' is a general package for simulating polarized radiation fields
in the coupled atmosphere-land/ocean system. 'R-pstar3' is a Rstar-like
Pstar package to merge and integrate Rstar and Pstar. 

The simulation is based on Stokes vector calculations based on the
Discrete-ordinate/Matrix-operator method, which is applied to plane parallel 
atmosphere divided into several homogeneous layers with underlying ground 
or ocean surface.  Pstar3 is also capable of handling radiative transfer 
coupled with plane parallel ocean (Ota et al., 2010).

The original Pstar3 had been originally developed for Greenhouse Gases Observing
Satellite (GOSAT) project of National Institute for Environmental Studies
(NIES), Japan. The R-Pstar3 has been supported by JAXA/EORC, Japan.
The package of R-Pstar3 is distributed via the Open CLASTR project
(http://157.82.240.167./~clastr/).

2. Package List:

   README          This document.
   Makefile	   Makefile to build a executable file
   Mkinclude	   Compiler settings used in Makefile
   main.f90        Main program of R-pstar3 package
   data            Sample file of input parameter for R-pstar3
   		   (Default: symbolic link to data0)
	data0	   non-polarized radiation for Lambert surface
	data10	   non-polarized radiation for ocean surface (ocean layer = 0)
	data1	   non-polarized radiation for ocean surface (ocean layer = 2)
	data0p	   polarized radiation for Lambert surface
	data10p	   polarized radiation for ocean surface (ocean layer = 0)
	data1p	   polarized radiation for ocean surface (ocean layer = 2)
   out_test        Sample files of output file from R-pstar3 to compare other packages
   		   corresponding to data0,10,1...
                   If you want to get the same result, 
                   you should select Frohlich and Shaw 1980 
                   and comment out l.528-529 in LBR/pstr4.f90.

These database files are extracted from ps3r_dbs_200329.tar.gz.
   MLATMD          Atmospheric profile file
   AERDB           Particle profile file for rstar7
   PKRNL.OUT       Mie kernel file (increased angular grid of mie table)
   pyphsf_vis.dat  hexagonal solid ice column data (Visible to NIR)
   pyphsf_ir.dat   hexagonal solid ice column data (IR)
                   (The byte order of above 2 files is little-endian)
		   (Those files are not correspond to polarized radiation)
   dkrnl/PKRNL.OUT_asp??? Spheroid scattering data
                   (??? means aspect ratio; aspect ratio=?.??)
		(Those files are not correspond to non-polarized radiation)

   ckd.g.ch_2_1e3_big    k-distribution file for big endian machine
   ckd.g.ch_2_1e3_ltl    k-distribution file for little endian machine
   ckd.g.ch_2_2e3_big    finer k-distribution file for big endian machine
   ckd.g.ch_2_2e3_ltl    finer k-distribution file for little endian machine
      
3. What you should do?

a.  Please read this document carefully.

b.  Copy all the files in a computer directory 
    and put database files on the same directory.

c.  Select normal or finer wavenumber grid and copy or link one file
    to a new file 'ckd.g.ch_2'. You should also indicate normal(1e3) 
    or finer(2e3) grid by DINTVL in main program.

d. (if you want to calculate about spheroid particles)
    Select a spheroid scattering data file in case of your optimal use
    and modify file name in main7.f90.

e.  Modify compiler settings in Mkinclude.
    Users are required to specify a Fortran compiler (FC) and its
    options (FFLAGS and FMATH).  Use FFLAGS for compiler optimization,
    and FMATH for linking LAPACK library (see below).

    ### About FMATH ###
    Pstar4 requires the LAPACK and related routines(*1).
    To build an executable file of Pstar4, the compiler option "FMATH" must be
    specified in Mkinclude in order to link the LAPACK library.  Sample options 
    for typical compilers can be found in the Mkinclude.
    It is highly recommended for users to prepare the optimized LAPACK library
    for their own computer architecture(*2), and link it using the "FMATH"
    option, because computational efficiency of Pstar4 significantly depends
    on the LAPACK library especially in case of IPOL=4. 
    (*1) http://www.netlib.org/lapack/
    (*2) e.g. Intel Math Kernel Libraly or AMD Core Math Library.

f.  Type "make" to build this package. Then you will find execute file.
    Name of the execute file can be set in Mkinclude file.
 
g.  Run your execute file. You will find an output file, out,
    which includes calculated results. Compare the content of out
    with the content of out0-file. If differences are within
    tolerable error taking into account the round-off error of
    your computer, the code works normally on your computer.
    Double precision run with an automatic double precision option
    of fortran-compiler will be better to keep accuracy.

