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PNOWWA  
PROBABILISTIC NOWCASTING OF WINTER WEATHER FOR AIRPORTS 

 

This document is part of a project that has received funding from the SESAR Joint Undertaking under 
grant agreement No [699221] under European Union’s Horizon 2020 research and innovation 
programme. 

 

 

Abstract  

The SESAR2020 exploratory research project called Probabilistic Nowcasting of Winter Weather for 
Airports (PNOWWA, grant #699221) developed methods to support the Air Traffic Management 
(ATM) challenged by winter weather. The project was running for two years from April 2016 until 
April 2018.  

The principal PNOWWA result is the probabilistic radar-based nowcasting of winter weather, which 
will enable the estimation of winter weather conditions affecting the ground part of air traffic 4D 
trajectories. When applied to ATM applications and services, our method will enhance timely 
operations in surface management and ATM decision making. It can decrease the effects of adverse 
winter weather to airport procedures and by that it will increase airport resilience, shorten delays 
and will also maintain safety of airport functions during winter weather cases. PNOWWA has 
developed and demonstrated the benefits of the very short-term (0-3h nowcast) probabilistic winter 
weather forecasting method, which is based on identification and extrapolation of the movement of 
weather radar echoes with 15min time resolution. The benefits of the PNOWWA nowcasting method 
were shown through two research demonstrations that were conducted both offline and online at 
Operative User Environment (OUE) sites at the airports of Innsbruck and Helsinki, representing the 
influence of the underlying terrain to forecast accuracy. An extensive user consultation survey among 
a number of airports and ATM stakeholders was performed to ensure the forthcoming products are 
suitable to be integrated in various applications on the ATM side. Based on the survey, majority of 
stakeholders see most potential for probabilistic weather forecasts to help render decisions 
objectively, and secondly by using them in decision support when cost-loss ratios are known. The 
achievements gained in PNOWWA contribute to all the SESAR Key Performance Areas except to 
‘Security’. The ATM Key Feature, which benefits mostly from PNOWWA is ‘High-performing airport 
operations’. Based on the maturity analysis performed for PNOWWA project, it can be concluded 
that the PNOWWA project belonging to the Enabler METEO-04d has reached the maturity 
represented by Technology readiness Level 1 (TRL1 INTERMEDIATE). During the PNOWWA 
development process, needs to update the Enabler METEO-04d were found and update of the 
METEO-04d were suggested. The PNOWWA project roadmap towards implementation has 
connection points in future SESAR projects. The PNOWWA methodologies that were developed 
utilizing probabilistic radar-based nowcasting and tested in actual operational ATM environment 
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need to be brought up to higher TRL levels (next TRL2) for the benefit of ATM stakeholders and their 
operational activities. 
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1 Executive Summary 

The SESAR2020 exploratory research project called Probabilistic Nowcasting of Winter Weather for 
Airports (PNOWWA, grant #699221) developed methods to support the Air Traffic Management 
(ATM) challenged by winter weather.  The project was running for two years from April 2016 until 
April 2018. 

The principal PNOWWA methodology is based on probabilistic nowcasting of winter weather, which 
will enable the estimation of winter weather conditions affecting the ground part of air traffic 4D 
trajectories. This kind of ATM methods and tools are called for, because the uncertainties during 
flight, departure and arrival at airports create a need to effectively utilize probability forecasts, both 
in the local operational user environment and en-route.  

The major scientific result of PNOWWA is the development of a new method for nowcasting snowfall 
based on extrapolation of movement analysed in consequent radar images,  assessing the 
uncertainties of snowfall nowcasting related to growth and decay using the scale analysis and 
ensamble nowcasting technologies.  Another major result towards operational implementation 
consists of two successful research demonstrations, where real-time nowcasts were delivered to a 
number of stakeholders in the airport environment. Mapping the user needs, the outreach and 
education of the users is the third cornerstone, building a solid base to be utilized when building 
more operational products in the future projects. 

The PNOWWA research work has focused on the identification and quantification of the 
uncertainties related to delays in ground operations due to winter weather situations. When applied 
to ATM applications and services, our methods will enhance timely operations in surface 
management and ATM decision making, will increase airport resilience, shorten delays and will also 
maintain safety of airport functions during winter weather cases.  

PNOWWA has demonstrated the benefits of very short-term (0-3h nowcast) probabilistic winter 
weather forecasts, which are based on identification and extrapolation of the movement of weather 
radar echoes with 15min time resolution. The PNOWWA project has shown the improved 
predictability of changes in snowfall intensity caused by underlying terrain, such as mountains and 
lakes or sea. This was performed through two research demonstrations that were conducted both 
offline and online at Operative User Environment (OUE) sites at the airports of Innsbruck and 
Helsinki, representing the influence of the underlying terrain to forecast accuracy. These 
demonstrations represented a major result towards operational implementation through the 
delivery of real-time precipitation nowcasts to a number of stakeholders in the airport environment. 

