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Snowload — Past, Present and Future

User workshop — Report

Brief overview

Date: 09.04.2024

Time: 9:00 to 12:30 (UTC+2)
Place: Online (WebEXx)
Number of participants: 31
Purpose of workshop:

¢ Introduction of the project FPCUP SNOWLOADS;
o Presentation of the first version of snowload information system for Bavaria;
e User dialogue;
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Introduction

Snow loads have a significant impact on structures, especially buildings, and can have
profound effects, especially during intense or extreme snow events. These loads can cause
widespread environmental damage, such as impacts on forests, as well as damage to
infrastructure and people. It is therefore crucial to accurately characterize the spatial
distribution of expected snow loads in each European country.

The FPCUP initiative, in collaboration with partners such as the German Weather Service
(DWD), the Centre national de la recherche scientifigue (CNRS), the Finnish Meteorological
Institute (FMI), and the Politecnico di Milano (POLIMI), aims to develop a Copernicus Climate
Change Service (C3S) app on the Climate Data Store (CDS). This app will provide Europe-
wide climatological information on snow loads for civil engineering, hazard mitigation and
damage prevention. In three pilot regions - Bavaria (Germany), Uusimaa (Finland), and
Lombardia (Italy) - three downstream services will use the C3S App data as a basis and enrich
it with up-to-date snow load information.

For Bavaria, a pilot downstream service for snow load information is developed, tested, and
shared in cooperation with local and municipal authorities as well as disaster response teams.
This pilot downstream system aims not only to provide current snow load data for responding
to potential high snow load events, but also to contextualize it in the context of climate change
using the C3S application.

The project aims to have close communication with stakeholders in order to develop services
that users actually want and that are as user-friendly as possible. A first user survey was
conducted in autumn 2023, which will be analyzed in a separate report (see here).

In April 2024, the DWD and its partners organized the first German-language FPCUP
SNOWLOAD workshop. This online event represented an important milestone in the
development of the snow load information system tailored to the Bavarian region, while also
providing insights into the broader objectives of the FPCUP SNOWLOADS project.

With a primary focus on Bavaria, the workshop served as a platform for stakeholders to engage
in discussions with developers of the snow load information service for Bavaria. While the
discussions and presentations were mainly held in German to address local concerns, English
presentations by project partners ensured a broader representation of the European scope of
the project.

The workshop attracted considerable interest, with 31 participants. An effective promotion
campaign, including email and website promation, resulted in 28 registrations during the month
of March, demonstrating the strong stakeholder engagement.

With a dynamic format of presentations, discussions, and interactive sessions, the workshop
facilitated an open exchange of ideas, needs, and expectations. The user dialogue session,
supplemented by tools such as word clouds and polls, provided a structured platform for
participants to provide feedback and suggestions.

This report aims to distill the insights and outcomes of the workshop, shedding light on the
collaborative efforts driving the advancement of the snowload information system in Bavaria
and beyond.


https://www.copernicus-user-uptake.eu/resources/resource-details/results-for-user-survey-conducted-in-germany-in-2023-658
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Program and overview of the workshop
[Uhrzeit — [Thema ~ [Sprache [Referent/Referentn |

9:00-9:10 Greeting and introduction German | Bodo Wichura (DWD)
Penelope Gehring (DWD)
9:10-9:30 Introduction to snow load and snow German | Bodo Wichura
load maps

9:30-10:15 Introduction to FPCUP SNOWLOADS | English | Ali Nadir Arslan (FMI)
Elisa Kamir (CNRS)

10:15-10:30 | Break
10:30-11:15 | Snow load information system Bavaria | German | Penelope Gehring

11:15-12:15 | User dialogue / discussion German | Bodo Wichura
Penelope Gehring

12:15-12:30 | Conclusion & Goodbye German | Penelope Gehring
Bodo Wichura

DWD Deutscher Wetterdienst
FMI Finish Meteorological Institute
CNRS Centre National de la Research Scientifique

The workshop began with Bodo Wichura's presentation on snow load and snow load maps.
He provided a solid grounding in snow load fundamentals, including insights into snow load
standards and the evolution of snow load zones. Furthermore, he shared findings from a
project to refine snow load maps for Germany with practical implications for future snow load
standards.

After that, the workshop moved on to discuss the different parts of the project (see also
Introduction).

Ali Nadir Arslan then presented FPCUP SNOWLOAD and the snow load tools developed by
FMI. He also discussed the plans to compare the data from these tools with the C3S show
load app. Moreover, he presented the plans for the pilot downstream service for the pilot region
Lombardia.

Elisa Kamir then presented one of the main parts of FPCUP SNOWLOAS, the C3S snow load
app, outlining its development strategy and sharing preliminary data analysis results. She also
provided a sneak peek of the C3S app prototype, highlighting the ongoing progress in its
development.

After a short break, Penelope Gehring presented the pilot downstream service currently under
development for the pilot region of Bavaria. She also showed the first version of the system
and gave the participants a hands-on demonstration of its functionality. Additionally, she gave
a short outlook on how the development will continue and how the data of the C3S app will be
used.

For reference, slides from all presentations have been included in the Appendix of the report
to ensure a comprehensive record of the workshop.

The following section of this report delves into the user dialogue that concluded the workshop,
capturing valuable insights and feedback from participants in a straightforward manner.

User dialogue

The user dialogue part of the workshop used polls and word clouds to facilitate interactive
engagement and ensured that all participants could contribute their insights, even if they were
not comfortable speaking directly online. This section of the report presents the outcomes of
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the user dialogue, organized into three parts: polls, word clouds, and comments from the
WebEXx chat or verbal input.