    Sometimes you will find i/o error.  In that case please check
    open statements at very beginning of main program.

h.  For your application using R-pstar3, change data.  When you want
    to change atmospheric parameter and/or particle optical properties,
    you have to change MLATMD and/or AERDB.  See a later section for this.

    When you calculate many cases, the first case will be very slow
    since the code needs to read the big file PKRNL.OUT.  So make
    calculation continuously without splitting into many jobs.

i.  You may need to change parameter setting for your applications.
    In case of that, you should change module "paras" in main program.

4. Experiment parameter file: data

 Read sequence in the main program is as follows:

     read(iui,*, iostat=ierr) isol,inda,indg,imthd,ipol,nda,nds
     if(ierr/=0) exit
     read(iui,*) na0, th0(1:na0)
     read(iui,*) na1,th1(1:na1)
     read(iui,*) nfi,fi(1:nfi)
     read(iui,*) nw0
     read(iui,*) rx(1:nw0+1)
     read(iui,*) rf(1:nw0)
     read(iui,*) nw
     read(iui,*) wl(1:nw)
     read(iui,*) dw(1:nw)
     read(iui,*) galb(1:nw)
     read(iui,*) matm,nlna,nlno
     nlna1=nlna+1
! if ipbf>0 then field out
     read(iui,*) ipbf(1:nlna1)
! input CO2 and ground temperature
     read(iui,*) gtmp,co2ppm
     read(iui,*) ifrh,trh
     read(iui,*) npoly,icn,wlcn
     do i=1,npoly
        read(iui,*) ncomp(i),cnpt(i)
        read(iui,*) mptc(i,1:ncomp(i))
        read(iui,*) vptc(i,1:ncomp(i))
     enddo
     if(nlno > 0) then
        read(iui,*) dptw(1:nlno)
        read(iui,*) chla(1:nlno)
     endif
*** Repeat for another experiments

Explanation:
ISOL : 0 for night-time
       1 for day-time

INDA : 0 for flux-only
       1 for flux & radiance calculations.

INDG : 0 for Lambert surface
       1 for Ocean surface.
       3 for Flat Ocean surface.

IMTHD: Select switch of flux/intensity calculation modes. See
       Nakajima and Tanaka (1988) for detailed discussion.

       Assume IMTHD=2 for non-power users.

       -1 : Fields are calculated without any correction.

       0  : DM (Delta-M)-method. Good for flux calculations.
       1  : MS (Multiple+Single)-method. Good for radiance calculations.
       2  : TMS (Truncated Multiple+Single)-method. Good for reflected
            radiance calculations.
       3  : IMS (Improved Multiple+Single)-method. Good for transmitted
            radiance calculations. 
            (This method can not be applied for poralized radiation field)

        As compared with the NT/DM-methods, MS/TMS/IMS-methods are more
        accurate with the same value of quadrature streams -NDA-.
        In the most cases other than intermediately thick layer, TMS
        is more accurate than MS.  IMS-method is best for circumsolar
        intensity (solar aureole) calculation.

        For extremely anisotropic phase function like clouds with
        large optical thickness, TMS will be best and converge
        much faster than MS method.

