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Detectability of precipitation ïthe background 

The radar òseesò precipitation from a certain maximum range, which is dependable of:

Á Scanning geometry (mainly lowest elevation, but also radar height)

Á Sensibility of radar

Á Refractivity of atmosphere

Á Height of precipitative clouds (TOP)

The effects of geometry are known, and refractivity changes are difficult to determine exactly 
and are ignored in this development. 

So the cloud top must be determined somehow ïmeasuring it directly by radar itself of using 
NWP models, satellite measurements etc. 

Already on 2005 Jarmo Koistinen presented three different methods in to solve the detectability 
range, but there was no operational need for it in FMI those days.

But when finnish road authorities ordered one on 2007, we had to choose one method.



The chosen method

¸ The detectability field was wanted to represent the probability of 
detection of shallow precipitation at different directions, so we chose a 
method to analyse the echo top height (TOP) from polar volume data.

¸ So, per each radial the effective maximum height of (precipitation) echo 
is analysed and smoothed over wanted azimuthal sector by floating 
average with weighting the center of the sector by selectable factor.

¸ Birds and aircrafts are troublemakers, and should be filtered out first



B-scan (range/direction) examples of filtering polar TOPs

¸ Azimuthal anomaly and speckle removal after dBZ thresholding

Raw TOP generated from 
individual sweeps

Filtered TOP ïholes donôt matter 
here



Valid TOP values (over dBZ threshold) of each radial are sorted first

ÅThe highest part of TOP values are selected (typically 10%, parameter 
called HIGHPART) 

ÅIf the amount is less than wanted, only those are selected

ÅFrom sorted values left, the wanted point of distribution is chosen, 
typically median (0.5, parameter called SAMPLEPOINT, zero pointing to 
the highest one) 

ÅThe weight factor (Wray) for this ray will then be the relation between 
valid values and the amount of pre-selected values indicated by 
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The final radial TOP value is calculated from:

TOPrad = Wray*TOPray + (1-Wray)*TOPprev,

ÅWhere the TOPprev is the median of highest 10% radial TOP 
values from previous TOP analysis 

ÅAnyhow, new TOPprev is not saved, if there are less than 10% 
of valid radial TOPs of all radials 

ÅIn this case, if the age of TOPprev is more than two hours 
the TOPprev value is going to converge towards 
climatological value during following 48 hours

Finally: weighted sector smoothing 

ÅThe valid radial TOPrads having weights of Wray are averaged 
linearly over smoothing sector (parameter 
AVERAGING_SECTOR), so that the highest sector weight (1) is at 
the middle of the sector and zero just outside the sector  



Radial range analysis

The next step is to calculate the ranges where the effective edges of lowest 
elevation beam hits the analysed and smoothed TOP. 

Between these ranges the detectability is supposed to decrease from full to 
none 

Finally we should have a detectability field in polar coordinates per each 
radar of the network

Average height of TOP

Full detectability 100% Total beam overshooting



Combining the fields

Å Finally the detectability fields are converted to 
cartesian ones, combined and projected to 
wanted composite projection and visualized

Å The result is a map of detectability, where black 
means full detectability and white is total beam 
overshooting.

Å This field is then transferred to final imaging 
routine where the limits of wanted detectability 
can be defined by user by choosing appropriate 
grey levels for thresholding.



The final user product for road 
authority in Finland

¸ The detectability field is combined with 
reflectivity map by drawing contours 
representing the user defined threshold 
values 

¸ In this example the chosen thresholds 
are 80% (pink curve) and edge of 
backround shade, 20% detectability.

¸ The product is meant to be used in 
frontal snowfall cases, so convective 
precipitation may appear outside the 
analysed detection range

¸ The detection range analysis software 
will be available in BALTRAD



Additional information and further development

¸ The detectability field is updated every 15 minutes - each time when 
full volume is scanned

¸ When there is no rain within radarôs scanning range, the last valid 
TOP height is used for next two hours. After that the TOP is 
converging to the climatological value of 5.5 km during next 48 
hours. 

¸ The next phase of development is to let neighbouring radarôs TOP 
affect the TOP height of radar not detecting any rain

¸ The climatological TOP height will be replaced by height derived 
from microphysical parameters of AROME NWP model



Method comparison ïbasic traditional methods

Maximum

¸ Evapora-
ting rain 
visible 

Average

¸ Convection 
is smoothed

¸ Evaporating 
rain still 
visible 



Physically correct method ïclosest to ground

Using 
lowest 
elevation 
only

+very fast to 
composite

- Residual 
ground 
clutter, 
holes

Composite 
from two 
lowest 
elevations:

+ cleaner, fast

- Slight vertical 
smoothing

Chosen for 
further 
development


