
COMPUTER ASSISTED METEOROLOGY                                                 Frank Pennauer

This contribution gives the available computer data sources, how to access them and  use  this data for
predicting Soaring weather conditions will be discussed from soaring pilots practical approach to the
subject.

Data Sources
The data sources available on  the Internet are numerous, to say the least.  In this contribution  only  the
web addresses of the sources and the data from these sources  required for thermal forecasting, which I
personally have used over several year will be introduced.  With sample diagrams obtained from these
sources, it will be discussed how to interpret them . 
The web pages will be presented in sequence that I call them up to process the data.    This I do in the
late afternoon/early evening on the day prior to the flying operation.  

Will there be the a possibility of thermal development tomorrow ?

To obtain a quick mental picture of the Soaring weather for the next day,  check following met
information.
Listen to the public radio or television forecast to see if the general situation will be conducive to the
development of thermal activity. Or check the met sites of the national/local weather office.
If a depression and its associated frontal system is forecast to move over the flying area for the day of
operation no workable thermal activity can be expected. Otherwise we continue as per sequence below:

From the local National weather office forecast (nearest to your flying area), note down the maximum
forecast temperature  for the day of operation  which will be used in the sounding diagram below. 
Then we call up :    .

1.    a .   Surface Forecast Charts  (USA and Ontario and Quebec)                  
              http://www.rap.ucar.edu/weather/

       b.    Surface Prognostic Charts  (Europe and World)
             http://www.wetterzentrale.de/topkarten/
       
 c,   Surface Prognostic Charts Australia
       http://www.bom.gov.au/products/IDG00074.shtml    
 .
2      a.  ETA Meteograms  (USA and Canada)
      http://www.emc.ncep.noaa.gov/mmb/nammeteograms/
http://www.emc.ncep.noaa.gov/mmb/nammeteograms/  

       b.  Ready Meteograms (worldwide)       .
      http://www.arl.noaa.gov/READYcmet.php

3.    a.   Model and RAOB Soundings  ( North America, Europe and World )
            http://ruc.noaa.gov/

       



        

   A.  North America  data sources  

The samples given are for Southwestern Ontario in Canada an area  surrounded by the Great Lakes
The major air masses influencing the weather pattern during the soaring season are Continental arctic
and Maritime tropical. These air masses are being modified when passing over the waters of the Great
Lakes absorbing moisture. Additionally if the inflowing direction lies between Southeast to West they
also carry varied amounts of pollution collected while passing over population centers and industrial
areas. 

Sample for evaluating  possible thermal conditions in SW Ontario for 19 July 2009

1. Surface Chart  
http://www.rap.ucar.edu/weather/http://www.rap.ucar.edu/weather/        

This Forecast surface chart indicates for the flying area (white highlighted) that no frontal system
influences this area, although possible intermittent precipitation might occur. In any case the possibility
of thermal activity development exists and hence we proceed to the data information given by :  



2      a.  ETA Meteograms  (USA and Canada)
      http://www.emc.ncep.noaa.gov/mmb/nammeteograms/

From the map which appears we select the available dot closest to our flying area. For the sample
below we selected   713600 Waterloo Well  in SW Ontario, and then we select he latest meteogram
from the sub-window coming onto the screen 

On this meteogram we look at the forecast data presented for the timespan 190400GMT to
200000GMT 
       Data Box 1  We note the lowest overnight temperature is 9C (48F) and dew point  9C   (48F)
        expected maximum day time temperature is 21C (70F) and the dew point 13 C (55F)

      Data Box 2       shows a surface wind  expected to be Westerly 5 to 10 kt. The blue dots show any
      expected precipitation for the time period.  In this case is  a small amount of precipitation is     
      expected by late afternoon local time.      
      Data Box 3    The orange line gives the value of the expected sea level pressure in milibars.  In this
      case it predicts a slightly rising pressure 



      Helicity is indicated  by the dashed blue line which is a parameter quantifying the airflow in the     
      lower level of the tropopause which encourages the formation of storms possibly leading to  
      tornadic activity when it is positive above 150.  In this case Helicity is negative. 

       Data Box 4        the red line shows the expected ground level visibility and the dashed purple line the
        expected cloud base. Both of these I found to be unreliable data.

       Data Box 5  .     The Brown indicates the value of CAPE (Convective Available Potential Energy)
      the higher this line rises the higher is the potential for shower/thunderstorm activity. 