        Followings are a guide table for selecting -IMTHD-:

表1 如何选择-IMTHD
	IMTHD
	0
	1
	2
	3

	通量
	✅
	
	
	

	反射强度
	
	
	✅
	

	透射强度
· 外部光环
· 内部光环
光学厚度<3
中级
光学厚度>8
	




✅
	



✅
	
✅
	


✅

	相同NDA的CPU时间
	1
	1
	1
	2-3

	相同NDA的精度
	3-5
	2
	1
	1




        ----------------- How to select -IMTHD- -----------------
           IMTHD                       :    0     1     2     3
        ---------------------------------------------------------
           Flux                        :    Ok
           Reflected intensity         :                Ok
           Transimtted intensity
             - outside aureole         :                Ok
             - inside  aureole
             - optical thickness < 3   :                      Ok
             - intermediate            :          Ok
             - optical thickness > 8   :    Ok
           CPU time with the same NDA  :    1     1     1    2-3
           Accuracy with the same NDA  :   3-5    2     1     1
        ---------------------------------------------------------

IPOL : Number of Stokes parameters
       1: for scalar calculation (neglect polarization effects)
       4: for vector calculation (calculate I, Q, U, and V)

NDA  : Number of Gaussian quadrature points in the hemisphere for
       integrating the nadir angle integration of the radiative
       transfer equation in atmosphere. Increasing the value means 
       more accurate results with more computational time (which 
       increases by NDA**2.5 rule). Users, who sensitive to 
       computation time, should tune NDA by comparing results for 
       several values of NDA.

       For flux calculations, NDA=2-4 will be enough for most applications.

       For radiance calculations, NDA=6-10 will be enough for most
       applications in TM/IMS-method.

NDS  : Number of Gaussian quadrature points in the hemisphere for 
       integrating the nadiar angle integration of the radiative
       transfer equation in ocean.

NA0  : Number of solar zenith angles (larger than 0).

TH0(1:NA0) : Solar zenith angles (degrees).
                 Specify only when NA0>0.

NA1  : Number of zenith angles of emerging radiances (larger than 0).

TH1(1:NA1) : Zenith angles of emerging radiances (degrees).
                 <90 for transmitted and >90 for reflected radiances.

NFI  : Number of azimuthal angles.
FI(1:NFI)  : Zenith angles (degrees).
                 0 for forward scattering direction.

NW0  : Number of sub-wavelength grids for calculating response function.
RX(1:NW0+1): DW*RX=Wavelength displacements in micron
                 for sub-wavelenth grids.
                -0.5 <= RX <= 0.5
RF(1:NW0)  : Integrated response function of radiometer as
                 a function of RX (Relative unit is OK).

    Give NW0=1, RX(1:2)=0, RF=1 for monochromatic calculations.

    Averaged radiance:
     L = sum (I=1,N; Radiance(I)*RF(I))/sum(I=1,N; RF(I))

NWL  : Number of center wavelengths.
WL   : Center wavelengths (micron).
GALB : Flux albedo of the Lmabert surface if INDG=0.
       Wind velocity (m/s) at 10 m above the ocean surface if INDG=1.
       (You can calculate in case of u10>0.01.)

MATM : Atmospheric number (same as that of AFGL-lowtran
       (Kneizys et al., 1988)).

      1: Tropical,
      2: Mid-latitude summer,   3: Mid-latitude winter
      4: Hight-latitude summer, 5: Hight-latitude winter
      6: US standard

NLNA : Number of sublayers to define the atmosphere.
NLNO : Number of sublayers to define the ocean.

IPBF(1:NLNA+1) : Interface number to define sublayers to construct
                  the atmosphere. Top to bottome, i.e.,
                Those must be given in the order from top to bottom:
                IPBF(1)=50, IPBF(NLN+1)=1

                IF >0 then radiation fields are calculated
                IF <0 then no radiation field calculations

                  Layer numbers are defined in atmospheric models in
                  MLATMD.

     * For IR calculation, it will be better to have many layers
       for better accuracy.

  Default values are as follows:


--- table of IPBF ---

	接口数量
	高度(km)
	接口数量
	高度(km)

