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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

This document describes a roadmap about how the results will be developed into operational
applications and which parameters has to be added in future probabilistic products. During
PNOWWA, the user feedback lead to possible further developments such as the extension of lead
time or the implementation of additional forecast parameters and also to extent the use of
probabilistic forecasts from winter to summer weather, since probabilistic forecasts consider the
intrinsic variability of weather and will help to increase the resilience of airports in future adverse
weather operations.
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Abbreviations

CDM Collaborative Decision Making

ICAO International Civil Aviation Organization

METAR METeorological Aerodrome Report

MG Maturity Gate

PNOWWA Probabilistic Nowcasting of Winter Weather for Airports

TAF Terminal Aerodrome Forecast

TRL Technical Readiness Level
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Executive Summary

PNOWWA - Probabilistic Nowcasting of Winter Weather for Airports — is a research project
developing methods to support the Air Traffic Management (ATM) challenged by winter weather. In
winter 2017, PNOWWA organized a real-time demonstration campaign providing to selected end-
users very short-term (0-3h) probabilistic winter weather forecasts in 15 minute time resolution. The
nowcasts are based on extrapolation of the movement of weather radar echoes, and ensembles are
generated by adding stochastic perturbations.

In this deliverable document an overview of the roadmap of future applications for probabilistic
forecasts at airports is introduced. The roadmap spans a period from 2018 to 2029 for product
development of probabilistic winter weather forecasts and further 2 years (toward 2031) are
estimated to integrate all weather elements, e.g. such as thunderstorms, to create an all-weather
probabilistic forecast system as if made from one piece.
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1 Introduction

PNOWWA (Probabilistic nowcasting of winter weather for airports) is a SESAR H2020 fundamental
exploratory research. Presented demonstrator in this project is used as proof of concept. The focus
of the project is development of probabilistic forecast for short-range and collection of user
feedback. To reach higher maturity levels, more work is needed.

User survey (see [1]) and the user feedback after 2 winter demonstration phases (see [2], [3]) has
been collected, which results in following suggestions, listed in chapter 2 in this document.

In PNOWWA, we are using weather radar data for short-range forecasting. These data of
precipitation fields are characterized by highly spatial and temporal resolution and subsequent an
ideal source for the generation of extrapolated precipitation fields for using in nowcasting (sort range
forecasts within 0-3 hours). Nevertheless, data fusion is needed to extend forecast lead time to
integrate all relevant additional forecast parameters. Thise was requested by airport stakeholders for
tactical planning.

Future application of probabilistic forecasts for airports has to consider four main tasks:

e Quality of the product with respect to automation (decision making and automated short
range forecast)

e Product layout (such as adequate and interactive graphics, mobile apps and automatic
update)

e Extension of lead time - seamless prediction up to at least 48 hours

e General probabilistic forecast tool for all weather events (extend winter weather toward
summer deep convection and fog conditions)

Founding Members © —2018-Finnish Meteorological Institute et. al. 9
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2 Roadmap

An overview of the roadmap of future applications for probabilistic forecasts at airports is given in
Fig. 1. The roadmap spans a period from 2018 to 2029 for product development of probabilistic
winter weather forecasts and further 2 years (toward 2031) are estimated to integrate all weather
elements, e.g. such as thunderstorms, to create an all-weather probabilistic forecast system as if
made from one piece. Results from demonstration campaign 1 during winter 2017 [2] showed the
need for a seamless (short and long range —from hours to days) forecasting system of high quality
which can be used not only for adverse winter weather prediction.
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Fig. 1: Overview of the roadmap of probabilistic weather forecasts for airports

