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Our core tasks

wr====>= Monitoring

Measurements of the
atmosphere

on the ground,
in the air and
from space

Forecasting

Preparation of
weather and climate
analyses and forecasts
for all time scales

Users

n-

Products ——

Development and
distribution of products
and services that meet
our users' needs

photo: Urs Graf, MeteoSwiss



seamless weather and climate data

Forecasting Climate Scenarios

Lateral boundary conditions:
IFS ENS, 9 km oz
4x per day o __ CH 20
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U Challenges — complex orography

Ax ~30km AX ~1km Ax~100m

\
T

e.g. ERA5 or RCM ICON-CH1-EPS DEM — users’ need

MeteoSwiss © Zurich, April 2025, Christian M. Grams 5



Challenges — temporal consistency

. few station records date back < 1900 Monthly Mean Temperature (degC) Jan 1864 (Reconstr.)

. . . . 27

» changes in sites and instrumentations o4
21

18

15

12

Jan 1864 °

3

0
-2
-4
. . . -6
— requires homogenization and -8

sophisticated spatial climate analyses

© MeteoSwiss
TrecabsM1864 v1.0, 2023-11-21 11:22

Literature: F. Isotta, M. Begert, C. Frei, JGR-A, 2019, . doi:10.1029/2018JD029910

MeteoSwiss © Zurich, April 2025, Christian M. Grams 6


https://doi.org/10.1029/2018JD029910

Challenges — temporal consistency

« few station records date back < 1900 Monthly Mean Temperature (degC) Jan 1901 (Reconstr.)

. . . . 27

» changes in sites and instrumentations o4
21

18

15

12

Jan 1901 °

3

0
-2
-4
. . . -6
— requires homogenization and -8

sophisticated spatial climate analyses

© MeteoSwiss
TrecabsM1901 v1.0, 2023-11-21 11:39

Literature: F. Isotta, M. Begert, C. Frei, JGR-A, 2019, . doi:10.1029/2018JD029910

MeteoSwiss © Zurich, April 2025, Christian M. Grams 7
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Challenges — temporal consistency

« few station records date back < 1900 Monthly Mean Temperature (degC) Jan 1961 (Reconstr.)

. . . . 27

* changes in sites and instrumentations o4
21

18

15

12

Jan 1961 °

3

0
-2
-4
. R . -6
— requires homogenization and -8

sophisticated spatial climate analyses

© MeteoSwiss
TrecabsM1961 v1.0, 2023-11-21 12:00

Literature: F. Isotta, M. Begert, C. Frei, JGR-A, 2019, . doi:10.1029/2018JD029910

MeteoSwiss © Zurich, April 2025, Christian M. Grams 8
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Challenges — temporal consistency

+ few station records date back < 1900 Manthly Mean famparature (degG) dan 2025

+ changes in sites and instrumentations =
21
18
15
12

Jan 2025 s

3

0
-2
-4
. N - -6
— requires homogenization and -8

-10
-12
-14
-16
-18

sophisticated spatial climate analyses

@ MeteoSwiss
TabsM v1.4, 2025-02-24 13:35

Literature: F. Isotta, M. Begert, C. Frei, JGR-A, 2019, . doi:10.1029/2018JD029910

MeteoSwiss © Zurich, April 2025, Christian M. Grams 9


https://doi.org/10.1029/2018JD029910

¥ Long-term trend in temperature
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Long-term trend and outlook

« What is the climatological reference in a
changing climate?

« What is the internal climate variability in a
non-stationary background state?

« How anomalous will the current year be with
respect to pre-industrial climate?

