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▲ River Ahr municipalities Schuld and Bad Neuenahr

Introduction
In mid-July 2021, the combination of heavy rainfall
embedded in continuous rainfall in western Germany and parts of Benelux led to a catastrophe
with a recurrence period of 500 years, resulting
in an unimaginable dimension of damage and an
incredible number of victims.
In this article, the causative large-scale weather
situation is briefly described and the warning management of the DWD from July 11 to 14 is presented chronologically. Finally, questions around
why the unprecedented, catastrophic effects could
not be minimized despite good forecasts and
warnings by meteorologists and hydrologists are
addressed and the lessons learned are discussed.

Large-scale weather situation
in mid-July 2021
The major weather situation “Low Central Europe”
(objective weather type classification TM [1]) typically in summer combined with very high values

(left and right bottom) July 2021

of precipitable water as well as above normal air
and water temperatures north- and eastwards of
the surface-low leading to a high risk of extreme
heavy rainfall.
During this period the worst-case scenario for
flood situations during summer season developed: Embedded heavy rainfall in continuous
rain!
Crucial for this was:
1. A long duration of the severe weather situation
due to an almost stationary high-altitude "Central European Low", which permanently pulled
in warm, humid airmasses from the Adriatic and
Mediterranean Seas as well as from the unusually warm "Mediterranean-Baltic Sea" (where water
temperatures were up to or above 25 °C).
2. Confluent flow over western Germany of very
humid, formerly thundery air masses.
3. Additional lifting above the central mountain
region.
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▲ Figure 1: reference distribution of “Low Central Europe” TM during summer left Pmsl-Isobars and PPW - right 500 hpa isohypses

and 500-1000hpa Thickness

Forecast and Warning chronology

Therefore, meteorologists decided to issue an official pre-warning through all channels:

Sunday 11/07/21
– Within the “Synoptic overview for precipitation” bulletin for hydrologists the development of
the extreme precipitation event was already predicted almost perfectly, just as it then occurred:
“from Tuesday to Thursday in western and southern parts widespread 50 to 100, regionally up to
200 mm”. Deterministic and Ensemble-Forecasts
including EFI are focusing on Wednesday and
western parts, where probabilities indicate that highest amounts could also fall within 12 to 18 hours.

• “Prewarning issued at 10:20 CEST of severe
heavy / continuous rain: Until Thursday morning
accumulations up to 200mm possible. Occurrence
and exact location still very uncertain”

– Weekly forecast weather hazards
• Bulletin distributed also via www.dwd.de:
“… On Wednesday from Saarland-Eifel to
NRW increased danger of thunderstorms due
to heavy continuous rain with well above 100 l/
sqm/24h”
• Forecast graphics are published within the fire
department information system FeWIS for civil
protection (Figure 3).
Monday 12/07/21
– Latest model forecasts reconfirmed the already
very good special forecasts issued on Sunday.

▶ Figure 2: Satellite, Radar and Lightning (red crosses),

14/07/2021, 17 CEST
Stationary 500hpa flow and confluence of extreme formerly
thundery airmasses at the Eifel
(blue circle: Ahr river catchment area)
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– Postings were also sent to social media platforms: Facebook Twitter…
– Theme of the day on the DWD website: Weather
calming? For the time being, no! https://www.dwd.
de/DE/wetter/thema_des_tages/2021/7/12.html
• Severe Weather Clips were posted to the Internet e.g. Youtube and DWD-App „Warnwetter“
(Figure 4)

▲ Figure 3: Probability forecast for continuous and heavy rain (top) and for thunderstorms (bottom) issued on Sunday July 11, 2021

been activated at DWD on only 6 occasions
and for different regions since installation of a
MoWaS bench at the forecast and advisory centre in
2018.

▲ Figure 4: Screenshot of the clip on YouTube:
https://www.youtube.com/watch?v=JGDyI4kyGt4

Tuesday 12/07/21
– Severe Weather Warning of Extremely Heavy
Continuous Rain warning was published, valid
from 09:40 CEST to 15/07/21 06 CEST: “Extremely heavy and intermittent rainfall is expected.
Rainfall amounts between 80 and 180 mm are
expected.”
– A Special Warning was sent to every possible
warning media outlet via the German warning
system MoWaS [2], as well as to all public broadcasters (Figure 5). This is only issued when we
fear a catastrophe. This warning has previously

