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Data formats are the biggest hurdle in using recent meteorological data in 
SACTI.  The model was developed in the 1980’s and the meteorological inputs 
are representative of the data formats available at that time.  The meteorological 
data recorded from the 300-foot tower located at the PSEG Site can be used as 
input to SACTI, but it must be reformatted to match the requirements of the 
model.  Since not all parameters required by SACTI are available from the PSEG 
Site meteorological tower, National Weather Service (NWS) data are used to 
supplement the tower data.  Additionally, the model requires two daily mixing 
heights that define the depth through which pollutants are dispersed.  This height 
of the atmosphere extends from the surface upwards tens, hundreds, or 
thousands of feet depending on time of day and atmospheric conditions.  Up until 
the early-1990’s, these values were provided by the National Climatic Data 
Center (NCDC), the agency responsible for providing National Weather Service 
(NWS) data to the public, but NCDC no longer provides mixing height values 
based on recent meteorological observations. 
 
Meteorological data formats for SACTI were developed from PSEG Site 
meteorological data, NWS hourly observations, and NWS upper air soundings 
(twice-daily vertical profiles of the atmosphere). 
 
Hourly Surface Observations 
 
The following table shows the hourly parameters required by SACTI and the 
sources of the data, whether it is the PSEG Site meteorological tower or the 
Wilmington, Delaware NWS station. 
 

Variable Source 
Ceiling Height Wilmington – NWS 
Dew Point Temperature (Td) Site – 33-foot level 
Wind Direction Site – 33-foot level 
Wind Speed Site – 33-foot level 
Station Pressure Site – ground level 
Ambient Temperature (Ta) Site – 33-foot level 
Wet Bulb Temperature Site – calculation from site Ta and Td 

and station pressure 
Relative Humidity Site – calculation from site Ta and Td 
Cloud Cover (Total and Opaque) Wilmington – NWS 
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As noted above, the data format required by SACTI (known as the CD-144 
format) is no longer available from NCDC; therefore, the hourly observation data 
from the Wilmington NWS station required several steps to produce a file in the 
correct format.  The steps were: 
 

1) Retrieve NWS hourly surface weather observations from compact disc – 
the format is known as Integrated Surface Hourly (ISH) observations. 

2) Convert the data from a complete record to an abbreviated record using a 
program (ishapp2.exe) from NCDC 

3) Convert the abbreviated format to SAMSON (Solar and Meteorological 
Surface Observation Network) format using a program developed by 
Russell Lee and made available from http://www.rflee.com/.  Two files are 
created by this program, the first with missing data represented by blank 
fields and the second with the missing data filled according to the 
procedures described in Appendix A of this attachment. 

4) Combine the SAMSON-formatted NWS data and the PSEG Site data into 
the CD-144 format according to the table shown above. 

 
Twice-Daily Mixing Heights 
 
As noted previously, mixing height values are no longer available from NCDC.  
The U.S. Environmental Protection Agency (EPA) has a publicly available 
accessory program available from the EPA’s SCRAM web site 
(http://www.epa.gov/scram001/metobsdata_procaccprogs.htm).  Using this 
program, the twice-daily mixing heights are derived from the morning upper air 
sounding and the hourly temperature record at the same station where the 
soundings were taken.   
 
For the PSEG project, upper air soundings from Sterling, Virginia were used as 
one input to the mixing height program.  Sterling was used because it is the 
nearest representative upper air station.  The surface observations from Sterling 
were used for the hourly temperature record. 
 
The hourly temperature record must be in one of two formats: SAMSON (Solar 
and Meteorological Surface Observation Network) or HUSWO (Hourly United 
States Weather Observations).    The Sterling, Virginia, hourly temperature 
observations were developed following steps 1 through 3 above.  For the mixing 
height program, step 4 is not required. 
 
During the course of a year, a morning mixing sounding may not be taken for any 
number of reasons (e.g., the balloon failed at a low altitude).  For those days 
when the morning sounding is missing, both the morning and afternoon mixing 
heights are not calculated for that day.  In addition, a morning or afternoon mixing 
height may not be computed for reasons associated with the hourly temperature 
record.  For days when a morning and/or an afternoon mixing height cannot be 
calculated, a linear interpolation is performed between the preceding day and 

Page 2 of 7 



succeeding day to obtain the mixing height.  In all but one case, there were at 
most two consecutive days with missing mixing heights, morning or afternoon.  
There was one consecutive five day period in 2008 with missing morning and 
afternoon mixing heights.  Since this was a rare event and there were more than 
five consecutive days of non-missing mixing heights preceding and succeeding 
the five-day gap, interpolation was used to fill in those five days. 
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Introduction 
 
The Meteorological data required for short-term air quality dispersion modeling 
consist of hourly surface observations, and morning and afternoon mixing 
heights.  The RAMMET meteorological pre-processor program requires surface 
data in the CD144 format, and mixing height data in the TD9689 format.  In order 
for the RAMMET program to function properly, these data must be 100% 
complete. Data acquired from the National Climatic Data Center (NCDC) 
occasionally have periods of missing data.  If the lengths of these periods are not 
excessive, reasonable values may be substituted without seriously degrading the 
modeling results. 
 
As with on-site data, a data set which is less than 90% complete should not be 
used for air quality modeling purposes.  Substitutions for missing data should 
only be made to complete the data set for modeling applications, and should not 
be used to achieve the 90% criterion.  Note that, for purposes of achieving the 
90% criterion, cloud cover is valid for a given hour if a value for EITHER opaque 
cloud cover or total cloud cover is available. 
 