	50
	120.0
	25
	24.0

	49
	115.0
	24
	23.0

	48
	110.0
	23
	22.0

	47
	105.0
	22
	21.0

	46
	100.0
	21
	20.0

	45
	95.0
	20
	19.0

	44
	90.0
	19
	18.0

	43
	85.0
	18
	17.0

	42
	80.0
	17
	16.0

	41
	75.0
	16
	15.0

	40
	70.0
	15
	14.0

	39
	65.0
	14
	13.0

	38
	60.0
	13
	12.0

	37
	55.0
	12
	11.0

	36
	50.0
	11
	10.0

	35
	47.5
	10
	9.0

	34
	45.0
	9
	8.0

	33
	42.5
	8
	7.0

	32
	40.0
	7
	6.0

	31
	37.5
	6
	5.0

	30
	35.0
	5
	4.0

	29
	32.5
	4
	3.0

	28
	30.0
	3
	2.0

	27
	27.5
	2
	1.0

	26
	25.0
	1
	0.0



               --- table of IPBF ---

      Interface   Altitude   Interface   Altitude
        number     (km)        number       (km)
          50      120.0          25         24.0
          49      115.0          24         23.0
          48      110.0          23         22.0
          47      105.0          22         21.0
          46      100.0          21         20.0
          45       95.0          20         19.0
          44       90.0          19         18.0
          43       85.0          18         17.0
          42       80.0          17         16.0
          41       75.0          16         15.0
          40       70.0          15         14.0
          39       65.0          14         13.0
          38       60.0          13         12.0
          37       55.0          12         11.0
          36       50.0          11         10.0
          35       47.5          10          9.0
          34       45.0           9          8.0
          33       42.5           8          7.0
          32       40.0           7          6.0
          31       37.5           6          5.0
          30       35.0           5          4.0
          29       32.5           4          3.0
          28       30.0           3          2.0
          27       27.5           2          1.0
          26       25.0           1          0.0

                  --- end of table ---

IFRH : 0: R.H. use from model atmosphere
       1: R.H. use total R.H.(TRH)
TRH    Total relative humidity (0-1)

NPOLY : Number of particle polydispersions.  Give 2, for example,
        if you have water clouds and aerosols.

ICN   : 0 if CNPT is the total column dry volume for each polydispersion
        1 if CNPT is the total column volume for each polydispersion
        2 if CNPT is optical thickness at a scaling wavelength WLCN
        3 if CNPT is optical thickness at each wavelength

WLCN  : Scaling wavelgnth (cm) at which CNPT as optical
       thickness is measured.

* repeat for the number of polydispersion
NCOMP : Number of particle models to compose the polydispersion
CNPT  : Total volume of each polydisperison defined by ICN
       total volume (cm3/cm2)    if ICN=0,1
       optical thickness at WLCN if ICN=2,3

MPTC  : Particle model number for each polydisperisons
                    (see more information in the section for AERDB7)
VPTC  : Relative dry volume concentration for external mixing of particle models*  end repeat

DPTW  : Geometorical thickness of each ocean layer [m]
CHLA  : Chlorophyll-a concentration in each ocean layer [mg/m3]
       (Bricaud et al. (1995), Morel and Maritorena (2001))

   ### Particle model types ###
     1: Water              2: Ice
     3: Dust-like          4: Soot
     5: Volcanic ash       6: 75%H2SO4
     7: Rural              8: Sea Spray
     9: Urban             10: Tropo
    11: Yellow sand

   ### NOTE for ISPH ###
     In order to use spheroidal kernel data, it is required to select the
     kernel data (FN_PKRNL1), which depends on the aspect ratio of spheroid
     particle and user's computer architecture (little/big endian).
     The kernel data is specified in module GTPH1 (src/share/01gtph1.f90),
     and are selectable from PKRNL.OUT_asp{033,048,069,100,144,207,299} in
     dbs/ directory.  The number such as "033" denotes aspect ratio of
     spheroidal particle ("033" means 0.33) and it is defined by a/b, where
     a is radius of major axis of the spheroid, and b is radius of minor axis.

     The spheroidal kernel data are the same as those provided with 
     rstar7.pack, which is RT code available from website of open CLASTR.
     Only difference from the data of rstar7 is the polarization components.
     Pstar3 provides P22, P33, P44, P12, and P34 data in addition to P11 data,
     which is provided with rstar7.  For details of the kernel data, see also
     descriptions of rstar7 and a paper of Dubovik et al. (2002).

