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Previous years in freezing rain studies of EXWE:
Application of simple freezing rain detection algorithms to temporally coarse climate model output
Limited testing and validation of the methodology
Main results: occurrence of freezing rain was projected to

INCREASE in Northern Europe
DECREASE in Central Europe
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Major efforts were directed to generation of new methodology with increased capability of identifying the

freezing conditions in the atmosphere

A new method was borrowed from weather prediction models of FMI

Denser vertical, spatial, and time resolutions compared to methods in previous years

The method was calibrated using a large number of weather station observations from Europe

Several statistics of freezing rain occurrence were calculated for 1979-2014 using historical

reanalysis data

A manuscript was prepared
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The manuscript was published 18 Aug 2016 as ‘discussion paper’ in Natural Hazards and Earth System
Sciences (http://lwww.nat-hazards-earth-syst-sci-discuss.net/nhess-2016-225/)

Currently receiving comments from referees

Based on comments, the paper will be tuned and published later (if not rejected)

.. manuscript represents a substantial contribution to the climatology of freezing rains in Europe ... “
.. method ... is appropriate and ensures spatial and temporal cohesion of the results, despite some uncertainties ... ”
.. overall presentation is well structured, clear and easy to understand by a wide and general audience ... ”

Download statistics of the discussion

paper (21 Sep 2016)
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Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016-225, 2016
Manuscript under review for journal Nat. Hazards Earth Syst. Sci.
Published: 18 August 2016
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A new manuscript was started in 2016

2010-12-27

Focus in severe freezing rain events

In addition to the reanalysis data, high-
resolution CORDEX regional climate
model (RCM) data is used

to better estimate present-day

variability and 2014-01-21

2014-02-01
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to evaluate the effect of climate
change on freezing rain

Cumulative sums of freezing rain
amounts over 1 day and 5 days to
somehow estimate the impact of events
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High-impact historical freezing rain events as
seen by SYNOP weather stations (red dots)
and ERA-Interim reanalysis (color shading).

Size of dots ~ number of 6-hourly records
during past 5 days.

Color shading intervals ~ amount of freezing
rain, in mm, during past 5 days. 0 5 10 15 20 25
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Annual probability of freezing rain > 25mm/24hr (1981-2010), ERA-Interim
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What happened in 2016 in EXWE?

Two impact thresholds were selected:

5 mm/1 day for estimating impacts on transportation

25 mml/1 day for estimating impacts on critical infrastructure

Multimodel mean change 1971-2000 -> 2071-2100 oW o 10F 20t 30%
of freezing rain > 05mm/24hr annual probability, rcp85

0.1 1 2 3 4

Annual probability of a 25mm/day
freezing rain event (in per cents), as seen

60°N by reanalysis.

50°N

40°N

Projected end-of-century change in 5mm/day
freezing rain annual probability (in percentage
points), as seen by regional climate models.

30°N Significant change denoted with dots.
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What happened in 2016

INSTITUTE

Results were presented in a poster in the EMS

conference (September 2016, Trieste)

http://meetingorganizer.copernicus.org/EMS2016
/EMS2016-399-1.pdf

T850

T850

1971-2000, increasing FZRA

2071-2100, increasing FZRA

HMATIETFEN (AI70S
METEORGLOGISKA INSTITUTEY
FINNISH/METEOROYOGICAL INSTITUTE

in EXWE?

Future projections of freezing rain climatology
in Europe

Matti Kémaéréinen, Andrea Vajda, Otto Hyvérinen, Ilari Lehtonen, and Kirsti Jylha

matti.kamarainen@fmi.fi

Freezing rain (FZRA) is a potentially high-impact
weather phenomenon. In this work, future estima-
tions of FZRA occurrence were calculated based on an
\ ensemble of six EURO-CORDEX regional climate

models (RCMs) with RCP4.5 and RCP8.5 emission
scenarios. A precipitation typing algorithm was ap-
plied to RCM data to identify FZRA. The occurrence
of FZRA events above 5 mm /day and 25 mm/day

~

impact thresholds were then evaluated. Finally the
changes in annual probabilities of FZRA were calcu-
lated between the baseline and future periods.

RCM data from six RCMs were used in this study
(Tables 1, 2). FZRA events were identified follow-
ing the methodology of Kémiriinen et al. [2016].
The method identifies the traditional FZRA forma-
tion mechanism, which requires the simultaneous oc-
currence of (1) a near-surface cold layer, (2) a melt-
ing layer above the cold layer, and (3) precipitation.
The impact threshold values, 5 mm/day and 25
mm/day, were selected based on needs of critical in-
frastructure (Vajda et al. [2015]).