Polls

The initial poll (see Figure 1) revealed that the majority of participants, 70%, were from civil
protection departments. Another significant portion, 15%, represented the property
management sector. Notably, 20% of participants selected "other," with individuals using the
chat feature to elaborate on their specific sector providing additional clarity on their
backgrounds and affiliations. For example, road maintenance and construction consulting were
mentioned, as well as participants involved in the development of the DWD’s national hazards
portal.

The consistency between the results of the workshop survey and the findings from the user
survey conducted in the fall of 2023 is noteworthy. In both cases, there is a predominant
representation from civil protection departments, indicating a continued and significant interest
from this sector in snowload information services. This alignment underscores the importance
of considering the needs and requirements of civil protection departments in the ongoing
development of snowload-related initiatives.

Application area

Planning of buildings = 0%

Property management

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 1: What is your application area (multiple-choice) Respondent: 20

Reflecting on earlier feedback gathered during the user survey, it was noted that the terms
"grid" and "point data" may not have been adequately defined, potentially leading to
misunderstandings. To address this, participants were again asked to express their preference
between these two data formats during the workshop.

Following the poll, it was revealed that all 17 participants unanimously voted in favor of the
"grid" data format. This broad consensus underscores a clear preference within the audience
for grid-based data representation.
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Figure 2: Example of a snow load map showed during the user workshop

The workshop then turned to user feedback on the first version of the snow load information
system (see Figure 2), focusing initially on the markers on the map and the accompanying
legend. Two separate polls were conducted to gather insights: the first asked for ratings on a
scale of 1 to 5 stars, while the second used a multiple-choice question to assess the perceived
helpfulness, practicality, and understandability of the markers and legend.

The initial poll (see Figure 3) showed that the majority of respondents rated the markers and
legend favorably, with a significant proportion assigning a rating of 4 stars or above. This
indicates a generally positive reception of these components within the snow load information
system.

Rating: Color of markers

a3 24 =5

Figure 3: Do you like the color of the markers and the corresponding legend? Respondent: 19 Score: 4.4

However, the subsequent multiple-choice question (see Figure 4) highlighted some nuances
in participant’s perceptions. While about 86% of participants found the markers to be
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understandable, only 20-30% found them to be practical and helpful. This discrepancy
suggests that while users may comprehend the markers, they may not find them sufficiently
actionable or informative in their current form.

Given these findings, further research is warranted to explore ways to improve the markers to
increase their practicality and usefulness from the user perspective.

The colours of the markers and the legend
are

practicable 26,7%
understandable in its current form 86,7%
helpful

0% 20% 40% 60% 80% 100%

Figure 4: How are the colours of the markers and the legend? (multiple-choice) Respondent: 15

The discussion then moved to the incorporation of traffic lights into the snow load information
system to provide insight into the certainty of the model predictions. The participants were
again asked two questions, one about their rating of the traffic lights, and another about their
understandability, helpfulness and practicality.

Although the majority of respondents gave ratings of four stars or higher, a notable 5% of
respondents rated the traffic lights with only one star (see Figure 5). This suggests potential
challenges in understanding the current format of the traffic light system. In fact, while 75% of
participants found the traffic lights helpful, only about 37% found them understandable, and an
even smaller proportion found them practical (see Figure 6).

Rating: Traffic lights

=1 53 =4 =5

Figure 5: Do you like the traffic lights? Respondent: 19 (Score: 4.2)
6
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One participant noted a potential source of confusion: the integration of the traffic lights within
the legend. This led to uncertainty about whether the traffic lights were part of the legend or
provided additional information. In addition, the lack of visible changes in the traffic light colors
unless there is a significant snow load further complicated understanding for some participants.

These findings highlight the need for clarity and refinement in the presentation of the traffic
light system within the snow load information system. Addressing these concerns is essential
to ensure that users can effectively interpret and use the information provided by the traffic
lights in their decision-making processes.

The traffic lights for assessing possible
threshold crossings are

practicable

understandable in its current form 37.5%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 6: How are the traffic lights for assessing possible threshold crossings? (multiple-choice) Respondents: 16

The discussion then moved to the presentation of error intervals, where the estimated mode
error was depicted in terms of upper and lower limits for snow loads. Participants were again
asked to provide ratings, along with assessing the helpfulness, understandability and
practicality of the error intervals.

Rating: Error intervals

e

=1 =3 =4 =5

Figure 7: Do you like the error intervals? Respondent: 20 (Score 3.9)

Analysis of participants’ responses (see Figure 7) revealed that 25% of the respondents rated
the error intervals as three stars, while 5% gave it only one star. In addition, 25% rated it four
7
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stars, indicating that the majority rated it with four stars or lower. This suggests a consensus
among participants that while the information provided by the error intervals is considered
helpful, the display method may not be easily understandable or practical (see also Figure 8).

One participant highlighted a potential source of confusion: the notation used for the error
intervals. They noted that, at first glance, the format resembled a decimal number in
parentheses, leading to initial misunderstanding. They suggested using words instead of
mathematical notation to improve clarity and comprehension for users.

The specification of the error intervals is

practicable .—6,67%
understandable in its current form

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 8: How is the specification of the error intervals? (multiple-choice) Respondent: 15

The feedback section concluded with an overall rating of the snowload maps, which showed a
high level of satisfaction among respondents (see Figure 9). An overwhelming 85% of
respondents gave the maps five stars, while the remaining 15% gave them four stars.

Rating: Snowload map

=4 =5

Figure 9: Overall evaluation of the snow load maps (Score 4.2) Respondent: 13

Despite specific criticisms raised regarding certain aspects of the maps, such as the markers,
legend, traffic lights, and error intervals, the collective sentiment indicates overall satisfaction
with the first version of the snowload maps.