The following read statements are for setting user defined
water vapor profile in relative humidity.

  read header
  read (CNG(L,1),L=1,NL)

With the subroutine INITS5, the gaseous concentration profiles in PPMV unit
are set in the array CONG(L,M) for the L-th layer and M-th molecules.
The geseous number M is defined as follows:

   1: H2O    2: CO2     3: O3      4: N2O     5: CO     6: CH4     7: O2
   8: NO     9: SO2    10: NO2    11: NH3    12: HNO3  13: OH     14: HF
  15: HCL   16: HBR    17: HI     18: CLO    19: OCS   20: H2CO   21: HOCL
  22: N2    23: HCN    24: CH3CL  25: H2O2   26: C2H2  27: C2H6   28: PH3

In many applications, users may want to set their own water vapor profile in
relative humidity, not in PPMV unit.  In the main program, such situation
is assumed by putting relative humidity data in data file, and then
after setting model atmosphere PPMV concentration, CONG(L,1) are read
from the data file as relative humidity values.  Before entering
main routine rstr5, this relative humidity profiles are transformed
into PPMV units by a routine WVCAL.  If you don't need such situation,
simply delete this part in the main program.

As shown in this routine, it will be better to modify the shipped main
program into a better routine for your application.  Since the structure
of the main program is simple, the users can make your own one very easily.


5. Gas parameter file: MLATMD

The data file MLATMD includes Lowtran-7 atmospheric model parameters
read by the routine MLATM with read sequence as follows:

     read NM1,NM2,NATM,NL
     NM=NM1+NM2
     read header
     read AIRM
     read header
     DO 2 I=1,NM
       read IDM(I)
       read NS
       read (IDMS(I,J),J=1,NS)
       read (WMOL(I,J),J=1,NS)
   2   read (RAMS(I,J),J=1,NS)
     read header
     read (ALT(I),I=1,NL)
     DO 4 J=1,NATM
       read header
   4   read (PMATM(I,J),I=1,NL)
     DO 5 J=1,NATM
       read header
   5   read (TMATM(I,J),I=1,NL)
     DO 6 K=1,NM1
     DO 6 J=1,NATM
       read header
   6   read (AMOL(I,K,J),I=1,NL)
     DO 7 J=1,NATM
       read header
   7   read (DNSTY(I,J),I=1,NL)
     DO 8 K=1,NM2
       read header
   8   read (TRAC(I,K),I=1,NL)

Explanation:
(See AFGL/Lowtran documentation for detailed discussion)

NM1  : Number of molecules of first kind.
NM2  : Number of molecules of second kind.
NATM : Number of model atmospheres.
NL   : Number of height levels.

AIRM : Air molecular weight

IDM(1:NM)     : Molecule code (A8).
NS            : Number of isotopes.

IDMS(1:nm,1:ns) : Isotope codes.
WMOL(1:nm,1:ns) : Isotope molecular weights.
RAMS(1:nm,1:ns) : Isotope relative abundance.

ALT(1:50) : Height levels (km) from bottom to top.

PMATM(1:nl,1:natm) : Atmospheric pressure at levels (hPa).
TMATM(1:nl,1:natm) : Atmospheric temperature at levels (K).

AMOL(1:nl,1:nm1,1:natm)
              : Volume mixing ratio of molecules of first kind.

DNSTY(1:nl,1:natm) : Air molecule density (1/cm3) for models.
TRAC(1:NL,1:NM1)   : Volume mixing ratio of molecules of second kind.

6. Particle parameter file: AERDB

The data file AERDB includes particle model parameters read by
the routine GETPAR with read sequence as follows:

     read header
     read RMIN,RMAX
     read NPTC
     DO 6 M=1,NPTC
       read header
   6   read (CNPRF(L,M),L=1,NL)
     DO 1 M=1,NPTC
       read header
       read (ISPCV(I,M),I=1,3)
       read (RFRAC(I,M),I=1,3)
       read RHO(M)
       read NMODE
       DRYAER(1,2,M)=NMODE
       DRYAER(1,3,M)=RMIN
       DRYAER(1,4,M)=RMAX
       DO 3 J=1,NMODE
   3     read (DRYAER(I,J,M),I=2,6)
       read NAW(M)
       IF(NAW(M).GT.0) then
         read header
         DO 7 I=1 ,NAW(M)
   7       read (AWCR(I,M,K),K=1,3)
       endif
   1 continue
     read header
     read NV,NWLV
     read (WLV(I),I=1,NWLV)
     DO 4 IV=1,NV
       read header
       read (RFI(I,IV,1),I=1,NWLV)
   4   read (RFI(I,IV,2),I=1,NWLV)

Explanation:

RMIN : Minimum particle radius (cm).
RMAX : Maximum particle radius (cm).