-

Table 1: Regional modelling institutes (columns) versus driv-
ing general circulation models (rows).

~

Table 2: Description of the dimensions and variables of the
study.

SMHI MPL-CSC  KNMI Property Value(s)
EC-Earth X Spat. coverage Europe
HadGEM2-ES x Time res. 6
CanESM2 Spatial res. 0.44°
MPL-M-LR X Levels Sfe, 925, 850, 700
IPSL-CMSA-MR X Scenarios RCPA4.5, RCP8.5
NorESM1-M X Periods 1971-2000, 2021-2050, 2071-2100
Variables T, RH, P, pyte

M
ﬁ-esent—day climate )

Compared to previous studies (Kimiriinen et al.
[2016]), the multi-model mean of this work pro-
duces a similar spatial distribution of climatological
monthly mean number of FZRA events in Europe.
As an example, the result from one model can be
seen in Fig. 1.
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Figure 1: Mean monthly number of 6-hourly FZRA events
in 1971-2000 according to the SMHI RCM, forced with the
NorESM1-M global model

Annual probability of severe FZRA events is high-
est in S-E Europe and especially over the Balkan
Peninsula; there

o P(5 mm/day/year) = 5 - 50 %

\_ * P(25 mm/day/year) =05 %

4 Conclusions i

1. RCM mean was able to capture the ob-
= g

ﬁo jected changes A

o FZRA of 5 mm/day is quite common in Eu-
rope, but 25 mm/day is so rare that no
events were found in most of the grid cells and
therefore the direct calculation of changes was
not possible.

Changes in 5 mm /day probabilities were de-
pendent on the future period and emission
Scenario so that the strongest signals can be
seen with RCP8.5 at the end of the century
(Fig. 2).

The current method confirms the earlier
attained with a coarser method

(Kamiriine 15): FZRA is expected
to increase in N-E Europ rease in cen-
tral parts.

Figure 2: Projected multi-model mean changes in annual
probability of at least one 5mm/day FZRA event (percent-
age points). Statistical significance (P<5%) denoted with
dots.
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served monthly i
tion of FZRA.

. 5 mm/day events are expected to in-
crease in N and decrease in C Europe;
25 mm/day events are so rare that their
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M. Kimiiréinen, K. Jylhd, A. Vajda, H. Gregow, P. Jokinen,
and S. Saku. Identifyi i
pean gridded climate datasets. EMS Annual Meeting Ab-
stracts, 2015. URL http://neetingorganizer .copernicus.
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changes are difficult to esti at grid-
cell scale.

)

Changes in vertical T profile explain the
projected changes in FZRA occurrence.

»

Projected changes in the probability of

FZRA events imply new challenges for

| risk management and climate change
fon for critical i :
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[3¢ Analysis of T profile )

To explain the climate changes seen in the results, a
simplified analysis was performed for the T2m and
T850. These variables together roughly describe
the vertical temperature profile and the cold layer
- melting layer structure. Figure 3 shows the 2-
dimensional probability distributions for grid cells
with positive or negative changes in occurrences of
FZRA (red and blue areas in Fig. 2).

Figure 8: Kernel density estimates of near-surface temper-
atures (x-axis) and temperatures at 850 hPa level (y-axis) in
Dec-Jan-Feb. Red rectangle indicates the area where FZRA
is possible. Empirical probabilities are shown in boxes.
Present-day and end-of-century periods are shown on left
and right columns; N-E Europe and C Europe on top and
bottom rows respectively.

Climate change shifts the 2-dimensional probability
distribution of T2m vs. T850 differently in different
parts of Europe: In N Europe the present-day win-
ters are so cold that occurrence of a melting layer
is very rare, but becomes more frequent in future.
In C Europe the melting layer is common but the
occurrence of the near-surface cold layer decreases
towards future.
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What plans for 2017 in EXWE?

2011-12-13 2010-12-27 1996-01-25 2014-02-01

Alternative possibilities:

Further increasing the accuracy of
methodology — own climate model runs?

Development of IMPACT indices

Modelling of accreted ice amounts
based on wind speeds and precipitated
freezing rain amounts

Classification of events based on
accreted ice amounts

Expanding the scope from freezing rain to
include more severe winter phenomena,
such as accretion of rime on structures
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2012-02-06

A preliminary analysis of known severe freezing rain events
using ICE SEVERITY INDEX
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