FPCUP SNOWLOADS User Workshop Bavaria 2024 Report

Continuing the discussion, the participants were asked about their requirements for the further
development of the snow load information system, especially with regard to the data displayed
on the maps. The results (see Figure 10) indicate that both snow load and snow depth were
strongly desired by more than 75% of respondents. However, there was less enthusiasm for
snow density, with only about 38% or respondents expressing a strong desire for its inclusion
on the maps.

Needed snow data

Snow depth 76,9%

Snow density 38,5%

Snow load 84,6%

0,0% 10,0% 20,0% 30,0% 40,0% 50,0% 60,0% 70,0% 80,0% 90,0%

Figure 10: What snow information do you need that is shown on the map? (multiple-choice) Respondent: 13

In the final poll, participants were asked about their preferences for the spatial resolution of the
snow load information system. Options ranged from 1 km x 1 km to county or district level. The
results (see Figure 11) indicated that a majority (53%) favored a spatial resolution of 1 km x 1
km.

Spazial resolution

= County (Landkreis) = District (Bezirk) = 1Tkmx1km Bkmx5km

Figure 11: What kind of spatial resolution would be most useful for you? Respondent: 17

However, there was also considerable interest in other resolution possibilities, with varying
degrees of support for 5 km x 5 km and county or district level resolutions. The least preferred
option was 10 km x 10 km, suggesting a preference for finer spatial resolution among
participants.
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Word cloud

This section focuses on the input gathered through word clouds, where the participants’
responses to two key questions provided valuable insight into their wishes and priorities
regarding the further development of the snow load information system.

In response to the question about general wishes for a snow load system (see Figure 12),
participants overwhelmingly emphasized the importance of usability, expressing a desire for
simple and quick access to the system. In addition, there was significant interest in features
related to monitoring trends in snow load and accessing forecasts.
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Figure 12: Input of the word cloud regarding the question "What is important to you in a snow load information
system?" (Respondent: 15)

In terms of ideas for improvement of the snow load information system during the development
of the new version, participants reiterated the importance of forecasting capabilities,
highlighting the value of being able to predict snow load conditions. Furthermore, participants
expressed a desire for different layers within the system, including one with grid-based data
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and another with station points, indicating a need for diverse and customizable data
visualization options to meet various user needs and preferences. These insights gleaned from
the word clouds provide valuable guidance for prioritizing development efforts and enhancing
the functionality and usability of the snow load information system.
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Figure 13: Input of the word cloud regarding the question "What are your suggestions for improving the snow load maps?"
(Respondent: 7)

Comments & Discussion

Participants expressed several specific suggestions and interests for improving the snow load
information system. There was a notable interest in access historical snow load standards,
particularly regarding worst-case scenarios, suggesting the need for comprehensive
documentation to facilitate informed decision-making.

In addition, participants highlighted the importance of including roof load statistics,
underscoring the relevance of this data for building maintenance and safety. Some participants
stressed the importance of including warnings in the system to alert users to potential risks.

Participants also recommended making the used snow load standards directly visible within
the legend of the map for enhanced clarity and usability. Furthermore, there was interest in
offering user-generated data to augment the system's accuracy.

Finally, participants mentioned the need for legally compliant and reliable information.
Particularly in relation to building closure decisions based on comparisons between roof load
and snow load in specific areas, the discussion highlighted the importance of operator
responsibility for service properties on the basis of reliable information. It was pointed out by
DWD that the app can provide as reliable information as possible at the time of its release. The
subsequent decisions must be made on the basis of all available information (including building
specific information); in this respect, the basic data on snow loads are not legally binding.

Conclusion

In conclusion, we are pleased with the wealth of input and constructive discussions with
stakeholders during the workshop. Through engaging dialogues, we successfully addressed
open questions and received invaluable feedback and ideas for the further development of the
snow load information system. In addition, the increased interest of participants in trying out
the test version indicates a growing enthusiasm with the project. Overall, this workshop proved

11
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to be a resounding success and laid a solid foundation for continued collaboration and progress
in refining and enhancing the snow load system to better meet the needs of its users.
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Contact information

Deutscher Wetterdienst - Regionales Klimablro Potsdam
Michendorfer Chaussee 23

14473 Potsdam

Email: techklim.potsdam@dwd.de

Webseite: Schneelast-Informationssystem flir Bayern
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Appendix

Presentation I: Introduction to snow load and snow load maps
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FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 10
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2>

Pilotuntersuchung (DIBt)

- Pilotuntersuchung ,Fiachenhafte Analyse von Schneelastmesswerten in

fiinf Landkreisen und |hr Vergleich mit den Schneelastzonendaten der
DIN 1055-5:2005", 2017

eine Uberarbeltunsg der Schneelastzonenkarte flr eine realistischere
Ci

Darstellung der Schneelasten im Gesamigebiet der Bundesrepublik
Deutschland ist moglich durch:
2>

v v vy

Ememenmg der Datenbas-s der Sehneedeeke mit_allen verfﬁgbaten DWD-
(Ergar g mit wei Daten des W g
der Daten der Sehneehohe)

Analy zur Sch dichte aus Schneehohe und Wasseraquivalent
B h g der W aquivalente an allen Standorten mit Schneehohen-
messungen

Ermittlung der charakteristischen Schneelasten am Boden mit
Extremwertanalysen an allen Standorte mit Werten des Wasseraquivalents

Raumliche Interpolation der charakteristischen Schneelasten mit Hilfe eines
geostatistischen Verfahrens

FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 1

owo|
Deutscher Wetterdieast
WaTIor Usd K1ima us ciner Hand el

DIBt-Forschungsvorhaben: Bereitstellung von Schneelastwerten fur das

Bauwesen durch den DWD (Fabiana Castino, 2019-2022)

FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 12
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Deutscher Wetterdieast E
Warter Lad Kima 3us ciner Hang