— LOESS filter for current climate mean
Scherrer et al. 2024, https://doi.org/10.1016/j.cliser.2023.100428

MeteoSwiss

Annual temperature - Switzerland - 1864-2025

Climate trend line and year-to-year deviations
s at: 01.04 2025 (mmipred)

1880 1500 1920 1540 1960 1580 2000 2020

B years above the long-term mean year 2025: -0.1°C [-0.9°C, +0.9°C)
B years below the long-term mean - .
—— 30-year smoothed mean (LOESS) - climate trend line LOESS?“ I‘_"-“:.m‘i 6.8205¢C
change 1871/1300-2025: +3.0°C [+2.5°C. +3.6°C]. pval: 0 (current climate mean)
--- 16%/84%-quanties of the LOESS residuals
B increasing uncertainty of the LOESS vaiue at the beginning‘end of the time series

preliminary product provided by M. Begert
in discussion with C. Spirig and E. Zubler

11


https://doi.org/10.1016/j.cliser.2023.100428

Y Long-term trend and outlook

Annual temperature — Switzerland - 1864-2025
Climate trend line and year—to-year deviations

8.0 i _as at: 01.04.2025 (mmtpred)
© MeteoSwiss :
- : : : : : f 4 30-year LOESS filter
' ' ' ' ' ' ' ) current CH mean 6.9°C
6.0 7 . WMO reference period
(1991-2020)
© 50 CH mean 5.8°C
4.0 - year 2025: -0.1°C [-0.9°C, +0.9°C]
LOESS30 value 2025: 6.9£0.5°C
(current climate mean)
20 ! ! ! ‘ ! ! ;
1880 1900 1920 1940 1960 1980 2000 2020
B years above the long—term mean preliminary pFOdUC’[ prOVIded by M Begert in
MeteoSwiss . Jomyear smoothod mean (LOESS) - climate rend line discussion with C. Spirig and E. Zubler 12

change 1871/1900-2025: +3.0°C [+2.5°C, +3.6°C]; pval: 0
-- 16%/84%=-quantiles of the LOESS residuals
O increasing uncertainty of the LOESS value at the beginning/end of the time series

Scherrer et al. 2024,
https://doi.org/10.1016/j.cliser.2023.100428



https://doi.org/10.1016/j.cliser.2023.100428

Y Long-term trend and outlook

* What is the climatological reference in a
changing climate?

* What is the internal climate variability in
a non-stationary background state?

* How anomalous will the current year
be with respect to pre-industrial
climate?

— LOESS filter for current climate mean

— combine post-processed ECMWF
extended-range with LOESS trend-
adjusted climatology yields simple, yet
accurate, seasonal forecast

MeteoSwiss

running mean temperature [°C]

departure from mean 1981-2020

Yearly Mean Temperature Outlook

Year
1864-2024

s

yearly departure outiook

97.5% - q
84% - q:
50% - ¢t
16% — g
2.5% -q:

Switzerland: Year 2025
40— -
measurement / forecast (kalm, subs, clim.Ic)
== running mean / forecast median
= 16% / 84%—quantile of forecast
20 = = 25% /97 5%-quantile of forecast
| begin of fofecasf ~| '-'“-‘:’__""-__‘ -
v, >
109 In of climgi H
5.2026 |
Bt B
- Shew
00— 2
1.0+
—204 climatology 1991-2020
running mean
16-84%—quantiles
2.5-97 5%—quantiles
_30-
T T T T T
Feb r Jun Aug Oct Dec

(from above)

2.0°C rank 1 rank 1: 16%
1.6°C rank 2 rank 2: 25%
1.0°C rank 6 (of 162) rank 3. 28%
0.5°C rank 11 rank 4. 48%
0.2°C rank 16 rank 5: 49%

probabilities rank 1 to 5

4.0

3.0

20

00

F -1.0

— —20

— -30

preliminary product provided by M. Begert
in discussion with C. Spirig and E. Zubler

© MeteoSwiss

mmtpred 5.4.1 / 02.04.2025, 16:22 CEST
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Examples of further spatial and long-
term climate analyses

" ProductBrowser

Temporal development of temperature, * @
precipitation and sunshine duration (internal,
with outiook)

' wﬁ‘“ﬁ‘”””*‘_outlook - temperature, precipitation, sunshine, radiation (MTG) *
o - derived quantities: e.g. heating days, frost days...
- daily, monthly, yearly, climate mean

- extreme value statistics (e.g. hydromaps.ch)

- special observations: pollen & phenology, snow

MeteoSwiss © Zurich, April 2025, Christian M. Grams 14



https://hydromaps.ch/#en/8/46.902/8.399/bl_hds--b04_b0401_precip_60m_2a_0_5v2_0$4/NULL

