
Infrared light emitted by the transmitter that is scattered by 
39-51° is detected by the forward scatter receiver. This is 
sufficient to estimate the visibility and aid the classification of 
precipitation type. The infrared light which is scattered by 107-
119° is detected by Biral’s unique back scatter receiver, which 
is used in addition to the forward scatter measurement to help 
discriminate between different types of precipitation, such as 
rain and snow. A diagram of the scattering angles in relation to 
a Biral visibility and present weather sensor is shown in Figure 1.

Present weather sensors which do not have a back scatter 
receiver usually discriminate between rain and snow using 
only the forward scatter signal from an individual hydrometeor 
(raindrop or snowflake), often combined with air temperature. 
The signal depends on the particle’s size, shape, composition 
and speed. Generally, it is the size (relating to peak amplitude) 
and speed (signal duration) which are used for precipitation 
classification. For example, the Gunn-Kinzer relationship can 
be used to relate raindrop size and terminal velocity, with 
measured deviations from this relationship attributed to 
different hydrometeors. Difficulties with this method arise 
when snowflakes are blown by a strong wind, which increases 
their speed and their likely misclassification as heavy rain. 
Additionally, raindrops which have slowed down due to upward 
wind flow near the sensor (such as turbulence from nearby 
buildings), or droplets falling from higher structures nearby 
which will not have reached “terminal velocity”, might be 
misclassified as snow. Other hydrometeor types are also difficult 
to distinguish on size and speed alone, such as ice pellets, which 
have a similar fall speed and size as rain. Air temperature is also 
commonly used in the precipitation classification algorithms, 
for example in the differentiation between rain, freezing rain 
and snow. Whilst offering a sensible constraint to the choice of 
precipitation type significantly above or below 0°C, ambiguity 
arises at temperatures close to freezing and when near-
surface air temperature is not necessarily representative of the 
temperature profile further aloft.

Biral’s back scatter receiver provides more detailed independent 
data on the precipitation type compared with using forward 
scatter alone. Specifically, the sensor measures the ratio 
between the back and the forward scattered infrared. Snow has 
a much higher proportion of back scattered infrared compared 
to rain (figure 2), so the back scatter head is able to reliably 
differentiate between rain and snow.

The crystalline structure of a snowflake provides multiple 
facets for scattering of optical and infrared light in all 
directions irrespective of wavelength, especially back towards 
the transmitter. This accounts for the main reason a human 
observer can differentiate between rain and snow – because 
snowflakes are white! The same applies to other frozen 
hydrometeors such as ice pellets and hail, where back scatter 
from trapped air bubbles make the particle appear opaque, 
with increased backscatter. An example of the relative 
difference between forward and back scattered infrared for 
different individual hydrometeors is presented in figure 3. These 
measurements were taken as rain turned to ice pellets then 
snow as a thunderstorm passed over a Bristol-based sensor on 2 
March 2016. Classifications were based on human observation, 
with approximately three minutes between the different 
hydrometeor types. Air temperature remained above freezing 
throughout, at 6°C during the rainfall and ice pellets, and 5°C 

during the snowfall. It can be clearly identified from Figure 3 
that the relative intensities of the hydrometeor types produce 
significantly different forward and back scattered signals as 
they travelled through the sample volume of a Biral VPF-750 
present weather sensor. Although the forward scatter signals 
of the raindrop and ice pellet appear nearly identical, they 
differ greatly in the relative amount of back scatter. The signal 
from the snowflake produced the greatest relative back scatter 
and was approximately five times longer due to its increased 
size and slower fall speed compared to the raindrop and ice 
pellet. The variability of the signal amplitudes scattered by the 
snowflake are likely to be due to its irregular shape as it tumbles 
through the sample volume.

The back scatter receiver is unique to the Biral present weather 
sensors and provides reliable discrimination between rain and 
snow. This is demonstrated by reports of excellent snow-
detection and discrimination capability from our customers and 
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Automatic visibility and present weather sensors normally use the forward scattering of infrared light to estimate 
visibility and classify precipitation. Sensors produced by Biral emit a cone of modulated near infrared (850 nm) 
from the transmitter head, which is scattered by particles in the air. The intensity of scattering is not the same in 
all directions, since this is strongly dependent on the shape, size and composition of the particle. 

