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De Rijn is te droog voor binnenvaart, die

Diirre-sommer 2022 juist cruciaal is voor de Duitse economie

“Vater Rhein” verlasst
sein Bett: Deutschlands
langster Strom fallt
trocken

Rette sich, werr kann - Wie Deutschland
sich fur die Klimakrise wappnet

Waterpeil in de Rijn zakt
tot ‘kritiek niveau’ door
extreme droogte

Gletsjers smelten sneller dan verwacht: zelfs
in beste scenario verdwijnt helft deze eeuw
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Goals and aims

Show how the surrounding landscape of the Rhine
River can contribute to mitigating drought-related
problems and keep the riverscape functional.




Personal motivation

Explore drought

Expand knowledge on
climate adaptation

Scale

Outside of Netherlands
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Drought explained

Lack of precipitation in
combination with high
evaporation rates
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Time (duration)

Agricultural

Hydrological

Meteorological drought

drought

drought

Socio-economic

Natural climate variabili

High temperatures, low
relative humidity, greater
sunshine, less cloud
cover

Increased evaporation
and transpiration

Soil water deficiency

Plant water st

ty

Reduced infiltration

Precipitation deficiency
(amount, intensity,

timing)

Reduced soil infiltration,
deep percolation and
groundwater recharge,
runoff

eSS}

reduced biomass

and yield

drought

Reduced streamflow,
inflow to reservoirs,
lakes; reduced wetlands,
wildlife habitat

Below average precipitation




Drought explained

Natural climate variability

= Reduced infiltration Lack of soil moisture
= .
3 ngh tempe.ra.tures, ow Precipitation deficiency
2 relative humidity, greater . .
° . (amount, intensity,
= sunshine, less cloud .
o timing)
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e Reduced soil infiltration,
) Increased evaporation deep percolation and
= and transpiration groundwater recharge,
runoff
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2 © Plant water stress,
27 reduced biomass
and yield

Socio-economic
drought

Reduced streamflow,
inflow to reservoirs,
lakes; reduced wetlands,
wildlife habitat

drought

Hydrological
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Low precipitation leads to agricultural drought along
the Rhine (Rentz, 2019)
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Drought explained

Natural climate variability

= Reduced infiltration Streamflows, lakes and
= High temperatures, low Precipitation defici groundwater see a significant
) relative humidity, greater [e€iplialioniaeticieney reduction in the amount of water
° . (amount, intensity,
= sunshine, less cloud .
@© timing)
0 cover
(@]
o
o
é Reduced soil infiltration,
) Increased evaporation deep percolation and
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Drought in Disseldorf, the Rheinkniebridge spans only
dry ground (Oberhduser, 2022)
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Time (duration)

Agricultural

Hydrological

Meteorological drought

drought

drought

Socio-economic

Natural climate

High temperatures, low
relative humidity, greater
sunshine, less cloud
cover

Increased evaporation
and transpiration

variability
Reduced infiltration

Precipitation deficiency
(amount, intensity,
timing)

Reduced soil infiltration,
deep percolation and
groundwater recharge,
runoff

Soil water deficiency

Plant water stress,
- reduced biomass
= and yield
3
o
©
Reduced streamflow,

inflow to reservoi

rs,

lakes; reduced wetlands,

wildlife habitat

During different phases of
drought.

The lack of water effecting the
economy and well-being of
people.
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Problem statement

[ Climate change ]
I

Fluctuating
water levels

[ Ecosystem under pressure ]




Problem statement

Increase Increase
impermeable agriculture
surface and industry




Problem statement

Direct

Non-quantifiable Quantifiable

Indirect
Indirect’and intangible losses. Based on PreventionWeb (n.d.)
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Research question
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Analysis  Conclusions Potentials
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Potentials
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Opportunities map

O

Old water structures
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Urban edge

Highly productive aquifers P

Plateau landscape
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Problem map - Drougth’
/////7// oW

O, Arnhem .
oD
0
g /l/». = <
9 Z ' »
%
% ) -

%, 4 S e < .
% %\ T Low flow index
7 D/%’/%//( R Combined drought indicator

LY ) . . .
i - Soil moisture index anomaly
% oy v epe
2 oot S - Groundwater vulnerability
‘
; . . .
(% Bonn el - Growing season average soil moisture
} RN\ < r-"“w
LN > <
)
",."‘""“ Koblenz O ‘,:’ “". ‘::‘
! 5 3
- 37 5
r/-" y : “QQ Mainz ‘:‘ :’
I 2 3
‘"‘) ‘\-; “-- ‘)
rere ) o B
Sl o m e
4 - Mannheim”O ///// ko
) o] &S
ey c") c’ ""
‘-‘ ~-’ ‘) "‘h-\ -4" s »"
) s ;
Problem map S 0 *
KR
‘"‘) ')
‘) ‘)
“1 ‘)
%
,
-~ Highand moderate =
< vulnerability to floods
Moderate vulnerability to
droughts
Below average soil moisture
Drought
-~ High and moderate
- vulnerability to floods.
Moderate vulnerability to
droughts
Below average soil moisture
Glaciers melting, perpetual snow
disappearing
__, Increase of low summer discharge
and more extreme low flows
«: Increase of high discharge
¢ 0 o
‘a
)

