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The low-flow year 2018 in Germany - meteorology = bfgss=:_
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* beginning of the year wet
* Feb. - Nov.: precipitation depths continuously and clearly below average
e Apr. - Dec.: temperatures (partly much) higher than average

- drought, especially in the North-East, but also in other parts of Germany
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The low-flow year 2018 at German rivers —
streamflow hydrographs at major gauges
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Drought & low-flow 2018 in Germany — impacts

water status, water quality:
- high proportion of clear water (BLfU 2020)

- high subst. concentrations, esp. on Lower
Rhine, Ems, Elbe. In parts, high conc. of
heavy metals and drugs (BfG 2021, IKSR 2020).

- widespread and persistent high water
temperature (>25°C). Middle Rhine: seven
weeks continuously (IKSR 2020)
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(drinking) water supply:

- ensured, only few local shortages in vuln. regions
(IKSR 2020, LfU RP 2019, Riedel et al. 2021, BLfU 2020)

- compensations by (remote) supply networks
(e.g., BLfU 2020)

f hydro-

\I o
hydroelectricity:

electricity - reduction, mainly in smaller rivers
- reduc.:ed oxygen conc., mostly not critical, discharge of Drought reservoir (maintenance of ecol. continuity)
aeration measures at regul. rivers (IKSR 2020) cooling water & management (Riedel et al, 2021, IKSR 2020)
- red. performance of th. power plants and Low :
industry (cool. wat.) (Riedel et al. ‘21, IKSR ‘20) reservoirs,

- phytoplankton developmt. in some rivers,
cyanobacteria in regulated Mosel until 2d
half of Oct. (BfG 2021, IKSR 2020, LfU RP 2019)

- narrowed habitats (BLfU 2020, LfU RP 2019)

discharge of
waste water

agriculture:

- yield loss often 15-20 % (BMEL 2018, Riedel et al. 2021),
partly higher, estimated total loss > 3 bn. €,
gov. aid program in critical cases (Awater-Esper 2018)

forestry:

- damage due to dryness, pest infestation, fire

- 2% of forests to be reafforested after 2018/19
(BMEL 2020, Riedel et al. 2021)

/ Flow
rﬂiﬂ "Li

-

water transfer systems:

- high usage rate of storage
capacities, partly with
adapted operation rules

: P Z (e.g., BLFU 2020, IKSR 2020);
gg.rlci.lture, . tOLﬁism-;nd fishery, pond - essential functions still
Irrigation, management fulfilled (drinki
forestry recreati uffilled (drinking water,

qualitative impact —)p qua
Source: BLfU - Bayerisches Landesamt fiir Umwelt 201
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ecological minimum flow)

inland navigation:

- early season cancellations in excursion
shipping (e.g., Weser: 2018, ‘19 and '20)
- adverse effects on transport of goods ...




Low-flow 2018 — impact on inland navigation
and Industrial production
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Inland navigation with 6 % of freight
transport in Germany, for some
goods up to 30 % (coal, oil, gas)

2018: reduced loading capacities,
high transport costs, transport losses,
esp. at the Rhine (80% of German
inland water transport)

- Rhine & tributaries:

- 15 % of freight transport vs. 2017
(Riedel et al. 2021)

Other transport modes also affected
(fuel shortage)

Concerned goods at the beginning of
production chains
- losses in industrial production,

at least 2 bn. € (Ifw 2018, Destatis 2022)

In particular, chem. industry affected:

BASF with 250 m. € loss of revenue
due to restrictions in transport and

use of cooling water (IKSR 2020)
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Average sizes of German inland vessels (data: WSV 2019

180 +

—y - -
N e ()]
o o o

eq. water level (days)
8 3

sumD belowdischarge at
3

B
o

N
o

o

168 eE Kaub
152
145 145
112 107
102 103
favorable
period
l‘ll & | WL, ..H“ L) m ...... U
EE;EEEESE“:& EEES@S“:
R T B - - @ & 2 2 2 g 3
water-balan ceyear
5

- The Low-Flow Year 2018 in Germany



Low-flow Iindices and longterm series

- here: Rhine gauge Kaub
series1961-2018 for
synoptic analysis at
various German gauges

observed overall series from
1821 as reference (including

historical extremes)
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water-balance year