NPTC : Number of particle models.
       Default set of model numbers in AERDB is as follows:

  * Particle model types
    1: Water                  2: Ice
    3: Dust-like              4: Soot
    5: Volcanic-ash           6: 75%H2SO4
    7: Rural                  8: Sea Spray
    9: Urban                 10: Tropo
   11: Yellow sand

((CNPRF(L,M),L=1,NL),M=1,NPTC)
     : Vertical profiles of dry particle volume concentration in relative unit.
       (Taken from d'Almeida et al.)

((ISPCV(I,M),I=1,3),M=1,NPTC)
     : We assume a three component internal mixture for each of models.
       ISPCV defines fundamental materials (1-9) of the mixture.

  * Fundamental materials (without growth mechanism)
    1: Water                  2: Ice
    3: Dust-like              4: Water-soluble
    5: Sea Salt               6: Soot
    7: Volcanic-ash           8: 75%H2SO4
    9: Yellow sand

((RFRAC(I,M),I=1,3),M=1,NPTC)
     : RFRAC defines dry component volume fractions of the mixture.

(RHO(M),M=1,NPTC) : Particle density of the dry mixture (g/cm3).

(((DRYAER(I,J,M),I=2,6),J=1,NMODE),M=1,NPTC)
     : Parameter packet for volume size distribution (dV/dln r).
       where NMODE is the number of modes of the size distribution.

       This parameter packet is used for the routine VLSPC2 to define volume
       size distribution with parameter packet PR.

       PR(1,1)=r       Particle radius in cm
       PR(1,2)=NMODE   Number of mode radius
       PR(1,3)=rmin    Minimum particle radius in cm
       PR(1,4)=rmax    Maximum particle radius in cm

       For each j-th mode (<= 4)

     PR(2,j): Type of function (ITP) for the mode.

      ITP=1: power law
        PR(3,j)=C, PR(4,j)=R0,  PR(5,j)=P
        vj = C * (R/R0)**(4-P) if R>R0; = C * (R/R0)**4 if R<R0

      ITP=2: log-normal
        PR(3,j)=C, PR(4,j)=S,   PR(5,j)=RM
        vj = C * exp((ln(R/RM)/ln(S))**2 / 2)

      ITP=3: modified gamma
        PR(3,j)=C, PR(4,j)=ALFA, PR(5,j)=BETA, PR(6,j)=GAMMA
        vj = C * (R1)**(ALFA+4) exp (-BETA*R1**GAMMA) where R1=R*1.0E4

(NAW(M),M=1,NPTC): Number of relative humidity to define particle growth.
                   if 0 then no growth.

(((AWCR(I,M,K),K=1,3),I=1,NAW(M)),M=1,NPTC)
     : Growth parameters (AW, CAW, RMMD) of Shettle & Fenn
         AW      Water activity
         CAW     Coeficiants to interpulate RMMD
         RMMD    Hanel's water uptake data

NV   : Number of fundamental materials.
NWLV : Wavelengths for defining refractive index.
(WLV(I),I=1,NWLV): Wavelengths in micron.
((RFI(I,IV,1),I=1,NWLV),IV=1,NV)
((RFI(I,IV,2),I=1,NWLV),IV=1,NV)
     : Real and absorption indices (Mr, Mi) of particles
       Complex refractive index = Mr - i Mi.


7. On the layering

rstar6b has adopted three systems for the vertical layering.

  (1) Layering to define the atmospheric model.  50 layers are our default
      layerign.

  (2) Layering to define the layer system for radiative transfer calculations.
      You can set this layering by setting IPBF among the 50 layers in (1).

  (3) If IPBF > 0 then rstar6b will calculate flux and intensity (If you set
      INDA).

  This rather complicated layering strategy has been adopted to realize
  maximum efficiency of rstar6b for many applications.  Some users want
  to calculate many angular directions, while some other users want to
  set many layers.  In those situations, computer memory may be short
  if rstar6b has to memorize all calculated values.  For example, the array
  AI0 for intensity is a four dimensional array.  For those situations,
  power users can tune maximum memory efficiency by tuning those layerings
  to save computer memory. For the way of tuning, see the section for
  'parameter tuning.'