Seamless wind climatology

* ML approach combining

* model background from COSMO /
ICON analysis or downscaled ERA5

» observations
+ static fields (mainly hyper-resolution
topography at x=25m
» seamless approach for climate
analysis, nowcasting and
downscaling of ICON forecasts

Downscaling
mean
250 m grid

preliminary work provided by I. Lloréns Jover
MeteoSwiss © Zurich, April 2025, Christian M. Grams 15



user-specific climate products: energy

* meteorological input and outlook for
national energy dashboard

» weekly energy weather outlook

+ climatological data for planning (norming,
estimates of renewables...)

¢ climate scenarios

Kumulierte Heizaradtage (HGT12/20) [°C]

4000 — ONDJFM |- 4000
Messung | Vorhersage ooty
= kumulierter Messwert / Median Vorhersage
<~ 2.5%/97.5% Quantil der Vorhersage o S
3500 1y |- 3500
&
Mttetwert i
3000 25-87.5%-Quantle H |
2 - otz
5

2500 ~{

2000

1500 —

Aktueller Stand und Abschétzung der Heizgradtage fiir den Winter 2024/2025

Halbjahres-Vorhersage - Heizgradtag-Summe (HGT12/20)
Zorich / Fluntern: ONDJFM 2025

Ende Vorhs ECMIWE 3%""‘ I
e Vorhers H
022008

@ MeteoSchweiz

Okt Nov Dez Jan Feb Mar

https://www.energiedashboard.admin.ch uell

Mo 1.1.2025 - 50 18.1.2025

Temperaturvorhersage (Europa)
fir die nichsten vier Wochen vom 13.1.2025 bis 9.2.2025

Mo 20.1.2025 - 50 2612085

https://www.meteoschweiz.admin.ch/wetter/spezialprognosen/spezialbulletin-fuer-das-energiemanagement.html

Vision: seamless climate and weather data for enabling a renewable power system

MeteoSwiss

[

1980

2020

planning and mitigation of
extremes

now (Oh)  +12h

+72h 2030

! ! /i !
V4

2050 time

grid stability and system

adaptation to climate
operation

change

16



https://www.energiedashboard.admin.ch/wetter/aktuell
https://www.meteoschweiz.admin.ch/wetter/spezialprognosen/spezialbulletin-fuer-das-energiemanagement.html

¥ energy: Solar potential of all roofs in
Switzerland — a free climate service

Schwei; he Eidgs ft Bundesamt fiir Energie BFE
Confédération suisse Bundesamt fiir Meteorologie und Klimatologie MeteoSchweiz
Confederazione Svizzera Bundesamt fiir Landestopografie swisstopo

Confederaziun svizra

\weizerische Eidgenossenschaft
éderation suisse
erazione Svizzera

ederaziun svizra

Dach

Wie viel Strom oder Warme kann mein Dach produzieren?

...ODER LOKALISIEREN SIE SICH ¥

MeteoSwiss




+ Climate Service on Drought using CM SAF Land
Surface Temperature — vegetation health index

5 - = e !
s 2y
7 g A T 5 P .

f - el e ! e . 4 4 & .
F x v s o L e o foy 5
1 L TR s f -

Combining the CM SAF Land Surface Temperature climate and real-time data with high

resolution Sentinel vegetation data

Federal Department of Home Affairs FDHA

s Federal Office of Meteorology and Climatology MeteoSwiss
Confederazione Svizzera 18

Confederaziun svizra

c Schweizerische Eidgenossenschaft Bundesamt fiir Landestopografie swisstopo

Confédération suisse



Schweizerische Eidgenossenschaft Federal Department of Home Affairs FDHA

g Confédération suisse Federal Office of Meteorology and Climatology MeteoSwiss
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Project Drought .