      The data we are interested in to continue with the sounding graphs are:
      the temperature and dew point as shown in Data Box 1 and the surface wind in Data box 2     
       which we make a note of.
       We alsomake a mental note of any precipitation indicated and any indication of   
        shower/thunderstorm potential indicated in Box 5 

We then proceed to :

b.   Model and RAOB Soundings  ( USA and Canada) 
http://ruc.noaa.gov/    
    
In the opening window,  select   Soundings Interactive (java) 
on next page  select   BAK 40 ,  
                       Start time select date/time UTC  (in sample l800 (1400 local time)was selected)
                       number of hours  3
                       select lat/long  of your airfield  ( in sample 43.51,-80.27 was selected)  
                       Select Java based plots and left click
on next page   in sample1800 (1400 lt) was elected  in time box
                        then right click over diagram 
                        in appearing sub menu 
                        Enter   td (dew point) t (temperature as noted from Data box 1 in meteogram)
                                    P(mb) enter pressure at ground level shown in this diagram (e.g.977mb)
                                    then left click  OK  
Notes:    Selecting the forecast maximum day time temperature to use for this calculation.
               I found that the Day Time Maximum Forecast  Temperature by the National Weather
               Office for the location closest to the flying area is more realistic than the temperature 
               shown on the Sounding diagram or the Temperature extracted from the Meteogram.
               If the temperature differs greatly interpolate and use a medium value.
               For the dew point temperature use surface dew point temperature as shown on the     
               diagram unless a rainfall in excess of 5mm has occurred during the previous 12 hours 
               this case increase the diagram dew point by 2 deg C. 
                  

       .



 NOTE
On the actual web site all numbers can be seen by moving the mouse pointer upwards over the
diagram.  The pressure in milibar(mb)/height in feet and km asl (above sea level) , the dew
point/temperature (in centigrade and Fahrenheit) is given for each level as is the wind direction
and speed 

             



On this window we see that at  a temperature of 20C the super adiabatic air parcel moves upward along
the dry adiabat and the dew point of this air parcel which was at ground level 13C moves along the
pecked Saturation Water Content line (dew point lapse rate)  these 2 lines intersect 2600 ft agl  where
condensation is triggered  Clouds then form and and the air parcel continues to ascend along the moist
adiabat which intersects the environmental temperature line(inversion) at 8500ft agl  (700mb) which is
the height of cumulus tops.
If the dew point line (blue) approaches the temperature line (red) at the condensation level to
within 2 deg C, extensive cloud formation, over-development is possible at his height. This would
be the case in the given example        
NOTE:   In order to convert the height to agl (above ground level), deduct the height shown as
ground level on the diagram from the the height shown at convection base  
This is a quick way to assess the chances for thermal activity the following day with the height of the
convection base above ground and the possibility of cumulus cloud formation.



B.  For areas outside North America.  

1..    Surface Charts   (Australia)
           http://www.bom.gov.au/products/IDG00074.shtml  

  

  Above  is the  prognostic surface chart for 20. August , which indicates that our flying area (pink
dot) is influenced by a high pressure ridge.   Although there is a cold front to the West it should not
influence adversely affect the weather in our flying area, we continue with the next step..

 2. b.  Meteograms (worldwide)       .
      http://www.arl.noaa.gov/READYcmet.php

 In the opening Windows  - Enter Latitude and Longitude of the flying area/airfield – Continue
                 Next Window  -  Meteogram line – choose a forecast  data set  
                                                                          GFS Model (84hrs) 3 hrly global  -    GO
                 Next Window     Choose starting time  UTC  (matching  0600local time your location)
                                             Forecast duration from starting time  12 hrs
                                             Field to plot  default with wind  +  speed and direction
                                             Output option  Text only
                                             Meteogram Size  96
                                             Pdf  No
                                             Enter Access code   = Get Meteogram

                                                    
 



Latitude: -32.22  Longitude: 148.23                
 DATA INITIAL TIME: 19 AUG 2009 12Z
 CALCULATION STARTED AT: 19 AUG 2009 21Z
 HOURS OF CALCULATION:  12 
              MSL PRES   TEMP            DEW PT        EMP        WIND         SPEED      6H PCPN       
LEVEL                         2M                 2M               850 MB      10 M        10 M                
UNITS      HPA            DEGC            DEGC          DEGC       DEG         KTS           MM   

 HR
+  0.        1020.5             6.4                 4.6              7.0             14.1             3.1             0.00
+  3.        1019.9           15.3                 8.4              7.0             350.9           3.3             0.00
+  6.        1017.1           19.1                 7.8              7.5             315.2           2.8             0.00
+  9.        1015.0           18.6                 9.2              8.2             337.6           2.9             0.00
+ 12.        1015.5          11.2                 7.7              8.9             348.2           3.4             0.00
   This Meteogram is for  Narromine  (932.22S, 148.23E) for 2100UTC equal to 0700 local time for a 
,    giving the  forecast values between 0700 lt to 1900 lt in 3 hour intervals
    For  our calculation we use the values  along line  +6 (1300lt).
    Temp 19.1C Dew point 7.8C   Wind 338/3kt.

