


Introducing myself

" WU (2000) Environmental Sciences

" Earth System Science & Climate Change Group
Wageningen UR (Alterra)

e National climate change research (KvR/KvK)
® Fresh water resources management
e National Delta programma (Southwest Delta)

" Interests: water management, ecosystems/indicators,
climate change, science-policy interactions, adaptation
to climate change
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Contents of lecture

® part 1: Global water resources

" Part 2: Climate change and water resources
® Scenario’s (see also lecture Pier Vellinga)
" Part 3: Estuarine dynamics & Delta’s
e Introduction - general
® Fresh and Salt: framing the issue
e Southwest Delta in the Netherlands
" Part 4: Adaptation to Climate change at regional level
e Combat salt
e Adapt to salt
e Make better use of rainfall & groundwater
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Global Water resources

Fresh water reserves
35 million km?

Available fresh water

(for ecosystems and Less than 1% of ffGShWBter,

g L and less than 0.02% off all

<1% water, is fresh,

" liguid surface water on which
terrestrial life depends.

Soil moisture Moisture in plants

Fresh water Groundwater 23.8% and animals, 23.8%

2.4% 12.0%

e .
l re and y _ Atmosphere
£ . “reshwater lakes g - 4.8%
' L ' F .and reservc - F—Wetlands, 1.3%
— \" Rivers and streams

; Fresh surface 0.6%

water, 0.8%
All water Fresh water Liquid fresh surface water

Source US Geologica e
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Pressures and challenges for delta’s

" Population growth
" Urbanisation

" Food Supply

" Soil subsidence

" Fresh water resources

" Climate change
e River run off

hydrology
water resources

vulnerability

® Sea level rise

ACCEPTABLE RISK

e Precipitation patterns - Water scarcity

- Salinit
® [emperature y
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Global freshwater use

—e— Agriculture
—8— Industry
—aA— Households
—x— Reservoires
—x— Total
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Reservoirs
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Water and Agriculture

0 o Irigated agriculture currently Water consumption in m? per kilo harves
80 /o 20 /o accounts for about 40 percent " .
Rainfed frrigated of global food production
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Brushing  Drinking and

teeth, etc. cooking
5% 6%
Laundry
and dishes
20%
Bathing
31%

Source: Data from U.S. Environmental Protection Agency, 2004.







Climate change & hydrological cycle

. . . . » ght © 15 g ompanies, inc. el 3 red RProc 00 4 5
P recl p Itation Transpiration Evaporation from
Precipitation
from plant surfaces A ETY land and water surfaces

" Evaporation/Transpiration £ Ny
(land, water, biosphere) - e L o B .

® Soil moisture
® Runoff
® Groundwater (infiltration)

® Sealevel rise (salt)

Zone of
aeration

Zone of
saturation

WAGENINGENNENR

For guality of life



Average annual precipitation on Earth

Average annual precipitation

- Less than 25 cm (10in.)
[] 25-50cm (10-20in.)

[ ] 50-100 cm (20 - 40 in.)
I 100-150 cm (40 - 60 in.)
[ 150-200 cm (60 ~ 80 in.)
B More than 200 cm (80 in.)

0 1,000 2.000 Miles

Scale: 1to 138,870,000 4

1,000 2,000 3.000 Kiometers of
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Climate change and hydrological cycle

a) Precipitation b) Soil moisture \YEERERIGIEL
i ! O L 4 ‘ precipitation
-7 ‘ o ) ...u.‘ i '. ) . ‘ S ‘ .. for the scenario
(W x s\ B SRES A1B for
: . g i Wi \rimy the period
|| 7 AN Dl 2080-2099
- ‘ - relative to
1980-1999

BT [ TT M.

25-20-15-10 -5 0 5 10 15 20 25

-50 -40 -30 -20 -10 0 10 20 30 40 50 25-20-15-10 5 0 5 10 15 20 25
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Summary of future changes of the
hydrological cycle

" Rainfall: rainfall will increase near the poles and in the tropics
but will decrease in the mid-latitudes

® Increased variabilitY — more heavy precipitation events
and longer dry spel

" Evaporation: potential evaporation will increase almost
everywhere - changes in actual evaporation over land depends
largely on changes in rainfall

" Storage - soil moisture projected to decline in more areas
than what would be expected from rainfall alone

e Droughts (long periods with low soil moisture) will
Increase

" Run-off - will increase in the high latitudes and tropics and
decrease in the mid latitudes

e Especially in dry regions small changes in rainfall can
cause large changes in run-off

