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1. INTRODUCTION 
 
1.1 Overview  
 

Polar stratospheric clouds (PSCs), which are often present at high 
latitudes during winter, pose a number of threats to operations.  They form in the 
stratosphere from near the tropopause to altitudes of roughly 30 km.  When 
optically thick, especially when viewed at long slant look angles, they have the 
potential to inhibit operations that require optical transmission in the atmosphere, 
including missile detection and kill, satellite -based intelligence, and satellite -
based atmospheric temperature profiling. 

PSCs are common at high southern latitudes and occur intermittently in 
the Nor thern Hemisphere, persistently reducing optical transmission over large 
areas.  The principal component of PSCs is nitric acid (HNO 3) trihydrate (NAT), 
and PSCs form when the in situ  temperature drops below the NAT saturation 
temperature (T NAT), which is a  function of the HNO 3 and H 2O vapor pressures.  
PSCs are also composed of a ternary mixture of HNO 3, sulfuric acid (H 2SO4), 
and water and also water ice at colder temperatures.  Hanson and Mauersberger 
[1988] provided a detailed description of the phase di agram of the HNO 3/H2O 
system.  Moreover, the documented stratospheric trends of decreasing 
temperature and increasing HNO 3 and H 2O suggest that PSCs will occur more 
frequently and with greater optical depth in the future. 

We have developed a forecast model , based on standard Air Force 
Weather Agency (AFWA) MM5 model runs, that computes the probability of PSC 
existence by comparing forecast in situ  temperatures with T NAT derived from 
either satellite climatologies of HNO 3 and H 2O or assuming constant mixing 
ratios, which are typically very uniform in the polar lower stratosphere. Several 
climatologies have been considered. A zonally averaged monthly HNO 3 
climatology has been taken from CLAES measurements at 16 levels throughout 
the stratosphere and lower meso sphere. For H 2O, we have used two 
climatologies. The first is from the POAM satellite at 16 stratospheric levels, from 
November through March. The other is from HALOE/MLS, analogous to the 
CLAES HNO 3 climatology. We have also experimented with using fixed mixing 
ratios (e.g., 10 ppbv HNO3 and 5 ppmv H2O). 

MM5 temperatures are generated on six pressure levels, from 150 to 10 
mb.  Temperature and trace gas fields are uniform in the polar lower 
stratosphere, so this relatively course altitude resolution is suf ficient to capture 
the vertical structure. 

Comparisons with solar occultation measurements made by the Polar 
Ozone and Aerosol Measurement (POAM) III satellite instrument during the 
Southern Hemisphere 2003 winter have shown that the model does an excellen t 
job predicting when and where PSCs will occur. 
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1.2 Document Purpose  
 

This document provides a description of the Polar Stratospheric Clouds 
Detectability software components and options available to the user. 
 
2. Operation Description  
 
2.1 Processing  
 

The user invokes the main execution script, which is located in the scripts 
directory,<your installation directory /scripts>, by typing: 

 
 runPSC.pl   

 
with no input parameters. 

The main execution script calls the Polar Stratospheric Clouds 
Detectability system which generates jpg images of temperature, water vapor, 
and PSC probability calculations on 24 pressure levels from 1001 to 10 mb 
(t_tnat and psc only on top 6 levels, from 150 to 10 mb).  See appendix C for 
examples of the output. 

(NOTE:  There are several parameters that must  be customized before 
executing the Polar Stratospheric Clouds Detectability software.  See Section 3.1 
for a description of the setup files.)   
 
2.2 Components  
 

The Polar Stratospheric Clouds Detectability system consists of several 
Python scripts, C++ executables and IDL routines.  Figure 1 illustrates the 
system:   

 

 
 

Figure 1 
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3. Operation  
 
3.1 User Edited Files and Parameters  
 

Several input parameters located in runPSC.pl manage the location of the 
input and output directories of Polar Stratospheric Clouds Detectability software.  
Appendix B illustrates the selections that the user must make in order to run the 
software.  The following table(Table 1.) lists user defined variables in runPSC.pl 
and describe their purposes.  These values can be altered if desired using any 
UNIX-compatible editor. 
 
Editable parameters in runPSC.pl  
 

Variable  Purpose  
basedir Directory path to where the of Polar 

Stratospheric Clouds Detectability software 
is installed. 

convertdir Directory path to where convert executable is 
installed. 

idlDir Directory path to where IDL is installed. 
imagedir Directory path to the location where the 

images will be accessible from the web. 
 

Table 1.  
 
 
 
3.2 Input Files  
 

As illustrated by the system diagram, Figure 1, the Polar Stratospheric 
Clouds Detectability software requires MM5 forecast files in the netcdf format 
with the naming convention ll.d1.yyyymmddhh.nc, where yyyy = year, mm = 
month, dd = day of month, and hh is forecast hour.  The file contains fields that 
have been interpolated from a polar stereographic grid to a uniform 1° × 1° 
latitude/longitude grid.  The fields and units of the file are as follows: latitude in 
degrees, longitude in degrees, pressure levels in pascals, temperature in Kelvin 
and water vapor mixing ratio in kg/kg.   
 
