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1 Overview

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 latit udes and occur intermittently in
the Northern 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 s aturation
temperature (T nat), Which is a function of the HNO 3 and H ,O vapor pressures.
PSCs are also composed of a ternary mixture of HNO 3, sulfuric acid (H ,S0O,),
and water and also water ice at colder temperatures. Hanson and Mauersberger
[1988] provide d a detailed description of the phase diagram of the HNO  3/H,0O
system. Moreover, the documented stratospheric trends of decreasing
temperature and increasing HNO ; and H ,0 suggest that PSCs will occur more
frequently and with greater optical depth in the fu ture.

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 yar derived from
either satellite climatologies of H NOz; and H ,O 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 th roughout
the stratosphere and lower mesosphere. For H 20, 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; climatology. We have also experimented with using fixed mixing
ratios (e.g., 10 ppbv HNOzand 5 ppmv H;0).

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 rela tively course altitude resolution is sufficient to capture
the vertical structure.

Comparisons with solar occultation measurements made by the Polar
Ozone and Aerosol Measurement (POAM) Il satellite instrument during the
Southern Hemisphere 2003 winter ha ve shown that the model does an excellent
job predicting when and where PSCs will occur.



1.2 Statement of purpose

The Polar Stratospheric Clouds Detectability model has been developed
to make daily forecasts of PSCs in the lower stratosphere using AFWA MM5
weather data. The model produces color maps showing PSC probability at high
latitudes, using either fixed or climatological values of HNO ; and H,O mixing
ratios.

1.3 Purpose of Document

This document describes the overall architecture of the software and
functions of the various software components.

2 Product Architecture

2.1  Procedure Calling Hierarchy for the  Polar Stratospheric Clouds
Detectability Process

1.0 psc_forecast.pl
1.1 get_ YYYYMMDD
1.2 get yesterday
1.3 do_psc_calculations
1.3.1 load_netcdf
1.3.1.1 read_netcdf
1.3.1.1.1 ncdf _open
1.3.1.1.2 ncdf_inquire
1.3.1.1.3 ncdf _close
1.3.1.1.4 validateName
1.3.1.2 parse_netcdf times
1.3.1.2.1 num2str
1.3.1.3 has_file
1.3.1.4 has_tag
1.3.1.5 num2str
1.3.2 calc_netcdf _psc
1.3.2.1 parse_fn
1.3.2.2 climatology
1.3.2.2.1 altitude
1.3.2.2.1.1 read prf
1.3.2.2.1.2 stamp
1.3.2.2.2 where_common
1.3.2.2.3 sparc_clim
1.3.2.2.3.1 altitude
1.3.2.2.3.1.1 read_prf
1.3.2.2.3.1.2 stamp
1.3.2.2.3.2 haloe_mls_h20 clim



1.3.2.2.3.2.1 where_common
1.3.2.2.3.2.2 interpol_2d_single
1.3.2.2.3.2.2.1 smart_interpol
1.3.2.2.3.2.2.1.1 closest_in
dex
1.3.2.2.3.2.2.1.2 type
1.3.2.2.3.2.2.1.3 num2str
1.3.2.2.3.2.2.2 smart_interpol_|
oglin
1.3.2.2.3.2.2.2.1 smart_int
erpol
1.3.2.2.3.3 where_common
1.3.2.2.3.4 interpol_2d_single
1.3.2.2.3.4.1 smart_interpol
1.3.2.2.3.4.1.1 closest_index
1.3.2.2.3.41.2 type
1.3.2.2.3.4.1.3 num2str
1.3.2.2.4 haloe_mls_h20 clim
1.3.2.2.4.1 where_common
1.3.2.2.4.2 interpol_2d_single
1.3.2.2.4.2.1 smart_interpol
1.3.2.2.4.2.1.1 closest_index
1.3.2.24.21.2 type
1.3.2.2.4.2.1.3 num2str
1.3.2.3 calc_psc_prob
1.3.2.3.1 calc_psc
1.3.2.3.2 calc_nat
1.3.2.4 has_tag
1.3.25 num2str
1.3.3 plot_netcdf_image
1.3.3.1 plot_netcdf_theimage
1.3.3.1.1 color_map
1.3.3.1.2 load_colors
1.3.3.2 has_tag
1.3.3.3 num2str
1.3.34 ps_on
1.3.3.5 ps_off
1.3.3.5.1 reset
1.3.3.5.2 ps_reset
1.3.3.5.3 stamp
1.3.4 append_struct
1.3.5 defined
1.3.6 load_colors
1.4  webify.pl



3.1

3.1.1

3.1.2

3.1.3

3.14

Object Descriptions

IDL Objects
FUNCTION altitude
This function interconverts pressure and altitude.