WAGENINGEN
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Sealevel rise

Scenario’s for 2100 (see lecture Pier Vellinga)

18 —59 cm +iets (IPCC, 2007)

40— 85 cm (KNMI, W+,2006)
50-140cm =~ __(Rahmstorf 2007) f
55-110cm - (“high end”, Deltacomm|55|on 2008)

80-200cm (Max.pOSSIbIe.Pfeﬁie_r et al. 2008)



Water scarcity and water stress

Copynaght © e McGraw-Hill Compal , Inc. Pe eq ed for reproduction or display.
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Water stress is when annual water
supplies drops below 1,700 m3
per person (e.g. 4660 litre/d) and

Water scarcity when supplies
drops below 1,000 m3 per person
(2740 litre/d) (definition UN) .

Average water use per person in
the Netherlands: 120 1/d and an
annual water supply of 5000 m3
per person



Water availability per Capita (OESO)
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Characteristics of delta areas

“A low triangular area of alluvial deposits
where a river divides before entering a
larger body

of water.”

“naturally shaped by a combination of
river, wave and tide processes.”

“Ideal settling areas for society because
of fertile soils, available water resources
etc.”

“Vulnerable to natural hazards such as storm surges and
river floods”
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Estuarine dynamics

Tidal dynamics
* Morphology dynamics (sedimentology)
* River discharge — sea influence
* Salinity gradients

Nutrient gradients

WAEEFNﬂrlqmrEE”r;:. Bapt|5t e.d. (2007)



http://www.youtube.com/watch?v=a8mcwbgW7IM



http://www.youtube.com/watch?v=a8mcwbgW7IM

Delta works and drawbacks

=
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Delta Programme about lake Volkerak

® Temporary retention of river .
Water dur'ng peak dlSChargeS | o, 4 ‘.‘% met water

® Estuarine dynamics, under the
condition that alternative
freshwater supply is guaranteed!

Climate proofing:

® coastal protection

" nat. fresh water resources

® Land use (regional development)

® Ecology & Economy

WAGENINGEN
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Causes of salinisation in West part of the Netherlands

® |and subsidence / land use
" Climate change
® Sealevel rise
® Precipitation
" Autonomous salinisation
" Water management

Internal salinisation

Deltares

Exernal
salinisation

Source: Beijk et al., 2008
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Salinisation & climate change impact

" Estimation of probabilities that chloride conc.
thresholds are exceeded

® Estimation number of frequency of days that
thresholds are exceeded

Dealing with uncertainties, under different:
® Scenario’s (KNMI, Hydrology)

" |ocations in the delta

" Types of salt years

WAGENINGEMN
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Indicative CL- values in Dutch water management

North Sea:

Lake VZM (currently)

Current management objective Lake
A

Lake VZM (future)

Drink water threshold (law)
Landbouwkundig zoet
Greenhouse horticulture
Arable farming

Freshwater dependent nature

16000-18000

200 - 1000

450

38000-10000

150

1000

50-200

1000

300-1000

Cult. Tech. Vadaceum
(1988)

Plan-MER (2010)

Peilbesluit (1996)

Plan-MER (2010)
RIVM/WHO

Province Zeeland (2006)
Rijkswaterstaat
Rijkswaterstaat

Rijkswaterstaat
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Fresh and salt water

Indicators:
- Chlorinity ([CL"]), ¥ ot
- Natrium ([Na*]), oo S
- Conductivity (Ms/cm) I

Uncertainty in research:

- Scientific disciplines use different indicators

- System looked at? (ground/surface/soil moisture)
Uncertainty in policy:

- Stakes

- Scientific sound risk thresholds
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Classification systems fresh and salt water

" Geohydrology : Stuyfzand (1993)
" Ecohydrology : Wamelink and Runhaar (2000)
" Marine ecology :Venice System (1959)

Wamelink &
Runhaar (2000)

Legend salinity (g/l - -
Mesohaline 5-18

Polyhaline ~ 18-30 30-150 150-300

Mixohaline 0.5-30 150 - 300 200- 1000
Euhaline 30-40
300-1000 1000 -5000
Brak-Zout 1000 -10000 5000- 10000
Zout 10000 - 20000 »10000

Venice System (1959): Stuyfzand (1993)
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Freshwater around VZM: framing the issue

~ Expectation value frst eigenfuncion
Exgectation value second egeningtion

B e St S A i St S

. NMC al.e 0'-2‘
E rpectation aive Syt eipenuncton
__Expactation veive seccnd egentinction |

WAEEFNIFNEE::: .
or quaty of Ife Source: Klostermann & Veraart, in prep.



