Project # 1-AOSC624

Class 2,  Direct Aerosol Forcing
Download the Lab materials from www.atmos.umd.edu/~ytma/aosc624
There are 5 files that are needed in this class:

“ex01.sh” – the script file to set up input parameters and run the SBDART model.
“ex01.m” – the Matlab script to plot the results.

“control.out” – sample output from the “control” run.

“sbdart” – the SBDART model. It’s already compiled and runnable on our computers.
“rt.doc” – the SBDAST manual. 

Open the “rt.doc” and read the first two pages of this manual.

Now we start today’s lab work. The purpose of today’s class is to get familiar with the SBDART model. We’ll learn to setup the input parameters, to run the model, to explain the output results. 
The SBDART model is controlled through a Fortran “namelist” file named “INPUT”.  The INPUT file used in this class is list below:
   &INPUT

   isat=0,         !user defined wavelength range

   wlinf=0.25,     !starting wavelength of 0.25 um

   wlsup=4.0,      !ending wavelength of 4.0 um

   wlinc=-0.01,    !wavelength increment is dL/L=.01

   idatm=6,        !atmosphere: 6 is US standard

   nf=3,           !use the MODTRAN3 solar spectrum

   iday=90,        !day of the year

   time=19,        !time in hours GMT

   alat=39,        !latitude on Earth

   alon=-77,       !longitude on Earth

   isalb=6,        !if isalb=0, albedo=albcon; =6,vegetation

   albcon=0.0,

   uw=1.418,       !precipitable water vapor (-1 means use atmosphere); for US standard atmosphere, uw=1.418(g/cm2), uo3=0.349 (atm-cm)
   uo3=0.349,      !total ozone (-1 means use atmosphere),
   xco2=360,       !carbon dioxide concentration (ppmv)

   zcloud=0.5,-1.0,!height range of cloud (0.5 to 1.0 km)

   tcloud=0.0,1.0  !optical thickness of cloud layer.

   nre=10.0        !effective radius in cloud layer (um)

   iaer=0          !boundary layer aerosols(BLA); =0 no BLA

   vis=20          !visibility(km) at 0.55 um.

   zout=0,100,     !get output at the surface and top of atmosphere

   iout=1,         !output mode for TOA and surface spectral fluxes

   nstr=4,         !number of discrete ordinates in DISORT

   /

The above INPUT file says that, the model will be run for a clear atmosphere (US standard atmosphere) over Washington DC (lat=39, lon=-77) on 90th day of year at 19GMT, assuming the surface to be vegetation type, no aerosols, no clouds. This run output spectral fluxes for TOA and surface.
This input file is generated automatically by the “ex01.sh” script. All modifications will 
be done in “ex01.sh” file, no need to touch the “INPUT” file.  

To run the SBDART with above parameter setup, type:

~> ex01.sh

The output is saved in “ex01.out”, This result will be our initial or the “control” run results. It is the same as the “control.out” file which was prepared before class. The output file for option “iout=1” contains spectral irradiance.  The format is as below:
  0.25000000  1.00000  5.2636E+01  3.5113E-02  5.2636E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.25251490  1.00000  2.6558E+01  1.6826E-02  2.6558E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.25505510  1.00000  4.1636E+01  2.4716E-02  4.1636E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.25762086  1.00000  6.1704E+01  3.6167E-02  6.1704E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.26021242  1.00000  8.0414E+01  4.6190E-02  8.0414E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.26283006  1.00000  6.6446E+01  3.8096E-02  6.6446E+01  0.0000E+00  0.0000E+00  0.0000E+00

  0.26547402  1.00000  2.3351E+02  1.3602E-01  2.3351E+02  0.0000E+00  0.0000E+00  0.0000E+00

………..

Each line corresponds to a single wavelength. Column 1 through 8 are: 

1. wavelength (um)

2. filter value (unit in this example)

3. downwelling flux to the top of the atmosphere (TOA, W/cm2/um)

4. TOA upwelling flux

5. TOA direct flux

6. downwelling flux at surface

7. upwelling flux at surface

8. direct flux at surface

Now, let us plot the results in Matlab:
Now, use the SBDART to do several experiments and compare the results with the control run.  All the following experiments will be done with the “ex01.sh”. You may also need to check the SBDART manual to look for appropriate values for the input parameters.   For each experiment, please record the values for TOA up flux and surface down flux and compute the changes from the control case.
1) Change the surface type to water. Comparing to vegetation surface, what difference do you notice? Which type of surface reflects more solar radiation? Why?

2) Increase the water content by 50%. The standard US atmosphere has column water amount equals 1.48(g/cm2), Increase by 50% to 2.127(g/cm2). 
3) Decrease the ozone amount by 20%. 

4) Double the CO2 amount.

5) Add aerosol by setting visibility to 20km, assuming rural aerosol model. Check with the SBDART manual “rt.doc” to determine the aerosol optical depth by specifying the horizontal visibility. 
6) Add a cloud of optical depth equals 10 from 0.5 to 1.0 km, assuming the effective radius to be 10um.