CALLING SEQUENCE:
altitude(z_in)

Where :
Z in = input vertical coordinate

ROUTINE append_struct

This routine creates or appends a given structure with a new tag or
associated value.

CALLING SEQUENCE:
append_struct,struct,newtag,newval

Where :
struct = structure or name of new structure for
creation
newtag = tagname to be appended
newval = value associated with new tag

FUNCTION calc_nat

This function calculates the saturation temperature of nitric acid trihydrate
based on the expression given by Hanson and Mauersberger.

CALLING SEQUENCE:
calc_tnat(hn03,h20,pres)

Where :
hn03 = hn03 mixing ratio
h20 = h20 mixing ratio
pres = pressure in mb

ROUTINE calc_netcdf psc



3.1.5

3.1.6

3.1.7

3.1.8

This routine appends a netCDF data structure with the probability of PSC
occurrence tag.

CALLING SEQUENCE:
calc_netcdf psc, Cdf

Where :
Cdf = netCDF data structure
FUNCTION calc_psc
This function calculates determines the existence of PSCs.
CALLING SEQUENCE:
calc_psc(temp,pres)
Where :
temp = temperature in (K)
pres = pressure (in mb)
FUNCTION calc_psc_prob
This function calculates the probablilty of PSC existence.
CALLING SEQUENCE:
calc_psc_prob, temp,pres[, Hn03 ,H20]
Where :
temp = temperature in (K)
pres = pressure (in mb)
hn03 = (Optional) HNO3 mixing ratio (in parts)
ROUTINE climatology

This is the generic routine for extracting climatological values for H20,
HNO3, etc.

CALLING SEQUENCE:
climatology(month, lat, z)

Where :
month = month, scalar or vector, matching z
lat = latitude, scalar or vector, matching z
z = vertical coordinate: pres (mb) or
geometric altitude (km), scalar or vector
FUNCTION closest_index



3.1.9

3.1.10

3.1.11

This function the index of the closest match of a vector to a value.

CALLING SEQUENCE:
closest_index(vector,value)

Where :
vector = a data vector to be searched
value = a value for to search vector for
ROUTINE color_map

This function plots a map projection and superimposes an contour image.

CALLING SEQUENCE:
color_map(Z_IN, latmin=latmin,latmax=latmax, $
lonmin=lonmin,lonmax=lonmax

Where :
Z IN = input 2-dimensional array of data to be
plotted
latmin = minimum plot latitude
latmax = maximum plot latitude
lonmin = minimum plot longitude
lonmax = maximum plot longitude
FUNCTION defined

This function determines if a variable is defined or not.

CALLING SEQUENCE:
defined(var)

Where :
var

variable/structure
ROUTINE do_psc_calculations

This routine processes MM5 output files (netCDF) and generates forecast
plots.

CALLING SEQUENCE:
do_psc_calculations, Fn

Where :
Fn = MMS5 filename (netCDF)



3.1.12

3.1.13

3.1.14

3.1.15

FUNCTION haloe_mls_h20_clim
This function gets HALOE+MLS climatology H20.

CALLING SEQUENCE:
haloe_mls_h20 clim, month, lat, z, z_in_pres

Where :
month = month
z = vertical coordinate: pres(mb) or alt(km)
Z_in_pres = z in pres (mb)
FUNCTION has_file

This function checks for the existence of a file.

CALLING SEQUENCE:
has_file(Fn)

Where :
Fn

filename
FUNCTION has_tag
This function finds out if the input structure Struct contains tag Tag.

CALLING SEQUENCE:
has_tag(struct,tag)

Where :
struct = structure
tag = tagname string
FUNCTION interpol_2d_single

This function linearly interpolates value (a,b) from a 2 -D array with x/y
gridding.

CALLING SEQUENCE:
Interpol_2d_single(matrix,x,y,a,b)

Where :
matrix = 2-D array
X = corresponding x vector
y = corresponding y vector
a = x-value to which to interpolate
b = y-value to which to interpolate



3.1.16 ROUTINE load_colors
This loads IDL color table.

CALLING SEQUENCE:
@ load_colors

Where :
There are no parameters passed.

