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The forecast

J
 ust a few weeks ago, I watched the film 
2012, starring John Cusack. It is a CGI 
epic, predicting the end of the world as we 

know it – the radiation from huge solar flares helps 
to heat up the Earth’s core, displacing its crust and 
changing the magnetic poles. 

This Hollywood-hyped disaster scene may be 
pure fantasy, but space weather does indeed exist 
and the results affect our working lives. 

Storms of magnetized plasma (ultra-hot protons 
and electrons) erupt from the Sun on a near-daily 
basis. Solar flares can disrupt high-frequency radio 
comms just eight minutes after leaving the sun 
(traveling at the speed of light). Particle radiation 
from the flare and corona mass ejection 
(CME)-associated blast waves creates hazards for 
astronauts, satellite function and aircraft electronic 
systems. Finally, the CME itself arrives, taking 
several days to reach Earth. 

Interactions of the CME with Earth’s magnetic 
fields create the aurorae at extreme latitudes, as 
seen on our cover (and viewed from the 
International Space Station). More ominously, they 
can also cause disturbances in Earth’s upper 
ionized atmosphere that interfere with global 
navigation and communications systems, and can 
endanger electrical power grids through 
geomagnetically induced currents. In 1859, a solar 
storm occurred so strong that aurorae were visible 
as far south as Cuba and Hawaii – i.e. engulfing 
the globe – and associated ground currents 
sparked fires in telegraph offices. According to a 
recently published report – Understanding space 
weather to shield society – the impact of even 
ordinary space weather storms costs the global 
economy tens of billions of dollars each year.

Hence a number of countries are keen to better 
understand and forecast space weather. In fact, the 
US National Oceanic and Atmospheric 
Administration (NOAA) provides weekly forecasts. 
Here is its prediction at the time of going to press: 
“Outlook for April 20-26: Geomagnetic storms 
reaching G1 (minor) are likely on April 21-22 with 
a slight chance for G2 (moderate) on April 21 due 

to a combination of CH HSS effects coupled with a 
coronal mass ejection (CME) impact midday on 
April 21.”

 The latest tool at NOAA’s disposal to keep 
track of space weather will be the GOES-R 
satellite, featured on page 16. As well as two 
Earth-observing sensors – the Advance Baseline 
Imager (ABI) and the Geostationary Lightning 
Mapper (GLM) – this spacecraft will boast two 
solar observing sensors (solar ultraviolet imager 
and extreme ultraviolet and x-ray irradiance suite), 
a space environment in-situ suite (SEISS) of 
instruments for measuring charged particles at the 
spacecraft, and a magnetometer that will be 
deployed in orbit on an extended boom. 

And it’s not just the USA – the UK also has a 
department dedicated to space weather – Mark 
Gibbs, head of the Met Office Space Weather 
Centre is interviewed on page 6. “It isn’t possible 
to engineer out all the potential impacts of space 
weather, so understanding when systems will be 
impacted, and for how long, will become 
important to more organizations and individuals,” 
he suggests.

On a final note, I have personal experience 
from my previous army career of the dangers space 
weather can present. Many years ago, I was on a 
night exercise across the Canadian Prairies. It was 
a live-firing exercise. I was Battle Captain for a 
regiment of tanks; behind me were the Irish 
Guards, and over to the left were the Royal 
Fusiliers. Shells, mortars and tracer bullets were 
flying everywhere. The Guards were actually 
machine-gunning our tanks, knowing we kept our 
food in bins on the outside. However, I was more 
interested in the sudden appearance of vast green 
waves of light stretching across an endless horizon 
straight into space. I ordered my driver to stop, 
and despite the danger, got out, lay down on the 
grass, lit a cigarette and enjoyed the most 
spectacular light show ‘on’ Earth. Three bullets 
missed me by a foot! Still, no regrets.

Christopher Hounsfield, editor
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by Anthony James

SUNSHINE STATE
Space weather observation 
at the UK Met Office
Large eruptions of plasma from the sun can cause havoc with communications 
systems – an early warning is provided by the Met Office’s Space Weather Centre

Met Office Space Weather Centre
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N
ew stadia, transport links and 
beefed-up security top the shopping 
list of most governments when 

hosting an Olympic Games, but the UK 
decided to add a more exotic item for London 
2012 – the new Met Office Space Weather 
Centre (MOSWC), based at Met Office 
headquarters in Exeter, Devon. 

The government was concerned about  
the potential disruption space weather might 
have caused to satellite communications at 
the time of this showpiece event for the 
nation. And so in 2012, it added the threat of 
space weather incidents to the National Risk 
Register of Civil Emergencies. 

The end result was £4.6m (US$6.9m) in 
funding from the Department for Business, 
Innovation & Skills (BIS) to the Met Office 
to set up an operational space weather 
prediction service and early warning system 
to protect critical infrastructure from the 
impacts of space weather (see page 10). 

“The solar maximum, which is when you 
tend to get the most frequent space weather 
activity, was expected to coincide with the 
holding of the Olympics in London, 
representing a potential risk to satellite 
communications and the smooth running  
of the event,” explains Mark Gibbs, head of 
space weather at the Met Office. “Extreme 
space weather events don’t seem to be 
correlated with the solar cycle, and there are 
a few more factors behind the establishment 
of MOSWC than just this, but certainly the 
most important one of all was the 
recognition of space weather as a threat  
that the country should not only be aware 
of, but should also seek mitigation for.” 

The Met Office wasted no time in 
persuading government that it was the right 
organization to meet the challenge. “At a 
very early stage, the Met Office put its hand 
up within government and said, ‘Look, if 
part of your mitigation is going to be space 
weather forecasting, then there’s no better 
place to do that than in the Met Office’.” 

There are substantial differences between 
terrestrial and space weather forecasting, 
but there are also a lot of similarities, argues 
Gibbs: “Space weather forecasting is about 

Met Office Space Weather Centre
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The northern lights, observed from the International Space Station. Aurorae are one of the most 
recognizable and visible effects of space weather on our atmosphere
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Met Office Space Weather Centre
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observing the sun and collecting 
observations of space weather, running  
the few numerical models we have on it, 
although those are quite limited, and  
then making an expert judgment in a 
forecast based on those observations and  
the output of those forecast models,” he  
says. “It’s basically no different to weather 
forecasting – it’s just that the subject matter 
is slightly different.”  

With funding secured, MOSWC’s 
dedicated forecasting team provides 
around-the-clock space weather 
observations. “We currently have 16 
forecasters that make up a 24/7 roster, so we 
always have somebody looking at the sun 
and resulting space weather activity every 
day of the year and producing our forecasts,” 
says Gibbs. “They are actually all terrestrial 
weather forecasters that we trained in space 
weather forecasting, so they continue to do 
some ‘normal’ weather shifts, as well as 
carrying out space weather duties.”

MOSWC boasts expertise beyond just 
forecasting. “We have a science team that  
is looking at the latest developments in 
scientific understanding and bringing 
through newly developed models into  
an operational setting,” explains Gibbs.  
“We also have an IT team responsible  
for developing our forecast systems  
and applying relevant models to our 
visualization software.” 

International effort
It should be noted that effective space 
weather observation and forecasting is an 
international effort. The Met Office works 
closely with the US National Oceanic and 
Atmospheric Administration’s (NOAA) 
National Weather Service Space Weather 
Prediction Center. It has also recently 
become a member of the International Space 
Environment Service – the international 
body for space weather – as a designated 
Regional Warning Center.

“International coordination is essential,” 
says Gibbs. “Unlike terrestrial weather, 
space weather has a global scale. It is 
therefore important that all space weather 

develop services that users need,” says 
Gibbs. This partnership has seen Met Office 
forecasters undergo space weather 
forecasting training at NOAA’s center in 
Boulder, Colorado. In exchange, the Met 
Office has shared its expertise in ensemble 
modeling – a technique used to understand 
uncertainty – and data assimilation, which 
helps forecasters analyze information. “It’s a 
two-way relationship – and we’re making 
good progress,” says Gibbs. 

MOSWC has also implemented the 
state-of-the-art ENLIL computer model that 
is used by NOAA to predict the arrival time 
of coronal mass ejections (CMEs), a key 
space weather phenomenon. “Our space 
weather forecasters liaise on a daily basis 
with NOAA forecasters to exchange views 
on the expected space weather conditions 
for the next few days,” notes Gibbs. “We  
also work with and receive solar imagery 
from NASA.” 

Back on home soil, the Met Office works 
with a range of partners including the 
Science and Technology Facilities Council, 
British Geological Survey, University of 

Space weather describes the environmental conditions in space that can have an 
effect on Earth. The most recognizable and visible effect is the aurorae (northern 
lights) at high latitudes. Space weather is a consequence of the behavior of the 
sun, the nature of Earth’s magnetic field and atmosphere, and our location in the 
solar system. The active elements of space weather are particles, electromagnetic 
energy and magnetic fields, rather than the more commonly known weather 
contributors of water, temperature and air. Magnetic fields, radiation, particles and 
matter that has been ejected from the sun can interact with Earth’s magnetic field 
and upper atmosphere to produce a variety of effects. 

WHAT IS SPACE WEATHER?

The Met Office Space Weather Centre provides a 24/7 forecasting capability

centers have a consistent view of the severity 
of an event. This coordination already takes 
place between the key 24/7 centers in the 
USA and UK.”

In fact, the Met Office has been working 
with NOAA since 2011: “We’re collaborating 
to improve forecasting techniques and 

X-ray image of the sun, from a NOAA satellite
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Bath, RAL Space, British Antarctic Survey, 
and several other universities and research 
organizations, to transfer data, knowledge 
and models into the Met Office to support 
its operational forecasting.

The UK is one of just two countries, 
along with the USA, to offer a 24/7 space 
weather capability manned by specialist 
forecasters. “There are many international 
bodies undertaking space weather work,  
but the majority are scientific/academic 
organizations that are only manned during 
normal working hours,” comments Gibbs. 
“After many years of numerical weather 
forecasting, we still employ meteorologists 
to interpret the model output, so we feel 

captured by GOES-R from 2016/17 (see 
separate article on GOES-R on page 16). 

The NASA/ESA-operated Solar and 
Heliospheric Observatory (SOHO) provides 
vital coronagraph imagery, while NASA’s 
Solar Dynamics Observatory provides  
solar imagery. 

Meanwhile NASA’s Advanced 
Composition Explorer (ACE) spacecraft 
provides information on solar wind plasma, 
speed, density, temperature, interplanetary 
magnetic field (IMF), electron and proton 
activity. However, ACE is due to be replaced 
by the more advanced Deep Space Climate 
Observatory (DSCOVR) later this year.

“DSCOVR will provide greater resilience, 
ensuring critical monitoring is taken over 
from an aging satellite,” comments Gibbs. 
“DSCOVR will also provide much improved 
solar wind data, being able to measure a 
much higher solar wind speed than ACE 
and also won’t suffer from proton 
contamination of the solar wind data, which 
on ACE makes the solar wind speed data 
useless in many significant events.”

The Solar Terrestrial Relations 
Observatory (STEREO A & B) had been 
providing a ‘side view’ of CMEs, along with 
IMF, solar wind plasma, electrons and 
protons – however, Gibbs says both satellites 
are now effectively in conjunction behind 
the sun, making communication impossible. 

All this satellite-based information is 
combined with readings from ground-based 
magnetometers – provided by the British 

POTENTIAL IMPACTS OF SPACE WEATHER
Solar flares can cause 
high-frequency radio and 
GNSS to perform erratically. 
Extreme CMEs can put power 
grids at risk. Geomagnetic 
storms can cause significant 
disruption to everyday 
technologies such as 
satellites, GNSS and HF 
radio, as well as impacting 

critical infrastructure such as 
air transportation, electrical 
power networks, and oil and 
gas pipelines. “HF comms 
interruption could mean 
airlines are unable to fly over 
the polar routes – they would 
have to take longer routes 
around lower latitudes, which 
would increase their costs 

and result in longer journey 
times for travelers,” explains 
Mark Gibbs at the Met Office 
Space Weather Centre.

Meanwhile, solar radiation 
storms can provide 
dangerous levels of radiation 
to astronauts and, in severe 
cases, high-altitude airline 
passengers. “Understanding 

and predicting the radiation 
environment throughout the 
heliosphere is key for future 
manned missions to other 
planets,” he continues. 
“Reliable forecasts would 
enable preventative mitigation 
to be put in place to protect 
the crew from the most 
severe effects.”

MOSWC uses the ENLIL model to interpret data

human input is vital in space weather 
forecasting where the science is much less 
developed. Hence why we have a space 
weather advisor on duty 24/7.”

Monitoring systems
A mix of ground-based and satellite 
instrumentation is used to monitor space 
weather events. The solar surface and 
atmosphere is observed in near-real time  
to detect any new active regions that may 
become the source of large events. These 
observations can help determine whether  
an eruption may be a threat if it is 
Earth-bound. Earth’s atmosphere is also 
monitored to detect changes related to solar 
wind variations, as well as short-term 
impacts of solar eruptions.

NOAA’s Geostationary Operational 
Environmental Satellite (GOES) East and 
West platforms provide data in this regard, 
including x-ray flux, electron flux, 
magnetometer readings, high-energy proton 
activity and SXI imagery. However, Gibbs 
notes that both will be replaced with data 

More images of the sun, showing solar flares and coronal mass ejections 

“The UK is one of 
just two countries 
to offer a 24/7 
space weather 
capability”
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Geological Survey in the UK, as well as 
GNSS data provided through IGS network, 
Ordnance Survey and Met Office sites. 

Complex mathematical models are then 
used to interpret it all: “We use WSA – 
ENLIL for predicting solar wind and CME 
arrival in particular,” notes Gibbs. “We also 
use the Relativistic Electron Forecast Model 
(REFM); the D-Region Absorption 
Prediction model (D-RAP); and a solar wind 
persistence model, developed internally.”

Forecast window
CMEs are often associated with flares and  
are eruptions of large amounts of matter and 
energetic particles from the solar atmosphere. 
These can take days to reach Earth, carrying 
a local magnetic field from the sun, and 
predicting their accurate arrival time is the 
focus of space weather forecasting. 

So just how accurately can MOSWC 
predict a major impact? “The forecast window 
for CME arrivals using ENLIL was ±7 hours,” 
says Gibbs. “Loss of STEREO data has reduced 
this considerably, although no studies have yet 
been done to quantify this reduction. Some of 
this loss has been recovered by improving the 
CME analysis tool.”

Gibbs says CME arrival predictions  
could be significantly improved by having  
a satellite at the Lagrange 5 (L5) position 
providing a ‘side-on’ view of the sun, as  
this would allow effective triangulation  
to improve speed estimation. 

“An L5 spacecraft could also carry a 
heliospheric imager to allow the CME to be 
tracked as it passes across the heliosphere 
from the sun to Earth,” he notes. “Additional 
magnetograph, IMF and solar wind 
instruments would allow improved 
initialization and data assimilation into  
the ENLIL background field that the  
CME propagates through.” 

The end goal, though, is the ability to 
predict the magnetic polarity of a CME 
before it reaches the ACE satellite, as the 
latter only provides a 20- to 30-minute 
warning before the CME has an effect on  
Earth: “Ultimately we want to be able  
to predict when a CME will be released  
from the sun and the CME’s speed and  
size,” says Gibbs. “Currently there isn’t a 
continuous data downlink available for 
transferring imagery from the SOHO 
coronagraphs,” he continues. “The GOES 
and ACE/DSCOVR are the only true 
operational satellites.”

Client expansion
Despite these limitations, MOSWC has 
quickly built a pool of clients beyond its 
original government paymaster. “Initially, 
forecasts and advice were only provided 
directly to central government,” says Gibbs. 
“However, since moving to 24/7 manned 
operations in April 2014, forecasts and 
advice are provided to a range of critical 
infrastructure operators – free at the point  
of use – to support their decision making. 
These operators are from a range of sectors 
including power grids, aviation, marine, 
satellite operators, military, along with 
central government, very similar to 
terrestrial services.”

Interest is strong, with further expansion 
to the center very much on the horizon: “We 
do expect the department to grow as more 
people become aware of space weather as a 
risk and want to know when they might be 
exposed to that risk.” 

As modern technology has become  
more advanced, society has become more 
vulnerable to space weather impacts. 
Ironically, as a result of space weather activity 
being relatively benign over the past 20 years, 
the subject hasn’t been at the forefront of 
many state or industry risk management 
plans, or in the public consciousness. 

However, Gibbs says that may change 
very quickly once a major space weather 
event occurs: “It isn’t possible to engineer 
out all the potential impacts of space 
weather, so understanding when systems 
will be impacted, and for how long, will 
become increasingly important to more 
organizations and individuals.” 

So just how worried should we all  
be? “It all depends on your definition  
of ‘catastrophic’,” quips Gibbs. “The UK 
National Risk Register assesses the chance 
of a storm of a similar size to the Carrington 
event of 1859 to be one in 100 years to one 
in 150 years. But there have been smaller 
storms that produce significant impacts, 
such as the 1989 Quebec storm, and these 
could occur one in every 50 years.” z

Anthony James is editorial director at UKIP Media & 
Events, publisher of Meteorological Technology 
International magazine

“Understanding 
when systems will 
be impacted, and 
for how long, will 
become more 
important”

An M-class (medium-sized) flare erupts from the sun, sending a CME streaming into space
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by Satya Kalluri, Pamela Sullivan, Steven Goodman

X-RAY VISION

T
he time-lapse images of swirling 
hurricanes and moving clouds that 
we are used to seeing on news 

broadcasts and weather alerts are taken by 
geostationary weather satellites that operate 
from an altitude of approximately 22,300 
miles. Geostationary weather satellites are  
a vital component of operational weather 
forecasting. The National Oceanic and 
Atmospheric Administration (NOAA) has 
been operating a fleet of geostationary 
satellites since 1974. 

There have been four generations of 
NOAA Geostationary Operational 
Environmental Satellites (GOES) since the 
first launch in 1974: GOES A-C (1974-1978); 
GOES D-H (1980-1987); GOES I-M 
(1994-2000); GOES N-P (2006-2010); and 
with each generation came incremental 
improvements in earth and space weather 
sensors. Operating from two longitudinal 
locations of 75°W (GOES-East) and 135°W 
(GOES-West) these satellites provide 

The next series of 
geostationary weather 
satellites
The GOES-R represents a technological leap forward 
in satellite meteorology capabilities for earth and 
space weather prediction

GOES–R
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synoptic, uninterrupted coverage of the 
western hemisphere, while also monitoring 
solar activity and the space environment. 

Next launch
The first of the next generation of GOES 
satellites, GOES-R, is scheduled for launch 
in March 2016 to continue this valuable 
suite of observations for the next 20 years 
with greatly enhanced capabilities that will 
usher in a new era of satellite meteorology 
and space weather prediction. The GOES-R 
spacecraft will have two earth-observing 
sensors, the Advance Baseline Imager (ABI) 
and the Geostationary Lightning Mapper 
(GLM), two solar observing sensors (solar 
ultraviolet imager and extreme ultraviolet 
and x-ray irradiance suite), a space 
environment in-situ suite (SEISS) of 
instruments for measuring charged particles 
at the spacecraft, and a magnetometer that 
will be deployed in orbit on an extended 
boom. These instruments will provide a 

The GOES-R spacecraft and instruments



MAGNETOMETER (MAG)
Disturbances in the earth’s 
magnetosphere due to solar activity 
disrupts power and communication 
grids and damages satellites. GOES 
satellites have flown magnetometers 
during the past 20 years. However, the 
GOES-R Magnetometer (MAG) (page 
18, bottom) will provide magnetic field 
measurements with a temporal 
resolution five times greater than that of 
the heritage GOES-NOP system. 

The MAG will consist of an inboard 
sensor approximately 6.3m from the 
baseplate of the boom, and an outboard 
sensor approximately 8.5m from the 
baseplate of the boom. Data from these 
two sensors is combined and used like 

a gradiometer to compute the ambient 
magnetic field. 

Data from the magnetometer is used 
to create products such as the location 
of the magnetopause, which is one of 
the important parameters of space 
physics since it defines the boundary 
between the magnetosphere and the 
shocked solar wind and controls the 
transport of mass, momentum, energy, 
and magnetic flux into the 
magnetosphere. This is important to 
space operators as they would need to 
know if their satellite will exit the 
magnetosphere during a severe space 
weather event as it will affect the 
behavior of the spacecraft. 

GOES–R
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wealth of data principally to forecasters at 
the US National Weather Service for timely 
and accurate predictions. 

Advanced Baseline Imager
The ABI is a 16-band spectral imager (above) 
providing major capabilities beyond the 
current five-channel imager on the GOES 
I/P series. This increase will enable more 
comprehensive monitoring of atmospheric 
conditions such as aerosol concentration 
and cloud properties, detection of fire 
hot-spot and cirrus cloud detection, as well 
as new capabilities for the detection of sulfur 
dioxide associated with volcanic eruptions. 

ABI will provide imagery at a spatial 
resolution of 0.5km in one solar reflective 
band, which is four times finer resolution 
than that of current GOES imagers. In the 
thermal infrared bands, ABI will provide 
products with a spatial resolution of 2km, 

which is also four times finer area resolution 
than that of current GOES imagers. With its 
high temporal coverage capability, including 
full-disk imaging every five minutes and 
uninterrupted operation through eclipse 
periods, ABI will provide continuous and 
timely monitoring of rapidly changing, 
high-impact weather phenomena. 

ABI’s capability is augmented with  
its ability to revisit up to two specified  
1,000 x 1,000km mesoscale regions every 
30 seconds to track developing severe 
weather. This combination of five-times 
faster coverage, four-times finer resolution, 
and three-times more spectral channels 
makes ABI sixty times more powerful than 
the current-generation imager. 

A suite of ABI products will be generated 
operationally at launch for meteorology 
including imagery, legacy soundings, cloud 
properties, radiation, land and ocean 

Advanced Baseline Imager (ABI)  
(Photo: Exelis)

Geostationary Lightning Mapper (GLM)
(Photo: Lockheed Martin)

Simulated full disk ABI image in band 15 
(11.8-12.8µm) 
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temperatures, aerosols, fire and hot spot 
characterization, volcanic ash, derived 
motion winds and hurricane intensity. 

Geostationary Lightning Mapper
GLM will observe the earth in geostationary 
orbit and continuously detect lightning over 
a region spanning the western hemisphere 
from 25° west through 173° east and 52° 
north through 52° south. This region of 
continuous coverage will include the 
continental USA (CONUS) and the adjacent 
oceans. An important capability of GLM is 
the detection of intra-cloud, cloud-to-cloud 
and cloud-to-ground lightning, the totality 
of which is strongly coupled to the intensity 
of developing severe storms. Lightning 
sensors have previously flown on low-Earth-
orbiting (LEO) satellites such as the Tropical 
Rainfall Measuring Mission (TRMM), but 
not yet in geostationary orbit. 

This new capability of continuous total 
lightning detection will improve nowcasting 
of potentially severe storms, provide earlier 
warnings of potential tornado activity, and 
accumulate a long-term database to track 
decadal changes in lightning activity.

Although GLM is an imaging radiometer, 
it detects events associated with lightning 
pulses by computing the difference between 
the most recent image radiance and a 
background radiance computed from a rolling 
average of image frames centered on lightning 
emission at 777.4nm. Pulses that break the 
configured threshold after background 
subtraction are identified as events. 

Solar Ultraviolet Imager
Detection of coronal holes and coronal  
mass ejections are used by space weather 
forecasters to predict geomagnetic storms 
that could affect communication satellites, 
disrupt GPS signals, shut down power grids 
and cause radio blackouts. 

Radiation in the soft x-ray and extreme 
ultraviolet (EUV) region of the electromagnetic 
spectrum produces ionization in the ‘E’ 
region of the atmosphere at an altitude of 
100-140km, and imaging the sun at these 
wavelengths reveals complex features and 
dynamics of solar weather. 

Based on technological improvements 
demonstrated by the Atmospheric Imaging 
Assembly (AIA) on NASA’s Solar Dynamic 

Solar Ultraviolet Imager (SUVI) (Photo: 
Lockheed Martin)

Simulated SUVI image in 
284 Å wavelength band

In March 2016 NOAA’s GOES-R weather satellite will be launched into space. 
Here are five reasons to be excited about the launch:

1 No matter the platform of your 
weather forecast, the data  

and information for those forecasts 
come from NOAA’s National  
Weather Service.

Weather satellites, like the GOES 
satellite, are the backbone of NWS 
weather forecasts. Satellite data travels 
to the NWS where supercomputers 
and meteorologists run models that 
provide a sophisticated forecast. The 
GOES-R satellite will be more 
advanced than any other weather 
satellite of its kind.

2 More, better, faster! Data from the 
GOES-R satellite will be a game 

changer for forecasters. 
The primary instrument on the GOES-R 

satellite will collect three times more data 
and provide four times better resolution 
and more than five times faster coverage 
than current satellites. This means that the 
satellite will scan the earth’s western 
hemisphere every five minutes and as 
often as every 30 seconds in areas where 
severe weather forms, rather than 
approximately every 30 minutes with the 
current GOES satellites. 

3 Expedited data means that forecasts 
will be timelier, with more real-time 

information, enabling NWS to make 
warnings and alerts that much faster, 
thereby potentially saving lives. An accurate 
forecast is vital for the economy and 
commercial shipping and aviation are just 
two industries that rely on up-to-date 
weather data for critical decisions about 
how to route ships and safely divert planes 
around storms. GOES-R will also be part of 
the Search and Rescue Satellite-Aided 
Tracking system (SARSAT). which helped 
saved 240 lives in the USA in 2014.
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monitoring this activity provides advanced 
warning. The dynamic range of XRS has 
been expanded by a factor of 1,000 in hard 
x-rays and 40 in soft x-rays, when compared 
with the GOES-N series. 

A major benefit of the GOES-R XRS over 
earlier sensors is the ability to locate solar 
flares in addition to detecting flares and 
their magnitude. Soft x-ray measurements 
by this type of sensor are used to identify 
and categorize solar flares and are therefore 
critical to the Space Weather Prediction 
Center’s (SWPC) nowcasting efforts, which 
aim to warn astronauts and satellites about 
potential dangers from charged solar 
particles. When energetic protons propagate 
through the ionosphere they disrupt long 
range high frequency radio transmissions.

EUV sensors, which were first 
introduced on the GOES N-series, are used 
to monitor EUV irradiance, which strongly 
affects the heating of the earth’s 
thermosphere at an altitude of about 85km. 