Tiefer Wasserstand am Bodensee

Und die kommenden Tage geben wenig Hoffnung auf mehr Wasser. (2.4.2025)

KEYSTONE/ENNIO LEANZA

https://www.srf.ch/news/schweiz/boote-liegen-auf-dem-trockenen-schweizer-
seen-fuehren-extrem-wenig-wasser-die-hintergruende retrieved at 8.4.2025



https://www.srf.ch/news/schweiz/boote-liegen-auf-dem-trockenen-schweizer-seen-fuehren-extrem-wenig-wasser-die-hintergruende

U repeated blocking during the last 6 months

MSLP and W100m during EuBL

i - +|:‘:’f
/ﬁ—-““— = g

1020 ]

(ms™")
-5-45-4-35-3-25-2-15-1-050 05 1 15 2 25 3 35 4 45 5

MeteoSwiss

anomalous regime freq. [%] (abs) in 2024/25
(b)

20
15

10

. "N}

=104

no AT 7O ScTr AR EuBL ScBL GL
Wetterregime

anomalous regime frequency in winter half year 2024/25 1.9.2024-8.2.2025
3x more EuBL and 2x more GL than climatology

© Zurich, April 2025, Christian M. Grams 20



Drought monitoring and early warnings

Monitoring Forecasts Warnings Information
Warnings via official weh-based drought
channels of the federa rmation platform
MeteoSwiss 21

provided by V. Humphrey, S. Bircher, and A. Imamovic



Early warning system for drought

o

chatt Nationale Trockenheitsplattform Kontakt  Newsletter  Medien

Startseite  Einflussfaktoren  Uber Trockenheit ~ Weitere Informationen  Uber die Plattform

Tereken bz bl letin

Aktuelle Situation

B nichtTrocken [l Leicnt Trocken [l Trocken [ senv Trocken = Liste Anzeigen

Winterthur

_Zirich

MeteoSwiss 22




Nationale Trockenheitsplattform

g Startseite  Einflussfaktoren  Uber Trockenheit — Weitere Informationen  Uber die Plattform

oz Massige Gefahr, Stufe 2 Gilltig ab 10.03.2025 - Weitere Informationen finden Sie unter: www.naturgefahren.ch < C u rre nt

warning level

Trockenheitsindex

weekly
ENNENNEEEEEEEEEEEEE

aggregation

Niederschlagssumme

interpolated

stationdata IFS ENS EXT

Abfluss
Rhone - Brig - 2346

point
measurements —
MeteoSwiss

provided by V. Humphrey, S. Bircher,
and A. Imamovic
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Y Downscaling ECMWF ENS-EXT

forecast

lev = 1.0 [members], time = 2024-03-07

lead_time = 1 days 00:00:00, forecast_reference...

Downscaling (Quantile-Mapping) of precipitation forecast (raw IFS extended range at 9km) using climatological
information available at 2km grids (RhiresD), which are based on stations measurements

MeteoSwiss
provided by V. Humphrey, S. Bircher, and A. Imamovic

24



Y  Forecast is a basis for warnings

Forecast from Thursday 2018-07-26

CDI (letzte Woche) CDI (aktuelle Woche) CDI (+1 Woche) CDI (+2 Wochen) CDI (+3 Wochen)
16 Jul to 22 Jul 23 Jul to 29 Jul 30 Jul to 05 Aug 06 Aug to 12 Aug 13 Aug to 19 Aug

N/A trocken
W nicht trocken W sehrtrocken
leicht trocken W extrem trocken

N/A
®
. g o rene
Massige
a 50 s
” L B Grosse
% €1
& 64

53 3

Warnprodukte Trockenheit
Credit: MeteoSchweiz

MeteoSwiss 25
provided by V. Humphrey, S. Bircher, and A. Imamovic



v SKkill

Take-home

Niederschlagssumme der letzten 30 Tagen - dstliches Mittelland

Bias-corrected 6-week forecast from 2022/07/15 (51 members)
-250

-200

-150

: 3
‘-.observatlon 3 o
'A -'.' ----- - '-..'...l-_100

mean forecast

—

=50

-0
06-13 06-20 06-27 07-04 07-11 07-18 07-25 08-01 08-08 08-15 08-22 08-29 09-05

MeteoSwiss

No skill in weekly sums after W2

Useful skill until W4 for hydro variables &
indices (inherits skill from observations)

Downscaling does not massively improve

skill (only bias) but facilitates «<seamless»
integration with high-res observations

26

provided by V. Humphrey, S. Bircher, and A. Imamovic



Y  OQOutlook Drought

Two equally important questions in drought management:

v Predict drought onset «do I need to take measures now already?»
» Good observations + I[FS ENS EXT
«can | lift some measures now already?»