3.1.17 ROUTINE load_netcdf
This routine loads a netCDF file with some degree o f intelligence.

CALLING SEQUENCE:
load_netcdf, Cdff, Itime],FN=Fn

Where :
Cdf = Cdf data structure
Itime = (Optional) time index
Fn = netCDF file name
3.1.18 SUBROUTINE netcdf close

This routine is the close function for the NetCDF library.

CALLING SEQUENCE:
netcdf_close

Where:
There are no arguments passed

3.1.19 SUBROUTINE netcdf_inquire
This routine is the inquire function for the NetCDF library.

CALLING SEQUENCE:
netcdf_inquire

Where:
There are no arguments passed

3.1.20 SUBROUTINE netcdf _open
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This routine is the open function for the NetCDF library.

CALLING SEQUENCE:
netcdf_open

Where:
There are no arguments passed

3.1.21 Function numz2str
This function converts number types to string type.

CALLING SEQUENCE:

num2str(number)
Where :
number = any scalar or array of numerical (or
string) type
3.1.22 Function parse_fn

This function parses filenames, especially for extracting filenames from
full path or part before an extension.

CALLING SEQUENCE:
parse_fn(Fn_full)

Where :
Fn_full = Input filename string
3.1.23 ROUTINE parse_netcdf_times

This routine parses multi-time netCDF file and creates save files for each
time.

CALLING SEQUENCE:
parse_netcdf times, Cdf_full

Where :
Cdf_full = multi-time netCDF data structure

3.1.24 ROUTINE ps_off

This routine closes an open PS file.
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CALLING SEQUENCE:
ps_off

Where :
There are no input parameters passed.

3.1.25 ROUTINE ps_on
This routine opens a PS file for plotting.

CALLING SEQUENCE:
ps_on,Fn

Where :
Fn = PS filename

3.1.26 ROUTINE ps_reset
This routine resets PS device settings.

CALLING SEQUENCE:
ps_reset

Where :
There are no input parameters passed.

3.1.27 ROUTINE read_netcdf
This routine reads a netCDF file.

CALLING SEQUENCE:
read_netcdf, Fn

Where :
Fn = netCDF file name

3.1.28 ROUTINE read_prf
This routine reads (and plots) rad code atmospheric profile file (*.prf).

CALLING SEQUENCE:
read_prf, Fn_prf[,profiles]

Where :
Fn_prf

prf file filename

3.1.29 ROUTINE reset

12



This routine resets ! p and !x/y/z IDL settings.

CALLING SEQUENCE:
reset,winnum

Where :
winnum = IDL window number
3.1.30 FUNCITON smart_interpol
This routine interpolates like INTERPOL, but with some smarts.

CALLING SEQUENCE:
smart_interpol,v,x,u

Where :
% = dependent variable
X = independent variable
u = scalar or vector to be interpolated
3.1.31 FUNCTION smart_interpol_loglin

This function is the loglinear version of smart_interpol.

CALLING SEQUENCE:
smart_interpol_loglin,v,x,u

Where :
% = dependent variable
X = independent variable
u = scalar or vector to be interpolated
3.1.32 FUNCTION sparc_clim

This routine reads gets SPARC climatologies for H20 and HNO3

CALLING SEQUENCE:
sparc_clim, month, lat, z, z_in_pres,h20,hn03

Where :
month = month
lat = latitude
z = vertical coordinate: pres(mb) or alt(km)
Z_in_pres = z_in_pres (mb)
h20 = set keyword to load h2o climatological
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value
hn03 = set keyword to load hno3 climatological
value

3.1.33 ROUTINE stamp
This routine reads annotates PS file with my name, timestamp, etc.

CALLING SEQUENCE:
stamp[,annotation]

Where :
annotation = text string to be added to my name and
timestamp

3.1.34 FUNCTION type
This function determines variable type.

CALLING SEQUENCE:

Type(var)]
Where :
var = variable
3.1.35 SUBROUTINE validateName

This subroutine ensures that given filename does not begin with a number
or a dash.

CALLING SEQUENCE:
validateName, varname

Where :
varname = filename

3.1.36 FUNCTION where_common

This function compare 2 arrays and determines the elements (indices of)
the first that appear (or not, i.e., unique) in the second, *not sorted, but in
the order they appear in the second array*.