Thermosphere temperature is highly 
dependent on solar radiation and the 
resultant expansion of the thermosphere can 
in turn cause additional drag on LEO 
satellites, with a great effect on their life 
expectancy. EUV radiation also controls the 

GOES-R Extreme Ultraviolet and X-ray Irradiance Sensors (EXIS) instrument (Photo Credit: Laboratory for 
Space Physics)

4 Having a reliable power grid  
is hugely important, but the  

grid is vulnerable to bursts of energy 
from the sun. GOES-R will be sitting 
22,000 miles above the earth, and in 
addition to measuring weather it will 
monitor incoming space weather. 
Geomagnetic storms, or space 
weather, occur when a solar wind 
shock wave or stream of magnetic 
particles from the sun affects the 
earth’s magnetic field. 

5 The GOES-R satellite will produce 
3.5TB of data per day. And a daily 

fix of amazing views of earth will be 
available every day on the NOAA  
View portal.

Observatory, the Solar Ultraviolet Imager 
(SUVI) will provide greater resolution and 
image cadence than the Solar X-ray Imager 
(SXI) that was flown on prior GOES 
missions. Six relatively narrow (~5%) 
wavelength bands are used to image 
different features of the full-disk sun. 

The six bands were chosen to use 
prominent spectral features seen in the solar 
EUV that correspond with the presence of 
active regions, coronal holes, flares and 
coronal mass ejections. These are all features 
that have the capability to threaten either 
our orbital facilities or, in more extreme 
circumstances, our ground infrastructure. 

Extreme Ultraviolet and X-ray 
Irradiance Sensors 
EXIS (above) has two solar observing 
sensors: an x-ray sensor (XRS) and an 
extreme ultraviolet sensor (EUVS). While 
SUVI is an imager, EXIS instruments 
measure solar flux or solar irradiance in the 
upper atmosphere. While both EXIS 
instruments have a heritage on GOES 
satellites, both have been modified for 
improved capabilities for the GOES-R series. 

Geomagnetic storms are typically 
associated with large x-ray flares, and 
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density of ions and electrons in the 
ionosphere and therefore affects radio 
transmissions. Additionally EUV 
photochemistry affects the composition of 
the upper atmosphere by breaking down gas 
molecules. The EUVS on the GOES-R series 
measures multiple narrow bandpasses in the 
UV region to detect photons from the sun’s 
corona, transition region and chromosphere. 

Space weather prediction is very much 
like predicting weather on earth. As 
conditions develop, the satellites put out 
watches, alerts and warnings so that users 
such as power utility companies can take 
steps to mitigate outages and damage to 
grids. When a space weather event such a 
geomagnetic storm occurs and it moves 
toward the earth, it first hits the satellite 
between the earth and the sun, which sends 
early warnings for space weather forecasters. 
“It’s like a buoy sitting offshore in a 
hurricane sending data 30-45 minutes 
before it makes landfall. That’s what the 
spacecraft does for us,” says Bill Murtagh, a 
senior forecaster at NOAA’s SWPC

Space Environment In-Situ Suite
Transient cosmic rays of galactic and solar 
origin produce energetic protons, alpha 
particles, heavy ions and electrons that are 
orders of magnitude higher in abundance 

than those trapped in the earth’s 
magnetosphere. Monitoring these 
energetic particles is vital to assessing 
risks to satellites such as electrostatic 
discharge (ESD), radiation, surface 
corrosion, ionospheric disturbances and 
solar radio interference. 

The Space Environment In-Situ Suite 
(SEISS) gives a more comprehensive view  
of charged particle (electron and ion) 
radiation at geostationary orbit than that 
granted by prior generations of GOES 
satellites. The SEISS includes the following 
four sensors: Magnetospheric Particle 
Sensors (MPS Low Energy – MPS-LO and 
MPS High Energy – MPS-HI); Solar and 
Galactic Proton Sensor (SGPS); and 
Energetic Heavy Ion Sensor (EHIS).

Compared with instruments on prior 
GOES, the SEISS instruments perform 
measurements that include an energy range 
extending 1,000 times lower, cover more 
distinct species of charged particles, and 
offer improved angular resolution for some 
energies. Together these instruments will 
help better characterize the radiation 
environment at geostationary orbit, 
improving the ability to compensate for 
effects on technological systems including 
total ionizing dose, single event effects,  
deep dielectric charging, spacecraft 
charging, and terrestrial high-frequency 
radio transmissions. 

Human safety is also protected by these 
instruments, as the SWPC’s solar particle 
event forecasts and nowcasts play a vital role 
in ensuring that astronauts as well as 
airplane crews and passengers are not 
exposed to unsafe levels of radiation.

GOES-R will herald a new era of 
satellite meteorology for earth and  
space weather. In preparation for this, 
NOAA is ensuring that end users are  
ready to exploit the new data through 
training, flowing simulated satellite data 
through ground processing to mimic 
satellite operations, and processing 
instrument data collected during  
ground testing to characterize and verify 
prelaunch performance. z

Dr Satya Kalluri is the algorithms and products lead 
for GOES-R; Pamela Sullivan is the flight project 
manager for GOES-R; and Dr Steven Goodman is the 
GOES-R program scientist

Space Environment In-Situ Suite (SEISS) (Photo: Assurance Technology Corporation)

Magnetometer (MAG) on the boom of the 
GOES-R spacecraft (Photo: Lockheed Martin)
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94 is designed for operational cloud observations.  
 
■  High resolution vertical profiles of dBz 
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Remote Sensing for 
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■  synchronous observation of sensible and latent heat fluxes 
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■  Designed for automated networks 
■  Network suitable, control + data flow via Ethernet 
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by Wayne Miller and Arnie Heller

BREATH OF AIR
Predicting wind power 
with greater accuracy
Researchers at Lawrence Livermore National Laboratory in the USA are 
combining fieldwork, advanced simulations and statistical analysis to 
help wind farm and electric grid operators maximize power production

A wind simulation 
shows the evolution 
of large turbulent 
eddies as they 
propagate over 
complex terrain at 
Livermore’s Site 300 
experimental 
research facility.  
The wind flows in  
the direction of the 
simulated slices, 
from lower left to 
upper right. The 
colors denote the 
strength of the 
turbulence, with  
red representing  
the strongest

T
he wind is a variable and uncertain 
power source that is dependent on  
a number of complex atmospheric 

forces. Reducing the uncertainty of wind 
power forecasts, upon which wind farm 
operators and power grid operators depend, 
is the goal of a team of researchers at 
Lawrence Livermore National Laboratory  
in California. 

Many wind farms generate less energy 
than expected because of uncertainties  
in forecasting winds and simulating the 
complex flows within wind farms. Greater 
understanding of the wind is needed to 
optimize power production from wind 
farms and to develop higher-fidelity 
forecasting models relating atmospheric 
conditions to power output. A major goal  
is to better understand how power 
production is related to windspeed 
variability and other atmospheric variables, 
such as turbulence, across a broad range  
of spatial and temporal scales, and in wildly 
varying geographic areas. 

Turbulence and simulations
Livermore field researchers are 
characterizing winds in numerous locations, 
but especially in complex terrain. They have 
made significant discoveries studying the 
dynamics of atmospheric stability and 
turbulence in the lower atmosphere and 
their effects on wind farm power output.  
A particularly important variable is 
turbulence, which can be thought of as  
a fluctuation of background wind flow,  
as it affects the power extracted from wind 
turbines, as well as the reliability and 
lifespans of turbine components.  

Atmospheric scientist Sonia Wharton 
explains, “Our measurements help us better 
understand the atmospheric physics of the 
atmospheric boundary layer. Increased 
understanding can help optimize power 
generation from wind farms and validate our 
numerical models.” She uses wind profile 
data to investigate stability factors including 
turbulence, veer, vertical intensity, 
horizontal turbulence intensity, and shear. 

She compares the data to supervisory 
control and data acquisition (SCADA) data 
remotely transmitted by the turbines. 

Wharton notes that wind turbine 
manufacturers typically provide operators 
with a simple IEC power curve that 
frequently err by ±50% of actual power 
output. “We’re trying to add refinements to 
power curve models so that they reflect our 
improved understanding of the aerodynamic 
environment. While the average windspeed 
in a turbine rotor disk largely determines 
the amount of power that is generated,  
wind shear and turbulence intensity also 
influence power output.” The result, she 
says, is that “the more you understand 
atmospheric processes, the more accurate 
your power predictions.”   

Advanced simulation challenges
Livermore simulation and modeling efforts 
use massive parallel computation to study 
atmospheric flows relevant to wind farm 
operations. The task is enormous because 
the length scales involved span eight orders 
of magnitude from the mesoscale (about 
100-1,000km) to wind farm scales (1 to 
several kilometers) to turbine blade 
aerodynamic features (meters to millimeters). 

The job is vastly compounded when 
attempting to model a wind farm consisting 
of 100 or more turbines. What’s more, 
simulations must account for varying terrain 
that can affect power output from one wind 
turbine to the next, and turbulent wakes 
from the front rank of spinning turbine 
blades that can rob power from turbines 
downstream. Fortunately, Lawrence 
Livermore has the required computational 
horsepower and also simulation expertise. 

Atmospheric scientist Jeff Mirocha and 
others are engaged in efforts to advance the 
state-of-the-art weather research and 

Wind flo
w
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A researcher checks a solar-powered lidar 
station at a wind farm near Lawrence 
Livermore. Lidar stations provide vertical 
profiles of windspeed, direction and turbulence 
in the lower layer of the atmosphere
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engineer Katie Lundquist developed the 
code for her dissertation, and is currently 
refining it so that it communicates well with 
WRF. “IBM allows us to use a Cartesian 
grid,” says Lundquist. For the first time, she 
says, simulations of flow in highly complex 
mountainous terrain with near vertical 
slopes can be accommodated without 
compromising accuracy and with grids  
as small as 1m. 

Minimizing uncertainties
A group of Livermore researchers is 
studying how to reduce uncertainties both 
in the errors associated with data they 
gather, as well as the assumptions, inputs 
and approximations inherent in the physics 
of the WRF code, its constituent modules, 
and the nested CFD codes. The work takes 
advantage of the laboratory’s strength in 
statistical modeling and uncertainty 
quantification. Livermore researchers  
are applying uncertainty quantification  
to collected field data as well as to groups  
of forecasts. 

“Wind power forecasting involves 
converting atmospheric forecasts into a 
forecast of power output from an individual 
turbine or many turbines in a wind farm,” 
says statistician Vera Bulaevskaya. 
Traditional manufacturer-supplied power 
curves model power as a function of the 
windspeed at the hub height of the turbine. 
In reality, however, power output is a 
function of many additional variables. For 

forecasting (WRF) model. This atmospheric 
simulation code, used and maintained 
collectively by more than 10,000 users and 
contributors worldwide, was developed 
primarily for larger-scale weather applications. 
Livermore researchers are extending the 
applicability of this popular model to the 
wind farm scale to address knowledge gaps 
and research challenges associated with the 
simulation of flows at those scales. 

Mirocha says, “We have modified WRF 
extensively to make it applicable to the 
smaller scales relevant to wind turbines. The 
reason for these modifications is that many 
different scales of motion, from weather 
systems to turbulence, all interact and 
combine to determine the flow conditions  
at the wind farm scale, and therefore the 
power that can be produced. Accurate wind 
power forecasts therefore require a 
multiscale simulation approach to account 
for all these important scales.”

As an example of multiscale methodology, 
one can start with a simulation of Europe to 
capture the evolution of large-scale weather 
patterns. Thereafter, a combination of 
smaller grid spacing and Livermore-
developed submodels can accurately resolve 
the additional smaller-scale features 
important at wind farms. 

In addition, once smaller scales of flow 
are resolved, engineering wind turbine 
models can be implemented to investigate 
processes important to engineering 
applications, such as wakes, power 
production and turbine component fatigue. 
“Wind power simulation lies at the 
boundary of engineering and atmospheric 
sciences,” says Mirocha, who is attempting 
to seamlessly blend WRF atmospheric 
simulation with scales of motion 

traditionally handled by computational fluid 
dynamics (CFD) codes. 

To capture the interactions between wind 
turbines and complex atmospheric flows, 
Mirocha has implemented a generalized 
actuator disk (GAD) wind turbine model 
into WRF. This approach depicts a 2D disk 
containing the rotating turbine, with the lift 
and drag forces of a turbine in response to 
atmospheric flow. The GAD calculates both 
the power output of a turbine, as well as the 
wakes that emanate downstream. These 
wakes, which feature both reduced 
windspeeds and increased turbulence, are  
of key concern because they are associated 
with significant power losses (up to 40%)  
as well as shortened operational lifespans.

Immersed boundary method
Because the standard WRF model was 
designed primarily for larger scales, it was 
restricted to simple terrain with shallow 
slopes. However, an additional Livermore 
development effort, the immersed boundary 
method (IBM), eliminates this restriction.

Using the IBM approach, WRF can 
simulate highly complex terrain. Mechanical 

Left: Two simulations of a generalized actuator 
disk wind turbine model within the Weather 
Research and Forecasting (WRF) code depict 
the wake downstream from a wind turbine rotor 
plane (dashed line). The simulations, viewed 
from above looking down at the turbines, show 
how the strength of background atmospheric 
turbulence (convective instability) influences 
turbine wakes. Stronger turbulence (top) 
attenuates the wake more rapidly than weaker 
turbulence (bottom)

Right: As statistical models account for 
increasingly complex information about wind 
dynamics, the root mean squared error 
associated with predicted power output from  
a wind turbine decreases considerably. 
Livermore researchers used lidar data as input 
to five power curve models (gold squares) and 
compared their results with a manufacturer’s 
power curve (pink square) for a number of data 
sets. The power curve models incorporating 
successively more information about wind 
dynamics tended to have a much lower 
prediction error
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example, windspeed at heights below and 
above the hub, as well as air density, wind 
shear and turbulence, are also strong 
predictors of power production, so taking 
them into account provides a more complete 
power curve model, she says.

Moreover, to be valuable, a forecasting 
tool must not only produce accurate 
forecasts of power, but also correctly 
quantify the uncertainty, or confidence 
level, associated with these predictions. 
Such confidence levels are particularly of 
value to electricity grid operators, who use 
predictions of output (with their associated 
confidence) to determine which sources of 
power to turn on and off, and when. 
Quantifying uncertainty in output is also 
critical for selecting sites for wind farms. 

Bulaevskaya has investigated various 
statistical approaches for modeling power  
as a function of changes in atmospheric 
conditions. She discovered that their 
performance in terms of prediction  
accuracy is significantly better than that  
of manufacturers’ power curves. One 
statistical technique, known as a Gaussian 
process model, has an additional advantage: 
unlike the other approaches, it easily 
provides the uncertainty estimates 
associated with predictions. 

ACCURATE 
PREDICTIONS 
BENEFIT 
EVERYONE
Taken together, the field 
observations, simulations and 
statistical modeling are combining 
to greatly improve wind power 
predictions. Lawrence Livermore 
National Laboratory is sharing  
this work with the wind industry  
and governing bodies to help  
them refine their power curves  
and incorporate findings about  
which specific atmospheric 
processes are important in wind 
power forecasting. 

With improved models, wind 
farm operators will know how to 
better maximize their sizable 
investments, more skillfully bid into 
the energy market, site turbines 
more optimally, and minimize 
effects of the turbulent wakes from 
upstream turbines. The biggest 
winner, however, may well be the 
energy consumer, who will enjoy 
abundant supplies of energy from  
a clean and inexhaustible source. 

Ensemble modeling
To reduce uncertainties in wind forecasts, 
atmospheric scientist Matthew Simpson 
processes ‘ensemble modeling’, which means 
running a forecast dozens or even hundreds 
of times using slightly different starting 
conditions. “Ensemble modeling shows us 
competing models of reality,” says Simpson. 

He explains that WRF constitutes many 
individual packages, each representing  
a particular atmospheric physics such as 
turbulence, aerosols, solar radiation, 
precipitation, surface roughness, clouds, 
boundary layer mixing (turbulence), heat 
rising from the ground, aerosols, wind 
shear, etc. One way to capture uncertainty 

in forecasts is by running ensembles with 
different values of parameters in a given 
package. Also, Simpson can substitute 
different physics packages that attempt  
to describe the same phenomena. For 
example, there exist several different  
models of cloud simulation in WRF, and 
each offers the developer’s best description 
of physical processes. 

One of the chief advantages of ensembles 
is the ability to spot outliers such as a wind 
ramp. Because power is proportional to the 
cube of the windspeed, it is important to  
be aware of outliers. “If you get a sudden 
increase in power, it is not a big problem 
because you can always shut down wind 
turbines,” says Simpson. “However, if 
electricity demand increases and the wind 
suddenly drops, grid operators must start  
up a natural gas plant or import power, and 
that can be costly.” 

Atmospheric scientist Don Lucas has 
worked extensively with climate and 
atmospheric model uncertainties and has 
run thousands of ensemble simulations 
during his career. “Uncertainty 
quantification is at the interface of 
simulation and statistical analysis,” he says. 

“Sometimes changing parameters or their 
relative strengths doesn’t affect the output or 
exerts only a small influence,” says Lucas. 
“We can also look for which factors greatly 
influence forecast, and then focus 
computational resources on that.” 

Lucas also notes that relevant field data 
helps keep models “honest”. “We want to 
improve uncertainty quantification 
calculations with observations to see how 
well we know the model and how well the 
model performs.” z

Wayne Miller and Arnie Heller are from Lawrence 
Livermore National Laboratory, California, USA

Above: Ensemble forecasts provide a statistically 
relevant range of possible outcomes for future 
wind conditions. In this example, an ensemble is 
used to predict an observed up-ramp (black line). 
The up-ramp is bracketed by the range of 
ensemble outcomes (blue shaded area). Different 
methods of creating the ensembles such as 
multi-analysis (red line) and multiphysics (blue 
line) produce different outcomes. Selecting the 
best approach is site-specific

Left: Wind turbine 
manufacturers typically 
provide operators with a 
simple ‘power curve’, 
which shows power from 
the turbine as primarily 
the cube of hub-height 
windspeed. However, 
Livermore researchers are 
showing that power 
curves frequently err by 
±50% of actual power 
output, as seen in this 
plot of observed power 
versus windspeed at a 
northern California wind 
farm. The color map 
relates atmospheric 
stability conditions to 
reported power-output 
observations
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by Pertti Nurmi

ROAD WISE

T
he Finnish Meteorological Institute 
(FMI) has been very active in recent 
years, with regard to linking its road- 

weather R&D expertise with the evolving ITS 
sector, by developing intelligent road-weather 
applications to serve road transport end-users. 

The economic value and social impact of 
high-fidelity road-weather information have 
considerable influence on land 
transportation, according to recent studies. 
Adverse weather events such as the freezing 
of a road surface will lead to slippery roads; 
fog or heavy rain, on the other hand, results 
in severely reduced visibility. As a 
consequence, poor driving conditions lead 
to traffic congestion, transport delays and 
major accidents. Accident risk will increase 
substantially under slippery conditions 
when braking distances become longer due 
to decreased grip (or road surface friction). 

Provision of detailed weather and road 
condition information is therefore essential 
to transport end-users – road maintenance 
authorities, traffic managers and drivers.

One of the major goals of the 
Meteorological Applications Research unit of 
the FMI is to develop research-based 
intelligent road-weather applications and 
services for road end-users, which can be 
applied and put into practice anywhere in 
the world. 

The latest road-weather 
modeling system 
The Finnish Meteorological Institute has invested time and effort into weather 
studies and applications to predict road conditions – and not just in Finland

ITS development
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Road-weather modeling
Winter road maintenance operations, such 
as the timing of salt and gravel spreading, 
must be designed, planned and carried out 
following guidance originating from 
acknowledged and trusted road-weather 
information providers, weather observations 
and timely forecasts. 

Automated road-weather observing 
stations and road-weather information 
systems (RWIS) exist in many countries, to 
provide precise real-time information about 
the prevailing local weather and road 
conditions. However, output from a road- 
weather forecasting model (RWM) is 
essential in meeting issues such as timing – 
by providing forecast information, it allows 
stakeholders time to prepare for expected 
adverse weather events. 

Some of the primary attributes of an 
RWM are to provide timely pre-estimates of 
the surface temperature, hydrological state 
and slipperiness along road networks. The 
RWM developed at FMI is a one-dimensional 
energy-balance model based on energy flux 
formulation at ground level. It calculates the 
vertical heat transfer at the ground-
atmosphere interface and also takes into 
account special conditions prevailing at the 
road surface and in the underlying ground. 
The model’s surface parameterization 
includes processes like accumulation of 
rain/snow, surface water run-off, 
sublimation, freezing, melting and 

Schematic illustration of the operational NWP models at the FMI – ECMWF, HIRLAM, HARMONIE and their 
horizontal resolutions. Each or any of them can be used as driving models for the operational road-
weather model

Schematic representation of the FMI road-
weather model

Photo from a road weather station camera 
(taken 23 minutes apart) along the major 
highways leading to Helsinki
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“For Finland the 
finest resolution 
HARMONIE model 
is the obvious 
choice, whereas  
in other regions 
either HIRLAM  
or ECMWF can 
be adapted as  
the driving model 
of the RWM”

evaporation to quantify the hydrological 
state. The model takes also into account the 
effects of traffic volumes. Moreover, the 
RWM requires information on external 
atmospheric forcing at its upper boundary, 
which is supplied by output from a 
numerical weather prediction (NWP) model. 

The operational framework at FMI 
facilitates using several NWP model 
configurations (ECMWF, HIRLAM, and 
HARMONIE, the non-hydrostatic 
convection-permitting model), which all 
have different spatial resolutions. For 
Finland the finest resolution HARMONIE 
model is the obvious choice, whereas in 
other regions either HIRLAM or ECMWF 
can be adapted as the driving model of the 
RWM. Obviously, the model resolution 
partly dictates the eventual accuracy of the 
end products.

The initial conditions of the model are 
based on a retroactive two-day RWM run by 

using spatially interpolated synoptic or road 
weather observations and weather radar 
observations for precipitation. 

The RWM produces its output forecasts 
of surface temperature and friction (to depict 
slipperiness), the amount of water, snow, ice 
and frost, as well as categorized parameters 
depicting the expected general driving 
conditions (three categories) and detailed 
road conditions (eight categories). 

The FMI road-weather forecasting system 
is not confined to its original gridded 
version, but is also being run for individual 
data points (such as predefined road-
weather stations) and, consequently, along 
specified road stretches in connection with 
various end-user applications.

FOTsis – intelligent weather alert 
service for road users
Having detailed initial weather observations 
makes accurate road-weather forecasts more 
likely. However, the modular FMI road- 
weather forecasting system is technically 
better able to produce weather forecast 
information, even for road stretches lacking 
local weather observation data. 

A system like this was implemented 
recently as a pilot for dedicated European 
highways as part of the EU/FP7 Project 
FOTsis (Field Operational Test on safe, 
intelligent and sustainable operation). 
FOTsis is an intelligent road weather 
application developed for nine selected 
European highways. Similar approaches 
were applied within CoMoSeF (Cooperative 
Mobility Services of the Future) for adverse 
weather prone road sections during the 
Sochi 2014 Winter Olympics (see Sochi 
Winter Olympics road weather pilot, overleaf.)

The goal
The ultimate goal of FOTsis has been to 
develop and test various ITS (intelligent 

Illustration of the European highway stretches where the FMI road-weather model was adapted within 
the FOTsis project
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transport system) solutions along selected 
highways in participating countries. Some of 
the main objectives are to collect roadside 
data such as information on traffic volumes, 
congestion and weather observations, and  
to disseminate the analyzed, composite 
information to road users via a dedicated 
user interface. 

The need for weather information, 
roadside observations and short-range 
weather forecasts is especially relevant 
today, due to the huge affect adverse weather 
has on road transportation. 

Keeping it straight
It was realized early on in the Finnish 
project that the common end-users are not 
necessarily in need of customary weather 
information such as straightforward rainfall 
or temperature forecasts. Concrete 
information to steer their actions if adverse 
weather was expected along a driving route, 
jeopardizing safety and traffic flow, would 
be of greater benefit to them. Therefore the 

A similar approach used 
through the FOTsis system 
was the testing of FMI road 
weather forecasting as part 
of CoMoSeF (Cooperative 
Mobility Services of the 
Future), an international, 
cross-disciplinary ITS 
project. This took place 
during the Sochi 2014 Winter 
Olympics. The study area 
was at the far end of the 
40km road leading inland 
from the eastern coast of the 
Black Sea, uphill toward the 
Aibgha mountains, following 

a 3-6km wide valley and 
surrounded by mountains 
reaching an altitude of about 
2,300m. This mountain 
cluster hosted all of the 
outdoor sports events. 

The mountain environment 
provided a highly interesting 
and challenging setting to 
adapt and test a road-
weather model. Contrary to 
FOTsis, where the HIRLAM 
NWP model is applied, the 
very high resolution 
HARMONIE model was 
implemented over the 

relatively small Sochi area to 
drive the one-dimensional 
RWM. This provided the  
best forecast model setup, 
which was improved by 
observations from local  
road-weather stations. 

Despite the very 
challenging forecasting 
environment and mountain 
weather conditions, the final 
forecast products were 
acknowledged by the Finnish 
skiing team. They made good 
use of the locally tailored 
(road) weather forecasts to 

assist their decision making 
when providing guidance to 
the Finnish cross-country 
skiers. Statements included: 
“HARMONIE was superior, 
visibility forecasts were 
excellent, precipitation and 
cloud height forecasts were 
highly useful.” 

Whether the weather 
service was at least partly 
behind the Finnish cross-
country team winning gold  
in the men’s team sprint 
classic competition remains 
under scrutiny.

Definition of the adverse weather events and their respective warning thresholds, 
leading to specific end-user dedicated action messages in the FOTsis services palette

SOCHI WINTER OLYMPICS ROAD WEATHER PILOT
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weather-related service being disseminated 
to FOTsis end-users is formulated in the 
form of action messages (or alert warnings). 
This action guidance application first 
processes the available weather forecast 
information into organized forecasts and 
then provides end-users with the necessary 
information only. For example, if rainfall of  
5-10mm/hr is expected, or visibility falls 
below 250m, drivers will receive the 
message ‘Minimize your speed’. If visibility 
falls below 80m or wind gusts exceed 
32m/s, the action message will advise 
drivers to ‘Stop driving’.