Bereitstellung von Schneelastwerten fiir das Bauwesen

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 13
Schneedatensatz DRI W

5 WA (~1100 Stationen)

8100000

e .
g gl
§ 3
g T
8| £ FA
B B
L zerene-  © | Zeltreine-
| Lgngetn oz
3;’ g 10-20 B @ 3040
1 2 % £ g 40-50
g1 8 50-70
[ ° s @ 70-100
| ® 270 e 2100
43000 00000 800000 40000 BR0000 000000
Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 14
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Ergadnzung Schneedatensatz s
g 2

2800000
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ST0L000

L7000
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X000

g

2

g 3|

g a1

2 @

a0 o acon: T
b @ OSchaeiz @ Tschechien

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 15

Schneedatensatz

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 16
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Deutscher

Schneedatensatz v e At

s
San
i
i

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 17
Wasseraquivalent Modellierung Eeh kg O

FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 18
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Raster der Schneedecke (1950-2020)

Deutscher Wetterdieast E
Warter Lad Kima 3us ciner Hang

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 1@

Raster der Schneedecke (1950-2020)

Deutscher Wetterdieast
WOTIor Usd K1ima us cinar Hand el

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 20
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Raster der Schneedecke (1950-2020) s oot E

Sy charakteristischer Wert der Schneelast
- am Boden

Methoden
—>Ansatz
(,Block Maxima’ oder ,Peaks over Threshold’)
->Vertellungsmodell der Extremwerte
{Gumbel, GEV, Pareto, ...)
->Schétzfunktion zur Bestimmung der
Verteilungsparameter der Extremwerte
(Maximum Likelihood, Moments, ...)

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 21

Deutscher Wetterdieast ;
Schneelastkarte oo diinaf

- WA-Modell ’ﬁ

Wh-Hybrides Modell WA-ASNOW
(HM) {0s)
|
Extremwertanalyse

Vertedungsfunktion (Gumbel, GEV) + Parometerschatzmethaden (LS, MLE, GMLE, LMom)
l Gl dild] |
Insgesamt 10 Werte far das 98%-Perzentil der Jahresmaxima der Schneelast (S |
O G (P 420 Gt KD |
Sqg™ - Methoden-Mittel fir HM S~ Methedan-Mittel fir 0§
| Ji= .l

Lo | I T

charakteristischer Wert der Schneelast S,
abgeleitet aus dem Sy Modell-Method en-Mittel

Q FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 2
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Schneelastkarte

0 W — Frme——

Modellmittel

FPCUP Nutzerworkshop, Piotregion Bayern, 08.04.2024 23

Deutscher Wetterdieast
WOTIOr U g KIbna 20k inar Hand el

Vielen Dank fir die Aufmerksamkeit!
Fragen?

Dr. Fabiana Castino
Dr. Penelope Gehring
Dr. Bodo Wichura

Deutscher Wetterdienst

Abteilung Klima- und Umweltberatung (KU1)
Regionales Klimabiiro Potsdam
Michendorfer Chaussee 23

14473 Potsdam

techklim.| m de
www.dwd.deflastqutachten

e

FPCUP Nutzerworkshop, Piotregion Bayern, 08.04 2024 24
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Presentation Il: FPCUP SNOWLOAD

FPCUP SnowlLoad

User Workshop
Bavaria

09 April 2024

CONTENT

QO Background
@ FPCUP SnowLoad Pilot in Uusimaa / Finland

Q FPCUP SnowLoad Pilot in Lombardia / Italy

ILMATIETREN LAITOS i
METEOROLOAIKA INSTITUTRY
FINNISH METEOROLOGICAL NSTITUTE omrnlcus

FPCUP
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Background

« The C3S App will provide Europe-wide maps of snow load related
parameters (i.e., 50 years return values of snow loads; in addition,
maximum values of snow depth, snow water equivalent, depending
on user requirements) and will make available a basic dataset of
snow load information under past and future climate.

« Pilot downstream services will use the data of the C3S core App as

Weather Services, for instance.

« The C3S App and the additional pilot downstream services will be
delivered in the context of delivery events (workshops).

ILMATIETEEN LAITOS ;..I-i
PETIOROLOGIAHA INSTITUTEY
FINNISH NETEOROLOGICAL SSTITUTE I U

FPCUP

basic and background information on snow loads and will enrich '
them with current snow load information, delivered from National |

FPCUP SnowlLoad Pilot

Uusimaa / Finland

ul
O s B Gpemiw?

FPCUP
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o = e i
F » - municipalities

w Askola, Espoa, Hanke, Helunk( HyviekAa, Ing), Mevennhy,
( Karkkila Kaumanen, Serava, Kirkkomern | Lap ey, Lohja.

Lowisa, Myrsayla, Mantsaia, N L Pocnasen, Porvon
Putkia, Raseborg, Sipoo, Swntio, Tuussla, Vantas, Vi

Fresh water

Salt water
‘ ', 40 %

1.7 million inhabitants

31% of the entire population of Finland

Population growth

et 1 3,0 00 inhabitants in 2020

By 2040 a population growth of

ILMATIETEEN LAITOS
PETIOROLOAIMHA INSTITUTEY = O
FINNISH NETEOROLOGICAL #3TITUTH in Helsinki-Uusimaa Region*

Snow Statistics

Q In Finland the first snow cover is considered to have happened on
the day when there is measurable snow in the morning
observation (06 UTC). The permanent snow cover is defined as
the longest period with consecutive snow cover days.

Q The very first snowflakes fall to the ground in late August or early
September over the higher peaks in Lapland. The first
ground-covering snow and permanent snow cover arrive at

winter is long (approximately seven months) and the permanent
snow cover comes significantly earlier than in southem Finland.