 
3.3 Outputs  
 

When the Polar Stratospheric Cloud Prediction IDL code is executed, a 
series of Postscript files are created (ll.d1.YYYYMMDDHH.XXX.ps, where 
YYYY=year, MM=month, DD=day, HH=hour UT, and XXX: tmp=temperature (K), 
mixr=water vapor mixing ratio (parts), t_tnat=temperature-saturation point of nitric 
acid trihydrate (K), and psc=PSC probability), which contain temperature, water 
vapor, and PSC probability calculations on 24 pressure levels from 1001 to 10 
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mb (t_tnat and psc only on top 6 levels, from 150 to 10 mb).  Appendix C 
contains sample output plots with explanations. 
 
A perl script (webify.pl) is then used to convert the PSC probability PS files into 
JPEG format for easier display on the Web.  Thus, ll.d1.YYYYMMDDHH.psc.ps 
is converted to ll.d1.YYYYMMDDHH.psc.jpg, with a thumbnail, 
ll.d1.YYYYMMDDHH.psc.tn.ps of the 25-mb level only. 

 
 
4 References  
Hanson, D. and K. Mauersberger, Laboratory studies of the nitric acid trihydrate: 

Implications for the south polar stratosphere, Geophys. Res. Lett.,  15, 855 -
858, 1988. 

 
 
 



 

 6

 
APPENDIX A:  ACROYNMS AND ABBREVIATIONS  
 
AFWA Air Force Weather Agency 
APL Applied Physics Laboratory of Johns Hopkins University 
ASCII American Standard Code for Information Interchange 
  
CLAES Cryogenic Limb Array Etalon Spectrometer  
COE Common Operating Environment 
  
FTP File Transfer Protocol 
  
GRIB Gridded Binary 
GSFC Goddard Space Flight Center 
  
HALOE Halogen Occultation Experiment 
  
IDL Interactive Data Language 
  
JHU Johns Hopkins University 
  
LAN Local Area Network 
  
MLS Microwave Limb Sounder 
MM5 Fifth Generation Mesoscale Model 
  
NAT Nitric Acid Trihydrate 
netCDF Network Common Data Form 
NWP Numerical Weather Prediction 
  
PNG Portable Network Graphics 
POAM Polar Ozone and Aerosol Measurement 
ppbv Parts per billion by volume 
ppmv Parts per million by volume 
PSC Polar Stratospheric Cloud 
  
SD Space Department of the Applied Physics Laboratory 
SDP Software Development Plan 
  
Tcl Tool Command Language 
Tk Toolkit 
  
UPOS University Partnering for Operational Support 
UTC Coordinated Universal Time 
  
XDR External Data Representation 
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APPENDIX B:  SAMPLE runPSC.pl  
 
 
#!/usr/local/bin/perl 
# 
# Program:      runPSC.pl 
# Descirption:  Script to execute PSC software 
# 
# Modifications: 
# 01/04     L. Burke    Original 
# 
 
use Time::Local; 
 
# 
# SETUP ENV VARIABLES 
# 
$convertdir = "/usr/X11R6/bin"; 
$basedir = "/disks/dm006/PSC/"; 
$idldir = "/usr/local/bin/"; 
#$imagedir = "/disks/dm009/PSC_web_images/"; 
$errorlog_dir = $basedir."/output"; 
$idlstartup_file = $basedir."/psc/idl/idl_startup.pro"; 
$ENV{"IDL_STARTUP"} = $idlstartup_file; 
 
# 
# OPEN ERROR LOG 
# 
if(! -e $errorlog_dir) 
{ 
  system("mkdir $errorlog_dir"); 
  system("chmod 775 $errorlog_dir"); 
} 
($sec,$min,$hour,$mday,$mon,$year,$wday,$yday,$isdist) =  localtime(time); 
$year = $year + 1900; 
$mon = $mon + 1; 
 
$errlog = sprintf("%s%s%d%02d%02d%02d%02d%s", 
          $errorlog_dir,"/PSC_ERRORLOG_",$year,$mon,$mday,$hour,$min,".log"); 
eval { 
  open(ERRLOG, ">>$errlog") || die "ERROR:  ERRLOG FILE CANNOT BE OPEN $ERRLOG\n 
"; 
}; 
 
if($@) 
{ 
  print("$@\n"); 
  exit(); 
} 
 
# run MM5 software 
$RUN_DIR = $basdir."/PSC_RUNMODEL"; 
chdir($RUN_DIR); 
system("$basedir/PSC_RUNMODEL/runCron.py"); 
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$RUN_DIR = $basedir."/psc"; 
$ncdate = sprintf("%d%02d%02d%s",$year,$mon,$mday,"00"); 
$ncname = $basedir."ll.d1.".$ncdate.".nc"; 
if(-e $ncname) 
{ 
  #run PSC software 
  system("$basedir/psc/psc_forecast.pl $basedir $convertdir $idldir"); 
  system("mv $basedir/*.nc $basedir/PSCRUNS/DATA/"); 
  system("mv $basedir/psc/*.txt $basedir/psc/logs/"); 
} 
else 
{ 
  printf(ERRLOG "Input .nc file not available:  $ncname");   
} 
 
#run PSC cleanup script 
$RUN_DIR = $basedir."/scripts"; 
chdir($RUN_DIR); 
system("$basedir/scripts/PSC_cleanup.pl"); 
 
#move images to web directory 
#system("mv $basedir/forecasts/*.jpg $imagedir");
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C Sample Output  
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