The idea behind these FOTsis service 
action messages was to define the critical 
threshold values for all meteorological 
variables relevant to road transport, taking 

The Sochi 2014 Winter Olympics mountain cluster sports venues. The road stretch where the FMI 
road-weather model was adapted is in the valley

Schematic illustration of the elements of intelligent road-weather applications in the ITS context

The 40km road stretch from the Black Sea coast 
to the Sochi Olympics mountain cluster, with 
markers showing the road weather forecast 
points. The lower figure shows the locations of 
road-weather stations 

into account the specific local climatology 
on each of the pilot highways. 

The FOTsis weather application can be 
seen as an illustrative modern example of 
moving away from traditional weather 
forecasting to impact forecasting and taking 
into account the explicit requirements of a 
specific target group – in this case European 
road users.

Road weather is a challenging area for 
both R&D and ITS, particularly where active 
collaboration across national borders is a 
fundamental process. z

Pertti Nurmi has 30 years’ experience in 
meteorological R&D and is head of the Meteorological 
Applications Research Group at the Finnish 
Meteorological Institute



by Maria Paola Manzi, Valeria Rillo and Paola Mercogliano

FLIGHT 
MANAGEMENT

I
mproving weather awareness  
during all aircraft flight phases is  
a challenging issue for the aviation 

industry. To achieve this heightened 
awareness, a system has been developed  
that detects and shows the most critical 
phenomena, such as turbulence, icing and 
thunderstorms. 

This new system has been researched 
and developed by CIRA, the Italian 
Aerospace Research Center within the 
PRORA program (the Italian Aerospace 
Research Program, funded by the Italian 
Ministry of Education, University and 
Research), within the TECVOL-II project 
(technologies for autonomous flight). 

The main aims of the project have been 
to develop technologies that can achieve 
high levels of autonomy and improve the 
reliability and safety of a flight and the 
flexibility of operations, and development  
of automated systems to support the pilot  
of a ‘personal air vehicle’. 

Within this framework, Meteo System 
and Instrumentation Laboratory has created 
the Meteo Service Center (MSC), an 
advanced platform providing multisource 
aviation-critical weather information. 

The system
The MSC gathers, processes and integrates 
observational and forecast meteorological 
data from different sources. In fact, the 
system is able to ingest data coming from 
EUMETSAT data, measurements and 
numerical weather prediction (NWP) 
models. All the data is acquired and 
recorded in the system and then used for 
several purposes: assimilation of data inside 
NWP models, data fusion for weather 
monitoring, detection of aviation weather 
hazards, synthesis and data formatting for 
decision support systems, and validation  
of forecast models. 

A new system to 
improve flight safety
An advanced platform from the Italian Aerospace Research Center 
provides multisource aviation-critical weather information

Aviation safety

Figure 1: System architecture of the entire weather situational awareness 
system, of which the MSC is part

32 • METEOROLOGICAL TECHNOLOGY INTERNATIONAL APRIL 2015

green squares in Figure 2); a satellite 
receiving station (source of satellite data,  
the blue square in Figure 2); and two 
systems – one for the raw data acquisition 
and recording, and one for data elaboration 
(the red squares in Figure 2). 

Among the sensors that provide 
measurements to the system are two 
automatic weather stations: AWS1 and 
AWS2. One of these enables the detection  
of wind, precipitation, temperature and 
humidity of air, global and net radiation,  
soil temperature, and humidity; the second 
has only a wind sensor. The system is 
equipped with a ceilometer that enables the 
measurement of the height of different layers 
of clouds, the vertical visibility, the sky 
condition and the backscatter profile. The 
visibility sensor, positioned in proximity  
of AWS1, gives information about the 

The system elaborates data in formats 
suitable for onboard transmission and 
tailored for pilots and flight management 
information. Once this has been performed 
with MSC and other subsystems (Figure 1), 
the information is then transmitted and 
visualized on board. 

The output obtained from the system  
has been integrated into MATISSE 
(Meteorological AviaTIon Supporting 
SystEm). This is an ArcGIS desktop plug-in, 
which is able to process and store raw data, 
providing user-friendly information for 
detection and a forecast of aviation hazards. 

Since the MSC realizes different 
functions, it is composed of different 
subsystems that correspond to each one  
of these functions. The whole MSC 
architecture includes several sensors,  
which constitute the source of data (the 
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Figure 2: Layout position of the subsystems of MSC inside CIRA. In green are the sources of data; in blue 
the satellite receiving station; and in red the systems for acquisition, recording and elaboration of data

Figure 3: Weather hazards – monitoring 
platform association matrix
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“An aviation hazard is a condition, object or 
event capable of causing injury to people, 
damage to equipment/facilities, or reduced 
ability to perform a particular aviation function”

meteorological optical range, extinction 
coefficient, runway visual range, 
background luminance, and present  
weather conditions. 

The disdrometer enables the 
characterization of a high number of classes 
of precipitation in terms of size, velocity  
and intensity. In particular, it can extract 
information about the type of precipitation, 
intensity and precipitation spectrum. 

All data collected by these sensors can 
detect some weather phenomena that are 
hazardous for aviation. However, through 
the use of specific algorithms, they can also 
be used as forecast tools. 

Understanding the hazard
An aviation hazard is defined as a condition, 
an object or an event capable of causing 
injury to people, damage to equipment or  
to facilities, or reduced ability to perform  
a particular aviation function. Given the 
complexity of the physical characteristics  

of any hazard, it is essential to integrate 
measurements from different sensors, to 
understand the direct or indirect monitoring 
of the phenomena. 

Occasionally there is no software 
platform that can provide specific 
information on a meteorological hazard.  
So currently, the monitoring of hazards is 
done using different data platforms and 
physical-numerical algorithms. Figure 3 
shows the hazard sensor matrix for different 
measurement platforms considered.

 In this case, another weather data 
platform is the satellite. Satellite data is 
provided by EUMETSAT, the European 
Organisation for the Exploitation of 
Meteorological Satellites, which supplies 
data for environment and weather 
monitoring. It has a fleet of meteorological 
satellites; one of these is the Meteosat 
Second Generation (MSG). All these 
satellites are geostationary and are  
equipped with sensors used for remote 

sensing, such as SEVIRI (Spinning 
Enhanced Visible and InfraRed Imager). 
Remotely sensed data, taken from sensors 
on board MSG satellites, are defined as raw 
data. EUMETSAT creates the information 
starting from the raw data (detected through 
the use of the SEVIRI sensor) and after some 
processing operations the data is distributed 
to various users through the dedicated 
EUMETCast DVB (direct video broadcast) 
and received at CIRA through the satellite 
receiving station. 

This data is then processed at CIRA’s 
elaboration center. Some EUMETSAT data  
is selected from all the available data, for 
their higher temporal resolution and for 
their connection with the atmospheric 
parameters characterizing the aviation 
hazards (Figure 3). This data includes: 
global instability index, divergence, cloud 
analysis and cloud image analysis, 
multisensor precipitation estimate, IR 
10.8µm and WV 6.2µm channel data. 
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Different physical-numerical algorithms, 
which opportunely combine the 
abovementioned data, have been developed. 
Through the use of these algorithms, it has 
been possible to define and implement the 
following results: the detection and 
synthetic representation of areas 
characterized by clear air turbulence, 
cumulonimbus clouds and icing (Figure 4);          
the nowcasting of thunderstorms to one 
hour of forecast, with a time step of 15 
minutes (Figure 5); and the schematic 
representation of cumulonimbus clouds and 
of their physical characteristics (hazard 
level, height of cloud, developing or 
dissolving phase (Figure 6).

Graphical interface 
All the data and products adopted in  
MSC (e.g. in-situ data, satellite data) are 
elaborated through the use of different 
algorithms and then included into 
MATISSE, which is an ArcGIS tool able  
to monitor and forecast meteorological 
aviation hazards. 

MATISSE is equipped with a user- 
friendly graphical interface (Figure 7). It 

Figure 4: Hazard map of reported areas of clear air turbulence, icing and cumulonimbus clouds
Figure 5: Example of map for nowcasting of 
thunderstorm

Figure 6: 
Schematic 
representation of 
cumulonimbus 
clouds and their 
physical 
characteristics
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meteorological parameters over specific 
locations; in particular this functionality has 
been implemented over the main European 
airports (Figure 10). Users can choose an 
airport and a time period of interest and plot 
the graph reporting statistics of the desired 
meteorological variable or visualize the 
number of occurrences of a specific 
threshold fixed by the user itself.

The MSC opportunity
The MSC is able to the gather, process  
and integrate observational and forecast 
meteorological data from different sources 
that are presented in formats tailored to 
pilot and flight management needs. 

This type of system is innovative  
because it introduces and tests 
meteorological information dedicated to  
the aviation industry of personal air vehicles 
in Italy. It provides an innovative weather 
information system characterized by a 
higher coverage with respect to current  
tools providing on route, usually just data 
from ground stations located only in the 
vicinity of major airports. Furthermore,  
it provides an early warning of the danger  
of a certain area affected by a particular  
and hazardous weather phenomenon, 
detected through innovative algorithms  
for processing of weather data. z

Paola Mercogliano is the leader of the Meteo Systems 
and Instrumentation Laboratory, CIRA. Maria Paola 
Manzi, Valeria Rillo and also Paola Mercogliano are 
from the regional models and geohydrological impacts 
division Euro-Mediterranean Center on Climate 

Figure 10: Monthly averaged visibility values 
over Charles De Gaulle airport from January 
1990 to December 2012

Figure 9: Lightning occurrences over Europe at 
16:00 UTC on March 10, 2014

Figure 7: MATISSE 
graphical interface

Figure 8: Visibility conditions (km) over  
Europe at 02:30 UTC on May 9, 2011 and their 
corresponding hazard levels (low/medium/high)

with different colors according to the 
different hazard levels. 

Furthermore, as already described  
for cumulonimbus clouds, some hazards  
are simplified and represented as rectangles 
in order to facilitate the use of the 
information into the decision support 
system and to permit the reduction of  
the data to be transmitted on board and 
then recognized. 

MATISSE can also obtain timing and 
location of lightning over Europe using free 
data (Figure 9). Furthermore, MATISSE 
provides graphs and statistics describing  
the historical behavior of different 

provides different outputs (maps, graphs 
and statistics) according to user needs  
and represents the meteorological variables 
in a synthetic way. Also the warning levels 
for the different meteorological hazards  
are reported. 

The information enables users to identify 
the location of the potentially dangerous 
areas. In Figure 8, the visibility conditions, 
obtained using the SYNOP standard 
meteorological messages, are reported  



by Steven Colwell

COOL BRITANNIA

T
he British Antarctic Survey (BAS) 
collects meteorological data at its  
four over-wintering stations in the 

Antarctic (shown as red dots on the map  
overleaf) and also operates an automatic 
weather station (AWS) network in the more 
remote locations, shown as green dots on the 
map. Data collected is available for use free of 
charge (for information on how to access the 
data, contact Steve Colwell src@bas.ac.uk). 
BAS also holds an archive of meteorological 
data collected from many of the manned 
stations and AWSs operated in Antarctica  
by other countries.

Rothera: 67° 34’S 68° 08’W
Rothera is located on Adelaide Island,  
which is on the west side of the Antarctic 
Peninsula. It is the principal BAS logistics 
center for support of Antarctic field science, 
and there is a 900m-long crushed rock 
runway allowing an air link with South 
America and the Falkland Islands. In the 
summer, the population will peak at just 
over 120 people. In the winter months, April 
to mid-October, a complement of around 
18-20 will be continuing the science work 
and looking after the station infrastructure.

During the Antarctic summer flying 
season, there is a UK Met Office weather 
forecaster based at Rothera to produce daily 
weather forecasts for aircraft operations. BAS 
operates five aircraft; a de Havilland Dash 7 
is used to fly people into Rothera and then 
here they can transfer to one of the four de 
Havilland Twin Otter aircraft that can take 
them out into the deep field. The Twin 
Otters are fitted with skis that can be raised 
up and down so they can take off from 

Roundup of the meteorological 
capabilities of the BAS
How a combination of over-wintering stations and an automatic weather 
station network inform the British Antarctic Survey in Antarctica

Ice stations
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used locally to support aircraft, diving and 
boating operations. Helium-filled 
meteorological balloons are launched four 
times a week – on Monday, Tuesdays, 
Thursdays and Fridays – to record 
temperature, humidity and winds, up  
to a height of 25km in the atmosphere.

Physical scientists at Rothera are also 
studying the upper atmosphere above 
Antarctica. Instruments being used 
include a medium-frequency radar to 
establish winds and temperatures at 
altitudes in the range of 50-80km. A 
SKiYMET meteor radar is also being  
used to deduce similar information.

A low-power magnetometer is also 
situated at Rothera to record variations in 
Earth’s magnetic field. This is one of a chain 
of these instruments that BAS has installed 
in Antarctica to observe what is happening 
across this polar region.

The main system for measuring the 
meteorological parameters is based around  
a Campbell Scientific CR1000 logger. It has 
a Druck pressure sensor and temperature  
is obtained via a platinum resistance 
thermometer (PRT) in an aspirated radiation 
shield, while humidity is obtained from a 
Vaisala HMP 45 probe also in an aspirated 
radiation shield. There are two wind 
sensors: a Vaisala WS 425 sonic anemometer 
is the primary source of the wind data, but 
there is also an RM Young aerovane as a 
back-up if the sonic anemometer fails to give 
valid data, which can happen in high wind 
conditions where there is a lot of blowing 
snow. There is also a CNR1 solar radiation 
sensor attached to the system that can 
measure incoming and outgoing, long and 

Halley VI Research Station is the first fully 
re-locatable research station in the world

Rothera on their wheels and then once in  
the air, they can put the skis down and  
land on the snow and ice.

There is a biological research laboratory 
at Rothera with a built-in diving facility, 
which provides an excellent center for the 
study of marine and terrestrial biology. The 
dive program continues all year round, with 
divers accessing the water through holes cut 
in the sea ice during the winter.

Since the station’s first occupation in 
1976, daily meteorological records have 
been maintained. These are now fed directly 
to the UK Meteorological Office for use in 
global weather forecasting models and also 

mailto:src@bas.ac.uk
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shortwave radiation. Finally, there is a CSD1 
sunshine detector attached. 

A laser cloud base recorder is also 
operated at Rothera and a real-time display 
is available that can be used to give 
information to aircraft. The data can also 
then be used for research.

Precipitation measurements
Measuring precipitation in the Antarctic  
is very difficult and at present there is no 
reliable way of ground-truthing the data  
that exists. The World Meteorological 
Organization (WMO) is currently running  
a program called the Solid Precipitation 
Intercomparison Experiment (SPICE),  
and this will focus on the performance of 
modern automated sensors measuring solid 

precipitation. At Rothera station, BAS is also 
trialling a selection of precipitation gauges  
to assess which is the most accurate.

The first type of sensor used is a Thies 
laser precipitation monitor. This uses an 
infrared laser to measure water droplets  
and snow that pass between its sensor 
heads. It measures the reduction in the 
received signal and the length of time of the 
reduction. From this, it can calculate the 
diameter of the particle and the fall speed.

Alongside this is a Biral VPF 730 
combined precipitation and visibility sensor 
that operates using an infrared beam. It uses 
off-axis scatter to calculate visibility, and 
backscatter to calculate precipitation type 
and intensity. The final optical sensor is a 
Campbell Scientific PWS100. This consists 

of a digital signal processor housing unit 
connected to a sensor arm that contains one 
laser head and two sensor heads. Each 
sensor head is 20° off-axis to the laser unit 
axis, one in the horizontal plane and the 
other in the vertical plane. From the 
measurements taken, it then uses fuzzy 
logic to calculate precipitation type and 
intensity. There is also a UPG1000 universal 
precipitation gauge made by Environmental 
Measurements Ltd (EML). This is 
surrounded by a wind shield. When snow 
falls into the gauge, it is melted and then 
measured using a tipping bucket.

Initial results show a large difference 
between all of the gauges on a monthly 
scale, but in low wind speed conditions, 
there is close agreement between all of the 

The station operates throughout the year with a maximum population of 70 in the summer and an average of 16 over winter
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sensors. More analysis of the data is being 
carried out to try and ascertain which of 
them is most accurate for use  
in the Antarctic.        

 Atmosphere aerosol is measured using a 
Prede POM-01 sun photometer that looks at 
the sun in different wavelengths. It has an 
internal rotating filter wheel to measure 
radiation in seven narrow wavebands from 
315nm to 1,020nm. It measures the extent 
to which light from the sun is scattered as  
it travels through the Earth’s atmosphere, 
which allows the calculation of the size and 
density of the particles that are scattering 
the light (mainly things like sea salt, 
volcanic dust and man-made pollutants). 

A Système D’Analyse par Observations 
Zénithale (SAOZ) instrument is run in the 
optical caboose at Rothera and this 
measures sunlight scattered from the 

Science at Halley VI provides information to 
research the understanding of ozone depletion, 
polar atmospheric chemistry and sea-level rise 

Approximately 1.2m of snow accumulates each year on the Brunt Ice Shelf

overhead sky, which allows the calculation 
of how much ozone and nitrogen dioxide  
the light has passed through.

Halley: 75°35’S 26°34’W
Halley is located on the Brunt ice shelf 
and moves toward the sea at a rate of 
about 600m per year. During the  
Antarctic summer, there are 50-60 people 
on station, with 13 in the winter to 
continue the science work and look after 
the station infrastructure.

There have been six Halley stations built 
so far. The first four were all buried by snow 
accumulation and crushed until they were 
uninhabitable. Various construction 
methods were tried, from unprotected 
wooden huts to steel tunnels. Halley V had 
the main buildings built on steel platforms 
that were raised annually to keep them 
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above the snow surface. However, as the 
station’s legs were fixed in the ice, it could 
not be moved and its occupation became 
precarious, having moved too far from the 
mainland to a position at risk of calving  
into an iceberg.

Halley VI station was finished in 2012 
and is fully relocatable. The state-of-the-art 
research facility is segmented into eight 
modules, each sitting atop ski-fitted, 
hydraulic legs. These can be individually 
raised to overcome snow accumulation and 
each module towed independently  
to a new location.

The central red module contains the 
communal areas for dining, relaxation,  
etc, while the blue modules provide 
accommodation, laboratories, offices, 
generators and many other facilities. 
Remote scientific equipment, set up for 
long-term monitoring, is housed in a 
number of cabooses around the perimeter 
of the site, which also contains numerous 
aerials and arrays for studying atmospheric 
conditions and space weather.

Science at Halley VI provides vital 
information for a global understanding  
of ozone depletion, polar atmospheric 
chemistry, sea-level rise and climate 
change. Since it was first established in 
1956, meteorological and atmospheric data 
has been continually collected at Halley, 

providing an unbroken record. In May 
2013, Halley was awarded the status of a 
Global station within the WMO Global 
Atmospheric Watch program, one of  
only 29 stations worldwide to be given  
this status.

It was here in 1985 that British  
scientists first measured the ozone  
depletion of the Antarctic stratosphere.  
Their discovery that this critical protection 
from ultraviolet radiation had been 
decreasing from 1975-1985 made headlines 
around the world and spurred the 
international agreement on banning 
chlorofluorocarbons (CFCs).

On the roof of one of the science 
modules at Halley, there is an observation 
deck that can be used for making 
meteorological observations using scientific 
equipment. On this deck there is a 
cloud-base recorder, a Prede POM-01 sun 
photometer, and the receiver antennas for 
the radio-sonde system.

Ozone is measured using a Dobson 
spectrophotometer and there is also a SAOZ 
instrument mounted on the roof deck. 
There are two Thies laser precipitation 
monitors mounted on the meteorology 
tower – one at 5m and one at 10m – to try 
and identify a blowing snow signal in cases 
where the sensor at 5m is recording data 
but the one at 10m is not.

King Edward Point 54° 17’S 36° 30’W 
and Bird Island 54° 00’S 38° 03’W

BAS operates two stations on South Georgia. 
King Edward Point is administered by the 
Government of South Georgia and South 
Sandwich Islands and staffed by BAS 
personnel. A smaller station is operated on 
Bird Island, which is located just off the 
northwest tip of South Georgia. The two 
stations are primarily used for marine and 
terrestrial research.

Meteorological measurements are made 
at both sites using a Vaisala MILOS 520, 
which measures pressure, temperature, 
humidity, wind speed, wind direction  
and sunshine. There is also a Thies  
laser precipitation monitor at King  
Edward Point. z

Steven Colwell is a senior meteorologist with the British 
Antarctic Survey 

The automatic weather station network with the BAS showing staffed locations and those that are 
more remote

Temperatures at Halley rarely rise above 0°C; 
temperatures around -10°C are common on 
sunny summer days
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by Urs Germann, Marco Boscacci, Marco Gabella and Maurizio Sartori

PEAK 
PERFORMANCE

I
t was back in 1959 that the first 
weather radar was deployed in 
Switzerland. It was a one-

parameter-one-customer solution with 
analog technology. Five decades later, in 
June 2011, the first system of the fourth-
generation MeteoSwiss radar network was 
commissioned. It combines dual-
polarization Doppler receiver-over-elevation 
technology. It takes less than 60 seconds 
after the completion of a ‘scan’ to deliver 
various meteorological products to a large 
number of customers. 

In an Alpine region like Switzerland, 
there is no perfect technological solution for 

Radar design for prediction 
in the Swiss Alps
The latest fourth-generation MeteoSwiss weather 
radar network is called Rad4Alp

Alpine weather radar

The first-generation Swiss weather radar on  
La Dôle, 1,682m above sea level (1959)
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weather radar. Siting is a trade-off between 
having good visibility over a large area from 
a high location versus observing weather 
close to the ground from a lower site. One 
has to select a site as high as necessary to 
cover the desired area, but as low as possible 
to get accurate measurements of 
precipitation at ground level. 

A radar operator has to cope with 
complex shielding by mountains, strong 
ground clutter over large parts of the radar 
umbrella, the need to extrapolate radar 
measurements from aloft down to the 
unseen floors of the valleys, and harsh 
climatic conditions to install and operate  



Alpine weather radar

The radar on Pointe de la Plaine Morte, 2,937m above sea level 
after commissioning in November 2013. This is one of the two 
additional radar sites built to improve radar coverage in the Alps 
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a radar at remote locations at high altitudes. 
On mountainous sites, wind load on the 
radome, space and costs of infrastructure 
are limiting factors. For the sites in 
Switzerland, antennas of 4.2m diameter  
are a reasonable choice. For a given  
antenna diameter, a short wavelength  
offers a narrower beam and lower sidelobes 
compared with a longer wavelength. As  
a result, C-band and X-band wavelengths 
give better spatial resolution and better 
clutter isolation than S-band. Also, the 
smaller the wavelength, the better the 
weather-to-ground-clutter signal ratio for 
hydrometeors in the Rayleigh region. In a 

mountainous region, a narrow beam, low 
sidelobes and a high weather-to-clutter 
signal ratio are crucial to obtain useful 
observations of precipitation and 
thunderstorms. Therefore, Switzerland 
opted for X-band (first generation) and 
C-band technology (second, third and 
fourth generations). However, X-band, and 
to some extent C-band, waves suffer from 
attenuation in areas with strong echoes. 
Signal attenuation is mitigated by intelligent 
compositing thanks to large overlapping and 
by exploiting the information from the 
dual-polarization capability. 

Scan program
A crucial element in the design of a radar 
network to be operated in a mountainous 
region is the scan program. MeteoSwiss  
has run a scan program with 20 elevation 
sweeps repeated every five minutes since  
the early 1990s. The products are updated 
every 2.5 minutes, taking advantage of  
an interleaved sweep pattern. The high 
temporal resolution is mandatory to sample 
the rapid evolution of convective storms. 

At the same time, one needs high 
resolution in space to cope with complex 

shielding and ground clutter contamination 
in the Alps and to get a picture of the 
vertical structure for storm severity 
diagnostics. 

Besides this, there are many other 
aspects that need to be considered carefully 
when designing a radar network for 
unsupervised 24/7 operation on remote 
mountain sites, including remote control, 
automatic calibration and system 
monitoring, lightning protection and 
solutions to cope with the complex 
space-time error structure. 

Rad4Alp – the Swiss radar network
As part of the Rad4Alp project, MeteoSwiss 
completely renewed and extended the Swiss 
operational weather radar network. The 
project was carried out in collaboration with 
several partners including: Selex ES for the 
radar hardware; ELDES for the software;  
and the Federal Office for Buildings and 
Logistics for civil construction works. The 
design and configuration are a combination 
of proven solutions from the past, new 
technologies from the industry and results 
from research projects, and were driven  
by the need for availability, stability and 

Radar precipitation analysis with (left) and without (right) clutter suppression. The dual-polarization 
capability improved substantially the distinction between weather and clutter signals. Radar sites are 
indicated as triangles in black (existing) and white (new) 
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accuracy. In order to improve coverage in 
the Alpine regions, the government decided 
to install two additional radars, one in 
southwestern and one in eastern 
Switzerland. The selected sites on Pointe de 
la Plaine Morte, 2,937m above sea level and 
Weissfluhgipfel, 2,840m above sea level, 
offer good visibility and accessibility by 
cable car. In addition to better coverage  
in the Alps, the new radars have large 
overlapping areas with the existing three 
radars and hence serve as back-up in the 
event of malfunction of one of the other 
radars. All five radars have identical 
hardware and software. 

The fourth-generation system has a 
number of innovations, one of which is its 
dual-polarization capability. The technology 
itself is not new, but long-term performance 
and robustness for automatic quantitative 
applications in an operational context have 
yet to be proved, in particular in a 
mountainous region. If the horizontal and 
vertical channels are calibrated and 
monitored properly, dual-polarization 
measurements allow users to better 
distinguish between weather and 
non-weather signals, know more about the 
type and size distribution of hydrometeors 
in the pulse volume, diagnose hardware 
anomalies, correct reflectivity for signal 
attenuation, and improve estimates of 
precipitation rates. 

A prime example is clutter cancellation. 
Adding dual-polarization in the clutter 
algorithm resulted in a substantial reduction 
in the level of residual clutter and also fewer 
erroneously canceled weather signals. 

One of the innovative elements is the 
receiver-over-elevation (ROEL) design 
developed by Vollbracht, which works with 
Selex ES. In the ROEL design, the receiver is 
mounted on the back of the reflector. This 
has several advantages over the standard 
design. The wave guide paths of the two 
polarizations are symmetrical and the 
receive path is much shorter. Also, the 
dual-polarization rotary joint, an expensive 
component that is prone to failures is not 

needed. As a result, there is a gain in 
sensitivity and data quality. 

