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Hitze und Trockenheit

im Sommer 2018

Auswirkungen auf Mensch und Umwelt

Motivation

Rekord-Dirre im Sommer 2015 in

Mitteleuropa

02.09.2016 | Zukunftsblog
Von: Dr. René Orth, ETH Ziirich | 1 Kommentar

Wahrend das Wetter in der Schweiz in diesem Sommer eher durch
heftige Unwetter von sich reden macht, war der Sommer letzten
Jahres von einer markanten Dirre gepragt. Das schleichend wach-
sende Niederschlagsdefizit brachte der Schweiz 2015 beinahe me-
diterranes Klima, aber auch wirtschaftliche Schaden.

s Flussbett in den bayerischen Alpen, Deutschland. (B

hu
Contédes

Conlederaziun sviara

Eidgensssischas Departement des [nem €01
Bundesamt fir logie und Kimatologie MeteoSchweiz

Fachbericht MeteoSchweiz Nr. 272

Hitze und Trockenheit im Sommerhalbjahr 2018 —
eine klimatologische Ubersicht

MeteoSchweiz

s sagesrsch MeteoSchweiz

Steue iivcher Settung

Ein Ende der Diirre ist nicht
absehbar

In weiten Teilen Mitteleuropas herrscht nach
wie vor ein ausgepragtes
Niederschlagsdefizit. Wie lange solche
Trockenperioden im Extremfall dauern
konnen, lasst sich mit den heutigen
Wettermodellen noch nicht treffsicher
vorhersagen.

Sven Titz
24.11.2018, 05.30 Uhr

© Anke Tetzlaff & Vincent Humphrey




¥ Summer Droughts in Switzerland

TOP 5 since 1981
] (R O [ I
2018 2003 2020 2015 2011
Changes 1981-2020
Precipitation Temperature Evapotranspiration Soil Moisture

/474 ‘

-66 mm
(-11 %)

+2,2 °C

Scherrer et al. (2022)
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B

= +60 mm
(+11 %)

https://doi.org/10.1088/2515-7620/ac4fb9

=~-20mm
(-5 %)

© Anke Tetzlaff & Vincent Humphrey



oSummer Droughts in Switzerland since
1981
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@  Current drought monitoring

@MeteoSwiss

Soil water deficit (mm)
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© Climate Browser at MeteoSwiss

Internal web platform for visualizing automated

climatological analyses.

Q Shortcuts.

CLIMATE BROWSER STATUS

Products: 46 Files: 1328337
Last Update: Thu Aug 26 14:25:12 CEST 2021
Last Reload: Thu Aug 26 14:28:46 CEST 2021
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The aim is to extend the existing spatial information
with operational & climatological drought analyses.
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Monthly Temperature Anomaly (°C)
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Presenter-Notizen
Präsentationsnotizen
Beispiel Climate Browser: Flächenhafte Analysen von bereits vorhandenen Parametern wie Temperatur und Niederschlag als Anomalien; wir wollen das für weitere spezifische Parameter, die für Trockenheit relevant sind (keine absoluten Werte, sondern Anomalien; denn die können unsere Klimatologen direkt interpretieren und bei Medienanfragen herausgeben).


Station-based drought
indicators
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o Station-Based Drought Indices

ETH:zurich

Soil Moisture Index (SMI) Swiss Soil Moisture Experiment
(SwissSMEX)

* Modeled soil moisture assuming a soil Monitors soil moisture at 19 sites in
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Presenter-Notizen
Präsentationsnotizen
SMI based on the meteorological parameters precipitation, temperature, radiation, relative humidity and wind.
We consider soil moisture at 50 cm depth for grassland sites.


