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Hello, everybody. I welcome you to today's lesson on the mastering the
weather challenge. My name is Martin Fengler, I am CEO of
Meteomatics. And I'd like to give you some insights how we at
Meteomatics deal with satellite data or data that are related to satellite
information, and how we built an entire business model around that.
Meteomatics is headquartered in St. Gallen. That is very close to Lake
Constance. We have around 55 colleagues, and very much focusing on
providing high quality, high resolution weather data to industry. Next to
our headquarter, we have also two subsidiaries in Germany and the UK.
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Meteomatics runs a weather API that allows easy and simple access to
historical and current forecast data globally. So we provide our weather
data to lots of different industries. It starts, of course, with the energy
industry, if you think of renewables, but covers also the insurance space,
retail, maritime shipping, and the automotive sector. For some of these
industries, we provide even bespoke solutions. For instance, in the
energy industry, where we transform the weather input into something
that is more meaningful to these industries, like a solar or wind power
forecast. To improve the future weather forecasts, we have developed,
over the last 10 years, systems, which we call the meteodrones, systems
that fly out to six kilometres right now under beyond visual line of sight
conditions, which help us to retrieve more precise data that we can fit
into our high-resolution local area models. And of course, the API that
we run does not only cover historical and current short-term forecast
data, but also climate projections that form the basis of the IPCC report.
So it's a one-stop shop, if you say, to environmental data.
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Of course, before we start getting into the details, how we set up our
business model around that, it's worth reflecting how modern weather
forecast is created. First, we need to have lots of different data sources.
For instance, weather stations that you have on the ground. Classically,
most of you probably have heard about weather balloons that have been
around for about 100 years. And you have many other data sources such
as aircraft data, radar, and of course, there are some remote sensing
instruments also available that help support some of the airport
operations, for instance. But one of the most important ingredients in
modern weather forecasting are satellite data.
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Satellite data are everywhere, and monitor the state of the atmosphere.
For instance, if you consider MSG satellite data... MSG is an acronym
for Meteosat Second Generation, which is European's answer to monitor
the atmospheric conditions in very high-resolution temporal and spatial
resolution. Then you have different spectral channels. Here you can see,
for instance, the brightness temperatures for these spectral channels that
are most commonly used. And if you put those spectral channels
together, you get something what you would consider visual impression
of the current state of the atmosphere. So you actually do not have a
video camera that is just filming the atmosphere, but you have sensors
that are monitoring the Earth in different spectral channels. And if you
combine those spectral channels, you get something like an RGB image,
which is something an astronaut would, for instance, experience the
outside view of his spacecraft.
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Satellites, however, also monitor other quantities such as ocean currents,
for instance. Yeah, you use other optical sensors, but also radar sensors
that help you to quantify the ocean currents and also the wave heights.
And this also contributes significantly to modern weather forecast
products.
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Another example of high resolution optical sensors or radar data is the
monitoring of sea ice, because this is also super important in case of a
global model that you run. And if you think of climate change, the anti
climate change topic, then this is of course also a quantity which is a
huge driver in such a model.
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Last but not least, it's worth mentioning that also other atmospheric
parameters are monitored. For instance, if you think of Sahara dust,
which has a significant impact from time to time, also to European
weather. So this is an example of February this year, and there was a
Sahara dust outbreak to Central Europe. And you might argue, how is
this going to affect our daily life here? Then it's worth mentioning that
the optical depth was affected, and this immediately has an impact on
solar power production. So the forecast without considering Sahara dust
and then considering the Sahara dust may have had an impact of around
five to six gigawatts in Germany. And of course, this is super critical,
and depending on the other weather conditions, this might lead to a
blackout if this is not taken into account.
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Now, we have talked a lot about the input data to a weather model. Then
of course, it's also worth mentioning that the weather model itself is a
hypercomplex set of partial differential equations that describe the
atmospheric flow and motion. So here on the top, you have the Navier-
Stokes equation, in spherical coordinates that we call the momentum
equation. And that is coupled into the thermodynamic equations that you
have here, and the moisture equations. The entire set of equations get
closed by continuity equations and equations for pressure tendency. And
all of that can be found in a really extensive documentation by the
ECMWF. The ECMWF model is, for certain, currently the most
pioneering and the best global weather model that is currently available.