« Short-range high-res forecast (ICON-1&2) not used in current setup

MeteoSwiss
provided by V. Humphrey, S. Bircher, and A. Imamovic



Outlook year-round weather regimes

cluster mean 2500 anomaly (¢(¢,A) ,, shading) and absolute values (black contours)
Z0 (9.3%) _ _

AT (9.5%)

"EuBL (9.6%)
‘{

A
[ ——
160 -120 -
Grams et al. 2017 doi:10.1038/nclimate3338.
Cyclonic regimes: Blocked regimes:
+ Atlantic trough .
+ Zonal Regime * European blocking
* Scandinavian trough + Scandinavian blocking © Zurich, April 2025, Christian M. Grams 28

* Greenland blocking


https://doi.org/10.1038/nclimate3338

Y Low stratus Swiss plateau and regimes

climatology regime freq. during fog anomalous regime freq. in 2024/25
(a) ; (b)

§ 204
254 3

£ ¢ 197
= 20

o ¢ 104
T 151 i

[ £ 51
< 4
MeteoSchweiz-Blog | 25.02.2025 7 g
Das letzte Halbjahr zeigte sich bisher 2101 2

. 2 x 0+
sehr neblig =] g
© E
Zahlreiche Mittellandbewohner auf der § §

Alpennordseite durften sich im vergangenen x 5 % =51
Halbjahr mindestens einmal tber die anhaltenden t
Nebel- oder Hochnebelperioden gewundert habe... %:

=10+

Kiima no AT Z0 ScTr AR EuBL ScBL GL 8 no AT Z0 ScTr AR EuBL ScBL GL
Wetterregime Wetterregime
Klimablog 25.2.2025 https://www.meteoschweiz.admin.ch/ueber-  bold: regime frequency during fog days current anomalous regime frequency from
uns/meteoschweiz-blog/de/2025/02/nebliges-halbjahr.html SONDJFM 1981-2025 1.9.2024-8.2.2025
white/pale: climatological regime 3x more EuBL and 2x more GL than climatology

. frequency SONDJFM 1990/91-2020/21
MeteoSwiss © Zurich, April 2025, Christian M. Grams 29


https://www.meteoschweiz.admin.ch/ueber-uns/meteoschweiz-blog/de/2025/02/nebliges-halbjahr.html
https://www.meteoschweiz.admin.ch/ueber-uns/meteoschweiz-blog/de/2025/02/nebliges-halbjahr.html

cumulative WR freq. [% of mem.]

U Examples regime subseasonal outlooks

(a) overview regime forecast (b) detailed regime forecasts (c) details on members

WR index 100 MEMBER extended-range ensemble BT: 20250310_00

a Atlantic trough b Zonal regime
active WR lifecycles in 100 MEMBER forecast initialised at 20250310_00
WR freq in 100 MEMBER extended-range forecast initialed at 20250310_00 . "
1 [T il )
% HHH” ” 3 03060 G100 020 60 GOI5 00 OB CO 000 0060 CAIADO 491060 415,00 IS0 00 035 05 G000 04GH09 K080 1A 85
3 & Scandinguian trough d Atlaniic ridge
B 0 5
20 E=]
50 § e —_— E
& g @
g ro E
204
40 B a0 3
||||| l I 3 030000 ©315.00 05000 002500 03 00 404,00 BMOG_0 DAV 0D 01080 031503 032000 0325 05 039000 040403 GADJ_E0 0414 0D E
| ‘| i i il ||||||| : JR—— B 3
2 i \I" k: . g
i & :
3 o
| I
0 L b
[T ens mean ]
I control 20
. 310,00 15,00 0200 CG2%_00 030 GO 40400 ADG.GO OA1AD0  GB10.00 NINE.03 (020U 025 U G000 040A_00 40800 D414
F T T T T T T T analysis g Greenland blocking h Al Regimes CF
031000 031500 032000 032500 0330_00 0404 00 040900 041400 031000 031500 0320 00 032500 0330 .00 0404 00 0409 00 0414 00
forecast date [MMDD_HH] . forecast date [MMDD_HH|
maxIWA > 1.0 contact: @cgrams_Isdp maxIWR >= 1.0 [ _HH] contact: @cgrams_Isdp
AT Z0 ScTr EuBL ScBL GL no AT Z0 ScTr EuBL ScBL GL no
031000 GI15.00 WX0.60 0025 0 X0 G400 OGS0 CAI4 DD 001000 DI5.00 002000 032500 GIIN00 40400 MOS0 414D I P75
AT Z0 ScTr EuBL ScBL GL P25
maxIWR > 1.0 contact: @cgrams_lsdp min

