Project # 1-AOSC624


Class 2
Direct Aerosol Forcing
1. Introduction

In this second Lab class, we will examine direct aerosol forcing using model and observed aerosol properties at the ARM site (The Atmospheric Radiation Measurement (ARM) Climate Research Facility,  http://www.arm.gov/).
Direct radiative forcing of aerosols at TOA is defined as a difference between the net fluxes in ‘clean’ and perturbed atmospheric conditions.

ΔF = F (TOA)aer - F (TOA)clean
Where F (TOA)aer is the net total incoming flux at the top of the atmosphere in the presence of aerosols; F (TOA)clean is the net total flux at the top of the ‘clean’ atmosphere. 

Reflective aerosols reduce the incoming radiation, which cools the climate (negative forcing); examples are sulfates and "organic" carbon (OC) particles.
Absorbing aerosols absorb sunlight and transfer it to the atmosphere as heat, so that the earth-atmosphere system experiences both a net warming and a redistribution of energy (positive forcing). These absorbers heat the surrounding air, but also prevent energy from reaching the underlying surface, which is cooled. Examples are Black carbon (BC), or soot, desert dust and some organic carbon species; 
The balance between reflection (scattering) and absorption determines whether the direct radiative effects of aerosols results in net warming (positive forcing) or net cooling (negative forcing) of the climate.
Aerosol may have impact on both longwave and shortwave radiation, in this exercise, we will focus on shortwave direct forcing only. 
2. Lab work
Download the Lab materials from www.atmos.umd.edu/~ytma/aosc624/2014/lab2/
There are following files that are needed in this class:

“ex02.sh”, “ex02.m” – for exercise 2

“ex03.sh”, “ex03.m” – for exercise 3
“ex04.m” – example code to do exercise 4

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

“ncdump”—a command line utility for working with netCDF file 
(http://www.unidata.ucar.edu/software/netcdf/  ).

“sgpaerosolbe1turnC1.c1.20070101.000000.cdf” is a data file in netCDF format that contains observations from the ARM SGP site. We will use this data file in exercise 4.
Exercise 02
This exercise is in fact a continuation of the last lab class. In last class, one of our experiments is to examine the difference between radiation fluxes computed with and without aerosols. We assumed rural aerosol over vegetation surface. Now we change the surface type (and thus the surface albedo value) to see what will happen.
1) First, take a look at the “ex02.sh”. We’ll run four cases that are combination of different surface types (snow or vegetation) and aerosol types (with or without).
2) open a Linux terminal and run the shell script “ex02.sh”

$>./ex02.sh


( You may need to change the permission of the file to make it runnable.  The command is  “chmod 755 ex02.sh” )

3) the output are four files named: 
ex02_0_1.out

ex02_0_6.out

ex02_3_1.out

ex02_3_1.out

we’ll use a Matlab script ,“ex02.m”, to read these outputs and plot the data. Please take a look at the “ex02.m” to find out what we are going to plot?
4) open a new Linux terminal and run the Matlab 
$>matlab

5) in the Matlab command window, type 

>>ex02

Two figures pop up. Please see the difference between the two figures.
Exercise 03
The exercise shows the aerosol forcing as a function of surface albedo and aerosol single scattering albedo. This actually reproduces the result of Haywood and Shine (1995) 
Haywood, J. M., and K. P. Shine, The effect of anthropogenic sulfate and soot aerosol on the clear sky planetary radiation budget, Geophys. Res. Lett. 22 (1995)
1) Open the “ex03.sh” in a text editor. (The Matlab text editor will do.) 
We need to run “ex03.sh” twice to finish this exercise. In the first time we’ll run a “clear” case with aerosol optical depth tbaer=0.0 and then with an “aerosol” case with tbaer=0.3.

2) edit tbaer=0.0 and run “ex03.sh” in a Linux terminal window. And then 

edit tbaer=0.3 and run “ex03.sh” again.

3) The runs may take 5 to 10 minutes. If you don’t have enough patience, you can simply take over the two pre-saved output files by change the file name from  “ex03_tbaer0.0.out.org” to  “ex03_tbaer0.0.out”  and  “ex03_tbaer0.3.out.org” to  “ex03_tbaer0.3.out”

4) In the Matlab command window, run

>>ex03

Exercise 04

In exercise 04, you will be asked to compute the aerosol forcing using real data observed at the ARM SGP site. The data needed are The Aerosol Best Estimate (ABE) Value Added Product (VAP) http://www.arm.gov/data/eval/7
“The Aerosol Best Estimate (ABE) Value Added Product (VAP) provides profiles of aerosol extinction, single scatter albedo, asymmetry parameter, and wavelength dependence for all times and heights at the ARM Southern Great Plains (SGP) central facility and at the ARM Northern Slopes of Alaska (NSA) Barrow facility. The ABE VAP provides several best estimate values including Aerosol Optical Depth (AOD) at 500 nm and 355 nm, and Best Estimate Angstrom Exponent and Aerosol extinction profiles. The ABE provides estimates of the aerosol optical properties in all conditions (clear, broken clouds, overcast clouds, etc). It also provides the aerosol extinction profiles, single scatter albedo and asymmetry parameter as a function of height.”
All the ARM data are in “netCDF” format. The content of a netCDF file can be checked though its head file. One way to extract the head file from a netCDF ata file is using “ncdump” command. Type:
$>./ncdump –h sgpaerosolbe1turnC1.c1.20070101.000000.cdf   > headfilename.txt

You will get a text file that gives you all the information about the corresponding netCDF file.  Let’s look at the head file of our ARM data set.

Many computer languages such as C/C++, Fortran, IDL, Matlab … have interface to the netCDF libraries to read and write netCDF data set. There are also many software utilities can be used to access the netCDF data. In our exercise here, I’m going to use Matlab to read the netCDF file as shown in “ex04.m”.
Exercise 04 needs to be finished by you. 

“ex04.m” is an example shows how to do the calculation in Matlab and it does only part (most of) of the calculations. It shows you how to read the ARM observations from the netCDF file, how to setup the SBDART input file, especially the aserosol optical properties, to run the model with real observational aerosol data, how to run the SBDART model from within a Matlab script, and some other things one need to do when dealing with a real data set.  
“ex04.m” computes radiation fluxes for the condition when aerosol is present, to estimate the aerosol forcing, the radiation fluxes for clear condition is also needed. This part is left as an exercise that you have to finish it by yourself. 

Once the calculation of the aerosol forcing is done, we’d like you to finish a lab report that should include the following parts:

1) Description of the project, what’s the purpose of the project? What method do you use? What data do you use? What assumptions are made in this experiment?
2) Figures shows the input aerosol properties.
3) Figures shows the output results.
4) What conclusions do you get?

5) What improvement can you make to this exercise?