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Now, how does Meteomatics come into this global game? The naked
truth is, no one is really interested in satellite data. And this is of course
a shocking moment. And it's also true that no one is really interested in
plain weather data. What people are interested in, and especially our
customers from industry, how the weather is impacting their business.
And of course, the weather information contribute and help to improve
the stats around business relevant insights, and to forecast those. So
what we developed at Meteomatics is something what we call the
MeteoCache. It's a proprietary technology— you could think of an in-
memory database technology— in which we ingest lots of different data
sets, global regional weather models, again, also satellite data, lightning
data, radar data, and so forth. Current and forecast data are served from
RAM, which makes it super fast, and historical data are served from an
enterprise storage. So currently, we are able to provide around seven
petabytes of data, real-time access to around seven petabytes of data to
our customers. To make the access to this huge data set as convenient as
possible, we created an API on top. And of course, it makes a lot of
sense to provide connectors to this API.
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So for many programming languages, we have open source connectors
published with GitHub, who are available on request. And this makes it
really convenient to interact with this huge amount of data, which of
course covers the atmospheric data, but also ocean data, environmental
data, and even climate data. Among scientists and analysts, we often see
Python in use, MATLAB and R. And thanks to the WMS and WFS
capability, we are also able to support geoinformation systems that you
see, for instance, in use with government agencies or blue light
organisations.
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Here are some examples. The temperature is of course a quantity which
is affecting lots of business processes. Here, you can see that it is
possible to apply some sort of downscaling to the meteorological output,
which means that the coarse grid meteorological output is combined
with a digital elevation model in 90 metres resolution that is globally
available, thanks to the NASA SRTM data, for instance, or there are also
similar data sets available thanks to the Copernicus programme. And
this allows us to resolve really local effects around the weather
conditions here, for instance in the Bay Area, where you have higher
temperatures inland and pretty cold temperatures close at sea.
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Another quantity a lot of players are interested in is information on
global radiation, direct and diffuse radiation, and this is something that
you could also derive from satellite data. So there are methods like the
Helio set method, which combines different spectral channels and
allows us to come up with an estimate on the surface flux for the
radiation.
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And of course, this is affected not only by the atmosphere, but if you
take into account also the high-resolution digital elevation model, the
shadowing of the terra is also affecting the radiation input at ground.
Here in those areas, where you see the shadowing, direct radiation is
cancelled out, and only the diffuse radiation stays apart. So this is of
course for customers from the solar industry, and super helpful input in
estimating the power output of the PV panels.
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Thanks to our in-memory database technology, we are not only able to
provide the output of the weather models and the downscaled version
out of it, but also able to come up with what we call derived parameters.
So we are transforming the meteorological output already into
something that is meaningful to the industry, such as the solar power.
You could specify in our API the orientation of the panel, the tilt angle,
and even the tracking mode or specific module parameters, and then you
get the solar power output for that specific location.
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Same is done for the wind and wind speed, so we are able to resolve
even very local effects thanks to our downscaling methodology. And as
you can see here, for instance in this close-up again of the Bay area, that
the mountain ridges show here higher wind speeds than you would
experience here in the valley, for instance.
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Now, let's go back to satellite data and how these can contribute to
nowcasting. Nowcasting is something which is like a weather forecast,
but covering the next two hours. And we use different spectral channels,
again from the geostationary satellites typically, to derive areas where
you would expect thunderstorms or areas of high turbulence and issue
warnings out of that to support, for instance, the aviation industry. And
this is of course a really good product, especially in those areas where
they do not have radar coverage. Radar coverage is something that you
have more in Europe, in the US, and some other areas. But in large parts
across Africa or the Atlantic and Pacific ocean, of course, they do not
have radar coverage, and their real-time information from satellites is
super helpful to get a precipitation estimate, storm parameters that you
could estimate. And from those parameters that you combine with high-
resolution upper level wind data, you could come up with a nowcast.
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Another example. I talked about this in a different form before when we
was about monitoring sea ice is coming up with a snow estimate. Of
course, here, we combine the snow data that we derive from satellite
data with weather station data and also forecast data to predict the snow
depth in a certain area. And this, at a really high resolution, as you can
see in this example, that we are able to resolve even very local effects,
again, by combining these different data sources.
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I'd like to say thank you. I'm happy to answer questions and give you
more insights how this weather information could contribute to some of
your projects. Thank you very much.
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