50 100



I ) Problem map - Discharge
gl ——30
hy

S ?
- s
: - D Low water discharge ~ 11000
‘) ‘)
‘) (" L
o o - 10220
"‘ (, (’ v
- 7/ & |
///// e 8760
&b
» S Y » High water discharge - 8030
250 2
e 7
Problem map s hd | 7300
‘"‘) ‘) .
SN % - 6570
S0t %O
B %
3y - 5840
o5
= 510
i~ 4380
|~ 3650
= 2920
Increase of low summer discharge - 2190
and more extreme low flows
Increase of h|gh discharge 7 600 700 800 900 1000 100 1200 27 Hed
o Y, | A S A S % 8 70
I X/ LhBK - « S, 7, >, o, -
& T . - %, o e T, % £
- o ‘ o o | (o) ol
Salt intrusion increase during [ = . | ¢ s
low flow T T
bl (" Y --"‘
N A 50 100




¢

Problem map

e ‘
o%ﬁ
“,

Artificial surface; high
y ;

W run-off, low infiltration rates
-~ High and moderate
- vulnerability to floods

Moderate vulnerability to

droughts

Below average soil moisture
o Low to moderate productive

aquifers

and more extreme low flows

Increase of high discharge

== Narrow space around streamflow
Salt intrusion increase during

low flow

Increase of low summer discharge

O Arnhem -
P
3
2 — A,
%, 7 < <
S T s
Vs, W el
Wl s o
v/ = <
< e
8, Bileldor e
// 4 o
.Y % om0
O’Cplogne 4
5
. (O Bonn &
s 3
Y e e ¢ e
< - s P
‘"‘- 4 ‘-\
J ? )
wso Koblenz O A N
(" ‘) ¥
) o ¢
o P 3
¢ . > o
- 5 *Q Mainz L
~ B 2
s 3 )
= f <
- “a
L s
) ¢ Y
:’ ,Ma’nnheim Lo! ///////
3 i Y
L ‘) ""
N « -

LT85 .- "
. @8 i P
3 ‘ s
< 3
3 <
< 3
LN
S
¢
b
¢l
%

o0y
<

3
)

100



Opportunities map

Opportunities map

¢ Old water structures
~ Wetlands and forest, space
() Urban edge

Highly productive aquifers
{ Plateau landscape
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Vision statement

Backbone
Blue infrastructure
Supproted by green implementations

Beyond borders

Tributaries

Strengthening
Nature-based solutions

Drought-mitigating strategy
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Vision concepts

Green-blue infrastructure
Network of ecosystems
Crossscale relationships

Nature-based solutions
Working with nature and ecosystem
Connection with smaller scale
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Vision concepts

Meso

Micro

o A

Macro  Drought resilient
riverlandscape
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Implementation
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Extensive patterns

Wetland restoration and management Place.

A wetland is an area of marsh, fen, peatiand, or water.
It can be a natural or artificial made structure and occur
permanently or temporarily. The water in the area can
be static as well as flowing. A wetland provides water
retention, biodiversity enhancement and water quality
improvement. They can be implemented in a wide
range of locations but need flat areas or topographic
depressions. Restoration and management of
wetlands is the practice of rehabilitating and
presenving wetland _ecosystems. Due to

activities, wetiands have been degraded or lost

positive benefits, lie water purification, flood control,
shoreline stabilisation, and habitat diversity.
European Commission & Office ntermationsl de [Eau, 20Ws)
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Maintenance of forest cover in headwater Place

Maintenance of forest cover in headwater areas s the
management and conservation of forested lands in
the upper regions of a rver basin. Maintaining these
areas is crucial for downstream ecosystems by
regulating the quantity and quality of water resources
downstream. By implementing forest in headwater
areas, the soil has a better infiltration capacity and
can help regulate water availability. Forest cover in
headwater areas can also reduce the risk of floods
and droughts downstream. Maintaining these forest

most effective in areas where flood risk reduction or
improvements in water quality are needed.
20u:

=
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2029

Scale

N

A floodplain is a relatively flat area next to a river or
stream. These watercourses can experience periodic
flooding. Floodplains are mainly naturally occurring
structures shaped by the river's flow and sediment
deposition. Because of periodic flooding, the
floodplains are often composed of fertile soils, These
floodplains have a crucial role in maintaining river
ecosystems and often provide habitats for plants and
animals adapted to periodic flooding.