8. Structure of the main program

The main routine RSTR5 needs many input data for running. Those data are
read from three data files, data, MLATMD, AERDB, and KRNL.OUT. To set-up data
we have prepared an data initialization routine INITS5.

The structure of the main program is as follows:

      (1) read data from data
      (2) INITS5B
      (3) pstr4
      (4) output results to out

There are two ways for a user to put his parameters instead of default
parameters:

      (a) Change parameters in data files.
      (b) Replace parameters between step (2) and (3).

The method (b) will be an easier method for change parameters temporarily, whereas
the method (a) will be a better method for setting your models as default
parameters.

Input parameters for the main routine RSTR6 are as follows:

INIT            1: initilize the routine
                0: skip wavelength-independent part

IUK             Device number for a kernel file

INDG           -1: No ground surface
                0: Lambert surface
                1: Ocean surface with initialization
                2: Ocean surface with no initialization
                When INDG>0 and IMTHD>0 then single scattering correction
                 for ocean surface reflection
		3: Flat ocean surface with initialization
		4: Flat ocean surface with no initialization

INDA            0: flux
                1: flux and radiance

IMTHD          -1: NT,  0: DMS-METHOD  FOR INTENSITY/FLUX
                1: MS,  2:TMS,  3:IMS-METHOD FOR INTENSITY.
                When INDG>0 and IMTHD>0 then single scattering correction
                for ocean surface reflection
		IMS-method can not be applied for IPOL=4.

ISOL            0: night
                1: day

NDA             Number of streams in the hemisphere

NA0             Number of solar incidences

TH0(NA0)        Solar zenith angles (0-90 degrees)

NA1             Number of emergent nadir angles in sphere

TH1(NA1)        Emergent nadir angles (0-90: downward; 90-180: upward)

NFI             Number of azimuthal angles

FI(NFI)         Azimuthal angles in degrees (0-direction = forward scattering)

WL              Center wavelengths (micron)

DW              Scaling factor to define scaled wavelengths RX
                Give 0 for monochromatic calculations

NW0             Number of sub-wavelength grids for calculating response function

RX(NW0)         DW*RX=Wavelength displacements in micron for sub-wavelenth grids
                  -0.5 <= RX <= 0.5
RF(NW0)         Integrated response function of radiomter as a function of RX
                 (Relative unit is OK).
                 Give NW0=1, RX=0, RF=1 for monochromatic calculations.
                 Averaged radiance:
                 L = sum (I=1,N; Radiance(I)*RF(I))/sum(I=1,N; RF(I))

GALB            Ground albedo if INDG=0
                U10 (m/sec)   if INDG>0

ICN             0, 1: CNPT is volume
                2, 3: CNPT is optical thickness at WLCN

WLCN            Scaling wavelength for ICN=2, 3

NPOLY           Number of polydispersion

CNPT(NPOLY)     Total volume (ICN=0,1) or optical thickness (ICN=2,3)
                 for each polydispersion.

NL              Number of atmospheric layers to define model atmosphere

ALT(NL)         Height at interfaces of layers (km), bottom to top

PRS(NL)         Pressure at interfaces of layers (mb)

TMP(NL)         Temperature at interfaces of layers (K)

NMOL            Number of gases

CNG(NL,NMOL)    Gas concentration (ppmv)

CNP(NL,NPOLY)   Dry volume concentration profile (relative unit)

ISPCVP(3,NPOLY) Fundamental materials for 3 comp. internal mixture (1-8)

RFRACP(3,NPOLY) Dry volume fraction of the dry mixture

ROP(NPOLY)      Paricle density relative to water

DRYAP(6,4,KPOLY)  dV/dlnr parameters for the dry mixture
                      See VLSPC2
                      C-values (Coefficients of volume spectrum) are ralative
NAWP(NPOLY)     Number of AW

AWCRP R(NAW,NPOLY,3)  1: AW      Water activity (see Shettle and Fenn.)
                      2: CAW     Coeficiants to interpulate RMMD
                      3: RMMD    RMMD