An extensive user consultation survey was performed to ensure the forthcoming products are 
suitable to be integrated in various applications on the ATM side. The survey included mapping the 
user needs of stakeholders in the fields of ANS, ATC tower- approach, ACC, airfield maintenance, 
flight dispatching, exhibition management, meteorology engineering, aircraft pushback - towing and 
de-/anti-icing services and technics. It involved countries in the survey were Austria, Denmark, 
Finland, Germany, Norway and Switzerland.  Various airport types were considered, like big hubs, 
small airports and even alpine airports with weekend traffic peaks due to winter charter flights.  

Based on the survey, majority of stakeholders see most potential for probabilistic weather forecasts 
to help render decisions objectively, and secondly by using them in decision support when cost-loss 
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ratios are known.  A general positive and open attitude toward probabilistic forecasting and its 
benefits by respondents was evident. For most of the stakeholders this survey served as an 
informational and educational activity. This kind of outreach and educational aspect of PNOWWA 
serves the ATM community very well, when building a solid base to be utilized when building more 
operational ATM products in the future projects. 

The PNOWWA project has tight links to completed work of the EU SESAR1 program. The initial 
concept of short-range snowfall forecasts improvement with the usage of weather radar has been 
validated in that context. The second phase solutions (Step 2: Trajectory-based Operations) will be 
developed in EU SESAR programs and the methods developed by PNOWWA can be utilized for 
deducing probability forecasts of winter weather.  

The achievements gained in PNOWWA contribute to all the SESAR Key Performance Areas except to 
‘Security’.   The ATM Key Feature, which benefits mostly from PNOWWA is ‘High-performing airport 
operations’. Winter weather is a factor, which can cause non-nominal operating circumstances, and 
by probabilistic winter weather products, the risk for adverse weather causing disruption is known in 
beforehand. The achievements of PNOWWA can effectively be used in airport collaborative decision-
making (A-CDM), in Operations in low visibility conditions (LVC) procedures and in Airport operations 
plan procedures. Collaborative airport and remote tower are development areas which in future 
could benefit from probabilistic winter weather information as well. 

Based on the maturity analysis performed for contribution of PNOWWA project to Enabler METEO-
04d, it can be concluded that the METEO-04d has reached the maturity represented by Technology 
readiness Level 1 (TRL1 INTERMEDIATE). During the PNOWWA development process, needs to 
update the Enabler METEO-04d were found and update of the METEO-04d were suggested. 

One major PNOWWA success enabler is the fact that the PNOWWA project team is exceptionally 
interdisciplinary. The team includes people who are thoroughly experienced in ATM-related 
activities, as well as scientists with academic merits. This was crucial for the success of the project. A 
team consisting of scientists only would not have succeeded in getting the needed connection and 
cooperation with the stakeholders at the ATM field. 

The PNOWWA project roadmap towards implementation has connection points in future SESAR 
projects. The methodologies that were developed utilizing probabilistic radar-based nowcasting and 
tested in actual operational ATM environment need to be brought up to higher TRL levels. The first 
next step on this should be an applied research project to bring the PNOWWA methods up to TRL 
level 2.  
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extensive user consultation analyzed needs to ensure products are suitable to be integrated in 
various applications on the ATM side. The adjustment to user needs covered the most relevant 
parameters (visibility, intensity and snow depth) and operationally important thresholds of the 
selected parameters (e.g. heavy snowfall). 

The PNOWWA project developed the methods for deducing probability forecasts of winter weather. 
These results may also contribute to the achievements of the objectives of the SESAR2020 Industrial 
Projects. PNOWWA project will also deliver a roadmap towards implementation with connection 
points in future SESAR projects. 

 

Figure 1: Map of countries receiving snowfall by Fábio Soldá Barbosa Araujo, 2006. 

   Snow in all of its territory.  
   Snow below 500m over sea level, but not in all of its territory (esp. in some coastal and/or desert areas) 
   May snow below 500m over sea level, but rarely. 
   Snow only above 500m over sea level. 
   Snow only above 2000m over sea level. 
   Without snow. 

2.3 Work Performed 

Work Package 1: Management 

WP1 initiated the project office and day-to-day management structures. WP1 assisted the 
beneficiaries in their management and dissemination issues by providing space for the website 
server (http://pnowwa.fmi.fi) and setting up the internal communication channels (e.g. intranet for 
the internal documentation). WP1 assisted in preparation of all deliverables stated for the project. 
Management WP1 was responsible for the preparation of the Periodic Reports and Final Report [2] 
of the PNOWWA project. WP1 was also responsible for the communication between the project 
office/PNOWWA consortium and SJU. As WP8 “Ethics requirements” [31] [32] [33] [34] was part of 
the management activities of the project, WP1 was responsible for WP related deliverables and 
work. 

http://pnowwa.fmi.fi/
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