More details including additional description and maturity gates are listed in Fig. 2 next page.
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Years: 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
PNOWWA
*Probabilistic Nowcasting of Winter Weather for Airports
*short-range nowcasting up to 3 hours
*proof of concept, stakeholder assessment, promotion
Improve Forecast Quality
*further development of forecast quality
*improvements in weather radar based nowcasting methods - new methods developed and tested
*considering local effects
+use observation data more efficiently in product, data fusion *{
*further development based on user feedback interaction
Extended Lead Time _MGI
sseamless winter forecast product
*0-48 hours
*data fusion *(
MG2
Option for Additional Forecast Parameters (Wi_nuz
sincluding ceiling forecast (ATM)
*including low visibility not caused by snow fall {e.g. fog)
*data fusion *{
*areal probability forecast
Layout ™
svisualization, mobile app,...
R MG3
*case studies, training set
*real time application
*available to European wide stakeholders
*impact studies
stest of integration into a?rport CDM procedure
* o.g. mobile app
User Feedback Interaction _M'Gtt
*European Airports included
*ATM, deicing, runway maintenace and airliners as main users
*considering of complex interactions between individual stakeholders related to probabilistic forecast
suser calibration of probabilstic information based on staekholder impact, verification
Modification Demonstration Product _MGE
*layout
*including possible forecast paramter as e.g. airplane wing temperatures, runway temperature considering snow and chemical contamination, .....
Experimental Product Winter Weather Probability _mu TRLG
Deployment of Winter Weather Probabilistic Forecasts to ATM TRL7
Option: Including Summer Weather (probabilistic) if decided _MGS
*All Weather Probabilistic Forecast System for Airports
*including thunderstorm forecast
*precipitation such as flash floods or hail, visibility and ceiling, wind and wind shear
+lightning activity within aerodrome area (alert/shutdown warnings)
*data fusion *( and implementation of exisiting thunderstorm nowcasting methods
Demonstratation all weather, 0-48/72h MG7

Experimental Product Winter + Summer Weather (probabilistic)

Deploymental Winter + Summer Probabilistic Forecast Product
bl

Probabilistic Weather Forecast Solution

Fig. 2: Roadmap of probabilistic weather forecasts for airports.
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To increase the forecast quality, further analyses of weather radar data and the integration of new
methods are needed. For increasing the lead time up to 24 hours and to integrate additional
requested meteorological parameter such as ceiling or low visibility fog, data fusion is needed.
Weather radar data alone are not able to capture all aspects as mentioned before.

Data fusion (see remark “*(“ in Fig 2) means the integration of data from:

e Numerical weather prediction models: ensemble prediction systems are suitable for
probability forecasting [4]
e Special models:
o cloud physics model
o road weather model to be used for runway conditions [5]
o model for fog (e.g. [6]) or drifting snow [7]
e |CAO annex lll products (e.g. TAF, METAR)
e Additional observations (e.g. runway or airplane wing temperature, amount of used
chemicals, ..)
e Dual polarized weather radar

Future probabilistic weather forecasting experimental product should be available for all European
airports which are affected by adverse winter weather. Integration in airport collaborative decision
making (CDM) and state of the art layout and mobile application (e.g. mobile app for smart phones)
should be tested.

Even when severe winter weather at airports are rare events with strong impact on safety and
economic aspects, user have to find and derive adequate thresholds for the likelihood values of
different weather parameters (e.g. freezing rain or different snow height). These thresholds give
them the correct balance of the alert and false alarms for specific applications.

Future application such as forecasts for airplane wing temperatures (de-icing handling) or runway
temperature considering contamination of snow of chemicals (runway maintenance) might be added
when requested.

Last-mentioned, future probabilistic weather forecast system for airports should capture all weather
events for all seasons, namely snow fall, fog and thunderstorms.

The maturity gates are listed in

Fig. 2 to divide into distinct stages. There are slightly overlaps, but at this point continuation of the
program is decided.

MG1: The extend of forecast lead time has to be demonstrated by generating a demonstration
product up to at least 24 hours and showing the performance for case studies and collecting
stakeholder feedback for the use in tactical planning.