Q The snow cover is usually thickest in mid March, in Lapland often
as late as early April. Soon after that the snow cover starts to melt
fast.

QO The maximum snow depth is usually found around March (most
of the country) or early April (Lapland). Typically, the ground is
covered with snow over half a year in Lapland.

al
Pt [ Gpemicusi

FPCUP

different times in different parts of the country. In Lapland the ..

27
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3
N

Typical date of first snow cover (1991-2020 Typical starting date of permanent snow  Typical ending date of per snow
normal period) cover (1991-2020 normal period) cover (1991-2020 normal period)

;

The map on the left depicts the typical date of the first snow cover based on the 1991-2020 normal period. The maps in the middle and on
the nght depict the typical beginning and ending date of the permanent snow cover based on the 1991-2020 normal period

i

|

fun

I
ILMATIETEEN LAITOS .
METEOROLOAIIHA INATITUTEY omrm
FINNISH NETEOROLOMICAL SETITUTE

Typical snow depth (cm) on March 15th Typical snow depth (cm) on March 31st
(1991-2020 normal period) (1991-2020 normal period) (1991-2020 normal period)

ILMATIETREN LAITOS p : i
METEOROLOAMMKA INSTITUTEY
FINNISH METEOROLOGICAL INSTITUTE Op€fﬁ|CUS
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Helsinki snow depth

100 cn
90 om
LN
70 oy
G0 em

S0 omy

wnew degrtls

40 o

Jant et Mar | Aprt May ) i Jult Al Sep 1 ot Nov 1 Dec 1 Jan )
— Typical snow depth  © 95 % ange

Rovamiemi snow depth

100 tm
lem
80 um
Toem
50 cm

S0 em

snow depth

A0 tin

0w

Wem
it em
Oem

I ) ] (' Apr Nay | Iun 1 Jolt gy ep | o h ] Det Jn

= Typical snow depth ' 95 % range

Finnish Meteorological Institute observation stations include a total of
about 400 different types of observation stations.

Snow depths are available from 175 observation stations starting from
1961.

ILMATIETREN LAITOS
METEOROLOAIKA INSTITUTEY
FINNISH METEOROLOGICAL INSTITUTE
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Snow load

® Snow load:
* the weight of the snow on
ground (kg/m?)
e Snow water equivalent:
* Depth of water layer if snow
melted (mm)
® Snow load = snow water
equivalent
e Snow load # roof load

SYKE
What kind of statistics would describe the
snow situation in Finland in differnet years
e Describe the whole country
* Regional differences
* Describing larger areas
o Statistics on annual differences?
o Pointing out extreme cases and years?
A—L 12
SYKE

30
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Extreme snow load occurance in Finland

-background
oy [—
s 5™ T R R T i
"'.-"-" I e e
#';'} - E
oo e f: P
Ty ’, [
In situ snow course Snow course model
observations at 148 to fill temporal gaps
locations

Extreme snow load occurance in Finland
-background

31
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Mean snow load
in March 2017

Maximum snow load
in March 2017

ka/m? kg/m®
R [0
B -2 ] 2120
| IR [ 51 - 100
s 00 B 0: - 120
B o1 - 150 B si2
I 250 500

B 5200

8.

5 W& |
~
SYKE

Minimum snow load
in March 2017

Extreme snow load
occurance in Finland

Number of days when snow load

® Spatial analysis done at
County level
« Also other spatial
groupings possible
e Occurence of heavy snow
load (> 100 kg(m?)
* Number of days at least in
one grid point?
* Number of days at
percentage of County area
= At least n grid points
ﬁ required to count
“

SYKE

over 100 kg/m? in January 2017

32
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3
WATERINFO. fi | VESIfi ;5;
Waterinfo.fi is a source of research-based information on water issues that serves oo
both citizens and experts in different fields. Information for the website is : <

produced by the Finnish Environment Institute, the ELY Centres, the Finnish :
Meteorological Institute and the Flood Centre in collaboration with water sector
expert organisations.

« O et vn iVt hat

[a]a 4]

L nores ~
Seow losd

Sevw waler contenl
W > 230 b/

B 130-330 ke
W 10100 kg nr

ul
O P Gpernicusi

FPCUP
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Pilot Region Lombardia

Lombardia region: 23.844 km?

Flat part is 47%
Hilly part is 12
Mountain part is 41%

Snow loads are ruled by normativa NTC2018
(2018)
hitps:/iwww.gazzettaufficiale.it/eli/qu/2018/02/20/42
[so/8/sa/pdf

Pilot Region Lombardia: data

AL Reto Nvometri ARPA Station data:
Automatic stations

1t e P P04

- e oty o o
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Pilot Region Lombardia: data

Manual stations

Pilot Region Lombardia: data

SENTINEL data

ERAS —land data
9 x 9 km2
Hourly time scale

Arve crmogenes 220

CMCC-CLM data
2.2x22km2
Hourly time scale
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Pilot Region Lombardia: HYS model
[De Michele et al., 2013; Avanzi et al., 2015)

HyS model
i 2 A C. : SR d ém QD
fReress AR R
B % & 2 )a 'S A @J SWE
h I Snow
’ hy/n load
, : : ihMF /n

Pilot Region Lombardia: HYS model

Approach

Point Data of precipitation and temperature Gridded Data

N Corparsons

SWE, Snow load

36
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Pilot Region Lombardia: HYS model

1.2 | &
Example of T & i)
output ‘

- ol
E ‘ ‘|‘I \
£os [ay 'qLM
; L { I\',' i

',# . ’ l J ‘-‘l |
04 ,. ‘ gr ; 1
wed Xt 4 S

nne e

oynn
500
400 I
\
E:mo M
E L ~
§ ™ w4 |
200 I \ b
o | ] | Iy {|
wo y f ‘ A VL e
\ ) ¥ | i 1‘}'
0 ulf L ) PETAN tdnd Saall
0128 LA LOL) o

THANK YOU!