The procedure for providing substitute values for missing data has two parts. The 
first part is an objective procedure, which applies to single isolated hours with 
missing surface data and single isolated days of missing mixing height data.  
Substitutions for those data are accomplished using procedures described below.
 
The second part is a subjective procedure which applies to longer sequences of 
missing data.  Substitutions for those data require judgment, and should be 
accomplished by an air quality meteorologist based on scientific knowledge and 
professional experience.  The procedures, described in detail below, are 
generally consistent with procedures used historically by EPA. 
 
Step 1:  The Objective Procedure 
 
Surface Data 
 
Hourly surface weather observations of opaque cloud cover, ceiling height, 
temperature, wind direction, and wind speed are required.  Substitutions for 
missing surface data are made as follows: 
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� If opaque cloud cover is missing, then total cloud cover is used.  If total 

cloud cover is also missing, then a "0" is used for opaque cloud cover if 
the ceiling is greater than 7000 feet (high level clouds are  generally not 
opaque), and a "7" if the ceiling is less than or equal to 7000 feet.  If the 
opaque cloud cover, total cloud cover, and ceiling are all missing, values 
of ceiling and opaque (or total) cloud cover from the preceding hour are 
used, provided that values from both the preceding and the succeeding 
hours are present (i.e., only a single hour is missing). If two or more 
consecutive hours of cloud cover (both opaque and total) are missing, 
then the subjective procedure outlined below should be used. 

 
� If ceiling height is missing, and either the opaque cloud cover or the total 

cloud cover is less than or equal to 5, then "---" (the code for unlimited 
ceiling) is used.  Otherwise, if the ceiling height is missing, but values for 
both the preceding and succeeding hours are present, then the value from 
the preceding hour is used.  If two or more consecutive hours of ceiling 
height are missing, then the subjective procedure outlined below is used. 

 
� If temperature is missing, then a value interpolated between the preceding  

hour and the succeeding valid hour is substituted.  If two or more 
consecutive hours of temperatures are missing, then the subjective 
procedure outlined below is followed. 

 
� If a single hour of wind direction and speed is missing then the average 

direction and average speed from the four hours surrounding that hour is 
substituted.  Except for the first two and last two hours of the year, this 
average is derived from the two hours before and two hours after the hour 
of the missing value.  In the interest of simplicity, the average wind 
direction is obtained from the mean unit vector wind.  If two or more 
consecutive hours of either wind direction or wind speed are missing, then 
the subjective procedure outlined below should be used. 

 
Mixing Height Data 
 
Both a morning mixing height and an afternoon mixing height are required for 
each day of the year.  Objective substitutions for missing mixing heights are 
made as follows: 
 

� If a single afternoon mixing height is missing, the value interpolated 
between the preceding and successive afternoon mixing heights are used.  
Similarly, if a single morning mixing height is missing, the value 
interpolated between the preceding and succeeding morning mixing 
heights is used. 

 
� If two or more consecutive afternoon mixing heights or two or more 
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Step 2:  The Subjective Procedure 
 
When the objective procedure does not provide a substitute value for some 
parameter, the data are reviewed by an air quality meteorologist.  If technically 
appropriate, a substitute value is identified, based on the following procedure, 
using sound scientific knowledge and professional experience. 
 
Surface Data 
 
The following procedures are recommended for substituting values for missing 
surface data when the objective procedure described above is not appropriate. 
Sound meteorological judgment and professional experience is required to 
developing appropriate substitute data values. 
 
If a ceiling height value is missing, then the five ceiling height values before and 
after that hour are reviewed to obtain appropriate values to substitute.  For an 
opaque cloud cover of 5 or less, the value for ceiling height must be "---" to 
indicate unlimited ceiling (by definition, the ceiling is unlimited when the cloud 
cover is 5/10 or less).  If the opaque value is 6 or greater, the values before and 
after that hour are reviewed to derive appropriate ceiling values. 
 
If temperature is missing, then the temperature values on either side of the data 
void are reviewed.  Often an interpolation can be made for up to a few hours.  
However, these values may need to be adjusted to be consistent with the other 
meteorological factors.  Near times of daily maxima or minima, one can 
adequately simulate daily maxima or minima for other days of similar 
meteorological conditions. 
 
If a wind direction value is missing, the data values a few hours (perhaps five or 
so) on either side of the data void are reviewed.  It is important to maintain not 
only consistency of wind direction, but also some consistency of wind variability.  
Otherwise, a few hours with the wind from the same direction will result, which 
can produce unreasonably high estimates of 8-hour and 24-hour average 
concentrations. 
 
If wind speed is missing, the five values both before and after the data void are 
reviewed.  Any obvious patterns of wind speed should be continued and 
adjusted, if needed, to make the substitute data realistic from an air quality 
modeling viewpoint. 
 
 
Mixing Height Data 
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The following procedure is recommended for substituting values for missing 
morning or afternoon mixing height values, when the objective procedure 
described above is not appropriate.  The procedure with mixing height data, as 
with surface data, requires careful meteorological judgment and professional 
experience in order to derive appropriate substitute values. 
 
As a general rule, a sequence of missing mixing heights of five days or more are 
not filled in.  Also, any missing sequence of four days which does not have 
adequate continuity (at least five full days on either side of the data void) is also 
not filled in.  Such files cannot be used as input to the RAMMET (or 
PCRAMMET) preprocessor, since doing so produces values of zero for the 
mixing height, resulting in unrealistic modeling results. 
 
 
 
 
 