1980

2000

3000 -
2500 -

@ 2000 -

——
]

e 1500 -

e

d 1000 -

500 -

0

mm deficit vs. MAM
—Q-Kaub

MAM
—AM7

sumD=X(days)

N

sumV=f(!\/IAM-Q) (m. m3 \ﬁ

“AM7 (m3/s)

Bundesanstalt flir
Crewiisserkunde

Longterm variability,
no significant trend
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Extreme-value analyses — fit of cdf‘s

- Rhine gauge Kaub

- for series 1961-2018: selection, fit & diagnosis of cdf’s

AM7 (m3/s)

- information expansion using reference series and §‘
hydrological reasoning to support extrapolation: é
temporal: including historical extremes @
causal: graded thresholds (sumD, sumV)
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Extr.-val. analyses — quantiles recurrence intervals bfguzer
m
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Development of a low water

- synoptic representation of

current hydrological state,
in particular during drought events

Interregionally comparable standards,
harmonized among federal and

state authorities (common
classification schemes).

Surface

maps, grids

representation,

iInformation system

Point

representation . - . i . .

(gauges,

groundwater . ctf e

stations)

Parameters:
water level
discharge
precipitation
groundwater level

Derived Indices

Explanatory
texts, B
reporting during™ "~
events

B (different
=7, scaleranges)
Currently in development, RRT O
implementation planned X :
for 2025.
e
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Forecast tools with increased lead time (BfG, ELWIS) bfgﬁfﬂiﬁ:*t“éﬁi"‘
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10-day-forecast for the Rhine

* operational since December 2019

 first probabilistic product for German waterways
 for daily water-levels with graded confidence

intervals (representing a forecast ensemble)
* extension to 14 days lead time in July 2022

6-week-forecast for Rhine and Elbe
* pre-operational, becoming operational in July 2022
» for weekly mean values (discharge + water level)

in box plots (forecast ensemble)

e current forecast (red) &
seasonal reference ensembles based on
historical meteorol. observations and
hydrological simulation (blue) and
historical gauge series (black)
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Future projection for German rivers / fed. waterways bfg*‘fﬂ‘i‘*"""

* annual sumD (<Q20d/a, 1971—2000)

: . : Digeesss 2031-2060 @ | | DlEE 2071 -2100 @ eowumemmn
* high emission scenario RCP 8.5
* ensemble of 16 simulations
(GCMs & RCMs & LARSIM ME)
* high estimates (85% quantiles) of \ '
mean sumD in the ensemble’s . TP S g
individual simulation runs for: 50 R
\)oﬁ:mn‘ﬂ' Lo
* middle of 215t century: mostly e
moderate increase vs. ref. period W
* end of 21 century: sig. increased | | | .
sumD vs. ref. period, % & 36-45days. " | A % %
especially at Rhine and Danube. R < b Y kA 0P
. . . / tinchen tinchen :
* 85% qtl.: rather pessimistic case, i 5 :
but certain probability e S e e B2
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16.06.2022 Helms et al. - The Low-Flow Year 2018 in Germany 11



Conclusion bfg s

extreme drought & low flow 2018 were part of a sequence of drought years 2015-2019 -/
* decades before less concerned by extreme low flow (“favorable period”)

multiple adverse impacts on water resources and ecology, severe economic losses esp. in 2018,

e.g., with regard to inland waterway transport (esp. Rhine) and dependent production chains

BfG intensified low-flow related activities to quantify low-flow hazards and to mitigate potential risks by:
 statistical analysis and classification (to be continued ...)

* developing an information system (NIWIS, to be implemented in 2025)
e provision of forecasts, scenarios and future projections

integration in comprehensive risk mitigation and adaptation concepts,
e.g., FMDT-“Action Plan Low Water Rhine” including further measures of [ #iias

,Niedrigwasser

- information provision,

- optimizations in transport, logistics and infrastructure,

- investigation of options in hydraulic eng. and wat. res. management \sa=
- stakeholder dialogue.

Further information: UBA 26/2021: Climate Impact and Risk Assessment 2021 for Germany
https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/
cc_27-2021 climate_impact_and_risk_assessment_2021 for_germany_english_summary_bf.pdf
UBA 174/2021: Riedel, Th. et al. (2021): Niedrigwasser, Diirre und Grundwasserneubildung ...

https://www.umweltbundesamt.de/publikationen/niedrigwasser-duerre-grundwasserneubildung
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