More information:

Ali Nadir Arslan -

Ali Nadir Arslan
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Presentation Ill: Estimation of snow load data using Copernicus and in-situ

data

Caroline Herschel Framework Partnership

Agreement on Copernicus User Uptake

User uptake of Copernicus data into applications and services
for snow loads : Towards a “SnowLoads” C3S App

Estimation of snow load data using Copernicus and in-situ data

Samuel Mornn', Guillaume Evin®, Elisa Kamir'?, Al Nadir Arslan®, Bodo Wichura‘, Gehring Penelope*

Meétéo-France — CNRS, CNRM, Toulouse and Grenoble, France
Univ. Grenoble Alpes, INRAE, CNRS, IGE, Grenoble, France
DWD

FMI

el ol g

B Coett?

Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

(O M L 1T

i Feb. 2018 Munich (Germany) Dec. 2023
stuck for hours as number of had not been Transports were suspended in Munich due to 44 cm of snow,
for such snow fall event. ‘heaviest snowfall since records started in 1933.

® While both winter and summer are projected to become warmer throughout Europe, extreme
precipitation is projected to increase throughout the entire European temritory
® Could extreme events of snow falls become more frequent and/or more intense?

38
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Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

OUR QUESTIONS

® How intense could future snowfall extremes become ?

® How reliable is the data set we use?

Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

MTMSI data set

o s Stowwr (oo

B U I A T100 e B (o W and el i

® The MTMSI reanalysis ) o
(1962-2020) data set result —
model chain fod with
UERRA

® On each NUTS-3,
were selected and used to
run CROCUS model on
the whole NUTS-3 area

UEARA - MESCAN
SURFEX  -s2wr
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Introduction [ Evaluation of MTMS reference [ Return levels from MTMSI projections

MTMSI data set

® Case-by-case identification of “mountain” and “plain” NUTS-3
® On “mountain” NUTS-3 grid points were selected to provide results by steps of 100 meters elevation
® On “plain” NUTS-3 grid points were selected to provide a single elevation

II-_

B T e

e
igure 2. Altitude of MTMSI data set.

o
Wb |

Introduction [ Evaluation of MTMS| reference [ Return levels from MTMSI projections

In situ data set |

Alpine station observations:
- Monthly max of snow depth
- From 1962 to 2015

- 2893 stations

German station observations:
- Yearly max of snow depth
= From 1970 to 2020

- 5388 stations

40
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Introduction I Evaluation of MTMS| reference [ Return levels from MTMSI projections

|
." II
..-..--

In situ data set

® Stations provided data mostly on 1979-2007
® Most stations are below 500 m

oG
.

altimde coverage of the stations (bottom) 7

Introduction [ Evaluation of MTMS] reference [ Return levels from MTMSI projections
| Method of evaluation ]
Observation 1 o MTMSI Elevation 1
—— MTMSI Elevation 2
- NUTS 31 e il
1 filter Obsenation 4 ———— MTMS] Eevabion 4
Selecting observation at +/-
150w of each NUTS ‘.
2. Missing data filter
e
am Waster | 3. Observation correlations:
e o \ Calculating median of 1 to 1 ‘
2t least 27 yearly max i observation correlations.
between 1971 and
2015
4, UERRA score:
Calculating median of normalized
correlation, bias, RMSE,
8
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Evaluation of MTMSI reference [ Return levels from MTMSI projections

Results of evaluation

i satans
(£

—

— o
"
wr

-

1
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Asag reeied
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v
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Figure 6. Comparinz MTMSI and in situ timeseries of DE275 NUTS at S00m.

Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

| Results of evaluation

oy
"

e

Tl
b (o4

Siw i o

® Larger proportion of negative biases:
underestimation of snowdepth maxima

® Correlations below 1500m gather on higher values
-~ where evaluations are more numerous

42
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Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections
Results of evaluation ‘
=
4
%
e )
S g8
£ o M-06-02
£ W ‘l:-o.z-qé
4 = Haot-00
= E o6
z v i:i‘-’b
g B} EXEs
\ carretation
B 10~
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05-9,
b 08-1
4
§
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;f NE ENFE RNF 100F 1OF 180F 1680F 1ENME ).';IF @OF NF SUF HAE 1DF NF 1580F 1R0F
Fieue .S Jain 2nd at 1000m altitud
AJOUTER LIEN CARTE RELIEF

Evaluation of MTMSI reference | Return levels from MTMSI projections

Introduction |

Generalized Extreme Value distribution : theory

® The distribution of the maximum of repeated
samples of a homogeneous population converge to
Generalized Extreme Value Distribution (GEV):

® The quantiles of the GEV are of particular
interest because of their interpretation as retum
levels; the value expected to be exceeded on
average once every L/p periods, where 1 —p is

il _(l'f'EL;E):‘l i€ #0and thesppdﬁcpobabﬂitymdawdumhme
PIY 2 =1 \where us denotes maku, 0) +
2 . v “
exp[—exp (—52)] i E =0, S8 yeur.retara lovel : quanilic 498
Stationmary GEV: for each ensemble member, anmmal
maxima are assumed stationary for time periods of 20-30
4
: i s
} 1
1961 A 203
GEV1a GEVLh
(placla) (ul%, clb)
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Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

Estimating return level with GEV

1. We adjust GEV on SWE maxima of 2071-2100 period

* On each simulation chain (GCM-RCM) :
a. If less than 10 non null SWE maxima, no adjustment

b. Otherwise, if at Jeast one null SWE maxima, adjustment with exponential and gamma
c. Otherwise, adjustment with Gumbel
+ If one chain of RCP/NUTS/altitude ensemble with less than 10 non null SWE, we
go through step b=d with all members of the ensemble
2. We estimate 50-year return level of SWE based on adjusted GEV parameters