TWO HEADS ARE 
BETTER THAN ONE: 
ADVANTAGES OF 
THE BIRAL BACK 
SCATTER HEAD FOR 
PRECIPITATION 
CLASSIFICATION

Figure 2: Different forward and back scattered relative  

intensities for rain and snow.

Figure 1: Top view of a Biral present weather sensor showing 

transmitted and scattered near infrared paths.

Figure 3: Measured near infrared (850 nm) forward and back scattered 

amplitudes for different individual hydrometeors as they travelled through 

the sample volume of a Biral VPF-750 present weather sensor. These 

measurements were taken as rain (top plot) turned to ice pellets (middle 

plot) then snow (lower plot) during a thunderstorm over Bristol, UK on 2 

March 2016.
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field trials with trained meteorological observers. Back scatter receivers form part of our SWS 200 and 250 series and VPF 730 and 750 
series. The Biral VPF-750 represents our most advanced visibility and present weather sensor, with the addition of external temperature 
and relative humidity sensors to aid discrimination between fog and non-liquid particles which lower the visibility, such as smoke, 
wind-blown sand and dust. An integrated freezing rain detector allows reporting of all forms of freezing precipitation, providing a 
comprehensive and reliable account of present weather for all environments.
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Latest Measurement and Control Datalogger Released
Campbell Scientific, a maker of research-grade measurement instruments for over 40 years, has released an innovative new data-acquisition product: 
the CR310 measurement and control datalogger. The CR310 is the newest addition to the CR300 series and has the same capabilities of the CR300 
datalogger, with the addition of removable connectors and an integrated 10/100 Ethernet connection.

A multi-purpose, compact, low-cost measurement and control datalogger, the CR310 is designed for making highly accurate measurements in the most 
unforgiving environments and is ideally suited for all environmental applications, including weather, water, structural, and renewable energy. This entry 
level datalogger, with its rich instruction set, can measure most analog or serial hydrological, water quality, meteorological, and industrial sensors.

The CR310 includes an integrated Ethernet interface, making it ideal for machine-to-machine (M2M) and Internet-of-things (IoT) applications requiring internet-connected remote monitoring and control. Simple 
connection to external wireless devices enables remote communication with satellite, cellular, and licensed radios. The CR310 is also available with optional integrated WIFI and license free radios for wireless 
networking. Providing complete compatibility with a variety of measurement and communication protocols, the CR310 supports TCP/IP, Modbus, DNP3, SDI-12, HTTP, FTP, and Email.

The CR310 has the greatest cost-to-performance ratio of any Campbell Scientific datalogger. For increased analogue measurement accuracy and resolution, it has a 24-bit analogue-to-digital converter, and high-
speed processor. With 30MB, there is plenty of non-volatile flash memory for storage.

The CR300-series dataloggers are programmed with Campbell Scientific’s LoggerNet software, which includes a point-and-click program generator and a network planner for graphical layout of devices.

Campbell Scientific’s history of developing innovative products began in the 1970s, as one of the first to offer low-power, high-precision dataloggers for use in the field. The company has developed increasingly 
powerful dataloggers to satisfy customers’ measurement needs. To date, Campbell Scientific has manufactured more than 300,000 dataloggers.
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Sodar Precision Getting Very Close to Lidar Precision
The graphs above show intercomparison results between a PA0 Sodar and a Remtech WindCube V2 Lidar at 130m AGL (Above Ground Level). The experiment has been conducted by the meteorological group 
of the Bourges military proving ground in France.

There has been no post filtering of the data (1032 10-mn time steps data couples) neither for the PA0 nor for the WindCube V2. During all the period the standard deviation of the differences between the two 
instruments has been 29 cm/s and 4.8 ° for wind speed and wind direction respectively.

You can contact Mr. Lagrue at Bourges Proving Ground if you would like more information about this experiment. Phone: +33 (0)2 48 27 44 38, or email: fred.lagrue@intradef.gouv.fr
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