Thursday 14/07/21 onwards
A shot across the bow happened in the surrounding of the City of Hagen (Westphalia) with 150200 mm within a few hours in the night of 14 July.
In the morning news on 15 July everyone could
see dramatic pictures and videos showing the local river Ruhr flowing through a factory. As the return period in fig. 6 indicates, there had developed
huge problems elsewhere in North Rhine-Westphalia ahead of the main event.
Ahead and during the peak of the extreme event
there were comparatively low consultation requests. We assumed that all actors, correctly assessing the seriousness of the situation, were engaged in the emergency management.
Of course, after 15 July there were countless enquiries from the affected regions. A hardly manageable amount of interviews requested by print,
radio, TV and press agencies, interest was even
international from as far away as the USA.
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▲ Figure 5: MoWaS warning issued Tuesday morning (left)

and update Wednesday morning.

◀ Figure 6: Radar based return period for 72-hour precipita-

tion clearly showing the difference between observed local
event and the widespread area with more than a 100-year
event between 12-15/07/22 05:50 UTC [3]



We were well aware, that the main event was
yet to come during Wednesday afternoon and
night. Probably no one expected such unprecedented damage of an extreme event due to climate change with a return period of more than
400 years [4]. But we were as horrified as Prof.
Hannah Cloke [5] (who helped to set up EFAS)
that more than 180 victims were claimed despite
good forecasts and warnings from meteorologists
and hydrologists. So, what went wrong?
To answer this question parliamentary committees of enquiry were established in North
Rhine - Westphalia and Rhineland Palatinate
where up to 6 DWD representatives, including
the President Prof. Adrian, had to state our tasks
and responsibilities during the disaster as expert
witnesses.
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Lessons learned
In some places responsible authorities took timely
and appropriate action, but not everywhere. The
main reason for failure to act was a lack of understanding of what concrete impacts were being
threatened as a result of the warnings.
In particular, there was a lack of a common consultation between DWD forecasters, hydrologists of
the Flood Forecast Centers (FFC) and the federal
and state disaster control authorities of the (CP).
Besides distributing warnings to the public, FFCs
and CPs are only provided with warnings, data
and advice bilaterally by the DWD, whereas advisories to the public are issued by local authorities
(Figure 7).
In order to obtain a common understanding of the
imminent dangers of an upcoming severe weather
situations, video conferences are now increasingly
taking place between DWD, the federal coordination centre and the affected FFCs and state
authorities. Thus intensity, duration and peak of
phenomena, as well as the probability and spatial
spread of the event can be clarified. In addition, a
common level of knowledge about the expected
impact and the necessary preventive measures
are also achieved in this way.
A first common consultation has already taken
place, only 10 days after this disaster, when severe but isolated thunderstorms and flash floods
were possible again. The RLP crisis team therefore requested an on-site consultation near the
incredibly destroyed Bad Neuenahr to decide

whether the Ahr valley had to be evacuated. The
disaster control agencies set up an emergency
shelter for citizens and the population was warned
once again via social media and flyers that rainfall
amounts should mostly remain below the severe
weather warning threshold, according to the DWD.
"An exact localization of the hotspots will only be
possible - if at all - in the very short term," the police
and the crisis management team asked helpers
not to travel to the flooded area temporarily.
In order to be able to assess their own risk, however, all citizens must also know how high the
danger from extreme weather is in principle at
their own place of residence. DWD is therefore
working with partners from the federal and state
governments to set up a natural hazards portal
that offers such climatological and infrastructural information in a bundled and comprehensible
form.
Numerical weather forecast models are constantly
being improved and above all horizontally refined,
so too is precipitation detection in radar images
and heavy rainfall nowcasting. However, the lead
time and thus early warning can only be improved
slightly. It is all the more important that the information chains become faster and smoother.
Specifically, the DWD project called IVS-Unwetter, aims at closing gaps in the radar network,
improving radar-based forecasts and including
crowd-sourcing data. The inclusion of flood
centres in product generation (models and radar
methods) is also being pushed.
The SINFONY project has been in place since a
few years and aims to abandon the differences
between the results of radar-based nowcasting
and model-based short-term forecasts. Instead,
a sliding, uninterrupted "seamless" approach
is being pursued to deal with heavy rain events
with more lead time and higher forecast precision.
New, innovative visualization products will provide
better and more understandable products to forecasters, advisors, flood control centres, and emergency management.

▲ Figure 7: German communication chain

of the disaster risk management

We would like to take the opportunity to give special thanks for all the messages of condolence we
have received from our colleagues in the national
meteorological services and the WMO. Above all,
our thoughts are with the victims and those who
are still suffering.
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