3.    a.   Model and RAOB Soundings  ( North America, Europe and World )
            http://ruc.noaa.gov/

In the opening window,  select   Soundings Interactive (java) 
on next page  select   Initial  Data      GFS ,  
                       Start time select date/time UTC  (in sample 2009/Aug/20/3/0 UTC (1300 local time)was
                      selected)
                       number of hours  3
                       select lat/long  of your airfield  ( in sample -32.22,148.23 was selected)  
                       Select Java based plots and left click

on next page   in sample 0600 (1600 lt) was selected  in time box
                        then right click over diagram 
                        in appearing sub menu 
                        Enter   Td (dew point)  7.5C as shown in diagram 
                                     T 22C (max temperature predicted by National weather office )   
                                    P(mb) 975mb  300m amsl (closest selectable for 230m amsl of airfield)   
                                    then left click  OK  



Then this Window appears:



       On this window we see that at a temperature of 22C an air parcel moves upward along the
Dry Adiabat (mauve line) and the dew point of this air parcel  at ground level 7.5C moves along
the pecked Saturation Water Content line (dew point lapse rate)  these two lines intersect  at 
790mb/2200m amsl saturation is reached and condensation is triggered in this case possibly
producing thin clouds.  

 The Dry Adiabat meets the Environmental temperature (red) line at 810mb/2000m amsl this
must be considered the maximum attainable height (convection base) in a glider.
2000m minus 230m (airfield elevation) give a convection base of  1770m above ground level (agl).

Be aware that the numbers so obtained are theoretical values , the actual attainable height might
be  50 to 100m lower,  as slight temperature or humidity differences due to mixing of the air
within the rising air parcel with the surrounding air might reduce it s energy and/or increase  its
moisture content.  Also small differences in local ground moisture might increase the initial
parcel humidity content and it might produce cumulus clouds. Many small differences in
predicted values used could influence the quality of the thermal.
The only clear prediction given to us by above calculation is that there is  very good chance of
thermal activity this day.            
   
If the dew point line (blue) approaches the temperature line (red) at the condensation level to
within 2 deg C, extensive cloud formation, over-development is possible at his height. This is not
the case in the given example (difference is 5  C)   

C.  Calculation of Thermal Strength

 In general the higher the convection base the higher is the thermal strength.  If cumulus cloud develop
the average thermal strength increases because of a suction effect created below cloud level caused by
the extra energy released due to condensation. The more the ground becomes heated the stronger will
be the lift rates and the height the thermal will reach.  The thermal characteristic (size,frequency,
consistency, turbulence) which determine if they can be worked are also influenced by the ground its
moisture , vegetation, wind speed and direction changes within the convective boundary layer. 
There are two methods to determine the approximate thermal strength:

1.  The following values for the average     meteorological lift rate   can be used  

Blue thermals     height of  convection base agl         3000 ft       average lift rate    2 kt (1m/s)
                                                                                     6000 ft                                   4 kt (2 m/s)
                                                                                     9000 ft                                   6 kt (3m/s)
Small/medium Cumulus                                              3000 ft                                   2.5 kt (1.3 m/s)
                                                                                     6000 ft                                    5  kt (2.5 m/s)
                                                                                     9000 ft                                    7 kt  (3.5 m/s)



2. Thermal Strength determined with The Thermal Index Calculation

The  Thermal  Index  is  defined  as  the  potential  temperature  at  a  given  pressure  level  minus  the
temperature at the same level when the expected maximum surface temperature has been reached. The
greater the negative value, the greater the energy and the thermal strength.
In other words for our purpose of evaluation. We obtain the morning temperature ( approx.at sunrise)
at the 750mb level (or any other level 900mb,850mb etc) and at time of maximum forecast surface
temperature. To obtain this temperatures open:

http://www.arl.noaa.gov/READYcmet.php
In the opening Windows - Enter Latitude and Longitude of the flying area/airfield – Continue
Next Window - Meteogram line – choose a forecast data set
NAM Model (12km over US) for North America  - GO
GFS Model (84hrs) 3 hrly global (For Rest Of the World) - GO 
Next Window Choose starting time UTC (matching 0600local time your location)
Forecast duration from starting time 12 hrs
Field to plot : Choose from Below
Temperature 2 meters agl (SFC)
Surface Pressure (SFC)
Temperature 3D 850mb
750mb
650mb
Output option Text only
Meteogram Size 96
Pdf No
Enter Access code = Get Meteogram
Sample Meteogram based on above input.
GFS Meteogram
Latitude:-22.82 Longitude: 16.45 (Namibia)
DATA INITIAL TIME: 08 FEB 2010 12Z
CALCULATION STARTED AT: 09 FEB 2010 03Z
HOURS OF CALCULATION: 84
Hours MSL mb 2m temp 2m dew pt SFC mb 750mb 700mb 650mb temp
+ 0.    1013.4      20.3        15.0           857.1      15.6     11.6      8.0            morning temps
+ 3.     1014.5     22.0        14.6           858.2      15.3     11.5      7.7
+ 6.     1013.1     28.7        12.0           855.8      15.5     10.8      7.8
+ 9.     1010.5     33.0        9.4             855.5      18.8     13.3      7.6
+ 12  . 1008.6     31.1       7.8              853.6      20.0     14.4      8.5           temps at max. sfc temp.  
+ 15.   1011.0     25.3       9.5              855.7      19.2     14.0      8.3
With the figures of above meteogram we calculate the Thermal Index
at 750mb (1100m agl) Thermal Index(TI)   15.6 C - 20.0C = minus 4.4 C (3-4 kt lift)
at 700mb (1650m agl) Thermal Index(TI)   11.0 C - 14.4C = minus 3.4 C (3 kt lift)
at 650mb (2300m agl) Thermal Index(TI)   8.0 C   -   8.5C = minus 0.5 C (No Lift) is Top of
                                                                                                 Convective Boundary Layer (CBL)
Thermal Index(TI)       0   to - 1.5 lift is below strength to lift glider.
                                   -2.0 to - 3.0 weak lift (1 - 2 kt)
                                  - 3.0 and lower moderate lift (2 - 5 kt)
                                  - 8.0 an less strong lift which also will hold together in strong wind.
TI of 0 is considered to the top of the Convective boundary Layer (CBL)



D.    Additional points to consider when assessing the quality of thermal activity  

Temperature and Dew point 
Thermal development and the convection base height are very sensitive to both of these values.
The forecast maximum day time temperature often varies several degrees between the values predicted
by the National Weather Service, Commercial weather offices and Computer models. A safe value can
be obtained by interpolation between them and to use a medium value.
Dew point values are more difficult to predict and it is best to use the value shown by the computer
model on the Diagram or Meteogram.
  
Rain the previous day in Forecast area
Precipitation amount in Forecast area  of more than 5 mm during the past 24 hours , require the initial
solar energy for the evaporation of this moisture from the soil and vegetation. This will delay the
trigger time of the thermals It also will raise the moisture (dew point) of the air parcel close to the
ground this will result in a lower cloud base and weaker thermal activity..      

Wind effect on thermals
If the wind between surface and convection base is above 12 kt  thermals might be broken up and
distorted.  If the wind is above 20kt thermals will be difficult to use to unworkable up to 3000ft but
usable above. The same effect can be caused by rapid changes of wind direction within the convection
layer

Effect of Middle and High Cloud 
Thin high level stratus clouds or patchy mid level cloud will normally not adversely affect the solar
radiation heating of the ground  leading to the development of thermals. 
But even on a generally warm and bright days denser high level cloud or dense mid level clouds  
will produce only weak thermals which are few in numbers. 
Also the abundant development of convective clouds 5/8 to 8/8 will reduce thermal strength at low
level while the thermal strength at levels close to base might not  be affected.

Spreading out of Cumulus
When the relative humidity is high below a firm inversion, the spread (temperature difference) between
temperature and dew point is 3  C or less the spreading out of cumulus into strato cumulus is likely.
This will influence the development of further thermal activity due to the shadow that is cast over the
ground. 
A high environmental humidity at and above the cumulus base level will result in cumulus although
not further being fed from below, slowly dissipating and producing an ever increasing cloud cover.
This not only makes it difficult to find a working cumulus but also shades the surface from incoming
radiation reducing and at times shutting down thermal activity completely over large areas.

Cloud Streets
Most likely occur when the wind direction within the convection layer (surface-cloud tops) does not
radically change and is capped by a firm lid.  It is enhanced if the wind speed has reaches maximum
strength within the convection layer.
The distance between streets normally is 2-3 times  the height of cumulus cloud tops . Cloud streets
normally occur behind a cold front in a Polar continental airmass where relatively small cumulus
develop. 



Humidity and, Pollution 
When the air within the convective boundary layer  has a high humidity content which also attracts
polluting micro particles This situation occurs in maritime air masses and/or when an air mass crosses
large inland water surfaces absorbing humidity and in aging high pressure areas when subsidence
occurs, 
The results are :
a). A reduction of the amount of radiation reaching the surface and heating of the ground   resulting in,
delaying the start of the convective activity and its duration. (later start,earlier ending) 
b). The humid polluted air particles are absorbing incoming radiation consequently warming the air in
the convective boundary layer.   This influences the temperature gradient and reduces the energy
envelope. This weakens the thermal strength considerably and lowers the convection base. 
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