On the Albis radar, MeteoSwiss gained 
9dB in sensitivity, half of which is attributed 
to the new receiver design and the other half 
to the reduction of the wave guide path on 
transmission by moving the transmitter to 
the top of the 40m tower. 

Measurements are transmitted from the 
radar sites to the central server in Zurich  
at a radial resolution of 83m. All further 
processing is done centrally, opening the 
way for sophisticated data compositing,  
an opportunity already put into practice  
in the algorithm for quantitative 
precipitation estimation. 

There are two parallel data-processing 
chains at the level of the signal processor, 
and four on the central server, one of which 

is for operational product generation; the 
others are for research and testing. All the 
chains are processing data in real time. 

The radar trilogy: acceptance testing, 
calibration and monitoring 
For quantitative radar use, high stability 
and accurate calibration within a few  
tenths of a decibel are mandatory. This  
is only achievable by a combination of 
rigorous acceptance testing, robust 
procedures for automatic calibration,  
and comprehensive monitoring of the 
hardware and site infrastructure. 

In preparation for the factory acceptance 
test (FAT), each radar system was installed 
on the roof of the Selex ES factory in 
Germany, and run for a couple of weeks in 
operational mode to test stability and 

The Monte Lema radar, 1,626m above sea level, after commissioning of the fourth-generation radar 
system in 2011. (Photo: S Müller)
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Alpine weather radar

performance with a focus on calibration, 
sensitivity, sun measurements and antenna 
mechanics. After installation in Switzerland, 
performance and stability were tested in 
four steps: one week of offline testing 
(ISAT-offline); three weeks of online testing 
(ISAT-online); a six-month period in 
operational mode (SEAT); and a final 
network test of four months. 

A guiding principle of the acceptance 
testing, monitoring and calibration was to 
combine as many independent sources of 
information as possible. This includes 
various types of weather echoes; ground 
clutter signals; signals from the sun; signals 
transmitted by the radar and measured by 
an external receiver; signals received by an 
external transponder and transmitted back 
to the radar with a shift in time, intensity, 
frequency and polarization; signals reflected 
by nearby towers at the factory and on site; 
signals from a noise source; and test signals 
inserted at various locations by laboratory 
test equipment. 

In order to obtain reliable polarimetric 
measurements, one needs an antenna 
radiation pattern with low sidelobes and 
matched radiation for both polarizations,  
at least in the main lobe. Performing 
measurements of antenna patterns and 
characterizing the whole radar chain with 
the radome in the real environment is a key 
quality factor. However, these kinds of 
measurements are difficult. 

Two methodologies have been adopted  
in collaboration with Armasuisse, a federal 
agency of the Swiss Confederation. The first 
is based on a one-way passive calibrator 
used for checking the scan strategy, the 
transmitted power and the antenna 

radiation patterns beyond the radome.  
The second is based on a two-way active 
calibrator that is able to detect radar pulses 
and send them back coherently with 
user-defined radar cross-section, time delay, 
Doppler shift and polarization. The ability  
to delay the re-transmitted signal enables 
moving out of the region of strong ground 
clutter, which is a major advantage over 
corner reflectors. 

Calibration of the hardware is performed 
automatically using a noise source and an 
integrated test signal generator, offline 
during the acceptance tests and from time  
to time during preventive maintenance.  
The noise source signal is inserted every  
2.5 minutes in both polarization channels  
of the receive path. 

Another crucial element is automatic 
monitoring of the radar hardware and site 
infrastructure. More than 350 parameters 
are monitored and submitted from each 
radar site to the central server after 
completion of every single sweep – that is, 
20 times in five minutes. The parameters  
are automatically checked for anomalies  
and archived for diagnostic analyses. z

Urs Germann, Marco Boscacci, Marco Gabella and 
Maurizio Sartori work in the satellite and nowcasting 
division, MeteoSwiss, Locarno-Monti, Switzerland

The antenna scans 20 elevation sweeps every five minutes. The products are updated every 2.5 minutes, 
taking advantage of an interleaved sweep pattern 

Receiver-over-elevation (ROEL) design 
improving sensitivity and data quality 
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eteorological Technology World 
Expo is firmly established as the 
largest international showcase for 

meteorological technologies and decision-
support systems for use in research 
applications, for government, civil and 
military use, and for commercial sectors.

This year’s expo is already set to be the 
biggest yet, with more than 160 companies 
expected. The show will take place on 
October 13-15, 2015, at the historic 
Brussels Expo. It is free to attend. 

There will be more technologies on 
show than ever before. All major 
manufacturers and integrators will be 
present, exhibiting next to the newest 
startups with their brand-new innovations. 
You can expect product launches and 
cutting-edge solutions. You are also 
welcome to attend, for free, the most 
incisive, user- and technology-focused 
international conference of the year.

More than 70 speakers will present 
solutions for cross-industry users, from the 

aviation, marine and shipping, military, 
offshore exploration, renewable and 
traditional energy industries. Solutions for 
lightning and thunderstorm detection, met 
offices, and agriculture and research 
institutes will also be featured, making this 
a must-attend event for your business.

You can register for your free pass now. 
Go online and visit: www.Meteorologi-
calTechnologyWorldExpo.com to make 
sure you do not miss out on the 
meteorological event of the year.

M

FREE TO ATTEND!

REGISTER NOW

www.meteorologicaltechnologyworldexpo.com

The must-attend international show for anyone needing better weather prediction and 
climate-change measurement technologies is back in Brussels, Belgium, from October 
13-15, 2015. Here’s an early preview of what new technologies you’ll see 

AVIATION WEATHER 
OBSERVATION SYSTEMS

First-time exhibitor 
Combitech will display 
the solutions that 
contributed to the 

commissioning of the world’s 
first operational remote 
tower system for air traffic 
management, developed by 
Saab and LFV.

 So, are the requirements on 
aviation weather observation 
systems more demanding 
when it comes to remote tower 
systems? “The challenge is not 
only presenting information, 
but doing so in a manner 
that enables the controllers 
to focus on their main task 
by automating as much as 
possible, in order to not waste 
the controller’s attention 
span with routine tasks,” 
says Magnus Johansson, 

Combitech’s head of  
ATM Services.

The Swedish company, 
part of the Saab Group, will 
display the latest version 
of the integrated AWOS7/
ATIS7, which among other 
features includes seamless 
integration of breaking action 
measurements end-to-end, 
weather radar, cameras and 
satellite imagery. 

Focusing on system 
integration and bespoke 
solutions, Johansson will also 
give a presentation at the 
conference, discussing  
ways of achieving true  
system integration, while 
avoiding supplier dependency 
and still considering the  
needs of the various users  
and stakeholders. 

1

GROUND-BASED 
SIMULATION EXERCISES
 Tempus will 

showcase 
algorithms and data 

sets from the atmospheric 
soundings that will 
eventually provide 
actionable intelligence to 
governments, to weather 
forecasters, and to 
commercial interests such 
as aviation, energy and 
agriculture. Forecasters will 
be able to see an actual 
post-storm analysis of a 
major convective event  
in the USA and discover  
how hyperspectral 
atmospheric sounding could 
have provided clearer looks 
at weather forming  
in the atmosphere, and  

how it could provide 
advanced warnings.

At the stand, the company 
will be demonstrating a 
generational change in 
weather data and its three 
primary advantages: 
persistence – flying in 
geo-stationary orbit, we 
persistently monitor the 
atmosphere; clarity – its 
technology produces 
atmospheric soundings 
encompassing infrared  
and visible spectrums  
of light; and accuracy – 
non-linear, big data sets  
will provide actionable 
intelligence to help  
decision making 
on Earth. 

2

2 015

DO NOT MISS 
METEOROLOGICAL 
TECHNOLOGY 
WORLD EXPO
THIS OCTOBER
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SENSOR APPLICATIONS
The Conel stand will 
feature products 
including the B+B 

SmartWorx Wzzard Sensing 
Platform and the Spectre v3 
industrial cellular router. 

The B+B SmartWorx 
Wzzard Sensing Platform 
creates a complete 
connectivity stack between 
sensors at the network 

edge and applications at the 
network core or in the cloud, 
simplifying the development 
and deployment of scalable, 
rugged and reliable M2M and 
IoT solutions.

Wzzard Intelligent Edge 
Nodes connect to virtually any 
industry standard sensor and 
provide those sensors with 
wireless internet connectivity 

for demanding M2M and 
industrial IoT applications. 

The Spectre v3 industrial 
cellular router provides 
secure internet connectivity 
for devices and LANs via 
the cellular networks. It can 
provide automatic wireless 
failover for wired networks, 
wireless connectivity for 
devices in remote locations, 

and wireless connectivity 
for mobile assets. Upload 
speeds of up to 50Mb/sec 
and download speeds of up to 
100Mb/sec give the SPECTRE 
V3 ample bandwidth. 

Configuration options 
include multiple Ethernet 
ports with independent IP 
addresses and a USB host 
port and many more.

3
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GEOSCIENCES TRAINING FOR 
THE GLOBAL COMMUNITY

COMET, a US 
University 
Corporation for 

Atmospheric Research 
program, will exhibit at the 
Expo in Brussels this 
October. With over 750 
hours of self-directed online 
courses, COMET has 
375,000 registered users 
learning about meteorology, 
hydrology, numerical 
weather prediction, climate 
modeling, satellite 
meteorology and space 
weather, wildfire behavior, 
geodetic surveying, oil spill 
monitoring, and more. 

Defense and aviation 
authorities, national 
meteorological services, 
government agencies, and a 
growing private sector, are 
all working with COMET to 
develop customized training 

programs that harness the 
exceptional skills of its 
instructional design and 
science teams. Working with 
subject-matter experts, 
COMET crafts peerless 
professional training 

5

MEASURING AND  
LOGGING TECHNOLOGY

Chinese company 
Zoglab is bringing 
automatic pressure 

generators, sensor signal 
processing, and high-
accuracy temperature 
measuring technology to 
Meteorological Technology 
World Expo in October 2015. 

Three of these technologies 
include: PG6000, which can 
generate 300~1,100hPa 

pressure with 0.002%FS 
stability and ±0.010%FS 
control accuracy; SG6, which 
is a high-accuracy multi-
meter and multisignal 
generator; calibrator; logger; 
field bus communicator; file 
management and the 
TM2000, which is a high-
accuracy temperature meter 
with 0.0001 resolution and 
±0.005 accuracy.

4

The MetEd 
website, one of 
COMET’s 
primary 
undertakings, 
hosts hundreds 
of hours of 
education and 
training material 
for the 
geosciences

experiences that are tailored 
to the requirements of each 
individual customer.

To meet mission-critical 
training requirements, COMET 
uses a methodology that  
takes online training to a 

superior level. It applies 
current cognitive research to 
improve retention and 
knowledge transfer, and 
creates high-end animations 
and simulations to convey 
complex physical processes. 
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ATMOSPHERIC REMOTE SENSING
At the 2015 Expo, 
visitors can meet ITaRS 
(Initial Training for 

atmospheric Remote Sensing), 
which brings together a group 
of universities, research 
organizations and high-tech 
companies from different 
disciplines (meteorology, 
geosciences, physics, electrical 
engineering, mathematics) 
to foster training and further 
development in the area 
of remote sensing of the 
atmosphere. The past few 
years have brought a rapid 
development in instrumental 
techniques (such as lidar, 
radar, and radiometry) that 
have great potential to monitor 
atmospheric composition and 
dynamics in unprecedented 

detail. Instrumentation of this 
nature is urgently needed 
to address important topics 
related to climate change, 
numerical weather forecasting, 
and atmospheric pollution. 
Crucially, aerosol-cloud 
interaction as the single-
largest uncertainty in current 
climate projections requires 
the exploitation of emerging 
observational techniques to 
improve the parameterization of 
aerosol and cloud processes in 
atmospheric models. 
Today’s curricula do not reflect 
these issues; ITaRS aims to fill 
this gap. Its goals are: to impart 
an in-depth understanding  
of instrumentation and 
algorithms; to foster the 
synergy of sensors by bringing 

together experts from different 
fields; to develop  
pan-European courses on 
atmospheric remote sensing 
by new web-based techniques; 
and to train a new generation  
of scientists in academia and 

the private sector. This  
project has received funding  
from the European Union’s 
Seventh Framework 
Programme for research, 
technological development  
and demonstration.

6
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Verne Global 
will be attending 
the exhibition to 

highlight the advantages of 
Iceland. As a location for 
green high-performance 

7

HIGH-PERFORMANCE COMPUTING
faster, higher resolution and 
more accurate forecasts than 
ever before.

However, HPC draws on a 
huge amount of energy, often 
requiring megawatts of power 
dependent on fossil fuels. 
Today it is estimated that 10% 
of the world’s energy supply 
is used in some form of IT, 
and the amount of processing 
power required for HPC is only 
set to increase. 

The UK’s Met Office now 
uses an IBM supercomputer, 
capable of 1,000 trillion 
calculations per second. While 
this enables the Met Office to 
take in hundreds of thousands 
of weather observations from 
all over the world, it draws on 
about 2.5MW of electricity to 
run and maintain.

Organizations now need  
to consider the best possible 
physical locations for their 
HPC use, to ensure that  
not only is there enough 
power to meet computing 
demands, but that it’s reliable, 
renewable, scalable and  
cost-effective.

computing (HPC), it can offer 
the meteorological sector a 
sustainable, reliable, low-cost 
and unconstrained platform 
for future development. HPC is 
transforming many industries, 

and the meteorological 
research sector is no different. 
HPC has been instrumental in 
enabling innovations in  
weather forecasting and 
climate modeling, providing 
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Windsond is a new 
miniature GPS 
radiosonde that  

will be exhibited at MTWE  
by Swedish company  
Sparv Embedded. 

The radiosonde only needs 
30 liters of helium for low-
altitude soundings. This 
enables a new level of 
portability such as releasing  
a radiosonde through a 
rolled-down car window. 
Thanks to special software 
and hardware features, the 
radiosondes are routinely 
recovered and reused, which 
has caught the attention of  

hot air balloon pilots, 
scientists. Within its niche of 
atmospheric measurements 
up to 24,000ft, Sparv 
Embedded is also working 
with UAV technology. 

At MTWE, the company will 
unveil its UAV work to bring 
soundings without balloons 
into use outside of the 
scientific community. “We are 
excited to exhibit at the Expo 
for the first time,” says a 
company spokesperson. “We 
look forward to discussing 
partnerships and further 
integration of our technology 
for all use cases.”

8

MINIATURE GPS 
RADIOSONDE 
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Netronix will be 
showcasing its 
purpose-built 

telemetry hardware. This 
allows remote sensors 
to report directly to its 
data centers via various 
communication channels 
(HSPA/HSPA+, GPRS, and 
so on). Data is captured and 
securely stored by Netronix’s 

9

PURPOSE-BUILT  
TELEMETRY HARDWARE

The Thiamis ICU is the most 
advanced and cost effective 
solution for remote monitoring 
applications in the 
environmental sector

servers and made available 
through Environet, an advanced 
hosted web-based application. 
Environet gives the  
end-user access to the data 
anytime, anywhere for  
real-time monitoring, analysis 
and collaboration.

MORE THAN

160 
EXHIBITORS 

EXPECTED!



by Robert Schemenauer, Ismail Gultepe and Michael Witiw

Fog studies

Large fog collector at the Atacama Desert Center research site in northern Chile (Photo: FogQuest/Robert Schemenauer)
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BLIND VISION
The impact of fog on 
ecosystems and society
Fog can be a positive contributor for water 
distribution and ecosystems but a hazard for 
transport, health and economies

Fog studies
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Fog observations are made using various 
spectral sensors such as the DMT FMD 
(Droplet Measurement Technologies Fog 
Measuring Device). Its spectral range is 
usually between 1µm and 50µm. 

Using FMD measurements, the Fog 
Remote Sensing and Modeling (FRAM) field 
project in 2009 helped develop a visibility 
parameterization as a function of both 
liquid water content (LWC) and number size 
distribution (Nd), rather than only LWC, 
and this parameterization is used commonly 
for fog modeling approximations. 

The most important issue in fog 
prediction is related to the prediction of  
Nd, which is either fixed or estimated as a 
function of aerosol number concentration in 
double moment microphysical algorithms. 
However, because of uncertainty in 
nucleation processes related to Nd, 
prediction of visibility includes large 
uncertainties. Comparisons of visibility 
obtained from various sensors also suggest 
that visibility bias can be up to 50%.

Fog as a benefit
To better understand how fog can be  
used as a managed water resource and how 
it is used by forests, we must understand 
something about its microphysics. Fog is 
composed of microscopic liquid droplets 
that usually have diameters between 1µm 
and 50µm. More typically, the droplet 
diameters are less than 25µm in size. 
Because the droplets are so small, their 
settling velocities are negligible compared 
with horizontal winds. This means that  
they move with the winds. This also means 
that a fog collector should be a vertical 
surface in order to intercept the droplets 
that are moving horizontally. 

F
og is defined by aviation experts  
as visibility less than 1km when  
no precipitation exists; it is basically 

a cloud in contact with the ground – a 
definition accepted by the meteorological 
community. Education about fog is 
important for pilots, as it can be a major 
aviation hazard. However, the impact of  
fog goes well beyond aviation, and has  
both positive and negative impacts on  
the environment and society. 

When the general public thinks of fog, 
they usually think of it as a hazard. To a 
certain extent this is true, but its impact  
on the environment is huge, and sadly it  
is neglected in climate change assessments 
and sometimes in aviation mission planning. 
Transportation, communications and health 
are also affected adversely by fog. 

Fog is also beneficial in many ways for 
the components of the hydrological cycle.  
It is a major reason for the sustainability of 
coastal forests in California and Australia, 
indicating that it is a source of long-term 
water supply. The fog water collected by 
high-elevation forests can sustain vegetation 
at lower elevations by contributing water to 
underground aquifers that can be used to 
raise crops. Fog water can also be collected 
effectively by man-made collectors to 
provide a managed source of clean water.

Fog observations and prediction
Fog formation, development and dissipation 
are strong functions of meteorological 
parameters that include temperature, 
relative humidity, radiation, wind, 
nucleation processes and surface conditions. 
It can be especially dangerous if it occurs  
at temperatures below 0°C – known as 
supercooled fog. 



a passion for precision · passion pour la précision · pasión por la precisión · passione per la precisione · a passiona passion for precision · passion pour la précision · pasión por la precisión · passione per la precisione · a passion

13
00

m

15
00

m

Automated sky coverage observatory needed?

Lufft CHM 15k
Cloud Height
up to 15km/50.000feet

-Aerosol Height Profi les
-Cloud Base Height
-Penetration Depths
-Mixing Layer Height
-Vertical Visibility
-Cloud Amount

www.lufft.com

up to 15km/50.000feet

-Aerosol Height Profi les

-Penetration Depths

MeteoTechnoInternational260315.indd   1 25.03.15   11:18

http://www.lufft.com


METEOROLOGICAL TECHNOLOGY INTERNATIONAL APRIL 2015  • 53

Fog studies

capable of being constructed in the country 
of use from largely locally available materials.

Cloud forests, defined as forests fed by 
cloud or fog LWC, are actually fog forests, 
since the clouds are touching the ground. 
The collection of fog droplets by the foliage 
results in the coalescence of the droplets 
into larger drops that then drip onto the 
ground (throughfall) or run down the stem 
(stemflow). This supports the individual  
tree water need, but also contributes water 
to the aquifers. 

On a larger scale, the fog cycle is an 
important hydrological process, but it is 
rarely used in hydrologic studies. The need 
for fog water has perhaps been looked at 
most carefully in the case of the Californian 
redwood trees, but it is also an important 

TRAFFIC HAZARD
Massive highway accidents occur  
in the presence of dense fog by 
reducing visibility down to a few 
meters. According to the Federal 
Highway Administration of the USA, 
fog is a contributor to 3% of weather-
related accidents, 3% of weather-
related injuries, and 9% of weather-
related deaths. 

There are efforts to improve road 
safety and these efforts include the 

fog chamber studies 
such as work done in 
the Regional 
Laboratory of Bridges 
& Roads in Clermont-
Ferrand, France. 

There are also 
innovative fog 
collection systems 
in place to remove fog that would 
otherwise occur across highways.

“More complex instrumentation can 
be used to measure the actual fog 
liquid water contents”

A 1m2 standard fog collector, such as this 
example in the Atacama fog oases in northern 
Chile, is used to measure fog fluxes  
(Photo: Nicolas Zanetta/Atacama Desert Center)

There are also other considerations that 
result from a study of fluid flow around 
obstacles, such as the optimum size of the 
collection fiber and the need for an open 
structure that the wind can pass through.  
It is the wind that will carry the microscopic 
droplets to the collection surface. For this 
reason, solid structures, no matter what 
their surface characteristics are, will always 
be very poor choices as fog collectors.

The liquid water content in fog typically 
ranges from 0.005 g/m3 to 0.5 g/m3; 
however, the LWC range for suitable fog 
collection is approximately from 0.05 g/m3 
to 0.5 g/m3. 

It is necessary for large volumes of air  
to pass through a fog collector to generate 
useful amounts of water. This, in turn, 
means that fog collectors have very large 
surface areas. It also means that the sites  
for fog collectors must be very carefully 
selected and this is usually done with a 
standard fog collector that can be 
inexpensively deployed. The amounts  
of fog water collected at operational fog 
collection sites range from 2-30 l/m2 per  
day, with annual averages of around  
5 l/m2 per day, being considered a 
productive site. In scientific investigations  
of fog, more complex instrumentation can 
be used to measure the actual fog liquid 
water contents and the meteorological 
conditions. 

Materials used
There are practical considerations in 
choosing materials to optimize the water 
collection by the large fog collectors. To  
be useful in remote parts of developing 
countries, materials must be inexpensive, 
durable, made of non-toxic materials, and 
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water input to ecosystems in many 
temperate and tropical locations. Fog has 
other impacts on forest health through 
increasing humidity, reducing solar 
radiation, and influencing the presence  
of plant diseases and insects.

Fog as a hazard
Fog is not only a source of water for 
ecosystems, but also a hazard for aviation 
and both marine and land transportation. 
For example, in 1977, at Los Rodeos Airport 
(now called Tenerife North Airport) on the 
Island of Tenerife in the Canaries, the 
deadliest airplane crash in history occurred 
when two Boeing 747s collided in the fog 
and 583 people were killed. Although pilot 
error was the main factor, the dense fog was 
a contributing cause. 

Fog dissipation is an important process 
that has been used for 60 years or more and 
needs to be studied further. It may be used 
for mitigating the hazards of airport fog 
when fog occurs at a temperature below 
0ºC. One technique for dissipating cold fog 
is to use a land-based vented liquid propane 
system. The vaporizing propane reaches 
very cold temperatures resulting in the 
freezing of liquid water droplets along with 
the formation of additional ice crystals. The 
ice crystals then grow at the expense of the 
water droplets because of their low pressure 
at the surface. The fall of ice crystals clears 
the air when no additional moisture moves 
in and improves visibility. 

This technique has been used 
successfully for many years at Fairchild Air 
Force Base, Washington, USA. Cold fog can 
also be dissipated by the airborne 
dispensing of crushed dry ice, but this 
technique can be dangerous as any 

improvement in the visibility may be 
short-lived once the seeding has terminated, 
creating landing issues for pilots.  

The Great Smog of 1952
Another adverse effect of fog occurred in 
London, in December 1952. The Great Smog 
occurred and lasted for five days. Thick with 
soot and with high concentrations of sulfur 
dioxide from the burning of soft coal, the 
fog was thought to be responsible for 12,000 
excess deaths (deaths in excess of what 
would normally be expected) during the fog 
and for weeks afterward. The elderly and 
those with respiratory conditions were 
especially vulnerable. 

Similar to the London Fog, in the town of 
Donora, Pennsylvania, USA, during October 
1948, a zinc smelting plant and steel mill’s 
emissions contributed to the toxicity of the 
fog resulting in severe respiratory issues. 
During the fog, high levels of sulfur dioxide 
and fluorides were observed. According to 
the Pennsylvania historical and museum 
commission, this fog contributed to the 
deaths of 19 people. Events like the Great 
Smog and the Donora fog were the impetus 
for clean air legislation passed in the UK and 
the USA during the 1950s and 1960s.

Fog can be a positive contributor for 
water distribution and ecosystems or a 
hazard for the economy and human 

activities. It can be used to provide drinking 
water over mountainous and coastal regions. 
Fog also provides a great opportunity to 
study and understand cloud formation, to 
document changes in climate, and to test 
instruments and operational procedures 
under challenging weather conditions. 
Overall, its observations and modeling 
aspects need to be improved. z

Robert Schemenauer, PhD, is the executive director of 
FogQuest, Kamloops, BC, Canada. Ismail Gultepe, 
PhD, is a research scientist, for Environment Canada, 
cloud physics and severe weather section, while 
Michael Witiw, PhD, is a certified consulting 
meteorologist and associate professor at Embry-Riddle 
Aeronautical University Worldwide 

At temperatures below 0°C, liquid fog droplets 
freeze on impact with structures to form rime 
ice – this is a wintertime fog deposition process 
(Photo: FogQuest/Robert Schemenauer)

Fog water in remote locations meets drinking water standards and can be used for a wide range of 
domestic and agricultural uses. This photo is from a project in the Western Highlands of Guatemala 
(Photo: FogQuest/Melissa Rosato)

It takes 10 million fog droplets to make a  
drop the size of a match head on the end of  
the Ponderosa pine needle, but this process  
is widespread in both temperate and  
tropical ecosystems (Photo: FogQuest/Robert 
Schemenauer)
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MetcapPlus Aero
by Kemal Dokuyucu

RECEIVED 
INFORMATION

S
ince the beginning of manned 
flight, meteorological events have 
had the greatest effect on aviation. 

Even with huge technological leaps forward 
with improvements in aircraft and airport 
technologies, there is still no real decrease in 
the importance of weather conditions when 
it comes to flight planning. Most accidents 
and disruption in the aviation sector are still 
related to weather. 

Almost all public meteorological  
services have been creating special  
products to support civil and military 
aeronautical services for safer flights. The 
International Civil Aviation Organization 
(ICAO), which was established to regulate 
civil aviation globally, created the World 
Area Forecast System (WAFS) to supply 
aviation weather products to help all local 
and international flights. 