Satellite-based drought
indicators
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© Satellite-Based Drought Indices

H SAF ASCAT NOAA AVHRR CM SAF land LSA SAF Meteosat

surface soil vegetation surface evapotranspiration
moisture product products temperature products
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Präsentationsnotizen
Voraussetzung:
 Long time series
Available open-source and operationally
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© Meteosat CM SAF CDRs

Meteosat First and Second Generation (MFG & MSG) satellites:

Meteosat-11 (MSG-4) L]
Meteosat-10 (MSG-3) 1] []] |
Meteosat-9 (MSG-2) ININII— ]
Meteosat-8 (MSG-1) L [R1RM -1
Meteosat-7 (MFG-7) 1] ]
Meteosat-6 (MFG-6) [ |
Meteosat-5 (MFG-5) CIEET -
Meteosat-4 (MFG-4) 11
Meteosat-3 (MFG-3) Rl
Meteosat-2 (MFG-2) | N
I e I B O

1983 1988 1993 1998 2003 2008 2013 2018

- Different time resolutions: 30 & 15 min for MFG & MSG satellites
- Different spatial resolutions: 2.5 to 5 km (depending on the channels)

. - Different spectral channels (e.g., 1 visible channel vs 2 visible channels)
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Präsentationsnotizen
6 MFG sat:
VIS - [0.5-0.9] ~0.7 microns ; Spatial resolution: 2.5 km
IR - [10.5-12.5] ~11.5 microns ; Spatial resolution: 5 km

4 MSG sat:
VIS - Spatial resolution: 3 km
IR - [9.8-11.8] ~10.8 microns ; Spatial resolution: 3 km



© Land Surface Temperature CDR since 1983

8 7 38 years clear-sky Land Surface

o i LST (K) Temperature for the period 1983-2020 with
. 335 a spatial coverage 65°N/S-65°WI/E.

& 31 Spatial resolution: 0.05°x0.05°.
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CM SAF Land Surface Temperature since 1983

CMSAF LST versus 2m Air Temperature

BB

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
Time

LST (K)
260 280 300

CMSAF LST versus 2m Air Temperature Anomaly
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Stabi

ity against EUSTACE T 2m air

Region 1983-1998 1999-2019 1983-2020
Southern Europe
bias CM SAF-T2m anom (K) -0.03
bc-RMS ¢ sar—t2m anom (K) 0.86
t oM SAF_T2m anom (K/deC) 0.07 -0.26
t 1om (K/dec) 0.55 K* 0.33* 0.31*
T omonr (K/JEC) 016 K* 044~ 0.03 "
Eastern Europe
bias ¢y sar—t2m anom (K) -0.07
bC-RMS ¢y sar_12m anom (K) 1.26
o sAF_T2m anom (K/deC) -0.39 0.13 [ sk
T 1om (Kidec) 0.22 048~ 0.49 *
T omonr (K/DEC) 0.27 0.59 * 0.16
Western Europe
bias oy sar_t2m anom (K) -0.06 K
bc-RMS CM SAF-T2m anom (K) 0.99 K
t 1om (K/dec) 0.53 * 0.36 * 0.40 K*
T omonr (K/JEC) 0.16 0.48 * 0.08 K*
Central Europe
bias ¢y sar_t2m anom (K) -0.07 K
bc-RMS ¢ sar—t2m anom (K) 1.16 K
T om sar—tom amom (KIdEC) 040 K 0.07 _
T 1om (Kidec) 047 K 0.36 043 K*
T omonr (K/DEC) -0.05 K* 0.42 011K
Europe (all stations)
bias cu sar_t2m anom (K) -0.06 K
be-RMS ¢ sar-T2m anom (K) 0.85K
ot SAF_Tom anom (K/eC) -0.51 -0.05 [ o
t 1om (K/deC) 0.36 0.37 * 0.44 *
t cmsar (K/dec) -0.10 * 0.34 * -0.06 *

Threshold

Temperature trends
calculated from CM SAF
LSTs for Europe for the
period 1999-2019 are
with 0.34 K/decade
almost identical to trends
obtained from
homoginized air
temperature data (0.37
K/decade).