MG2: After PNOWWA the probability product has to be enriched by optional additional forecast
parameters and more advanced visualization of the products. At the end of this phase, additional
areal probabilistic distribution of winter precipitation and low visibility procedures has to be
captured. Case studies demonstrate the forecast performance of the new parameters and user
feedback has to be collected.
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MG3: After passing successfully MG1 and MG2, the demonstration in close cooperation with
stakeholders has to be applied and positive user feedback has to be collected. Positive effects during
adverse winter weather operation in using probability winter weather forecasts has to be
demonstrated.

MG4: Demonstrator will be provided European wide and a survey will collect useful hot spots in
Europe, affected by adverse winter weather with high potential for using probabilistic winter
weather forecasts. In cooperation with stakeholders at individual airports, probability thresholds for
certain weather elements have to be defined and adjusted.

MG5: Modification of the probabilistic winter weather product will be implemented to reach higher
technical readiness level of the experimental product. Experts from aviation and meteorology will
decide about further implementation in operational procedures.

MG6: Case studies demonstrate the usability of probabilistic summer weather forecasts for
stakeholders, such as possible application and solutions for flight planning or ATM approach
procedures using areal maps of thunderstorms. Positive user feedback from online demonstration
campaign has to be collected.

MG?7: The use of probabilistic weather forecasts during winter and summer has to be demonstrated
and validated. Positive user feedback is mandatory. To reach higher technical readiness levels the
product will be modified in regard to user feedback.

14 All rights reserved. Licensed to the SESAR Joint Undertaking under Founding Members
conditions

O

EUROPEAN UNION  EUROCONTROL



ROADMAP OF FUTURE APPLICATIONS x»

WA SESAR

JOINT UNDERTAKING

3 Conclusions

The PNOWWA demonstrator was developed within SESAR H2020 fundamental exploratory research
program. Further work is needed to reach higher maturity levels and to generate an experimental
product for future operational application used by airport stakeholders. The roadmap for future
operational application suggest the integration of additional forecast parameter (ceiling, reduced
visibility due to fog, ...) and the extension of lead time up to 2 days. In close cooperation with air
traffic management, de-icing and runway maintenance the impact on airport operation has to be
defined with respect to probability classes. From user perspective, in the future also summer
weather has to be included, which results in one probabilistic forecast system to predict all weather
elements relevant for airport handling.

Founding Members © —2018-Finnish Meteorological Institute et. al. 15
All rights reserved. Licensed to the SESAR Joint Undertaking under conditions.

EUROPEAN UNION  EUROCONTROL



EDITION [00.02.00]

References

[1] PNOWWA, 2017: PNOWWA deliverable D4.1: “Survey of user Needs”

[2] PNOWWA 2017: PNOWWA deliverable D4.3: “Survey of user opinions of demonstrated product”
[3] PNOWWA, 2017: PNOWWA deliverable D6.1: “Report of simulation campaign”)

[4] WMO, 2012: Guidelines on Ensemble Prediction Systems and Forecasting. (available:

http://www.wmo.int/pages/prog/www/Documents/1091 en.pdf)

[7] Jutilas, Arttu, 2017: 3D-modeling of snow in the Saariselka region during the winter 2015-2016,
Master Thesis, Helsinki University

[5] FMI, 2015: The road weather model. (available: http://en.ilmatieteenlaitos.fi/road-weather-
model )

[6] Kneringer, Ph., Dietz, S., Mayr, G. and Zeileis, A.; 2017: Nowcasting of Low-Visibility Procedure
States with Ordered Logistic Regression at Vienna International Airport. EGU General Assembly 2017,
Vienna (available: http://meetingorganizer.copernicus.org/EGU2017/EGU2017-7131-1.pdf)

16 All rights reserved. Licensed to the SESAR Joint Undertaking under Founding Members
conditions

* *

* *
* ek

O

EUROPEAN UNION  EUROCONTROL


http://www.wmo.int/pages/prog/www/Documents/1091_en.pdf
http://en.ilmatieteenlaitos.fi/road-weather-model
http://en.ilmatieteenlaitos.fi/road-weather-model
http://meetingorganizer.copernicus.org/EGU2017/EGU2017-7131-1.pdf