ICAO also appointed the USA and UK 
weather services to create and disseminate 
these products using satellite and internet 
services. These two services have been 

MetcapPlus Aero is a prime 
aid for flight planners
A system that uses aeronautical weather data to better equip 
aviation planners 

Figure 2: Main screen of MetcapPlus Aero

Figure 1: Data reception sources and network 
configuration of MetcapPlus Aero Figure 3: Decoded TAF reports
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MetcapPlus Aero

Figure 4: Significant weather display screen

Figure 5: Medium-level significant weather chart for the default forecast area

Figure 6: Wind temperature chart at FL300 for 
the default forecast area

centers in different formats such as text, 
GRIB and BUFR. It may automatically 
retrieve data from internet services at any 
time (Figure 1). Received observations are 
decoded and checked for user-defined 
thresholds and regions. If any parameter 
exceeds the limit, the software flashes  
a warning and emits a beep. 

Latest observations
The latest version consists of many software 
screens, each containing different 
information and images. The opening screen 
contains the current local and GMT time 
and date, the latest METAR/SPECI, and 
valid TAF reports for the selected stations, 
latest wind values, runway conditions and 
reports of the airport (Figure 2).

Significant weather parameters and 
validity of the observations are colored from 
blue to red to attract users’ attention. A blue 
time stamp indicates that the observation 
was made in the last hour; red indicates an 
observation more than three hours old. 
Color codes for the parameters and 
thresholds are defined by the users. If 
visibility is taken as an example, red  
may be set for 500m or lower, yellow for 
500-1,000m, green for 1,000-3,000m and 
blue for over 3,000m.

Information on the screen is refreshed 
automatically when a new observation is 
received. When any observation exceeds  
the limits, users can be warned.

TAF reports for the main and alternate 
airports are decoded and weather forecasts 
are displayed at hourly intervals. Any 
forecast report may be shown in detail  
when the users request it (Figure 3).

All observations, lightning echoes and 
radar information are controlled for the 

creating numerical weather forecast 
products in BUFR and GRIB formats  
four times a day, and disseminating  
them globally via Satellite Distribution 
(SADIS) and the International Satellite 
Communication System (ISCS). These 
distribution services also have backup 
services on the internet.

Presentation
There are many software packages that will 
present this information to forecasters and 
flight planners. Some were developed by 
national meteorological services and others 

by commercial firms. The Turkish State 
Meteorological Service (TSMS) gives 
meteorological support for military and civil 
flights at almost 70 airports in Turkey. The 
MetcapPlus Aero package, developed by 
TSMS programmers to visualize different 
products generated by local and WAFS 
providers, is used by forecasters at the 
airports. The package is also used to create 
flight folders for civil and military flights. 
The software is constantly improved to 
fulfill the demands of users.

MetcapPlus Aero is able to digest many 
kinds of aeronautical data created by various 
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selected area and displayed on the map with 
different icons. Detailed information may be 
seen when any icon is clicked (Figure 4). 
Significant weather and wind/temperature 
charts for any selected region are created 
automatically by decoding BUFR and GRIB 
formatted information generated and 
distributed by WAFS centers, four times a 
day. It is possible to print these charts when 
needed (Figures 5 and 6).

All observation and forecast reports 
received from different data sources are 
checked and all valid main information for 
SIGMET, AIRMET, volcanic ash, tropical 
cyclone/hurricane and SnowTam reports in 
the responsibility area of the airport are 
listed for the users. These reports can be 
seen by clicking on the information header. 
Ash reports are also displayed on the maps 
(Figures 7 and 10).

Creating flight documents
The software creates flight folders for 
selected routes manually or automatically at 

shows vertical temperature and wind 
analysis of the flight routes. 

To the flight folders users can add 
satellite images from infrared, visible and 
water vapor channels; RGB products created 
from different channel information; 
lightning charts; and radar echoes. 

The MetcapAero package is regularly 
updated to meet users’ demands, and new 
products are added to flight folders. 

Kemal Dokuyucu has been working in the Turkish  
Met Service Center as a weather forecaster and 
programmer since 1990. He was head of the  
weather forecasting department for five years.  
He has been developing the MetcapPlus visualization 
package since 2008

Figure 7: Latest Sigmet, Gamet, tropical cyclone/hurricane and SnowTam reports

Figure 9: Flight folder preparation screen

Figure 8: Information pages of selected flight 
folder

Figure 10: Volcanic Ash dispersion forecast 
generated by UK Met Service for the 
Eyjafjallajökull event in 2010

civil or military airport offices. It can also 
email reports to users at any time. Since the 
required flight information for civil and 
military flights are different, two separate 
interfaces are used. 

Users can set flight routes, alternate 
airports and lists of information for the 
flight folders. Any defined flight information 
is recorded and can be recalled when needed 
(Figure 10).

Default information for civil flights is 
provided as the latest METAR/SPECI 
observations, valid TAF reports, 
temperature/wind charts for selected flight 
levels, medium- and high-level significant 
weather charts and cumulonimbus areas. 
Weather forecasts derived from TAF reports, 
wind and temperature values for different 
flight levels over departure and landing 
airports are listed on the first page of the 
flight documents. A cross-section picture 



Contact
www.meisei.jp/sonde/

Tel:+81-3-6204-8253   
Fax:+8-3-6204-8888

Mail:global@meisei.co.jp

Measurement Performance
Much higher accurate measurements of temperature, humidity, 
and wind for the upper-air soundings.

Competitive Priced Radiosonde
iMS-100 aggressively adapts tiny and commonly-used devices to achieve 
the downsizing and cost saving of radiosonde itself.

Total Sounding Cost Saving
Tiny iMS-100 effectively reducing overall operational costs.
(smaller balloon, fewer gas amount depends on the target height)

Enhancing Safety in Operation
World lightest 38 g iMS-100 helps enhancing safe operation especially 
when it falls down to the ground. 

Reducing Environmental Impact
Downsized iMS-100 can contribute to reduce environmental impact throughout 
the entire life cycle. (manufacturing, transport, storage, and disposal)

VISIT OUR BOOTH  # G112

METEOHYDEX 2015, GENEVA THE WORLD

LIGHTEST, SMALLEST,
and 

GREENEST
RADIOSONDE

iMS-100

http://www.meisei.jp/sonde/
mailto:global@meisei.co.jp


by Robin Farley

HUMIDITY POINT

A
n increasing focus on atmospheric 
water vapor concentration and its 
implication within the diverse fields 

of climatic research and meteorology has led 
to increasing scrutiny into the precision and 
reliability of humidity measurement data. 
Climatic water vapor is one of the more 
challenging aspects of meteorology, with 
unreliable results, variability of units and 
non-traceable calibration perhaps the most 
pertinent issues. Humidity measurement 
and calibration systems have 
consequentially become a hot topic. 

Within the current European 
Meteorological Research Program (EMRP) 
there are several key work packages 
focused on humidity. The Metrology for 
Meteorology and Climate international 
workshop – MMC 2014 – that took place  

Applying metrology to 
meteorological measurements
Metrology is the science of accurate measurements. Meteorology is the study 
of weather and climate. It’s important to know the difference

Humidity
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at the highest level are similarly inconsistent. 
The latest humidity technology continues to 
improve measurement and calibration 
capability, but its application lacks 
coordination, uniformity and structure. 
Contact with metrology and meteorological 
institutes around the world provides an 
insight into the variability of methods and 
practices. Many organizations are not able  
to provide even the most basic calibration 
services and documented traceability that 
other well-regulated industries take for 
granted. Calibration at working temperature 
is one such example; the definition of 
calibration uncertainty is another.

Is humidity measurement  
really so difficult?
Unlike other key measurements such as 

in Slovenia in September 2014 also had a 
major humidity focus.

Problems with humidity?
It’s common for humidity measurements to 
be considered unreliable or specified with 
quite large tolerances. Often this position  
is based on an underestimate of the 
measurement challenges, a lack of 
fundamental knowledge of humidity  
and poor calibration. 

It is not unusual for humidity to be 
incorrectly described; a single recent TV 
weather bulletin included the description of 
water vapor content as ‘moisture’, ‘humidity’, 
‘dew point’ and ‘relative humidity’. One 
would assume that qualified meteorologists 
would be consistent, but they are not alone. 
Metrologists and humidity specialists even 

Meteorological humidity weather station
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“Radiosondes  
are required to 
measure over  
a substantial 
temperature  
and humidity 
range within  
the same flight”

temperature and pressure, humidity sensors 
cannot be protected from the measured 
conditions by membranes, sheaths or other 
protective barriers. Some mechanical 
filtration can be applied to limit particulate 
contamination, but that does not protect 
humidity sensors from contaminants such  
as sulfur and nitrogen oxides that will cause 
degradation and instability in the 
measurement sensor. Consequently, relative 
humidity (RH) probes will drift at varying 
rates depending on their type, location-
specific contamination, variation in humidity 
and temperature conditions and 
maintenance, so their calibration must  
be verified on a routine basis. Every 
measurement can be traceable and its 
uncertainty defined through the calibration 
process, provided it is correctly documented.

Surface observation systems, typically 
weather stations or screen assemblies, are 
widely used. Stated measurement 
performance will typically be based on 
manufacturers’ specifications rather than on 
calculated uncertainties. Typical uncertainty 
contributions are shown in the calibration 
example above, but recent studies have 
shown considerable effects attributable to 
wind speed during measurements and 
mounting shield design.

Radiosondes are required to measure 
over a substantial temperature and humidity 
range within the same flight. To determine 
full system performance, the sensors should 
be tested over a wide range of humidity and 
temperature conditions, but though 
possible, this is often considered too 
expensive. Consequentially the sensors are 
often calibrated at only a limited number of 
temperature and humidity points, resulting 
in inconsistency and unproven traceability 
when used outside the calibrated range. The 

better manufacturers invest more 
substantially in calibration, and it is no 
coincidence that their products are more 
widely trusted and perform consistently  
well in comparative tests.

Humidity calibration uncertainty
Better standardization could go a long way 
to resolving many of the uncertainties. The 
ideal method of defining the precision of any 
measurement or generated condition is an 
assignment of uncertainty. 

The Guide to Uncertainty of Measurement 
(GUM) is the reference for calibration 
metrologists, and the application of its 
structures can at least provide a means of 
validation or a more dependable comparison 
of data. An uncertainty budget combines the 
individual components of uncertainty to 
resolve an expanded uncertainty of 
measurement or a generated value. 

For example (see table), if a 
meteorological probe were calibrated in a 
chamber, the uncertainty would propagate 
into an overall measurement uncertainty 
that cannot be smaller than that of the 
calibration chamber. In a typical weather 
station relative humidity measurement 
application, additional uncertainty 
components such as shield temperature 
effects, together with airflow, filter and 
contamination effects, would need to be 
included. This would typically resolve an 
expanded uncertainty at k=2 of 4-5% RH. 
The calibration of the humidity probe is the 
most important component in this example.

Calibration solutions
There are many methods of generating the 
stable humidity conditions needed to 
calibrate humidity instrumentation, but 

Uncertainty source Value Units Sensitivity Distribution Divisor One SD Squared

Humidity probe calibration 2.00 % rh 1.00 normal 2.00 1.000 1.000
Humidity probe repeatability 0.30 % rh 1.00 normal 1.00 0.300 0.090
Humidity probe drift 1.00 % rh 1.00 rectangular 1.73 0.577 0.333
Humidity probe linearity 0.50 % rh 1.00 rectangular 1.73 0.289 0.083
Temperature coefficient of the relative
Humidity probe over validation range 0.50 % rh 1.00 rectangular 1.73 0.289 0.083
Resolution of the relative humidity probe 0.10 % rh 1.00 rectangular 1.73 0.058 0.003
Temperature gradients in chamber 0.30 °C 3.25 rectangular 1.73 0.563 0.317
Temperature fluctuations in chamber 0.20 °C 3.25 normal 1.00 0.650 0.423
Stabilization criterion for reference probe 0.10 % rh 0.00 rectangular 1.73 0.000 0.000
      
 Standard uncertainty   1.527 2.33
  Expanded uncertainty   3.05 %rh 95% confidence 
       (k=2)

Humidity generator TSC 2500ST

Table 1: Overall uncertainty of rh in chamber
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within the limited scope of this article, it’s 
impossible to fully describe and compare 
them all. Any chosen method should be 
assessed in terms of its expanded 
uncertainty and based on a true evaluation, 
not just what the manufacturer claims. It’s 
also worth considering the need for the 
calibration of temperature measurement, 
and the calibration of humidity at the 
instrumentation’s working condition within 
any evaluation. Humidity measurement 
performance varies with temperature, so it’s 
not really effective to calibrate only at one 
temperature, especially when field 
measurements are at low temperatures. 

Each country’s national metrology 
institute (NMI) provides the best source of 
advice and transfer-standard calibration, so 
it is recommended that this be a key element 
of evaluation of the options for improved 
calibration systems. This will also provide a 
mechanism for traceability to national and 
international standards once any system  
is implemented.

Humidity generators
Most NMIs operate a primary humidity 
generator based on using pressure and 
temperature control and measurement to 
provide direct traceability to SI units. These 
are usually customized and characterized by 
the NMI, so require operational expertise 
and fundamental knowledge to achieve the 
best results. But there are commercially 
available automated generators that provide 

practical and cost-effective solutions, and 
some include temperature-controlled 
chambers so that calibration at temperature 
can be performed.

By mixing flows of wet and dry gas,  
it is possible to generate a wide range of 
humidity conditions. In the RH range, the 
process can be automatically controlled, and 
commercially available solutions are capable 
of good control over a wide temperature 
range (-10°C to 70°C). Compact RH 
generators require good temperature control 
to achieve the best calibration capability, 
and with the application of a transfer 
standard, this means that RH and 

temperature calibration can be performed by 
the same system. 

Climatic chambers and salt solutions
Temperature- and humidity-controlled 
chambers are in use for testing products  
in many conditions. Typical performance  
is adequate for climatic testing, but for 
calibration tasks, optimized versions are 
increasingly available but depend on the 
application of careful temperature 
measurement and a calibrated humidity 
transfer standard. The non-uniformity of  
the chamber temperature must be evaluated.

The use of saturated and non-saturated 
salt solutions remain a practical and 
low-cost method for humidity calibration, 
but performance depends on stable 
temperature and pre-calibration of the salt 
solution or validation of its generated value 
using a transfer standard. Uncertainties tend 
to be higher and their use is probably best 
suited to temperature-controlled 
laboratories. With expert handling, salt 
solutions may be useful for humidity 
calibration, but careful validation is 
necessary to prove traceability. 

Transfer standards
Within a calibration system, it is usual for  
a transfer standard to be applied to verify 
generated conditions and to provide 
traceability. It should be of a standard  
higher than the systems being calibrated,  
so for example an RH probe shouldn’t  
really be used as a transfer standard for 
another RH probe, as both may have  
similar characteristics that will combine  
to influence the overall uncertainty of 
measurement or calibration. 

Again, an evaluation of specifications  
and calibration performance within the 
structure of an uncertainty budget will 
support the correct specification of the  
type of transfer standard to use or specify.

The demand for better humidity data  
is challenging manufacturers and users  
to better measurement and calibration 
capability. The international metrology 
industry includes humidity expertise and  
a wide range of products help to support  
any organization wishing to improve its 
measurement capabilities and document 
traceability. If humidity calibration is a 
cause for concern, contact a reputable 
supplier, your local NMI or an accredited 
calibration laboratory for guidance. The 
Metrology for Meteorology Conference will 
be running alongside Tempmeko in 2016 
and may be a useful event for interested 
parties to attend. z

Robin Farley, Business Development Manager, MBW 
Calibration AG, Switzerland

Humidity generator HygroGen2 with dew point mirror 473-SH2

Salt solutions
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by Dmytro Podolskyy

FOLLOW THE SUN

M
onitoring of atmospheric parameters 
is crucial for meteorology, 
climatology, public health and 

environmental studies. These parameters 
strongly depend on the site location and need 
to be measured locally in order to understand 
their nature and dynamics. Some atmospheric 
parameters can be measured by optical 
methods and require positioning of the 
measurement instruments in a reliable 
manner by automatic tracking systems.

The most commonly conducted of these 
applications are measurements of solar 
radiation and remote sensing of atmospheric 
aerosol content, trace gases, ozone column, 
cloud parameters and pollutants in the 
atmosphere with the sun as the light source.

These measurements are often performed 
in remote locations with varying conditions 
where the reliable all-weather performance 
of all parts of the system becomes crucial. 
The mechanical systems may need to 
withstand extreme climatic conditions while 
remaining precise and fault-free.

Solar radiation measurements 
The most straightforward example of solar 
measurement is where a tracking system is 
used for the measurement of solar radiation. 
The energy in the beam coming straight 
from the sun is called the direct normal 
irradiance (DNI) and is measured by 
pointing a pyrheliometer at the center of the 
sun throughout the day. The precision of 
pointing the instrument is very important 
and sun trackers used for high-quality 
measurements are required to have a 
pointing accuracy of more than 0.1°.

Although a pyrheliometer is not large  
or heavy, making sure the precision and 
reliability of the sun tracking stays high  
in all weather conditions might require  
a tracker that has high torque capability. 
However, most solar monitoring stations 

Heavy-duty automatic 
solar-tracking systems
Solar-tracking systems face extreme climatic conditions 
in global atmospheric research station applications

Solar measurement

Extreme ice build-up on a sun tracker and radiometers at the Sonnblick Observatory in the Austrian Alps 
(Photo: ZAMG/Marc Olefs)
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measure diffuse radiation with the help of  
a shading assembly to block direct solar 
radiation from reaching a pyranometer. This 
pivoting mechanical arm can accumulate ice 
and snow in extreme weather and high 
winds can impose considerable load on the 
tracker. Therefore, the sun tracker needs to 
be strong enough to withstand these high 
winds, and to break the ice that can build 
up overnight while the tracker is sleeping.

BSRN stations 
The Baseline Surface Radiation Network 
(BSRN) of the World Climate Research 
Programme (WCRP) was initiated in 1989 
to provide the highest accuracy long-term 

Sun trackers carrying multiple radiometers for 
measuring DNI (Photo: NREL)
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measurements of Earth’s energy budget to 
help study changes in climate and to 
calibrate satellite data.

Today, the network consists of more than 
60 scientific, high-precision solar stations 
that monitor the amount of solar and sky 
radiation reaching the surface. Many 
stations are in remote places with extreme 
climates (the Arctic and Antarctic, 
mountains, deserts, etc) as they represent 
important locations that are very sensitive  
to the effects of climate change.

In cold climates, such as polar regions or 
on high mountains, low temperatures and 
ice deposition represent a challenge for all 
equipment working permanently outdoors. 
Therefore, the trackers used for these 
applications must be able to break ice that 
forms at night when they start tracking the 
sun at dawn. This requires high torque and 
usually requires internal heating for 
operation in very low temperatures.

An example of a BSRN station working  
in such extreme conditions is the Sonnblick 
Observatory in the Austrian Alps that 
belongs to the Central Institute for 
Meteorology and Geodynamics (ZAMG). 
The station is located 3,106m above sea level 
where the minimum temperature can reach 
-37°C, with wind speeds up to 240km/h.

The observatory has a unique location 
due to its position high in the Alps far away 
from pollution sources and can observe the 
properties of the atmosphere and its 
interaction with solar radiation compared  
to low altitude stations. It also participates 
in the Global Atmosphere Watch (GAW) 
program of the World Meteorological 
Organization (WMO). Reliable continuous 
data collected at the observatory contributes 
to a better understanding of Europe’s 
atmosphere and its long-term trends.

Calibration of radiometers
Pyrheliometers measure direct solar 
radiation and are very important 
instruments in solar monitoring stations.  
To ensure precision and reliability of the 
measurements, calibration of the field 
instruments is made on a regular basis  
– typically every two years. Reference 
instruments must be calibrated every year 
and the BSRN requires that field radiometers  
are calibrated on-site every six months  
using a primary standard absolute cavity 
radiometer (ACR).

Reference pyranometers from 
organizations around the world regularly 
take part in comparisons at the World 
Radiation Centre in Davos, Switzerland, and 
the National Renewal Energy Laboratory 
(NREL) in Colorado, USA. During these 
comparison tests many instruments are 
installed side-by-side, often with several  

on the same sun tracker to save space.  
The trackers often carry many heavier 
instruments, such as ACRs, sun photometers 
and spectral instruments. The total weight of 
the combined instrumentation can exceed 
40kg, while the precision of the tracking 
must be kept very high.

Measurement of gases 
The gaseous composition of the atmosphere 
has an important role in many processes on 
Earth and is an indicator of both natural 
processes and human activity. Gases that 
comprise less than 1% of the total 
atmosphere are called trace gases, which 
include all atmospheric gases except for 
oxygen and nitrogen.

Earth’s climate is sensitive to changes in 
trace gas concentrations in the upper 
atmosphere, whereas concentrations nearer 

the surface affect air quality and local 
weather. The interactions between solar 
radiation, trace gases, aerosols and clouds 
influence the climate through various 
feedback mechanisms. Some gases produced 
by industrial activities, such as fossil fuel 
combustion products and chemical process 
emissions, affect public health and global 
warming; other gases affect the ozone layer. 
Volcanic activity and forest fires also 
produce large quantities of gases.

The stratosphere contains 90% of the 
atmospheric ozone and the health of this 
layer is crucial in protecting Earth’s 
biosphere from harmful ultraviolet 
radiation, but it is affected by human 
activity and natural phenomena. The ozone 
layer is monitored by ozone radiosondes 
carried below balloons, satellite instruments 
and measurements taken from the ground.

A Brewer Spectrophotometer at the Slovak Hydrometeorological Institute (SHMI), Gánovce, Slovakia
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Some gases, particularly stratospheric 
ozone, can be measured by optical methods 
using instruments such as the Dobson and 
Brewer ultraviolet spectrophotometers. 
Differential optical absorption spectroscopy 
(DOAS) can be used to measure many other 
gases, particularly in the near-infrared 
region of the spectrum. All these 
instruments need to have their optical 
detection systems pointed accurately at the 
sun in order to make measurements. 

Lidar (light detection and ranging) 
DOAS systems can be used to produce 
concentration profiles of some atmospheric 
gases. These systems do not need a remote 
light source and can be pointed in a 
hemispherical pattern to build a 3D 
distribution map across a site. To do this 
they need a two-axis positioning system, or 
a sun tracker that can be programmed to 
point in the desired directions.

A scanning lidar tracker has to carry heavy 
transmitting and receiving optical telescopes 
and electronics, while maintaining reliability 
and precision, and resistance to a wide range 
of adverse climatic conditions.

Aerosol measurements
Aerosols are particles suspended in the 
atmosphere. These can be droplets of water, 
dust, sand, ash, smoke or soot. Aerosols play 
an important role in climate processes as 
they not only absorb and scatter solar 
radiation, but also affect air quality. Aerosols 
can be generated by human activity, but 
large amounts are also produced naturally 
by wildfires, volcanoes, and the entrainment 
of desert sands and dust from arid areas.

Aerosol concentration can be measured 
by sun photometers mounted on a sun 
tracker that measure the solar radiation in  
a number of discrete wavebands, using the 

sun as a light source. Sky radiometers can  
be pointed at angles away from the sun to 
measure the scattered light in different 
wavebands and derive further aerosol 
properties. These types of instruments 
require a sun tracker to point the instrument 
toward the sun or at a defined angle.

The primary use of lidar systems is to 
monitor the concentration of aerosols 
according to distance (profile) by measuring 
the backscatter from a pulsed laser beam 
passed through clouds, dust, smoke, ash  
or other particles in the atmosphere.

A lidar system usually consists of a 
pulsed laser light source with a transmitting 
telescope, and a receiving telescope that 
collects the backscattered light and directs  
it to a highly-sensitive photon detector. To 
build a 3D distribution map over a site,  
a system is required that points the laser 
beam in a precise and automatic manner in 

A 3D scanning lidar system with laser and telescopes mounted on a heavy-duty sun tracker, for dust 
tracking at a mine in Antofagasta, Chile (Photo: Raymetrics)

Sky radiometer with 2-axis automatic tracker at 
the Rothera station, Antarctica (Photo: BAS) 

a sequence of directions in order to create  
a scan of the entire area.

As the telescopes and laser can be quite 
heavy, and measurements needed within a 
short timeframe, the payload capacity and 
angular velocity of a tracker are key 
parameters for good and reliable operation.

One particular application of modern 3D 
scanning lidars is monitoring atmospheric 
pollution by tracking particles, such as dust 
at mines or volcanic ash. The ability to scan 
an area gives a lidar the capability to 
calculate both the direction and the speed  
of the spread of pollution.

The local climate conditions can have a 
great impact on measurements. Whether direct 
normal irradiance, light distribution or aerosol 
properties, the measurements cannot be 
precise without all parts of the system working 
reliably. Therefore it’s highly important to 
ensure that the tracking and pointing system 
can both carry the required loads and 
operate in the most extreme conditions. z

Dmytro Podolskyy is a business manager at Kipp & 
Zonen in Delft, Netherlands
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by Ron Holle and Melanie Scott

STRIKE ACTION
A global lightning perspective
The latest global lightning coverage addresses many global 
needs and provides new meteorological insights

Lightning technology
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Lightning technology

Figure 1: Lightning stroke density per square kilometer per year from GLD360 for the globe for January 
2012 through December 2014. A total of 2,358,685,762 strokes were plotted during these three years. 
Scale is at lower left. The grid size is 20 x 20km
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U
niform high-quality lightning 
detection enables comparisons 
among all regions of the world that 

have not been possible until recently.
Lightning impacts society nearly 

everywhere around the globe. It continues  
to be a major source of fatalities, injuries, 
damage and delays. However, our view of 
lightning is changing now that we know 
where and when it occurs, removing some  
of the mystery and meaning that it can be 
addressed from a phenomenological point  
of view. 

Opinions vary regarding lightning 
location, but comparisons have not always 
been available for many areas of the world. A 
dramatic change has occurred within the 
past three years, with several billion 
lightning strokes being detected globally 
and recurring patterns in time and space 
have emerged.

Global lightning detection
Detecting lightning around the world in real 
time has been accomplished with two 

partial approaches. One is the deployment 
of satellites that typically cover the 
equatorial regions or part of a hemisphere 
with moderate resolution and detection 
capabilities. The other is the use of 
ground-based sensors that have ranges of  
a few hundred kilometers in national or 
regional networks, or up to 1,500km for 
long-range networks. The result is that no 
unified view has been possible with high 
spatial and time resolution and, most 
importantly, uniform detection. 