CALLING SEQUENCE:
where_common,first,second,unique=unique,good_arr=good_arr,co

r
r_ind=corr_ind

14



3.2

3.21

3.2.2

3.2.3

3.24

Where :

first = first array
second = second array
unique = unique elements
good_arr = a 0/1 array
corr_ind = a -1/index array

SCRIPT Objects
SUBROUTINE get_YYYYMMDD
This subroutine returns year month and day from local time.

CALLING SEQUENCE:
get_YYYYMMDD()

Where :
There are no input parameters passed.

SUBROUTINE get_yesterday

This subroutine returns calculates yesterday’s date from local time and
returns YYYYMMDD.

CALLING SEQUENCE:
get_yesterday()

Where :
There are no input parameters passed.

SCRIPT psc_forecast.pl
This Perl script is the executive script for the PSC processing.

CALLING SEQUENCE:
psc_forecast.pl

Where :
There are no input parameters passed.

SCRIPT webify.pl

This script converts PS file to jpeg format.
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CALLING SEQUENCE:

webify.pl

Where :

There are no input parameters passed.

4 External Interfaces

4.1 Data

Input Data

The Polar Stratospheric Cloud (PSC) prediction algorithm requires MM5

forecast files in the netcdf format with the naming convention

[l.d1.yyyymmddhh.nc, where yyyy = year, mm = month, dd = day of month, and

hh is forecast hour. The file contains fields, which have been interpolated from a

polar stereographic grid to a uniform 1° x 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. The structure of the netcdf file (obtained by executing “ncdump —h

[l.d1.yyyymmddhh.nc”) is shown in Table 1.

Table 1

netcdf Il.d1.yyyymmddhh

dimensions

ntim=1
nlons = 360
nlats = 90
nlevs = 24

variables

double LAT(nlats)

LAT:units = "degrees"
double LON(nlons)

LON:units = "degrees"
double PRES(nlevs)

PRES:units = "pascals"
double TMP(ntim, nlevs, nlats,nlons)

TMP:units = "kelvin" ;
double MIXR(ntim,nlevs,
nlats,nlons)

MIXR:units = "kg/kg" ;

4.2 Operating System Services
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The UNIX routines of the Polar Stratospheric Clouds Detectability
application will execute under Solaris 2.8 operation system on a SUN
Workstation. The software will be develo ped for use on a SUN Ultra 60 UNIX
platform.

4.3 Output

When the Polar Stratospheric Cloud Detectability IDL code is executed, a
series of Postscript files are created (Il.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 100 1
to 10 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) may then be used to convert the PSC probability PS files
into JPEG format for easier display on the Web. Thus,

[1.d1.YYYYMMDDHH.psc.ps is converted to Il.d1.YYYYMMDDHH.psc.jpg, with a
thumbnail, [1.d1.YYYYMMDDHH.psc.tn.ps of the 25-mb level only.

4.4 Other Software Programs or Libraries

The UNIX software was developed under Solaris version 2.8. IDL and
Perl libraries should be present on the UNIX target machine.
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A

Acronym

AFWA
APL
ASCII

CLAES
COE

FTP

GRIB
GSFC

HALOE
IDL
JHU
LAN

MLS
MM5

NAT
netCDF
NWP

PNG
POAM

ppbv

ppmv
PSC

SDP

Tcl
Tk

UPOS
uTC

XDR

Acronyms and Abbreviations

Definition
Air Force Weather Agency
Applied Physics Laboratory of Johns Hopkins University
American Standard Code for Information Interchange

Cryogenic Limb Array Etalon Spectrometer
Common Operating Environment

File Transfer Protocol

Gridded Binary
Goddard Space Flight Center

Halogen Occultation Experiment
Interactive Data L anguage
Johns Hopkins University
Local AreaNetwork

Microwave Limb Sounder
Fifth Generation Mesoscale Model

Nitric Acid Trihydrate
Network Common Data Form
Numerical Weather Prediction

Portable Network Graphics

Polar Ozone and Aerosol Measurement
Parts per billion by volume

Parts per million by volume

Polar Stratospheric Cloud

Space Department of the Applied Physics Laboratory
Software Development Plan

Tool Command Language
Toolkit

University Partnering for Operational Support
Coordinated Universal Time

External Data Representation
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B Source Code

The source code is available upon request from the UPOS Transition
Team. An on-line request can be made via the feedback link on the JHU/APL -
UPOS web page: http://sd-www.jhuapl.edu/UPOS/index.html
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C

POLAR STRATOSPHERIC CLOUDS DETECTABILITY
OUTPUT
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