Introduction | Evaluation of MTMSI reference | Return levels from MTMSI projections

Results '

SWE 50-year BL relative ditterences between 1975-2005 and 2070-2100

8.50 return level relative differences at NUTS-3 level on 600m altitude icati

hittp://127.0.0.1:6792/
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Presentation IV: A snow load information system for Bavaria

B oo 2

Deutscher Wetterdieast
WoTTer Lad K)ima 3 cinar Hang

Ein Schneelast-Informationssystem fiur Bayern
FPCUP SNOWLOADS

Penelope Gehring', Bodo Wichura', Samuel Morin?, Elisa Kamir??, Guillaume Evin?,
Ali Nadir Arslan®, Carlo De Michele®

Wetterdienst, Regionales Klimabiro Potsdam
2Méteo-France, Centre National de la Recherche Scientifique (CNRS), Centre National de Recherches Météorologiques (CNRM)
*Université Grenoble Alpes, Institut nafional de la recherche agronomique (INRAE), CNRS

“Finnish Meteorological Institute (FMI)
S
iy @ Nrae Y G G e
i cnme

®Politecnico di Milano |
Nutzerworkshop Schneelast 2024

oo Uberblick & Ziele Seutscher Weetarienst

WTIOr Ue 0 K)kma es Giner Hand

Schneelastinformationssystem fiir Bayern:

» Schwerpunkt: Reaktion auf aktuelle hohe Schneelasten

» Basiert bzw. verweist auf die C3S App fur Hintergrundinformationen zu Schneelasten
(z.B. fir Planungszwecke)
» Potentielle Nutzer:

= Katastrophenschutz (z.B. Feuerwehr, Bergwacht, DRK, efc.),
= Gebaudeverwaltungen,
=: Ele:
> Ziele:
= Bereitstellung der Schneelast-Daten so friih wie moglich,
= Nutzerfreundliche interaktive Karten,
= Moglichkeit zum Herunterladen bestimmter Daten,

Einzelheiten hangen auch von den Ergebnissen des Nutzerdialogs ab

Nutzerworkshop Schneelast 2024
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B Coporit®

L

Nutzerumfrage

Deutscher Wetterdieast
WOTTer Lad K)ima s cinar Hang

Dauer: 01.08.2023 — 19.11.2023
Region: Bayern

Teilnehmer: 74

Ziele:

- Bewerbung des Projekts;
- Kontaktfindung;

- Erstes Verstandnis der Nutzergruppen und deren Anforderungen;

%

Nutzerworkshop Schneelast 2024

Algemeiner KS35rophenschiulz T
Schulz der Inrasiruiur  —————————
UbersChwemmungen  Immmmm—

Forstschutz meem
Aligemeines Unweltschutz  me8
Lawinen mnm
Sonstiges 11

0O W0 20 30 40 S0 € 70 80

Fig. 1: Ergebnis der Multiple Choice Frage zu Anwendungsgebieten

ul 2
Bl Copornies Potentielle Nutzer s ©
Anwendungsgebiete

Fokussiert auf Bayemn;

nur ein ganz kleiner Teil interessiert an DE,
DACH bzw. EU;

Haupt-Nutzergruppe: Katastrophenschutz;

e

Nutzerworkshop Schneelast 2024
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B Coperl®

Schnee-Variablen

Deutscher Wetterdieast
Warter Uad Kma 3us Ginar Hang

Hohe Prioritaten: Schnee-Variablen
Fllssigwassergenalt
Schneedichiz

Sefneenthe 27 22 11

e EEEEE

>

« Hohes Interesse an allen
Schnee-Variablen;

« Einheiten:
» Schneelast: KN/m”2;
» Schneehohe: cm
» Schneedichte: kg/cm*3

-
— -]
Keine Angabe
0 10 20 30 40
Fig. 3: Ergebnis der Single Choice Frage zum Datenformat

- Punkidaten ist Favorit; .
- Falls Raster: 1km x 1km Auflosung; .

1] 10 20 30 40 so 60 70
uS ad u3
Fig. 2: Vergleich der hoben Prioritaten (3.4,5) bei den
abgefragten Schnee-Variablen
Q Nutzerworkshop Schneelast 2024
B oot ® i
opemicus Datenformat e
Datenformat Zeitliche Auflosung
Punktssten Keine Angabe
Sanstiges I

Wichenfich o
Tagich T
yenmals tzgrch - T
Stondich N

] 5 10 15 20 28 B I 4

Fig. 4: Ergebnis der Singie Choice Frage zur zeitlichen Auflosung

Zeitliche Aufiosung: mehrmals taglich;
Gewtinscht: Daten der letzten 1-4 Tage;

e

Nutzerworkshop Schneelast 2024
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B Co‘gg__njc‘g' Darstellung

Deutscher Wetterdieast
WOTTer Lad K)ima s cinar Hang

Hohe Prioritaten: Darstellung
Schneelasirare 2 26 o
semneeashurve. | N

somessoen | NN

20 30 40 S0 €0 70 &0
a5 wd ad

a i

Fig. 5: Vergleich der hohen Prioritaten (3.4,5) bei den
abgefragten Darstellungen der Schneelast
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Fig. 6: Ergebnis Prioritatsabfrage .Ampelsystem™

Ampelsystent: griin unter 60 %, gelb Gber 60 % und rot Gber 80 %
in Bezug auf den Exirerwerten der Schneelast
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Fig. 5: Ergebnis der Muitiple Choice Frage zum Interesse an
zusatzlichen Informationen
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Fig. 8: Vergleich der hohen Prioritaten (3.4.5) bei den
bgef zusatzlichen Angeb
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aul §
B Coperces Projektplan Deutscher

Wetterdienst
WOTTer uad K)ima 345 Ginar Hang

Basiert auf dem DIBt-Projekt beziglich Schneelast-Extremwertkarten fur das Bauwesen.