These issues have been substantially 
resolved over the past several years by the 
deployment of a network with ranges of over 
6,000km from each sensor. When ranges are 
this great, there is a large overlap of 
detection, so changes in detection 
capabilities are not abrupt, but slowly alter 
over entire continents or oceans. 

Vaisala’s Global Lightning Dataset 
GLD360 network has this unmatched 
capability. Local sensors are not needed to 
cover a country, instead lightning real-time 
monitoring is accomplished remotely with 
no local installation necessary. The critical 
role that these long-range sensors provide is 
detection of most lightning over extremely 
long distances as well as providing very 
good location accuracy.

Figure 2: Lightning strokes from GLD360 for the globe for January 27 through February 2, 2015, along the 
path of tropical cyclone Eunice. The track of the eye is indicated. Area of map is shown in inset
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Global lightning occurrence
A full three-year view of global lightning is 
now available, showing the density of 2.4 
billion strokes (Figure 1, previous page).  
The map shows how most of the world’s 
lightning occurs over land and adjacent 
oceans. Also apparent is that the 
distribution is not uniform. Note how the 
Sahara, as expected, is essentially absent  
of lightning, and well as areas of the South 
Atlantic and Pacific Oceans. 

The equatorial trough is apparent off 
West Africa and Central America, and a 
lightning minimum is just south of the 
equator in the eastern Pacific. Many of these 
features have not been apparent in a 
uniform view in the past.

Lightning detection applications
It is apparent that global lightning data 
helps in situations where uniform data 
sources are advisable. Meteorological 
services can use lightning data over large 
areas with slowly varying performance for 
real-time monitoring, forecasting and 
assimilation into numerical weather 
prediction models, especially in areas where 
no other data is available to monitor 
convection, such as over oceans and 
countries with a lesser-developed 
meteorological infrastructure. 

Maritime routing can identify areas 
where convective activity is found over the 
open ocean. Aircraft can anticipate routes 
with frequent lightning in real time. Defense 
interests can obtain information about 
where the thunderstorm threat is occurring. 
Utility and communication companies can 

use archived and real-time data to know 
where the potential for lightning is the 
greatest, and plan accordingly.

Recreation and outdoor occupations have 
the opportunity to know how to react to the 
lightning threat. Finally, GLD360 data has 
sufficiently high location accuracy and 
flash-detection efficiency that many of these 
applications can be made in areas where no 
local high-resolution lightning detection has 
been installed, and may not be in place for 
many years in the future. Airports in 
developing countries where no radar data 
exists can consider global lightning data for 
warnings without the need to place any 
sensors in the area, due to the long range of 
GLD360 sensors. Additional applications in 
remote areas can be realized.

Meteorological examples
With such high-quality, slowly varying 
coverage, features can now be tracked over 
long distances in all regions. Consider the 
February 2015 track of tropical cyclone 
Eunice in the South Indian Ocean (Figure 2, 
previous page). Here it is seen that lightning 
only occurred sporadically in the ‘eyewall’, 
while most flashes were several hundred 
kilometers away. 

Tropical cyclones have three lightning 
zones: intermittent lightning in the eyewall 
that may indicate rapid changes in structure; 
a broad annulus outward from the eye is 
often lightning-free; and the outer rainbands 
often have intense lightning indicating 
major flooding over land. Occasionally an 
extremely intense cyclone will have most of 
its lightning only in the eyewall, but this is 

not typical. The uniform coverage of 
GLD360 enables systematic studies of all 
storms to be made.

Another example identifies the time and 
space scales of the North American 
Monsoon in the southwest USA and 
northwest Mexico (Figures 3 and 4 above). 
This area has a highly concentrated 
maximum in lightning frequency caused by 
‘forcing’ due to topographic features of 
ocean and mountains. 

No other data set can show the level of 
detail indicated by the lighting maps of the 
month and time of day. Many such studies 
are now available and possible over regions 
where no continuous data set was previously 
available; the opportunities are very broad.

The system
Global lightning detection with high 
detection efficiency and location accuracy 
over all areas of the world is a reality. More 
than 800 million lightning events per year 
are being detected by GLD360 and can 
provide continuous observation of 
phenomena over broad areas with minimal 
variation in network performance. 

And while GLD360 provides this global 
perspective, and a view of large-scale 
meteorological occurrences, it also provides 
local lightning detection and warnings, 
delivering national lightning data to national 
meteorological offices and lightning alerts to 
mines, ports, airports and other critical 
operations, anywhere in the world. z

Ron Holle, meteorologist at Vaisala and Melanie Scott, 
marketing manager at Vaisala

Figure 3: Monthly maps from April through September of lightning 
frequency in the northwest Mexico and southwest USA monsoon

Figure 4: Two-hour maps of lightning frequency over the monsoon area.  
Time is in UTC
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by Christopher Hounsfield

SUPPORT SYSTEM

Can you describe what SAIC does 
with regard to weather prediction?
SAIC has a rich history of supporting 
weather prediction for NOAA NWS, NASA 
and the US Navy Naval Research Laboratory 
(NRL). For more than 22 years, SAIC has 
provided NOAA NWS with highly skilled 
scientists with experience modeling 
atmospheric physical processes and 
FORTRAN optimization techniques. SAIC 
supported maintenance, enhancement and 
preparation for operational implementation 
of complex atmospheric models and the 
large observational data sets required to 
initialize and verify model forecasts. For 
more than 25 years, SAIC has supported 

John Olson is an SAIC systems engineer. He joined the organization in 2001 and worked 
on support services contracts for NASA Langley Research Center, specifically supporting 
the Atmospheric Sciences Data Center. During this period he helped to define, architect, 
design and develop science data processing systems
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prediction models that run in operational 
and research-oriented environments.

You have launched the Weather Edge 
LIVE system, can you describe it?
Weather Edge LIVE connects to the internet 
and overcomes geographic limitations, 
giving access to weather data across the  
USA without investing in expensive and 
cumbersome IT infrastructure. SAIC’s 
solution taps into the same tools – the 
Advance Weather Interactive Prediction 
System (AWIPS) II – used by NOAA 
forecasters, using a cloud-based system  
that integrates meteorological, hydrological, 
satellite and radar data in real time. 

NASA Goddard Space Flight Center’s Global 
Modeling and Assimilation Office (GMAO) 
by providing scientific and technical support 
encompassing all aspects of building, testing 
and delivering atmospheric, ocean, and 
general circulation models and LDASs,  
as well as scientific research support for 
developing and using these systems.

For more than 22 years, SAIC has 
supported NRL in the development and 
enhancement of the Coupled Ocean 
Atmospheric Mesoscale Prediction System 
(COAMPS) including the COAMPS Tropical 
Cyclone. SAIC supports NRL’s Marine 
Meteorology Division (MMD) by developing 
software for regional ocean and weather 
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Weather Edge LIVE is a system that 
enables users with a web browser and a 
three-button mouse to access one of the 
premiere weather analysis and display 
systems. Customers can combine satellite, 
model, observation and radar data products 
by layering them in the work window.  
We also provide access to the NOAAPort 
data streams to facilitate users’ 
understanding of the current and  
future state of the atmosphere. 

You have worked with government 
organizations. Can you explain what 
they were and in what capacity?
For NASA I provided scientific support in 
defining and documenting remotely sensed 
and atmospheric data. I also helped define 
and develop systems to acquire, process, 
store and distribute atmospheric science 
data. For NOAA, I led a team of 10 scientists 
and engineers who provided support to the 
NOAA National Center for Environmental 
Prediction in areas including cloud 
microphysics, ocean surge modeling  
and satellite data assimilation.  

For the USGS, I led the development  
of the Landsat Data Continuity Mission 
(LDCM) Ground System Integration Plan  
by facilitating consensus and coordinating 
between NASA and USGS stakeholders on 
the content and approach for integration  
of the ground-system components.

How does SAIC deal with private 
customers?
Weather Edge LIVE provides a level of 
access to weather data in one system that 
is unparalleled in other systems. This is 
because we are providing software as a 

service to the leading-edge weather 
analysis organizations. 

Does it have any international 
applications? 
At the current time we are restricted to the 
US market. We are developing the capability 
to offer the service to other regions.

What makes it revolutionary?
Traditional weather analysis systems come 
at hefty price. Weather Edge LIVE hosts 
weather information systems in the cloud, 
which saves money by reducing the need for 
hardware, software, IT staff and upgrades. 

The ability to fully exploit the underlying 
analysis capabilities of Weather Edge LIVE 
via a web browser is new among weather 
tools. To have the ability to perform 
manipulations such as cross-sections of 
model products or radar data via the web  
is revolutionary. Weather Edge LIVE allows 
users to generate skew-T diagrams on 
satellite images. The skew-T is generated 
from upper air soundings, climatology or 
model outputs.

Weather Edge LIVE  does provides  
access to cloud-based implementation  
of NOAA’s AWIPS II system without 
infrastructure and maintenance costs  
and real-time data from multiple sources 
that can be set up in minutes.

. 
How is the information disseminated 
and facilitated to customers? 
The user is able to access Weather Edge 
LIVE via a web browser. Within the web 
browser, they are able to create products  
by layering data types, for example model 
products and radar data. These blended 

products are then available via the web 
browser for the user to further disseminate 
or use. 

What problems have you faced and 
how did you overcome them?
We had to port the software from six servers 
to virtual machines in a cloud environment. 
We used SAIC’s experience with cloud 
applications to successfully migrate the 
software to the virtual machines. 

What do you see yourself and SAIC 
doing five years from now?
I see myself continuing to provide subject 
matter and systems engineering expertise  
to SAIC customers. I think SAIC will 
continue to provide superior support to 
customers in the atmospheric sciences 
domain and our support will expand  
within the USA and foreign markets in the 
atmospheric sciences, including weather 
analysis, collection and prediction. 

How do you see the future of weather 
prediction in your field in 5-10 years?
With advances in processing power,  
I believe that more parameterizations  
will be able to be explicitly solved. 
Additionally, increased processing  
power will allow higher resolution  
grids, which will both help replace  
some parameterizations and to better 
characterize smaller scale phenomena.  
The increased processing power will also 
allow the assimilation of higher resolution 
observations both from in situ sources as 
well as remotely sensed sources. These 
advances will enable better forecasts and 
smaller scales. 

Access to real-time 
InfraRed information 
at your fingertips



by John McHenry

DECISION SUPPORT

T
he technology and ability to address 
real-time, nowcast and forecast scale 
problems using a multi-scale, 

multi-model, multi-method decision support 
system (DSS) is crucial to mitigating economic 
and personal safety threats, a core component 
of Baron’s global mission. It is important to 
consider the wide variety of forecast 
technologies that are broadly classified under 
decision support. 

Before discussing the technology itself, it 
is worth noting that none of the company’s 
DSS forecast technology is considered to be 
‘off-the-shelf ’. A customer-oriented 
approach, first determining the customer’s 
needs, requirements and desires is best. 
Baron then builds a solution around the 
customer’s specific context – what it needs 
in order to use and disseminate the critical 
weather intelligence derived from the DSS.

The DSS begins with ingest, ‘Q&A’ and 
integration of the observational datasets 
required for forecast model initialization/
assimilation, or for later (off-line) evaluation, 
calibration and model improvement. 

Once they are available, quality-assured 
observations are provided to the modeling 
components of the DSS in real time. The 
forecast modeling system then integrates 
the data, typically consisting of an 
assimilation cycle and a forecast cycle. For 
example, within the Baron Land Data 
Assimilation System (BLDAS), operational 
radar-derived, gauge-corrected quantitative 
precipitation estimates (QPE), along with 
other forcing variables, are provided and 
updated half-hourly. The BLDAS then 
keeps up with the clock, while also serving 
the initial conditions needed to launch 
forecast model runs. This ensures that the 
forecast model begins with the best 
possible initial condition, crucial for 
hydrological, agricultural, roadway or other 
forecast applications. 

Modeling with innovation and 
integration for decision support
Providing decision support for a wide range of weather-sensitive societal and 
economic sectors is a vital part of critical weather intelligence

Forecast modeling

Figure 1: The Baron Conceptual Forecast Decision-Support System, representative of operationally  
fielded systems
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An end-to-end customized calibration 
subsystem that fully interfaces with its 
hydrological forecast modeling DSS, as well 
as end-to-end system training and manuals, 
can also be provided. 

Forecast models in a DSS environment
Most DSS forecast applications, including 
what might be termed standalone 
application models (SAMs), require some 
form of numerical weather prediction 
(NWP) model or NWP input. 

Baron’s experience with the weather 
research and forecasting (WRF) model 
(Figure 2), its data-assimilation (DA) system 
and its predecessor MM5, enable it to 

The DSS also provides workstations and 
displays that are used by customer staff to 
interpret forecast information and guidance 
resulting from the DSS. A number of options 
are available for dissemination of threats 
and warnings, including its widely used 
‘safety net’ application. Typically the DSS 
archive provides observational, model 
forecast and forecaster product repositories, 
so that operational cases can be fully 
reproduced, studied and evaluated. This 
gives the customer the ability to later 
improve the performance of the DSS as 
measured against objective metrics, 
including categorical, discrete and 
areal-categorical measures. 
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address many of the current NWP needs 
that customers may have. Scientists with the 
company are deeply familiar with the 
physics, dynamics and DA schemes in the 
models, enabling customization and 
parameterization improvements. For 
example, modifications to the Kain-Fritsch 
convective scheme reduce spurious tropical 
cyclone formation predictions, and 
modifications to LSM, PBL and microphysics 
schemes improve land-atmosphere coupling. 

Also employed are code optimization 
strategies that result in improved run 
times over community-released versions of 
the code. This is crucial to getting the 
most value out of hardware that may also 
have to be purchased as part of a DSS 
implementation, resulting in substantial 
customer savings or improved workloads 
compared with community-released  
model versions. 

Downscaled NCEP GFS deterministic 
and ensemble-based forecast solutions are 
also provided, and regional mesoscale 
models can be deployed as ensemble 
systems. This includes implementation of 
NWP models developed in countries or by 
consortiums outside the USA. 

In many Baron DSS applications, the 
implemented NWP model feeds and/or is 
coupled to other application models such as 
air quality, hydrology and various 
land-surface based SAMs. For example, 
Baron has provided operational air quality 
forecast guidance to numerous customers in 
the USA for well over a decade. This requires 
running either a tripartite ‘loosely coupled’ 
modeling system (NWP, emissions and 
chemical-transport model, such as the US 
EPA Community Multiscale Air Quality 
(CMAQ) model), or a more tightly coupled, 
integrated modeling system such as 
WRF-Chem. Furthermore the company’s 
recent development of variational 

forecast AQ-DSSs are the emissions 
estimates, which are dynamic and need 
almost continuous attention to updates. 
Baron scientists developed the Sparse Matrix 
Operator Kernel Emissions (SMOKE) 
processing system for the US EPA to address 
this issue, and Baron uses a real-time 

Figure 2: The Baron WRF real-time 3km simulation of Category 5 Typhoon 
Haiyan (Yolanda), which devastated portions of the Philippines in early 
November, 2013

Figure 3: Example 15km scale PM2.5 forecast based on the CMAQ modeling 
system, including assimilation of real-time wildfire data

Figure 4: US EPA AirNow 24-hour average PM2.5 surface measurements as diamonds against the CMAQ 
24-hour average (06z-06z), showing non-MODIS (left) versus MODIS-assimilated (right) results. 
Improvements due to data assimilation are circled in blue

Figure 5: Road condition flags generated as a component of the Baron Threat Matrix, updated in real time 
and provided to consumers via XM NavWeather

assimilation of NASA satellite (MODIS) 
aerosol optical depth information into the 
CMAQ modeling platform (Figure 4) enables 
that model to realize major improvements in 
particulate matter forecasts depending on 
the quality of the satellite-derived estimates. 
A principal challenge with high-accuracy 
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version of that system to provide emissions 
data to its operational air quality models.

Modeling systems
As indicated above, NWPs are also used (in 
combination with observations) to drive a 
wide variety of surface-based and hydrological 
modeling systems. In the USA the BLDAS runs 
at a 1km spatial resolution across the entire 
continental USA using input QPE at the same 
scale. This represents the largest operational 
implementation of a very high-resolution 
LDAS. In addition to streamflow hydrology, 
assimilation and forecast versions of the 
BLDAS are used as a basis for agricultural, 
roadway condition (Figure 5), fire weather 
(Figure 6) and flash-flood threat SAMs.

For agricultural applications, BLDAS 
provides inputs to corn and soybean 
maturation models, as well as post-maturity 
dry-down models. Running in ensemble 
mode, the crop maturation models enable 
probabilistic interpretation of maturation 
and optimal harvest forecast dates, 
permitting farmers to plan for or hedge 
against either early or late probabilities of 
crop maturation and harvestability. While 

cell) run-off amounts with run-off routing 
through a grid-cell to grid-cell stream 
network that is applicable for up to six hours 
of upstream run-off that would accumulate 
at each target grid cell. 

By running the lag-routed run-off model 
for 30 years and saving half-hourly outputs, 
extreme event statistics are captured for 
each grid cell in the modeling domain, and 
then used as a benchmark against real-time/
forecast accumulated run-off. Recent case 
studies in the southeastern USA showed that 
for two events in the Raleigh-Durham, 
North Carolina, area, REFLEX forecast flash 
flooding well ahead of actual warnings 
(Figures 7 and 8, above). 

Baron completed installation of the 
Hydrological Forecast Modeling System for 
the Romanian Destructive Waters 
Abatement Program, which has been 
operational countrywide for three years. A 
recent case study evaluated the Baron 
explicit streamflow forecast model running 
at 100m resolution for a flash-flooding event 
that occurred in the Calnau River basin on 
July 24 and 25, 2011. Peak discharges at the 
two hydrometric stations in the basin 
corresponded to return periods of 20-100 
years. Spatial and temporal distribution of 
the intense precipitation event was correctly 
indicated by the Hydro FutureScan radar 
extrapolation subsystem, while the explicit 
streamflow model forecast the observed 
hydrograph quite well (Figure 9). z 

John McHenry is chief scientist at Baron, based in the USA

CRITICAL 
WEATHER 
INTELLIGENCE
Baron forecast model-based 
decision support systems are 
making a major contribution to 
providing the critical weather 
intelligence needed across a broad 
spectrum of decisions that are 
weather sensitive. Future articles 
will detail the various classes of 
DSS that are available and the 
advantages they bring to current 
and potential customers. 

Figure 6: A recent example of the 3km scale Fire 
Weather Threat Index forecast resulting from 
implementation of the Baron Fire Weather 
Information and Forecasting System

Figure 7: Baron REFLEX Nowcast issued at 
5:00pm EDT (21:00 UTC) 7/15/2014 valid 22:00 
UTC (6:00pm) forecasting high probability of 
flash flooding in central North Carolina, USA, by 
6:00pm, 45 minutes before flash flood warnings 
were issued for the area

Figure 8: REFLEX Nowcast issued at 6:30pm 
EDT (22:30 UTC) 7/24/2014 valid 23:30 UTC 
(7:30pm) forecasting high probability of flash 
flooding in Wake County, North Carolina, USA, 
by 7:30pm, a full 1 hour 19 minutes before 
flash-flood warnings were issued for the area

Figure 9: 100m operational explicit streamflow 
forecast hydrograph compared with the 
observed hydrograph at the Costomiru 
hydrographic station in the Calnau River basin, 
Romania, for the flash-flooding event of July 
24-25, 2011

corn and soybeans are the primary targeted 
crops in the USA, the Baron database 
applied within BLDAS permits soil moisture 
and temperature conditions to be estimated 
for more than 90 crops at their growing 
locations, including annuals and perennials. 

The Baron pavement modeling system 
also uses input from BLDAS and other 
observational data and models to provide 
pavement temperature, water content 
(frozen or not) and driving condition 
estimates in real time. This system has been 
available through the XM NavWeather 
service in many OEM car models in the USA 
for several years. NavWeather provides 
actionable, hands-off information direct to 
the driver for better anticipation of poor 
driving conditions ahead.

Providing high-resolution, real-time 
flash-flood threat guidance is a challenge, 
particularly when geographic coverage needs 
to be complete and products must be rapidly 
updated. Baron has now deployed a flash 
flood guidance system called the Rapid Early 
Flash-flood EXamination (REFLEX) SAM. 
REFLEX combines local-direct (within grid 
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by Stefano Cirilli and Franco Stravisi 

OLD AGAINST NEW

A
n experiment has been conducted  
to compare readings from a 
conventional thermometer in a 

wooden shelter with those taken from  
a modern set of PVC and aluminum  
screens, to test the continuity of climatic  
air temperature and the performance of 
current sensors.

In 1992 a new generation of commercial 
instruments was introduced at the 
University of Trieste in Italy, gradually 
replacing the conventional and mechanical 
equipment in use, which had been almost 
unchanged for more than a century. 

Air temperature and humidity are 
probably the most critical parameters that 
need to be measured, since they both 
depend on solar screens and sensors. 

The University of Trieste has been 
primarily focusing on air temperature only, 
with two objectives in mind: to ensure 
continuity of the time series by using new 
instruments in such a way that they could 
render temperature data equivalent to those 
obtained in the past, and also to test 
different present day passive solar screens  
to determine the most successful one. 

The meteorological station, Trieste 
Instruments are sited on the roof of the 
Nautical Institute, close to the sea (45° 38' 
50.66" N, 13° 45' 52.42" E). Air temperature 
records at Trieste began at the end of the 18th 
century with just three measurements a day. 
Since 1884 hourly data has been obtained 

Using comparisons to find 
a standard solar screen
An experiment that compares air temperature measured inside  
a conventional large wooden shelter against modern materials

Temperature experiment 
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with mechanical thermographs corrected by 
means of daily readings from minimum and 
maximum thermometers. The large wooden 
shelter (LWS) used for the studies is based 
on a standard local design and was made  
in 1978. It has louvered walls, which are 
doubled along three sides. 

In 1992 a Micros datalogger with related 
meteorological sensors was put in place. 
Considering the time response of the 
different types of instruments and the speed 
and memory capability of the logger, it was 
decided that data would be sampled every 
30 seconds and that the corresponding 
averages would be computed and stored 
every 10 minutes. 

Conventional shelter and small screen
The 1992 temperature sensor was a class B 
Pt100 connected to the datalogger by means 
of a four-wire cable mounted inside a PVC 
passive screen consisting of five 21cm 
diameter cones and a flat 24cm top cover. A 
second Pt100 was installed inside the LWS 
close to the reference thermometers. Both 
Pt100s have now been calibrated in situ, 
with another final cable that was immersed 
in water at two temperatures. The resulting 
small linear corrections were introduced in 
the acquisition program of the datalogger.

Daily readings from the minimum and 
maximum thermometers inside the LWS 
were continued for a few years. A 
comparison with the daily Pt100 (10 
minutes averaged) extremes showed that 

The large wooden shelter (top) and 
conventional instruments (above)

Comparison 
between 
Pt100 air 
temperature 
measured in 
the LWS and 
SR
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Test site at the meteorological station at Trieste

their equivalence was quite acceptable, 
within a 0.3°C standard deviation.

In modern stations, LWSs with minimum 
and maximum thermometers are no longer 
used. Instead compact electronic 
temperature sensors are more often used and 
placed inside small screens made of various 
shapes and materials. These electronic 
sensors can be of various types. They are 
basically calibrated resistances that change 
their value with temperature. Among the 
most used are the Pt100 series, resistors that 
have a value of approximately 100 ohms  
at 0°C with different levels of accuracy as  
a function of the tolerance class to which 
they belong.

Case study
During the 15 years of tests described in this 
study, the University of Trieste wanted to 
check both the accuracy of the electronic 
sensor (which in the case of the PVC screen 
was a Pt100 Class B, accuracy ±0.3°C), and 
in particular, the behavior of its screen, by 

comparing it with the LWS. The result was 
that the PVC screen, if well maintained, and 
the LWS had the same behavior in all 
climatic conditions.

For this reason, the PVC screen was 
taken as a reference, and in this study it is 
called SR (screen reference).

Wishing to continue the studies, the 
university decided to check other screens, 
especially those in aluminum, whose main 
characteristic compared with those in PVC 
is to stay white and not turn light brown or 
yellow, and also to test their behavior over 
time, comparing them with SR.

To do that, a high accuracy and 
performance electronic temperature sensor 
was chosen. This was a PT100 class 1/3DIN, 
accuracy ±0.1°C, which is three times more 
accurate than the sensor initially mounted 
into the reference PVC screen (PT100 Class 
B, accuracy ±0.3°C) .

All the screens, including SR, were then 
provided with the same temperature sensor, 
PT100 class 1/3DIN, and connected to the 

The new high-performance NESA TMF500 
datalogger
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same high-performance datalogger – the 
NESA TMF500.

The different passive screens
After 20 years it was time to update the 
electronic equipment in use at the Trieste 
meteorological station. The use of current 
generation dataloggers was welcome: they 
are faster, have more local memory, and 
enabled the team to replace the old modem 
with an internet connection. 

As far as the Institute is concerned, 
problems can arise with new types of 
commercial screens. Therefore, without 
dismissing the well-proved SR, it was 
decided to test something new. This could 
be done thank to the NESA system, which 
provided several screen models, all of which 
were made of aluminum, with white 
powder-coated 16cm diameter conical 
lamellas and an anodized aluminum stem. 
These characteristics should assure better 
reflectivity, resistance and durability than 
PVC screens.

Tests were performed in natural 
operational conditions, assembling all the 
screens close to each other and to SR, over  
a deep shady courtyard to avoid warm air 
uplift from the roof. Data was recorded for 
some months for each model; the same 
Pt100 type, 1/3 DIN, adopted by NESA,  
was used in all screens. 

The following screens have been 
considered:
SR (reference), 5 PVC cones, 21cm 
diameter, 24cm diameter top, Teflon stem;
S1 Four aluminum cones, 16cm 
diameter, top cone, anodized aluminum 
stem;
S1' as S1, with five cones, bottom 
open;
S2 four aluminum cones, flat 16cm 
diameter PVC top;
S3 as S2, with seven cones;

S4 six aluminum 16cm cones,  
24cm PVC top, Teflon ring between stem 
and sensor.

In general, all Sn screens yield 
temperatures higher than SR; overheating  
is reduced from S1 to S4. Only these two 
screens will be considered, since the 
behavior of S1', S2 and S3 lies between S1 
and S4. 

Overheating will be studied as a function 
of mean wind velocity and solar irradiance; 
all data are 10 minute averages. S4 strongly 
improves the air flow around the 
temperature sensor, reducing the still air 
overheating, and improves sun protection as 
well. The use of a white Pt100 cap and the 

insertion of a Teflon ring for thermal 
insulation in the support stem also helps.