Floodplains have often been altered due to human
interference. These modifications disrupt the natural
functions of the floodplains. The original function can
be kept by restoring and maintaining floodplains, and
floods are kept in the designated areas.

(Ewropean Commission & Offce nternatonalde Eau 2013)

Many rivers in Europe have been straightened and
channeled. This has been done due to human activities
such as agriculture, urbanisation, or to shorten trans-
port time and problems. A meandering river slows
down water velocity due to its U-from. Straightening
these meanders can cause various environmental
issues such as erosion, the fragmentation of habitats,
loss of biodiversity, and reduced water quality. Re-me-
andering a river is restoring its natural course, which
creates more diverse habits and improves biodiversity.
Because of the slowed velocity of the water, re-mean-
dering also helps with erosion prevention. The slowed
watercourse then improves water quality as sediments
and pollutants are reduced. Next to that, the water has
more room, which helps prevent floods. There is
increased storage for run-off, especially when com-
bined with afforestation patterns. This pattern is mainly
implemented in flat or lowland areas.

(Ewropean Commission & Offce nteratonalde Eau 201s)

Floodplain restoration and management Place.
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Re-meandering Place
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schtacs, 1986)
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The afforestation of reservoir catchments is the
practice of planting trees in a reservoir catchment
Afforestation extends the life of the reservoir and
improves water quality. This can help control the
erosion of soil. The roots of the trees help hold the soil
together and prevent erosion. Water quality
improvement is achieved by precipitation infitration
the reservoir's surrounding soil, where tree roots help
improve soil structure and infiltration rates and in tum

3
H
g

enough precipitation stil reaches the reservoir to
recharge it Forests in reservoir catchments should be
managed as naturally as possible to prevent water
quality from depleting. Using afforestation on steep
areas can benefit sediment retention and erosion
prevention.

Europoan Commission & Ofice nerations d ok 20

Urban forest parks are forests in urban areas that
contribute to various ecosystems and the
hydrological system. These parks have a recreational
function but also improve urban biodiversity. Urban
forest parks generally have greater infitration
capacity than other urban parks. The root structures
of the forest improves the infiltration rate and at the
same time prevents soil erosion. This contributes
then to aquifer recharge. This measure has local
benefits on the surrounding urban developments.
(Ewropean Commission & Offce ntermatonalde Eau 201s)
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Retention ponds are ponds designed to hold excess
run-off. These permanent ponds support the
surrounding area during heavy rainfall and flooding
roviding additional storage capacity. The ponds
then release water at a controlled rate. Through
sedimentation and vegetation, the water quality of
the water can be improved before releasing it back
o the streamflow. Retention ponds consist of a
pre-treatment area and a permanent pool that
remains wet throughout the year. Most ponds will
also contain temporary storage volume and a shallow
edge to provide space for wetland vegetation. Ponds
cannot be too small, because they will run the risk of
drying out during period of drought. Because of the
design of these ponds, they are applicable in the
urban landscape.
(European Commision & Offce nteratonalde Eau 201s)
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Crop rotation Place

Scale

Crop rotation is an agricultural practice that enhances
soll fertiity, promotes sustainable farming and
mitigates the risk of crop diseases. The practices
involve changing the crop types in a field over a
defined period. With the rotation, yields are
optimised, and chemical fertilisers and pesticides are
unnecessary. By creating a rotation pattern in the
implementation of crops, the soilwill not be depleted
of specific nutrients. In between different crops, the
soil has time to recover. When implementing crop
rotation, crops with different root lengths can be
implemented. This improves the natural infltration of
the soil

(Eurcpean Commission  Office Inematonalde[Eav, 201a)
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Pattern field

© Restoration of natural infiltration to groundwater
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© Retention ponds
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Mannheim - Wateruse

Estimated wateruse

Drougth situation
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Estimated wateruse during current drought situations Estimated wateruse after design implementation, during
drought situation
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Mannheim - Wateruse

Estimated wateruse during current drought situations Estimated wateruse after design implementation, during
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How can the river Rhine stay a vibrant and functional riverscape by
creating a synergy between urban and rural areas while using the green

infrastructure approach to prevent drought-related problems?

To understand the environmental impact of

To understand the social

impact of

drought on functions of the Rhine.

How does streamflow drought

impact

surrounding landscape?

To find solutions to combat the

impact of drought on functions of

the

he Rhine

drought on functions of the Rhine.

Rhine and the

How can urban and rural river
landscapes form a synergy in drought
prevention?

How can the green infrastructure
approach be used for drought
prevention strategies along the Rhine?

How can the desired drought
prevention strategies be implemented
along the Rhine?

How are the functions of and on
the Rhine affected by drought?
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