Taghiche Stationsmessungen

Schneehdhe Wasseraguivalent

Modellierung der Schneedichte
Schneehohen-Messungen -> Wasseraquivalent-Werte Ausbaustufe |

Raumliche Interpolation =
Tagliche Schneelast Raster Ausbaustufe ||

Zusammenbringe:
Ausbaustufe IlI

Q Nutzerworkshop Schneelast 2024
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Ausbaustufe |: Punktdaten Deutscher Wettardieast

WaTIor Uad KIbma Juc ciner Hand

Zweimaliges Ausfuhren des Programmes: 9 Uhr & 13 Uhr (MEZ)

» 9 Uhr: Frihestmogliche Bereitstellung der Schneelastdaten

» 13 Uhr: Vervolistandigung und eventuell Korrektur (durch zusatzliche Messdaten)
Allgemeiner Ablauf:

» Schritt 1: Schneehdhen und Wasseraquivalent Messungen
= Mess-Zeitpunkt: 6 UTC
= DWD & Partner-Stationen ( = 600 Stationen)

» Schritt 2: Automatisierte Datenkontrolie

» Grund: Frihestmagliche Bereitstellung der Schneelastdaten
» Wert wird angezweifelt > aus Daten entfernt
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Ausbaustufe |: Punktdaten Deutscher wetteraieast (G)
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» Schritt 3: Modellierung der Schneedichte mit ASnow (Winkler et al. 2020)
= Grund: Nur ein Bruchteil der Schneehohe-Stationen misst auch Wasseraquivalent

= Basiert auf Prozessen der Schneedeckenalterung und der Massenanderung im
Verlauf des Winterjahres (Input: Jahres-Zeitreihe von taglichen Schneehdhen)

= Regionale Kalibrierung von sieben Modellparametern ersetzt Input von
meteorologischen oder geographischen Daten
»> Schritt 4: Modellkontrolle
= [st der Modellwert realistisch? - Intervall-Test
= Was ist die mogliche Modellabweichung? -> Vergleich Wasseraquivalent-
Messungen im Umkreis

» Schritt 5: Erstellung HTML-Karte

Q Nutzerworkshop Schneelast 2024

Ausbaustufe |: Punktdaten D m—

» Fur Testnutzer verfugbar, siehe
hitps://www.dwd.de/DE/leistungen/schneelast _info_bayern/testversion schneelastinfo.html

Testversion des Schneelast-Informationssystems

F k Partnership Ag t on Copernicus User Uptake

Eine Testvareion des Schnestast-niormationseyetams fir Bayem izt ab sofont unter data.dwd.de verigbar.

[Dee erste Version des Schneclasi-nformatonssystems stelt tighch Schreeqstiarten bereit, weiche o pRen und 1

Sennaelasien 1Ur Staticren in Bayemn beinhaten, Diese Dalen werden auf Sner interaniven Kane Ubersichich dargastell.

Diz HTIML Datei kann in jedem Browser geddnet werden, zur Darsichung cines Hintergruand-Layers {lopographiache Kane) whd cine Imemet-Verbindung
bendtigt (zur reinen Datendarsielung richt unbedingt erforceriich).

In 2ukinftigen Ausbaustufen solen de riumiiche Aufidsung funddie mithiife der C25 SNOWLOAD App In den cinen
kimatclogschen Kontext gesetst wescen

Mooaten Sis dae Schnpelaet-informationssystems fur Bayem testan”
Schicken Sie bite sine E-Mall an techidim polsdarni@chud de um die Zugangsdaten 2um Nulzerbereich unter data dwd de 2u arbyaiien!

Q Nutzerworkshop Schneelast 2024
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Nachste Schritte Dewtocher Wetterdlonat

» Modell:
= Genauere Leistungsanalyse;
= Implementierung zusatzlicher Ausgleichsmethoden;
= Vergleich anderer Schneedichte-Modelle;

» Raumliche Interpolation:
= Erstellung von Rastern;
= Weiterfuhrender Nutzerdialog;

@ Nutzerworkshop Schneelast 2024
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Schneeastkarte mit Punkidaten Plot eines Rasters
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Ausblick Veranstaltungen eutscher

Wetterdienst
WOTTer uad K)ima 345 Ginar Hang

Y

Fachtagung Katastrophenvorsorge 2024

» Nutzerworkshop Bayern:

= Inhalt: Ausbaustufe Il & Vorbereitung Wintermonate
= Ort: Voraussichtlich Minchen (RKB Munchen)

= Zeit: Oktober/November

» Nutzerworkshop EU:
= Inhalt: Projekt-Ergebnisse (EU Schneelastkarten; Pilotgebiete); Externe Redner;
= Ort: Hybrid (?)
= Zeit: Oktober/November

Q Nutzerworkshop Schneelast 2024
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Deutscher Wetterdieast
WGTIOr Und K1hma 295 Giner Hand

Vielen Dank fur die Aufmerksamkeit!
Fragen?

Dr. Fabiana Castino
Dr. Penelope Gehring
Dr. Bodo Wichura

Deutscher Wetterdienst

Abteilung Kiima- und Umweltberatung (KU1)
Regionales Klimabiiro Potsdam
Michendorfer Chaussee 23

14473 Potsdam

techklim.potsdam@dwd.de Dreisessel (Ba ‘scherWaid
hitps /iwww.dwd.de/DE/leistun neelast_info_bayern/schneelast.html
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