Optimal



CM SAF Land Surface Temperature since 1983
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o
Product Requirements Achieved Accuracy & Precision
CM SAF LST CM SAF LST =
Threshold Monthly* £
Bias 1.5 K 1.0K 0.5K 0.36 Y
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o CM SAF & LSA SAF Latent Heat (ET)
back to 1983
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Figure 4: Bar plot showing the daily bias (W m™; top) and the daily unbiased root mean square
error (W m2; bottom) of CM SAF (blue), ERAS5 (green), GLDAS (orange) and LSA SAF (violet)
datasets as compared to FLUXNET2015/ICOS dataset at stations for the latent heat flux. The
shaded areas represent the optimal (green), target (blue) and threshold (red) accuracy

requirements.
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© CM SAF & LSA SAF Meteosat
Evapotranspiration (ET) back to 1983 mm

Model simulation based on satellite data:

« Albedo (a)

« Land surface temperature (Tgr)
« Longwave radiation (SDL)

« Soil moisture ...

Energy balance model:
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o CM SAF & LSA SAF Latent Heat (ET)
back to 1983
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Figure 4: Bar plot showing the daily bias (W m™; top) and the daily unbiased root mean square
error (W m2; bottom) of CM SAF (blue), ERAS5 (green), GLDAS (orange) and LSA SAF (violet)
datasets as compared to FLUXNET2015/ICOS dataset at stations for the latent heat flux. The
shaded areas represent the optimal (green), target (blue) and threshold (red) accuracy

requirements.
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© HSAF ASCAT Soil Water Index (SWI)
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@ Vegetation Health Index (VHI)

NOAA satellite-based drought index:
 CM SAF Land surface temperature
« NOAA Vegetation (NDVI)
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© HSAF ASCAT Soil Water Index (SWI)
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© Soil Moisture Anomalies
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Presenter-Notizen
Präsentationsnotizen
Seasonal evolution of the averaged soil moisture anomalies (w.r.t. long-term mean) at 10 grassland sites during the dry years 2015 and 2018 (pink and red lines) and their climatology (dark grey shading: 25%-75% range; light grey shading: 5-95% range; black line: median).



© Vegetation and Surface Temperatures
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Presenter-Notizen
Präsentationsnotizen
Over the course of the year, the change in vegetation and surface temperature in the Swiss Plateau observed by the satellite set in much earlier in 2003 and 2015, where dry conditions occurred from mid of May (VHI), compared to mid-June in 2018. The VHI shows very low values in August 2018, which are as pronounced as during the drought years 2003 and 2015, but about four weeks later. The earlier dry conditions in 2003 and 2015 were mainly due to the high temperatures; the VCI is similar in all three years but the TCI shows very low values already in June compared to August in 2018.
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© Evapotranspiration
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B missing or cloud covered data

Soil Moisture
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Vegetation Heat Indices (VHI
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Summary

« HSAF soil moisture data correlate high with modeled Soil Moisture
Index (except in high altitudes) and with SwissSMEX measurements

« CM SAF evapotranspiration data agree well with SwissSMEX
measurements

* Drought events are well depicted in combined CM SAF land
surface temperature and NOAA vegetation products

SAF satellite products can well complement the station-based
indicators for drought monitoring in Switzerland with spatial
information.

[Open acess | e |

Climatological Drought Monitoring in Switzerland Using EUMETSAT SAF
Satellite Data
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© Integration of satellite products into
drought early warning systems

Contents
1. Synergies between satellite and weather products
2. Relating indices to impacts

3. Integration into warnings
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Integration of satellite products
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Integration of satellite products
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Integration of satellite products
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Integration of satellite products
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© Synergies

Monthly Precipitation Anomaly (%) Feb 2023 (Ref. 1991-2020)
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© Synergies

Historical weather data Weather forecast
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© Synergies
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© Synergies

VHI

Correlation of VHI and corn yield (Germany)
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© Synergies

Weather forecast

Historical weather data
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© Synergies

Historical weather data Weather forecast

Drought indices (e.g. SPI, SPEI,

Maize Anomalies (I/Ha)
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© Conclusions

1. Drought has many dimensions
* There is no universal index, but many indices/products
« End-users are often confused about what is most relevant to them

2. Combining both worlds
«  Satellite observations: high-resolution monitoring & closer to the impacts

«  Weather models: generic & low-resolution but ability to make forecasts

3. User-tailored warnings are almost unavoidable for droughts
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