daily ECMWF extended-range 100 member ensemble

MeteoSwiss © Zurich, April 2025, Christian M. Grams 30



U Event-prone (weather) regimes (EPR)

Example Northern ltaly /
Southern Alps HPE

» Z500 (Geopotential height @ 500hPa)
* VT (Integrated water-vapor transport)

\! I LS ECMWF
Karlsruhe Institute of Technalogy

W

MeteoSwiss

Zivildienst Jannis Portmann 2024-2025

Grazzini et al. 2020, doi:10.1007/s42865-020-00018-1

© Zurich, April 2025, Christian M. Grams 31


https://link.springer.com/article/10.1007/s42865-020-00018-1

courtesy Josh Dorrington (Uni Bergen) and Jannis Portmann (MCH)
https://joshdorrington.github.io/DominoWeb/s2s_forecast.html

https://joshdorrington.github.io/DominoWeb/ch s2s.html

Forecast Activity of Heavy Rainfall Precursors

Use the dropdown menus to monitor heavy rainfall precursor activity in the first 15 days of the ECMWF subseasonal ensemble forecast.

Region ID: k3 v | Variable: 7500  ~

Select Date: =—— Dqte: 2025030700

R3 (95th percentile, 24h) = MAM_R3 ZpI500 lag 0, init date 2025031900 regon 3 v
= = 5, | ) = o
n 2 i
& a
RIS I OB ORI R R )
i —
step

This webpage provides near-real-time monitoring of heavy rainfall precursors - flow patterns which typically increase the risk of 95th percentile+ rainfall events in different sub-regions of Switzerland.
Precursor indices are standardised, with large positive values (heuristically; »2) indicating a substantially higher risk of heavy rainfall

For more detail on the precursor approach, see our pagers on this topic.

This is a research product provided with no guarantees of reliability: it should not be used in lieu of official forecasts from operational weather centres.

——

MeteoSwiss

¥ EPR: realtime precursor index forecasts

Further reading:

ECMWF Newsletter autumn 2024:
https://www.ecmwf.int/en/newsl
etter/181/news/increasing-lead-
time-early-warnings

Dorrington, J., et al. NHESS,
https://doi.org/10.5194/nhess-
24-2995-2024

Dorrington, J., et al. QJRMS,
https://doi.org/10.1002/qj.4622

Grazzini, F., et al.

QJRMS: https://doi.org/10.1002
[qj.4755

© Zurich, April 2025, Christian M. Grams 32


https://joshdorrington.github.io/DominoWeb/s2s_forecast.html
https://joshdorrington.github.io/DominoWeb/ch_s2s.html
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https://www.ecmwf.int/en/newsletter/181/news/increasing-lead-time-early-warnings
https://doi.org/10.5194/nhess-24-2995-2024
https://doi.org/10.1002/qj.4622
https://doi.org/10.1002/qj.4755

Summary

« climate services in complex terrain require (very) high
resolution gridded data O(1km-100m)

* non-stationary climate challenges disentangling internal
variability and trends

« seamless weather and climate services enabled through
blending observations, ECMWF & high-resolution model
data, and spatial statistics

* ML allow new ways of generating hyper-resolution climate
data

« weather regimes give dynamical context to climate
monitoring :"'—ll
christian.grams@meteoswiss.ch RE—
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