NV              Number of fundamental species (1-8)

NWLV            Number of wavelengths for refractive index tables

WLV(NWLV)       Wavelengths for refractive indices of fundamental
                      materials (micron)
RFI(NWLV,NV,2)  Refractive index of fundamental materials (mr, mi)
                    =mr - i mi
                    with log-regular wavelength interval
NLN             Number of atmospheric layers for radiative transfer.
IPBF(NLN+1)     Interface number to define sublayers to construct
                   the transfer atmosphere in MLATM.
                Those must be given in the order from top to bottom:
                IPBF(1)=50, IPBF(NLN+1)=1
                IF >0 then radiation fields are calculated
                IF <0 then no radiation field calculations

9. Output from R-Pstar
THK0(NLN,10)   (L,1): Total optical thickness (top to bottom)
               (L,2): Particle optical thickness
               (L,3): Rayleigh optical thickness
               (L,4): Single scattering albedo
SOL             Solar incident irradiance (W/m2/micron)
FLXD0(KNA0,KNTAU)   Downward flux (W/m2/micron)
                     at IPBF>0
FLXD00(KNA0,KNTAU)  Direct incident flux (W/m2/micron)
                     at IPBF>0
FLXU0(KNA0,KNTAU)   Upward   flux (W/m2/micron)
                     at IPBF>0
AI0(KNA1U,KNA0,KNFI,KNTAU,1)
                    Radiance (W/m2/micron/str)
                     at IPBF>0
PL(KNA1U,KNA0,KNFI,KNTAU)
		    Degree of Polarization = sqrt(Q**2+U**2+V**2)/I

10. Adjusting parameter size
You may need to change parameter setting for your applications.

The meanings of parameters are as follows:

KNA0   :  Maximum number of solar incidences.
KNA1U  :  Maximum number of emergent angles in sphere.
KNFI   :  Maximum number of azimuthal angles.
KNW0   :  Maximum number of RX.
KNW    :  Maximum number of wavelengths.
KNLN   :  Maximum number of layers for radiative transfer calculations.
          It should be equal or less than 49.
KNTAU  :  Maximum number of layer interfaces at which radiation fields are
          calculated. It should be equal or less than KNLN.

The following parameter tuning need a detailed knowledge of rstar6b coding.
Changing is not recommended for general users.

KNDM   :  Maximum number of streams for radiative transfer.
KNL    :  Maximum number of model atmosphere levels
          (General users should not change this)
KNM0   :  Maximum number of geses.
KPOLY  :  Maximum number of particle polydispersions for radiative trasfer.
KAW    :  Maximum number of water activities.
KWLV   :  Maximum number of wavelengths to define refractive indices of
           fundamental materials.
KNV    :  Maximum number of fundamental materials of particles.
KLGN1  :  Maximum order + 1 for Legendre expansion of phase functions
          in IMS-method.

kptc   :  Maximum number of particle types
kp     :  number of pressure grids for absorption (related to ckd.g_ch2)
kt     :  number of temperature grids for absorption (related to ckd.g_ch2)
kmol   :  number of absorption gas species (related to ckd.g_ch2)
knang  :  number of angular grids for scattering (related to KRNL.OUT, pyphsf, dkrnl)
kplk1  :  Maximum number of order for polynominal fitted planck functions
kww    :  Maximum number of wavenumber integration for gas absorption
kch    :  number of integration points for k-distribution (related to ckd.g_ch2)

kintvl :  Maximum number of size parameter grid for KRNL.OUT
kpol   :  Maximum number of polarization (=1 for rstar)
krvis  :  number of wavelength grid for pyphsf_vis
krir   :  number of wavelength grid for pyphsf_ir
kintvl_du :  number of size parameter grid for dkrnl
knm    :  Maximum number of gas species

11. Points to note
This package is modified from Rstar7-ocean, so there are some differences 
from the original Pstar3 package listed as below.

* This package is not contained for LBL calculation part.
* IMS-method can not be applied for polarized radiation field.
* Solar spectrum is contained only 2 (will be updated).
* Flat ocean surface for poralized radiation field is not good.
  (There might be some unknown bugs...)
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