The PVC screen
The result of this test is that, for aluminum 
screens of this kind, the mean overheating 
can be reduced from 0.39 ±0.59°C (S1) to 
0.15 ±0.24°C (S4); these figures are in line 
with those found by de Haij et al (2013) for 
other screens. One should probably deduce 
that larger PVC screens are better than 
smaller aluminum ones, a convenient 
diameter being about 20cm, but to attribute 
better quality to material or size we should 
produce, for a future test, identical screens.

Dimensions could also affect sensor 
protection from heavy rainfall. An example 
was an event on July 16, 2014, when there 
was a maximum precipitation rate of about 
1mm/min and wind gusts up to 15m/s. The 
smaller screen S4 had a temperature drop 
almost 4°C higher than SR (shown above), 
suggesting the psychrometric effect of a wet 
sensor. The study shows that among the 
different screens in aluminum, the S4 shows 
similar behavior to SR and LWS (SR = LWS), 
and the differences are similar to the 
accuracy of electronic sensors Pt100 used. 
Note that the other Sn behave the same as 
S4, and that all screens use the same Pt100 
type and therefore behave identically with 
regard to accuracy and response time. 

A passive solar screen working in all 
kinds of weather conditions around  
the world is probably out of reach.  
However it should be strongly recommended 
to define, by means of international studies 
and agreements, a good standard  
model to be used in all scientific 
meteorological stations. z

Stefano Cirilli and Franco Stravisi are from the 
University of Trieste, Department of Mathematics  
and Geosciences

Reference and test screens S1 (left) and S4 (right): temperature difference from SR as a function of 
mean wind velocity (top) and solar irradiance (bottom)

Rain sensitivity of screens SR and S4 (July 16, 
2014 event) 

Mean daily cycle of the air temperature 
difference (overheating) between S1, S4 and SR
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by Massimo Autiero and Isabella Riva

WARNING SIGNS 

A
t ENAV, the main Italian provider 
for air navigation services, one of 
the major challenges for the 

meteorology department is to provide 
support to area control center (ACC) and 
airport control tower (TWR) supervisors in 
their decisions. Starting in the mid-2000s, 
the company established a set of CDM 
operational procedures to give warnings 
about critical weather phenomena. 

A joint concept
Developed using the company’s experience 
in MET/ATM (air traffic management) 
cooperation and integration, the Weather 
Light software tool aims to warn air traffic 
control (ATC) managers and TWRs of severe 
weather alerts. Weather Light is designed to 
assess severe weather forecasts using a 
probability index, assigned by 
meteorologists following their analysis, 
meaning that the ACC forecasts are 
specifically related to the routine airport 
forecasts or warnings. 

The images show an operational use of 
Weather Light in northern Italian airspace. 
The airspace is divided into sectors, each 
identified in a way that they are both related 
to air traffic procedures and climatologically 
consistent, thus enabling forecasters to 
identify different weather hazards. Inside 
each sector, various ATC points of interest 
(aerodromes, reporting points, etc) are 
highlighted. Using this information, 
Weather Light is then populated by 
warnings specifically tailored to ATM needs, 
depicting areas or points affected by severe 
weather using a ‘traffic light’ code (red, 
yellow and green) based on the probability 
of occurrence. Depending on user choices, 
updates are given every 5, 10 or 15 minutes, 
regardless of the occurrence of a new 
warning. By passing a mouse over an area, 
details of each warning can be shown. 

System architecture
Weather Light is composed of two different 
modules: a database and a web-based 

Clever software for monitoring 
critical weather phenomena
Air traffic control centers rely on accurate severe 
weather alert systems to ensure safety in the skies

Air navigation services
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to a warning is highlighted in green, yellow 
or red, depending on the probability of the 
event: green for 40% probability of 
occurrence (low-level alert); yellow for 60% 
(medium-level alert, get ready); and red for 
80% (high-level alert, do something). A box 
with information about the issued warning 
will appear by simply passing the mouse 
over the colored area. An area that is going 
to be affected by a future warning (i.e. a 
warning already issued, but not yet 
happening) is indicated by small boxes with 
time information and icons. If a forecaster 
wants to stress the effects of a weather 
hazard in a specific location to draw 
immediate attention to it, Weather Light can 
make that location become red and flashing. 
If a warning will only interest one major 
airport, a box specific to that warning will 
show all the necessary forecast details.

In summary
Weather Light is a tool designed for ATM, 
put together by meteorologists in 
cooperation with air traffic experts. Weather 
warnings dedicated to ATM cover only 
phenomena that affect air traffic operations. 
Human control of the process ensures this 
pre-condition and aids continuous 
cooperation between those involved 
(operational room supervisor and 
meteorologist), resulting in a truly 
cooperative decision-making process  
for air traffic restrictions. z

Massimo Autiero and Isabella Riva are from the ENAV 
SpA Meteorology Department Consortium  

application. Warnings 
issued by 
meteorologists are 
stored inside the 
database and then 
displayed in ATC 
operational rooms 
through the web-based 
application. In the map 
sectors, the various 
ACCs are identified: 
‘M’ for Milan; ‘P’ for Padua. ACCs can view 
the entire FIR (flight information region) 
map or just a part of it by using a simple 
toggle button. A different set of records is 
stored in the database, depending on the 
ACC and on the weather hazard being 
forecast. When a forecaster fills in a sheet  
for a specific weather alert, Weather Light 
transforms this information into a graphical 
output for ATC operational rooms. Sheets 
are then stored in a database and in a  
shared folder (in PDF and XML formats)  
for further readings, quality control or 
validation processes. 

Weather hazards
Severe weather warnings plotted on the map 
include forecasts of major aviation hazards 
for the area of interest, such as convective 
weather, low visibility, strong winds and 
winter weather (snow or frost). From a 
meteorological perspective, northern Italy is 
an unusually small area to fly in, with many 
aerodromes close by, all surrounded by some 
of the highest mountains in Europe. 
Summers are characterized by convective 
weather, mainly of thermal origin, and 
winters by fog. Snow, although not frequent, 
can affect many airports at the same time, 
bringing traffic regulations into force. Strong 
winds are related to particular synoptic 
situations and lead to Bora or Foehn winds, 
typically gusting and possibly resulting in 
windshear events. 

Each phenomenon is depicted differently 
on the Weather Light map, using 
user-friendly icons. The area that is subject 

Example of 
the software 
visualization



by Klaus Hirzel

SENSORS AND 
SENSIBILITY

O                ver the past 100 years, environmental 
sensors have mainly been used to 
forecast the weather. Over the past 

10 years, these sensing technologies have 
spread tremendously and now help to 
optimize many industrial processes; 
important examples of these include 
renewable energy (sun and wind), building 
automation, high-speed train management 
and driverless cars. All of them – and this  
is crucial – require environmental sensors 
with features that are very different from 
those of traditional weather sensors. 

Precision was the main requirement of 
weather observation networks in the past, 
but what about survivability and long-term 
stability as well as maintenance-free 
operation? These are more industrial ways  
of thinking, and recently helped to provide 
sensors for public infrastructure projects.

What does it mean for users as well as 
manufacturers when sensor technologies are 
used for very different applications in very 
different industrial settings? How can you 
make sure that the sensor actually does 
what it is promised to do?

First of all, users need sensor data they 
can rely on, but they cannot be sure of 
getting it. This is due to the fact that 
manufacturers usually promise a certain 
quality of sensor data but do not guarantee 
it. All the detailed technical information 
about precision, resolution, survival 
temperature, measuring ranges and many 
other features that are typically described 
may be interesting, but in the end they are 
not binding. Neither does ISO9001 
guarantee anything; it only makes sure that 
the company adheres to certain quality 
standards that have nothing to do with the 
precision of a sensor. 

So to be sure they get what they need, 
users should check that the manufacturer 
can supply reports of tests by third parties 

The need for smart environmental 
sensing technology
With the rapid increase in technology, environmental sensors are 
required to perform for a multitude of systems and must also comply 
with the Internet of Things

Environmental sensors
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that are traceable back to international 
standards. NIST, SCS or DaKKS-accredited 
laboratories provide independent precision 
reports on important measurements such as 
air pressure, relative humidity, temperature, 
and wind speed and direction. In addition, 
qualified manufacturers of sensors provide 
their own factory calibration certificates 
with every sensor they deliver. A 
comprehensive calibration procedure needs 
to be undertaken, typically for every sensor, 
which can be provided as a calibration paper 
(performance certificate) to the customer or 
user of the sensor.

Making sure that the sensor actually 
does what it says
After installation of the system, an on-site 
verification is recommended. Very often 
there is a big gap – both in time and in space 
– between the point of delivery and the site 

CHM 15k: Cloud height measurement in 
Schoengleina, Germany

Big photovoltaic plant with smart weather 
sensor WS501-UMB in Imperial Valley, California

Snow depth sensor SHM 30 installation of 
Helmholtz-Center for Polar and Ocean Research, 
Bremerhaven

Ultrasonic anemometer Ventus on a wind turbine in Scotland

Wind sensors on wind offshore turbines, for 
example, have to survive extreme vibrations 
and corrosive air that is full of salt.

Manufacturers need to carry out highly 
accelerated life tests (HALT), ice-free tests 
and mean time between failure (MTBF) tests 
with their sensors. These tests demonstrate 
whether a sensor is expected to fulfill the 
extreme requirements in most of the 
applications that have to do with ‘machines’ 
(high-speed train operation, photovoltaic 
systems, snow-making machines and many 
more). Interestingly not many users, even at 
safety-related installations such as airports, 
ask their suppliers to provide these test 
reports. These important test reports show 
the expected life of the sensor.

A lot of sensing technologies have 
changed recently. Cups and vanes in wind 
measurement are now often replaced by 
static ultrasonic sensors that avoid 
mechanical moving parts. Open transducer 
technology for wind sensors was frequently 
destroyed by birds. So even the latest 
technology has had to undergo redesign  
and construction for ultrasonic wind  
sensors with a cap to protect the highly 
sensitive transducer elements. 

LED light is another area of development 
for state-of-the-art sensors. Environmental 
sensor manufacturers today need to engineer 
products with a variety of key technologies 
such as capacitive, ultrasonic, radar and 
optical sensors. Needless to say, mobile and 
stationary sensors require completely different 
technical designs to fulfill requirements even  
if they use the same sensing technology. 

of the installation. Incorrect installations  
as well as the effect of aggressive chemical 
substances during transportation can harm 
a sensor. On-site verification can, and must, 
be simpler than factory calibration, but 
requires traceable equipment for 
comparison between the installed sensor 
and the traceable reference sensors. 

A single-point comparison is not 
enough; it is much better to do a two-point 
calibration or to observe the sensor over  
a period of at least one hour with the 
traceable references. A curve over one hour 
shows whether the sensor is within the 
specifications constantly – and not merely 
at a single point in time.

Getting good data over a long period
Environmental sensors may be used for 
over 10 years. This is a challenge as often 
environmental conditions are extreme. 
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Verifying good data
Provided the best sensor was bought  
for a particular application, even nearly 
maintenance-free sensors need regular 
inspection. Until now, environmental 
sensors had to be laboratory tested after a 
defined period of use. Where this happens, 
it is estimated that at least 10% of sensors 
may need to be replaced. Now, there are 
mobile sensors available to do regular 
on-site verification measurements. These 
verification checks go into a database to 
document that the installed sensors have 
been checked. 

All environmental networks today are 
available in real time online. Between the 
data transmission and the user interface, 
more intelligent quality-check software is 
needed to do comparisons of sensors, check 
correlations and compare data from sites 
nearby. To operate real-time networks 
successfully, it is essential to proactively 
manage the sensors and to replace a sensor 

platforms for different customer groups.  
A smart home weather sensor is certainly 
different from a high-end meteorological 
weather sensor. 

How to be compliant with the IoT
It is clear that a smart sensor will have 
different parallel technical interfaces such  
as RS485, Bluetooth and CANbus. And a 
smart sensor will provide a lot of selectable 
protocols to communicate with it. However, 
the Internet of Things (IoT) requires more 
than this. An IP-addressable smart 
environmental sensor communicates 
directly with a controller to optimize 
operations without a human being in 
between controlling and checking the process. 

High-speed trains are automatically 
controlled by environmental sensors as  
far as weather-related speed is concerned.  
A salt-spreading truck will use a built-in 
controller to automatically adjust the 
chemical concentration based on input  

Smart weather sensor WS400-UMB beside high-speed train rail in China

Mobile weather sensor MARWIS on runway at 
Bergamo Aiport, Italy

WHAT IS NEEDED
The environmental sensors we see today do not fulfill what the future needs. 
Continuous improvements in precision and survivability are needed. Long-term 
sensing stability and excellent technical design is the basis for making applications 
with these sensors successful. IP technology will enable the sensors to be 
remotely accessed, checked, firmware upgraded and safely operated. 

New technologies will be widely used to replace the existing ways of measuring 
environmental conditions. The perfect sensor does not exist – and perhaps never 
will. Families of environmental sensors will come to the market and let the 
customers decide what works best for them. If applications and customers do not 
carefully select the right technology based on detailed technical specifications 
(precision, survivability, MTBF, HALT reports, long-term stability), there is a high 
risk that the wrong sensor will be selected. 

before it fails. There are means available to 
do this, but 99% of applications today do 
not use them. As a consequence, data is lost 
and expensive repairs have to be carried 
out because broken sensors need to be put 
back into full operation quickly.

Choosing the best sensor for  
each application
A lot of sensors in environmental 
applications go to very cold locations where 
ice-free operation is key. Efficient heaters 
are built in to make sure that the user gets 
reliable data under all circumstances. To 
fulfill these requirements, one sensor is no 
longer sufficient. Environmental sensors 
need a platform design consisting of 
various modules that can be combined. 

Finally, there must be a family of 
sensors with different precision and 
survivability characteristics to optimize  
the selection process. And sensor 
manufacturers need to have different 

from a mobile road weather sensor. A  
smart home needs an extremely reliable, 
long-term stable weather sensor on the  
roof to minimize the energy bill. 
Smart-home users tell us that they want 
‘install and forget’; the sensor has to work 
for 30 years without any problems. 

By 2020 we will have driverless cars  
on our roads, and every one will need 
various built-in weather sensors. The  
most important could be a friction sensor 
used to determine the optimum speed. 
Needless to say these sensors must be 
perfectly reliable.

In the future environmental sensors  
will come packed with built-in software 
(firmware). Easy remote access, 
configuration of the sensor, automatic 
software upgrades and a display on the 
smartphone will make every installation 
highly customizable. z

Klaus Hirzel is the managing director of Lufft GmbH, 
based in Germany
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LR111-D300 for Meteorological Applications

Volcanic Ash Detection
Humidity Profiling
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KEY FEATURES
• High energy laser ~50 mJ per pulse at 355 nm
• Large 300 mm telescope
• Remotely controllable - 3 to 4 months unattended
• Double-walled enclosure with full climate control
• Hatch & rain sensor to protect windows
• UPS with automatic restart after power outage
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• Certified ISO 9001 standard
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by Paul Rogers

S
onic anemometers have been used  
to measure 3D wind vectors, 
temperature, and surface sensible 

heat and momentum fluxes since the early 
1960s. They have played a pivotal role in 
studying the surface energy balance, which 
describes how the radiative energy at the 
Earth’s surface is partitioned between latent 
heat flux and sensible heat flux.

Improvements in sonic temperature 
enable better closure in energy budget 
measurements, resulting in potentially less 
infrastructure and cost.

Currently Gill anemometers are excellent 
wind and temperature flux monitors. As a 
designer and manufacturer of professional 
3D anemometers, Gill Instruments 
understands that to maintain the high levels 
of performance required by its customers, 
continuous improvements are required as 
new materials and manufacturing 
techniques become available.

Advances in manufacturing and 
materials have provided improvements in 
the performance of ambient temperature 
measurements. Developments in this area 
reduce the need and costs associated with 
additional temperature sensors to correct 
sonic temperature errors and improve 
sensible heat flux calculations made with 
Gill anemometers.

Therefore the Gill family of three-axis 
anemometers has undergone a number of 
improvements to enhance sonic temperature 
outputs, while maintaining the continuity of 
the transducer design.

Development objectives
Gill embarked on a program with three 
objectives to improve the sonic temperature 
performance: reduce or remove sonic 
temperature delay (timing) errors by 
introducing improved materials and 
manufacturing techniques to make  

SUPER SONICS
Sonic temperature is used 
for fast response covariance 
results, as well as ambient 
temperature inputs
A new range of three-axis anemometers offers improved 
sonic temperature performance

Anemometers

Gill three-axis anemometers have undergone a number of improvements to enhance sonic temperature 
outputs, while maintaining the continuity of the transducer design
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better repeatability during manufacture,  
in addition to long-term exposure in  
extreme environments.

These developments, to provide 
improved sensible heat fluxes and higher 
performance in all conditions, were achieved 
by reducing error in sonic temperature, due 
to the delay between telling the electronics 
to send a pulse and the time the pulse is 
actually transmitted. Experiments with 
different techniques (including CFD 
analysis) were done to find an optimal 
concept to reduce these delays. By using a 
different bonding technique between the 
existing transducer crystal and the 

the timing more efficient; reduce potential 
long-term flux errors caused by path  
length changes in extremely high humidity 
environments, by continuing to  
innovate with the latest hydrophobic 
materials available; and further  
improve the repeatability between Gill 
anemometers with improved automated 
manufacturing processes.

Methods and implementation
Improvements to sonic temperature 
measurements are largely achieved by 
improving on any additional timing  
errors in signal analysis and/or achieving 



Instruments environmental chambers 
(temperature and humidity controlled) as 
well as geographically separated outdoor 
environments in the UK, the USA and Italy. 
These took place over a period of 24 months 
in all weather environments.

Test results
To ensure impartial results, the tests 
undertaken in the USA and Italy were done 
by third-party academic institutes.

The results confirm that the delay  
timing has been substantially reduced with 
the enhancements, which has resulted in 
much improved ambient temperature 
measurement performance.

This means that even generically 
calibrated three-axis anemometers can be 
used in more applications to provide 
sensible heat fluxes and other longer-term 
ambient temperature values without 
correction factors being necessary. (For the 
best results, Gill always recommends 
correcting these values for humidity.)

As importantly, the results have also 
confirmed that these refinements have not 
had a negative impact on the already 
excellent wind and temperature fluxes.

An additional benefit that has come from 
this work is that a non-linear error in 

Anemometers

Gill’s three-axis anemometers can be used in 
almost every environment worldwide

Improvements to sonic temperature measurements 
are largely achieved by improving on any additional 
timing errors in signal analysis and/or achieving 
better repeatability during manufacture
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surrounding ‘rubber’ material, these delays 
were reduced substantially and consistently. 
The new design and process ensures  
that a more rounded transducer fits into  
the housing with less pinching and therefore 
resonates more freely and quickly.  
This amendment to the assembly of  
the transducer has generated the  
majority of the improvement to the sonic 
temperature performance.

Gill’s three-axis anemometers can be 
used in almost every environment 
worldwide. Among these environments can 
be those that are totally saturated, such as 
moist rain forest regions. It was found that a 
small contributor to errors is if the material 
from which the transducer arms are made is 
hygroscopic. Over longer time periods – five 
years or more – a change in path length can 
occur in a moisture-absorbing material, 
resulting in performance error. By working 
closely with plastics manufacturers on the 
latest compounds to be developed that are 
resistant to moisture absorption, Gill has 
been able to identify the best material 
currently available. Combined with detail 
changes to the transducer arm that make 
manufacture easier, Gill has been able to 
reduce to an absolute minimum any effects 
of moisture absorption.

Automation of manufacturing processes 
can lead to improvements in assembly 
accuracy and repeatability, along with 
efficiencies in the manufacturing process. By 
investing in automation, Gill has been able 
to leverage improvements in accuracy and 
repeatability during the mounting of the 
transducer arms to the upper and lower 
transducer alignment bosses. This 
enhancement provides small but measurable 
improvements in repeatability between 
anemometers and path length movement 
over time. The trend to more extreme 
environments requires long-term stability of 
the measurement.

The three changes have all been tested 
with control and competitive units for 
comparison. Tests were done in the Gill 

temperature has been shifted. The results 
demonstrate that fluxes measured between 
-5°C and +5°C are now not only linear,  
but can be individually calibrated to have 
0°C error over a much wider range  
of temperatures.

Outcomes and benefits
Previously with generically calibrated 
three-axis units, sonic temperature error 
would trend well compared with reference 
ambient temperatures, although the offset 
could be as large as 4°C. With these new 
improvements, the sonic temperature error 
is limited to 1.5°C in the worst-case. While 
Gill provides individually calibrated units 
with a much better performance than this, 
in most situations the error would be 
considerably less. 

Richard McKay, product manager and 
meteorologist at Gill, reports, “The gains we 
have made using CFD and assembly process 
improvements are small yet important in the 
performance of sonic temperature 
throughout the three-axis range. A key 
advantage is that these improvements 
maintain the continuity of design and  
we now have high performance in  
all conditions.”

By enhancing the performance with 
better fluxes, the Gill three-axis anemometer 
range now leads the market in performance, 
quality and service. This provides the 
customers with the reassurance that they  
are obtaining the most accurate results, 
suitable for meeting the needs of 
professional and scientific users, while 
maintaining the continuity of design that 
ensures compatibility with historical data.

The work to maintain this position 
continues, with ongoing work into alternative 
material choices, plus carrying out further 
investigations to provide reassurance that no 
detrimental effects have been introduced over 
longer timeframes in extreme events. z 

Paul Rogers is head of sales at Gill in Lymington, 
Hampshire, UK



by Chris Little, Johannes Echterhoff and Lance McKee

AIR EXCHANGE 

I
n the August 2014 issue of 
Meteorological Technology 
International, the Open Geospatial 

Consortium (OGC) described the Weather 
Information Exchange Model (WXXM). It is 
important to clarify and advise organizations 
involved in other meteorology areas as to the 
efforts regarding this model. The advice given 
has been based on the experience of the 
WXXM developers and includes: developing 
an abstract model before developing an 
implementable standard, and coordinating 
with other weather standards groups to  
take advantage of what they have learned  
and developed.

In the previous article, ‘Open-minded: 
Standards organizations team up for the 
meteorological industry’, the focus was on 
how various standards organizations are 
working together to make all types of weather 
information available to a growing number of 
cross-domain and non-traditional users. The 
WXXM standard was featured. It is, however, 
important to clarify information about 
WXXM ownership, positioning and technical 
evolution. 

WXXM (now WXXM version 2.0) is an 
aviation-specific information exchange model 
developed regionally by  Eurocontrol, the US 
Federal Aviation Administration (FAA), and 
coordinated with other organizations. 
WXXM is supported on the European side  
by an activity in the Single European Sky  
Air Traffic Management Research program. 
WXXM development is harmonized with the 
World Meteorological Organization (WMO) 
and the International Civil Aviation 
Organization (ICAO), but WXXM is not a 

The Weather Information Exchange 
Model is a vital tool for international 
civil aviation
But if it is for aviation, then why are other industries so interested?

Open Geospatial Consortium
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WMO or ICAO owned model and was  
never intended to cover the full scope of 
meteorological information exchange. 

Version 1
WXXM (version 1) is a conceptual model  
and encoding standard for the exchange of 
operational meteorological information for 
international civil aviation defined by ICAO 
in coordination with WMO, and provides for 
the communication of strictly defined ICAO 
messages related to aeronautical weather 
information (i.e. METAR, SPECI, TAF and 
SIGMET) as defined in ICAO Annex 3.

Figure 1: Meteorological information systems standards layers described in this article. (Copyright 
2008-2009 University Corporation for Atmospheric Research)

The article in August correctly stated  
that the WXXM has gained considerable 
attention in domains outside of aviation.  
It is important to explain why it is so difficult 
to develop a universal open standard for 
encoding weather information and why the 
standards development approach taken by 
Eurocontrol and the FAA is being emulated 
by various domains that need to share 
weather information.

 
Coordination is key
Weather does not respect boundaries. 
Therefore cross-community and 
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Figure 3: Most weather data is useful in more 
than one meteorological data market, and some 
weather data is useful in all meteorological 
data markets
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Figure 2: There are many situations, such as disaster management, in which organizations with different 
weather systems need to be able to share weather data 
(Photo: Public Safety Business Agency, Brisbane, Australia)

cross-jurisdiction communication  
about weather is important. Digital 
communication also largely ignores 
boundaries, but it is constrained by 
stovepipes. In the digital world, ‘stovepipe’ 
refers to information technology organized 
specifically for a department, enterprise, 
information community, domain,  
or the commercial interests of particular 
technology or data providers. Historical 
stovepipes in the meteorological  
technology world have begun  
yielding to widespread demand for 
cross-community communication.

Weather characteristics and observations 
sampled at any point on or above Earth can 
potentially be communicated to any digital 
system. Communication in general means 
transmitting or exchanging through a 
common system of symbols, signs or 
behavior. Agreeing on a common system  
is the goal of standardization. 

Each weather-dependent domain – 
aviation, agriculture, surface shipping and 
transportation, energy trading, electric 
power utilities, municipal operations, 
disaster management, etc – has standards 

that structure weather data 
information to satisfy specific 
domain needs. Often within  
a domain there are different 
standards for different 
regions of the world. In 
some cases, the standards 
are proprietary 
technology. These 
standards enable 
communication within 
specific communities,  
but they also define and 
constrain the applications that 
can use the specially encoded data.

To achieve maximum economic and 
societal value, weather data needs to be 
shared. If you are a weather data user, you 
would like to have many providers of  
usable data, applications and software 
components. You would like this flexibility 
because you want to aggregate, compare  
and combine data from different sources. 
You would like lower prices, better quality, 
and more variety, all of which are results  
of competition. Open standards, such as 
TCP/IP and HTTP, have enabled 

extraordinary market growth in the IT 
industry and industries served by the IT 
industry. Related growth in mobile devices, 
location technologies and the internet  
has enabled market growth in the 
meteorological technology industry. 
However, significant growth in the industry 
has yet to be realized because open 
standards that enable web-based 
meteorological information sharing  
are not developed enough and are not  
in widespread use.