Differences in field data salt tolerance

k\v'p TN

— _ \ /1 \\
$ \

Fielddata Mallorca (Veraart et al., 2004)

)—H]—f STOWA Limnodatabase (Netherlands)
Field data Finland (Luther, 1951)

] 1000 150 200 bl

Grof hoornblad
(Ceratophyllum demersum)
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FOTO 2011 - Verdeling zoetwater in de delta
Mm3 per zomerhalfjaar (april-september)

A summation of
- Irrigation

- Flushing

- Water tables

B L

Drinkwater Industry

Regional Inlet



Drinkwater
Industriewater
Inlaat HWS

normaal jaar) Inlaat HWS
( iean (droog jaar) Inlaat HWS

Zoetwater ZWDelta 2011 - 2050 (extreem

Mm3 per zomerhalfjaar (april-september) gioog)

inkwater Industriewater inlaat HWS (normaal : Inlaat HWS (extreem
- : Inlaat HWS (dro
_ it droog)

= STOOM (2050) [ e R Y ", . —
isECTORPROGNose| @2 [ w7 | 0000000 00| @0




Recent history water management VZM

1987: Lake became Fresh
: Water Quality issues

2002: Strategic Env.
Impact Assessment

2003: ‘De brede discussie’
2008: Delta Commission
2009: Delta programme
2010: National Water Plan
2012: RSV VZM-Grevelingen
2015: decision: fresh/salt?

Map: Programmabureau Zuidwestelijke Delta
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INLAAT ZOETWATER REGIONALE WATERSYSTEMEN

situatie 2011 (extreem droog Jaar)
o N 22

ngelaten water 53 7
mifjoenen m' per zomer half par

veel nlaat

WAGENINGEN . ‘
st Van Tuinen & Visser, 2012
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Expert judgment about adaptation

® Before designing regional interventions to cope with future
water scarcity make a well considered choice of a policy
strategy, e.g.:

* Combat the impacts (resisting strategy)

* Cope with the impacts (adaptation)

Both can be
made climate proof!

Deltares
For quality of life Enabling Delta Life 7
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Combat the impacts (resisting strategy):

Supply freshwater to
keep salt sensitive crops
in production in a
estuarine delta R

Regional stakeholders:
*Zout hoort in de zee
Niet op Flakkee...’

WAGENINGEN
For quality of life



Cope with the impacts (adaptation):

From agriculture to aquaculture (example Zeeuwse

De Zeeuwse Tongy

Door slim gebruik van waterstromen, voedings- en
reststoffen levert een gemengd zilt bedrijf sen
hagere opbrengst op dan een akkerbouwbedrijf van
dezelfde omvang.

O0STERSCHELDE

'ﬂ In voedselrijk veater
ontwikkelen zich
micro-algen

it ;
Kyeeldergras en sbjkgras
halanda rasterande 4 .
voedingsstoffen uit hat -jarige zagers f
i jarige tong

e a . %
Zeekraal Zanweonkal Lamsoar Oeslers

WAGENINGEN
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lib uit bassins en gemalen gras

Oosterschelde- waorden vergist en gebruikt am
waler word! In l' elektridciteit ap te vekken en het
winterverblijf te verwarmen
\

'?\

- méﬁgérs l
2-jarige tong

Winterverbtijf
1-jarige tang

PZC | Donya Odijk | ron: Wageningan Universitelt

Jong)



More efficient use of rainwater and groundwater

Deltares IMARES
Enublng Delta Lfe ? WAGENINGEN

De KREEK teRUG

More efficient use of rainwater from winter
(increase storage freshwater with drainage De KREEK teRUG

2: Nieuwe kreek

techniques) // \
7S N\




Adaptation to salinisation (aquatic system)

1. Become more tolerant (osmoregulation or
active secretion of salt)

2. Avoid salt (dispersion, (re)colonisation,
survive as a seed or as a propagule.

James, 2003; Skinner et al., 2011

-
L &

«

Seed & flower Potamogeton pectinatus Propaguels of Zanichelia palustris (pictures. Veraart, 2007,/2008)
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Desalinisation Plant Alcudia
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Freshwater production : 1 500 m3/day
Energy use : 9 kWh/m3

WAGENINGEMN
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Possibility for Internship at Alterra

Climate change, Water management, Water framework
directive and Natura2000 in West-Nederland

When: first half of 2013 (5 months)

Supervisors:

- Jeroen Veraart

- Claire Vos

- Erik de Haan (Province of South Holland)
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Thank you

Jeroen Veraart