The WMO is doing fundamental work 
on open standards. Geospatial issues are 
addressed in a joint WMO/OGC 
Meteorology and Oceanography Domain 
Working Group, hosted by the OGC and 
co-chaired by a representative from the 
WMO’s Commission for Basic Systems. The 
OGC is a source of geospatial technology 
standards as well as expertise in how to 
develop standards that take full advantage 
of the internet. The WMO is thus providing 
a robust foundation for web-based 
communication of meteorological 
information. However, the WMO cannot 
directly address the special needs of 
weather-dependent domains. 
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Most weather-dependent domains, such 
as those listed above, are not yet able to take 
full advantage of the internet because they 
don’t have an adequate standards platform. 
Aviation is the notable exception and it 
shows the path that other domains will 
necessarily follow. 

The aviation challenges
Aviation industry information system 
planners in the FAA, Eurocontrol and the 
ICAO have been faced with an extremely 
challenging set of requirements for 
communicating weather information,  
which looks at supporting current and 
future system requirements for weather 
information exchange and information 
management in aviation.

It is also important to find a single 
representation of meteorological data to 
support a growing set of ICAO and  
other aviation user requirements for 
meteorological information and to continue 
support for ICAO formats for aviation 
weather reports (METAR) for the 
transmission of observational weather data, 
including data elements such as station 
identification, date and time, wind; Special 
Weather Reports (SPECI) documenting 
rapidly changing conditions; and Significant 

information, including the OGC and ISO 
Observations & Measurements (O&M) 
encoding standard; addressing the  
need for modularity and the ability to 
integrate components; and supporting 
communications between systems used  
by a wide and growing variety of weather 
information sources and users in aviation 
and in aviation-related domains. 

One important step was to create an 
abstract or conceptual model. WXXM refers 
to a package with two main components: the 
WXXM Conceptual Model (WXCM) and the 
WXXM XML Schema (WXXS), which has 
been derived from the conceptual model  
and is specific to the eXtensible Markup 
Language (XML) platform. 

The Conceptual Model describes what 
must be encoded, without specifying an 
encoding language or method. It uses 
Unified Modeling Language (UML) 
diagrams to organize and describe activities, 
components, interactions and interfaces. 
WXXS describes how the data shall be 
encoded in XML, an encoding language  
for the web. 

In some use cases, particularly in  
the weather domain where big data is  
produced, a non-XML encoding may  
be more suited than an XML encoding to  
meet performance requirements. Having  
a conceptual model simplifies development 
of more compact non-XML encodings that 
retain a high degree of interoperability with 
XML-based systems. 

This Vehicle Data Translator application is just one of many emerging applications that will use and/or 
provide near-real-time weather data. Such applications underscore the need for open standard weather 
data encodings (Photo: University Corporation for Atmospheric Research (UCAR))

Meteorological Information (SIGMET), 
containing meteorological information 
concerning the safety of all aircraft. 

Other challenges include: terminal 
aerodrome weather forecasts that provide 
details about the forecast, including 
probabilities; aligning with ISO and OGC 
standards for geospatial information, 
including the Geography Markup Language 
(GML) encoding standard; aligning with 
OGC best practices for geospatial 

Figure 4: High-level standards development organization classification. There are many information 
technology standards organizations. Some have worked together for many years, but the need for 
collaboration is greater now than ever
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Open Geospatial Consortium

Emergency 
Management Control 
Room, Arizona, USA

Note the references to ISO and the  
OGC in the list of aviation meteorology 
requirements. Almost 20 years ago, both 
ISO TC 211-Geomatics and the OGC 
recognized that they needed to work 
together on geospatial standards activities. 
GML and O&M (both based on XML, a key 
web standard) are two of the standards that 
now bear both brands. The developers of 
WXXM knew that geospatial technology 
existed with mature and well-defined ways 
of representing spatial and temporal 
information, which tends to be the common 
trait of many types of data. There was no 
reason to create an aviation geospatial 
stovepipe, so they used the concepts already 
present in GML and O&M.  

The rapid evolution of computing  
is a major reason for beginning with a 
conceptual model based on use cases and 
UML diagrams, rather than the features  
and constraints of a particular technology. 

The OGC helps keep information 
architects, including those working in 
aviation, informed about emerging trends  
in the larger information technology world. 
For example, JSON is a lightweight data 
interchange format being embraced by 
developers around the world. Like XML,  
it is easy for humans to read and write, and 
it is easy for machines to parse and generate. 
JSON is supported directly by browsers and 
is often used for simple applications and 
within the popular REST software 
architecture style. 

Experience with JSON implementations 
for aviation applications was gained in the 
ninth OGC Web Services Testbed Activity 
(OWS-9) and in subsequent OGC testbeds. 
A group outside of OGC developed 

GeoJSON to tailor JSON for geospatial 
applications. They, too, recognized the value 
of adhering to certain OGC standards and 
conventions. Because XML and JSON can  
be complementary, it is likely that both will 
continue to be important in meteorology, 
and that interoperability will continue to  
be important. OGC participants are well 
informed on technology topics like these, 
and discussion within the OGC, and 
between OGC participants and participants 
in other SDOs, often leads to resolution of 
important technical interoperability 
problems in the industry.

Like the WMO, the World Wide Web 
Consortium (W3C) has a memorandum of 
understanding with the OGC. W3C and 
OGC each recently launched a Spatial Data 
on the Web Working Group (W3C home, 
OGC home). In the press release 
announcing this W3C-OGC collaboration, 

Richard Carne, chief digital officer at the 
Met Office, is quoted as saying, “With 
growing demand for weather data services 
delivered via the web, this joint effort  
will ensure the progress of practical and 
usable standards for the integration and 
communication of location-related data.” 
Much current work in W3C focuses on 
linked data, a Semantic Web concept  
for connecting and querying data from 
different sources. Geospatial semantics has 
long been a discussion topic within the 
OGC. The W3C-OGC collaboration will 
ultimately benefit the meteorological 
technology industry. z

Chris Little, IT fellow, operational infrastructures at 
Met Office, Environmental Services, Exeter, UK; 
Johannes Echterhoff, software engineer, Interactive 
Instruments, Bonn, Germany; and Lance McKee, 
senior staff writer, Open Geospatial Consortium

“This joint effort 
will ensure the 
progress of 
practical and 
usable standards 
for the integration 
and communication 
of location-related 
data”

Figure 5: Different Met Tech market domains have different weather information needs, so their abstract 
weather information models differ in some respects. But they can share many elements of a common 
abstract model



by Marcel Gautschi

GROUNDWATER 
DAY

T
here has been a need for 
autonomously operating  
meteorological measuring systems 

for some time. Until now, however, this need 
has only been met by localized dataloggers. 
This meant the data acquired was never up to 
date, and merely provided a historical picture. 
The measuring devices did not have a 
continuous function monitoring facility. 

The use of mobile radio networks and the 
internet has now made it possible to create  
a virtual combination of widely distributed 
measuring systems in one location, and 
make use of the acquired data on the spot.

Reduce costs with modern systems
Professional measuring technology has 
reaped considerable benefits by using 
components and technology that were 
originally developed for the end-user market. 
A good example is the use of mobile radio 
networks for data transmission. The GSM 
reception coverage is so far advanced, and 
the prices of telephone handsets, prepaid 
cards and mobile data transmission are so 
low, that the present solution represents  
the cheapest and simplest measurement 
acquisition method, not just for decentralized 
or extremely remote measuring points, but 
also easily accessed locations. 

The savings associated with reduction  
in personnel costs are particularly striking. 
The receiver end benefits also, because the 
measuring data can be read out conveniently 
at the computer receiving the data via cell 
phone (SMS) or directly via email/FTP.

Computer as datalogger and monitor
The heart of the measuring system is the 
user-friendly and free GSM-2 DataManager 
Windows software. It collects the measuring 
data, monitors and controls the various 
measuring stations, and is used to display  
or automatically process the measuring data 

The GSM-2 measuring system 
offers straightforward technology
An autonomous groundwater measuring system 
with remote data transmission

GSM-2
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on the computer and transferred direct to 
the relevant GSM-2 module via email/FTP.

Groundwater level measurement
The monitoring of groundwater levels or  
the surface levels of lakes and rivers is  
a widespread task. It is carried out by 
state-run institutions and also private  
water and energy providers. The measuring 
stations, most of which are located in remote 
areas for geographical or hydrographic 
reasons, very rarely have a power 
connection. This calls for a battery-operated 
system with as long a service life as possible. 
The measuring equipment must also be 
resistant to humidity, able to withstand 

stored in a MySQL database. The data that is 
transmitted by the GSM-2 is continuously 
read by the DataManager and stored in the 
database. This makes it possible to establish, 
at a glance, whether all measuring stations 
are operating correctly. 

The measuring station locations are 
displayed on a map. In the event of an error, 
such as missing measuring data, the 
software issues a warning and, if required, 
provides information via email/FTP or SMS. 
The DataManager converts the measuring 
data into the physical quantity used at the 
measuring location and displays it in 
graphical format. Configuration changes for 
the individual measuring stations are made 

The GSM-2 measuring system from Keller transmits data via email, FTP or SMS and collects the 
measuring data centrally on a computer or in a MySQL database
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short periods of immersion, and protected 
against theft and vandalism. 

Keller AG für Druckmesstechnik has 
considered all these issues when developing 
the GSM-2 module. Groundwater level 
measurements used to be carried out 
manually using an electric contact gauge.  
A 2in diameter pipe embedded in the 
ground and a sealing cap were needed for 
this purpose. However, the measuring 
frequency was extremely dependent on the 
accessibility of the measuring points and the 
prevailing weather conditions. In order to 
continue using the existing measuring 
stations, the GSM-2 module has been 
designed with a diameter that means it can 
be inserted directly into the sounding pipes.

Rapid installation
The entire GSM-2 measuring module is 
simply inserted into the 2in diameter 
sounding pipe and secured by the level 
sealing cap. No complicated or expensive 
installation of antenna with mast and solar 
panel is required. 

After installation, the GSM-2 transmits 
its configuration with measuring station 
name and position to the DataManager, 
which automatically starts to manage the 
new measuring station immediately. The 
GSM-2 is also available as a box in various 
versions, such as with explosion protection, 
and as an OEM module.

The electronics and the battery of the 
GSM-2 module are accommodated in a 
watertight stainless steel housing with an 
external diameter of 48mm. The upper  
part, which is designed to be secured in a 
lockable standpipe sealing cap for 2in pipes, 
contains the antenna and the interface for 

configuring the measuring system. The level 
measuring sensor is attached to the bottom 
end. Depending on the ambient conditions 
and the configuration, the battery-operated 
device can have a service life of more than 
10 years. This is possible because the GSM-2 
module switches off as soon as it is not 
required. In other words, it is only active 
when calling up incoming configurations or 
storing and sending measuring data. This 
occurs within a defined time period, 
meaning that several stored level values are 
sent with each message. 

If transmission is impossible for 
technical reasons, the GSM-2 writes data to 

the internal memory and transmission 
begins automatically with the next 
connection. Alternatively, the measuring 
data may be read out locally via the 
configuration interface. It is also possible  
to detect critical events such as rapid level 
changes and levels that breach maximum  
or minimum limits and transmit an alarm 
message. The functions available also 
include periodic messages with system 
information such as battery capacity and 
antenna signal strength.

Measuring inputs
In addition to the RS485 interface, which 
delivers highly accurate pressure or water 
level measurements in conjunction with 
Keller level sensors, the GSM-2 module also 
features an air pressure and temperature 
sensor. This makes it possible to take water 
level measurements using the so-called AA 
(absolute-absolute) measuring method. 

Another advantage is that no humidity-
sensitive capillary tube is required in the 
cable of the level sensor. This means that the 
measuring station is suitable for reliable use 
in damp environments and even short 
periods of immersion will not cause it to 
fail. The two voltage inputs (0-2.5V), the 
SDI12 interface and the two digital inputs 
support the use of all kinds of sensors, from 
a simple switch contact (digital input) to a 
complex water analysis unit with up to 10 
parameters (SDI12 interface). The GSM-2 
supplies the connected sensors with either 
12.5 or 3.9V. z

Marcel Gautschi is the technical expert from  
Keller AG für Druckmesstechnik based in Winterthur, 
Switzerland 

Schematic representation of the GSM-2 measuring system

The DataManager 
monitors the 
measuring stations 
and processes the 
measuring data

Installing the GSM-2 module in  
a sounding pipe

GSM-2 measuring module with 
level sensor



by Gerrit Maschwitz and Oscar Hartogensis

ADVANCED HEAT 
FLUX OBSERVATIONS

T
he use of scintillometry for area-
averaged turbulent heat flux 
observations within the boundary 

layer is a well-established technique. Optical 
scintillometers for sensible heat flux 
measurements have been commercially 
available for many years. 

Radiometer Physics (RPG) – in 
cooperation with Wageningen University in 
the Netherlands – has developed the 
microwave scintillometer RPG-MWSC-160. 
This is a transmit/receive system working at 
160.8GHz, operated in combination with an 
optical large aperture scintillometer (LAS). 
The combined system yields sensible and 
latent heat flux observations at a kilometer 
scale. This opens a field of applications, 
including the management of irrigation and 
water resources, forest fire warning systems, 
and the provision of ground-truth turbulent 
fluxes for use in meteorological and 
hydrological models.

The energy balance at the earth’s surface 
is driven by incoming solar radiation 
(Figure 1). The majority of the received 
energy is continuously re-emitted as long-
wave radiation. Still, during daylight hours, 
there is a net radiation surplus at the 
surface. While a minor part of this energy 
surplus is locally diverted downward by 
the soil heat flux, most is balanced by heat 
fluxes between the ground and the 
atmosphere. Atmospheric heat fluxes are 
dominated by a diffusive turbulent flow 
within the surface layer of the atmosphere. 
Turbulence is induced by wind friction and 
radiative heating/cooling at the surface. 
Depending on the surface conditions, heat 
fluxes can be positive or negative. 
Turbulent fluxes transport energy in two 
forms – heat and humidity. The former 
corresponds to the sensible heat flux H and 

Microwave scintillometer enables 
area-averaged sensible and latent 
heat flux observations
A frequency in the microwave spectrum is needed to 
measure sensible and latent heat fluxes

Microwave scintillometers
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Figure 1: The 
surface energy  
flux balance

Figure 2: RPG-MWSC-160 and Kipp & Zonen LAS 
Mk-II receivers combined on a single tripod for 
test measurements

the latter to the latent heat flux – or 
evapotranspiration – LvE. 

Traditionally, simultaneous 
measurements of H and LvE are provided  
by eddy-covariance (EC) stations. This 
technique is based on three-dimensional 
wind speed observations. A valuable 
alternative, however, is the use  
of scintillometry. 

Scintillometers are transmit/receive 
systems observing along a horizontal 
measurement path. They can cover path 
lengths from several hundred meters to 
several kilometers, and provide area-
averaged heat flux observations. The 
principle of scintillometry is to transmit a 
constant electromagnetic signal on one side 
of the path and to record the signal 
fluctuations due to atmospheric turbulence 
on the other end. When observing at optical 
wave lengths, the scintillation signal is 
dominated by temperature fluctuations 
along the path. These fluctuations can be 
related to the sensible heat flux H.1 

However, for synchronous measurements 
of both heat flux components - H and LvE – 
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humidity fluctuations need to be observed 
as well. This is achieved by combining an 
optical scintillometer with a second 
scintillometer system observing in the 
microwave spectral region.

Compared with EC stations, 
scintillometers offer a number of 
advantages.2 First of all, they provide area-
averaged measurements, while EC 
observations are point measurements. This 
means that EC observations might not be 
representative for a larger spatial area. Even 
within a relatively homogeneous crop field, 
evapotranspiration may vary greatly. Here 
path-integrated measurements provide flux 
estimates that are much more reliable. 
Secondly, the instrument needs to sample  
all eddy scales that contribute to the total 
flux. Both aspects require very long 
integration times. 

In contrast, scintillometers average in  
time and space. Furthermore, only a small 
part of the turbulence spectrum needs to be 
sampled. In the end, the required 
integration times are only about 1% of what 
is required by an EC station.2 Using short 
integration times of one minute and less 
gives a much better picture of the flux 
variability during the day. Finally, the 
scintillometer signal originates from the 
open space in the middle of the path, so it 
does not suffer from flow distortions in the 
same way as EC systems. 

Scintillometers also have practical 
advantages. They can be set up at the edges 
of the study area rather than in the middle 
(e.g. across forests or water expanses) and 
use can be made of existing elevations in the 
landscape, such as buildings or topographic 
features, to set up the instruments.

Optical scintillometers have been 
successfully operated for many decades. In 
the 1970s, the development of LAS systems 
extended the saturation limits and enabled 
the measurement path to be extended to 
several kilometers.3 The idea of combining 
optical and microwave wavelengths is not a 
new one. 

The concept of a dual-wavelength 
scintillometer was first introduced in 1989.4 

units have been optimized in terms of  
size, weight and power consumption  
to provide high flexibility in the field 
(Figure 3, receiver: ~12kg, 20W typical; 
transmitter: ~10kg, 15W typical). 
Combined with a small beam of 0.4° beam 
width, long measurement paths of up to 
10km can be covered. 

The microwave receiver unit contains an 
embedded PC that reads the analog signal 
from the connected LAS. Both scintillation 
signals are synchronously recorded and 
digitized at a high sampling rate of 1kHz. 
Besides calculating the signal variances at 
each wavelength, the covariance between 
the two signals is evaluated as well.6 The 
covariance gives a third measurement 
variable, which enables independent 
calculation of sensible and latent heat fluxes 
without additional assumptions on the 
correlation between the two signals.7 

At this point, synchronous sampling is 
particularly important in order to record a 
clean covariance signal between the LAS and 
MWS systems. Usually, the (co)variances 
and comprehensive housekeeping data are 
continuously transferred to an external host 
PC. If remote field campaigns require the 
scintillometer system to operate without  
a permanent connection to the host PC,  
the variance data can be stored on the 
embedded PC for several weeks. Starting 
from the signal variances, further data 

Figure 3: (Top) Side view of RPG-MWSC-160 
transmitter. (Above) Rear view of the 
RPG-MWSC-160 receiver

Figure 4: Raw data display from a combined 
optical/microwave scintillometer system.

Figure 5: (Left) Time series of temperature and 
humidity correlation coefficient. (Right) Time 
series of sensible and latent heat fluxes

Although the method of dual-wavelength 
scintillometry had been recognized as 
beneficial, it was only applied in single 
research projects. 

A number of microwave scintillometers 
have been built since then, but the 
technology was not really reliable enough. 
The technology gradually progressed and 
finally, in 2012, Wageningen University  
and RPG initiated an STW-funded project  
to develop a prototype of a commercial 
microwave scintillometer. The prototype 
was intensively tested in the field before  
the redesigned RPG-MWSC-1605 entered 
the market in early 2014 (Figure 2). The 
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processing takes place on the host PC. In  
a first step, the path variables such as 
observation height and path length are 
combined with the three (co)variances to 
characterize the turbulence along the 
observation path. In a second step, in situ 
measurements of temperature, humidity and 
wind from the integrated weather station – 
mounted to the receiver unit – are used to 
estimate the two heat fluxes. 

Not only does the operating software 
give full control of the combined 
scintillometer system, but it also provides 
users with detailed online data displays,  
a flexible measurement setup menu, a 
complete data browser, and several options 
for data format conversion and archiving 
(Figure 4, Figure 5). 

Dual-wavelength observations of path-
integrated H and LvE open a wide field of 
additional applications. For example, 
observations across irrigated crop fields 
help to make water management more 
efficient in terms of saving water and 
optimizing yields. On the one hand, 
insufficient irrigation will reduce the crop 
yield; on the other, excessive irrigation may 
destroy the soil due to salinization, or 
inhibit plant growth by a wash-off of 
nutrients. Furthermore, irrigation water 
often originates from deep wells, so 
excessive pumping may lead to a lowering 
of the groundwater level. 

Observing the crops’ actual 
evapotranspiration allows the adjustment 
of irrigation according to the weather and 
soil conditions. Other valuable applications 
are found in the forestry sector and water 
resource management. Heat flux 
measurements help to monitor the risk  
of forest fires and the evaporation rate  
over large water reservoirs. In addition  
to these practical applications, heat flux 
measurements help in investigations into  

the surface energy balance. They can  
be used to feed into and validate 
meteorological and hydrological models 
that play an important role in hydrology 
and weather forecast research.

Optical and microwave scintillometers 
are set up in a configuration with crossing 
signal paths (Figure 6). This maximizes the 
overlap in the middle of the path, where 
the largest part of the scintillation signal 
originates. Path length and height have to 
be selected to avoid saturation of the 
optical signal. The RPG-MWSC-160 
prototype tested in combination with LAS 

systems in two intensive field campaigns 
under very different environmental 
conditions are shown: 1) A short 
homogeneous path across an irrigated crop 
field in a desert region in northwest 
Mexico, and 2) a long heterogeneous path 
in mid-latitude Germany (Figures 7 and 8). 

The first results are promising. Both 
campaigns have confirmed the system’s 
stability and sensitivity. The extension to 
dual-wavelength systems is the next logical 
step for scintillometry to take. It has been 
proved that the RPG-MWSC-160 could be 
the starting point of this evolution. z

Dr Gerrit Maschwitz, research and development
RPG Radiometer Physics GmbH, Germany, and  
Dr Oscar Hartogensis, researcher, Wageningen 
University, Netherlands
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Figure 8: Measurement time series for a long 
path over heterogeneous landscape (September 
8, 2013, Lindenberg/Falkenberg, Germany)

Figure 6: Under the assumption of Taylor’s theorem, a ‘frozen’ turbulence 
structure is pushed through the scintillometer path by the cross wind. The 
turbulent structure involves refractive index variations that result in signal 
fluctuations

Figure 7: Measurement setup in Lindenberg/Falkenberg, Germany: 4,800m 
long path over heterogeneous landscape; observation height: 45m
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NASA operates two Airborne Science ER-2 aircraft for a variety of environmental 
science, atmospheric sampling and satellite data verification missions 

U    nder its Science Mission Directorate, 
NASA operates two Lockheed ER-2 
Earth resources aircraft as flying 

laboratories in the Airborne Science Program. 
The aircraft, based at NASA Armstrong’s 
Building 703 in Palmdale, California, collect 
information about Earth resources, celestial 
observations, atmospheric chemistry and 
dynamics, and oceanic processes. The 
aircraft are also used for electronic sensor 
research and development, satellite 
calibration, and satellite data validation.

Atmospheric experiments
NASA ER-2s have played an important role in 
Earth science research because of their ability 
to fly into the lower stratosphere at subsonic 
speeds, enabling direct stratospheric sampling 
as well as virtual satellite simulation missions. 
The unique capabilities of the aircraft enable 
studies such as stratospheric ozone 
concentrations over Antarctica and the Arctic.

In August and September 1987, an ER-2 
traveled to Chile to conduct overflights of 
the Antarctic. The direct measurements from 
the ER-2, combined with remote-sensing 
measurements from ground-based and 
satellite sensors, provided information 
suggesting that human-made chemical 
compounds – specifically chlorofluorocarbons 
– caused ozone depletion over the Antarctic 
region. The first field study of summer polar 
ozone conditions took place during a series of 
flights from Fairbanks, Alaska, between April 
and September 1997.

During the winter of 1999/2000, an ER-2, 
teamed with NASA’s DC-8 flying science 
platform, participated in the SAGE III Ozone 
Loss and Validation Experiment (SOLVE). 
Based in Kiruna, Sweden, SOLVE was the 

Lidar (MABEL), an Ice, Cloud and land 
Elevation Satellite-2 (ICESat-2) simulator. 
MABEL, developed by NASA’s Goddard 
Space Flight Center in Greenbelt, Maryland, 
was flown to test the satellite’s measurement 
concept. MABEL was again mounted in the 
nose of the aircraft in March 2011 for flights 
over a variety of terrains. In April 2012, the 
aircraft carried MABEL for a deployment 
to study Greenland’s ice sheet, glaciers and 
sea ice. Based in Iceland, the ER-2 flew to 
altitudes of 65,000ft as the sensor gathered 
algorithm development data that may  
allow ICESat-2, scheduled to launch in 2016, 
to make more precise measurements of  
global ice.

ER-2 capabilities
The ER-2 is a versatile aircraft well suited to 
perform multiple mission tasks. It operates at 
altitudes from 20,000ft to 70,000ft, which is 
above 99% of Earth’s atmosphere. Depending 
on aircraft weight, the ER-2 reaches an initial 
cruise altitude of 65,000ft within 20 minutes. 
Typical cruise speed is 410kts. The range for 
a normal eight-hour mission is 3,000 nautical 
miles, yielding seven hours of data collection 
at altitude. The aircraft is capable of longer 
missions in excess of 10 hours and ranges in 
excess of 6,000 nautical miles. The ER-2 can 
carry a maximum payload of 2,600 lb 
(1,179kg) distributed in the equipment bay, 
nose area, and wing pods.

The aircraft has four large pressurized 
experiment compartments and a high-capacity 
AC/DC electrical system, permitting it to carry 
a variety of payloads on a single mission. The 
modular design of the aircraft permits rapid 
installation or removal of payloads to meet 
changing mission requirements. z
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largest field campaign conducted to measure 
ozone in the Arctic stratosphere.

The ER-2 has been an invaluable tool 
for studying tropical cyclone (hurricane) 
development, tracking, intensification and 
landfall impacts. During the July 2005 
Tropical Cloud Systems and Processes 
mission based in Costa Rica, the ER-2 carried 
instruments that measured the build-up 
and behavior of tropical storm systems 
over Mexico and Central America and in 
the eastern Pacific, Caribbean, and Gulf 
of Mexico. The aircraft flew over several 
hurricanes – including Emily and Dennis, 
which were both violent Category 4-5 storms 
– and collected information on their entire 
vertical structure. Data was collected about 
the temperature, humidity, precipitation, 
and wind related to tropical cyclones and 
other related phenomena that often lead to 
development of more powerful storms at sea.

Satellite sensor development
Since Airborne Science’s inception, the NASA 
U-2s and ER-2s have assisted in developing 
satellite sensors by testing prototypes or by 
simulating proposed configurations with 
existing systems.

The ER-2 carries the Airborne Visible 
Infrared Imaging Spectrometer (AVIRIS), a 
224-band hyper-spectral scanner designed 
by NASA’s Jet Propulsion Laboratory in 
Pasadena, California. AVIRIS is a prototype 
of hyper-spectral scanners proposed for orbit 
on future satellite platforms. Collecting data 
with prototype instruments enables scientists 
to analyze and interpret the information 
future satellites will provide.

In December 2010, the ER-2 first carried 
the Multiple Altimeter Beam Experimental 
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