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Sandy Rural Landscapes and

its Water System in times of Climate Change

A case of Baakse Beek Watershed

Flowscapes

Landscape as Infrastructure

Infrastructure as Landscape




Structure of Presentation

> Introduction

> Problems and Challenges
> Research Question

> Design Interventions

> Reflection



The Sandy Areas of the Netherlands

- Sand deposits above 1m + Mean sea level

Below 1m + Mean sea level

- Baakse Beek watershed

Based on: Arnold, G., (2009) Water Management in the
Netherlands, Rijkswaterstaat. Centre for water management, The Hague.



Location of Baakse Beek Watershed in Achterhoek

[ Achterhoek

Neighbouring River ljssel Baakse Beek Baakse Beek
streams Basin

%

Source -base map: www.arcGIlS.com



Main Streams in the Watershed
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== Baakse beek stream === \eengoot stream

Base map based on: www.arcGlIS.com
Section based on: De Regiegroep Baakse Beek en Veengoot. (2014) Samen voor een stroomgebied op orde, Waterschap Rijn en Ijssel.



Different Landscapes of Baakse Beek

Estate Landscape <1
Sand Ridge Landscape <2
Peat Landscape <3

Camp Landscape <4

Terrace Edge Landscape <5

Eastern Flood Landscape <6



Estate Landscape Zone

Key Characteristics



Estate Landscape Zone
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Rabat Forests - Histor

Oak tanning

Store water from bogs

Rabat Forests <

A wasteland today




Estate Landscape Zone

Weirs <

Barriers for aquatic
species

Estate Moats <

Dry during summers




Sand Ridge Landscape Zone

Key Characteristics




Sand Ridge Landscape Zone

Pig and Poultry Farming
Odour nuisance

Future expansion

Forest stream
Dry during summers

Poor water quality




Peat Landscape Zone

Key Characteristics




Peat Landscape Zone

> Landscape evolution

Historic




Camp Landscape Zone
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Camp Landscape Zone

“Droebels” surrounded by tree plantations and hedges

“Droebel”




Veluwe

Landscape Typology

Wet season

Dry season

Brook Typology

Ijssel River

Stream Typology and its Relation to Landscape

pmrm TN

Estate Landscape

Lowland brook

Eastern Wijkse flood zone

Slow flowing brook

Sand ridge Landscape

Terrace edge plateau Landscape

Peat mining Landscape Camp Landscape

Peat or heath brook Wetland brook Terrace edge brook




Historical and Current situations

B Heath

" Grassland

|| Forests




Historical and Current situations

= \\ater courses

Straight/ Sinuous pattern

Barbed/ Dendric pattern

I1.70m

6.00m

+2000

1.05m

¢ 1.45m— )

+1847




Research Question

“In what way can the landscape be used and adjusted, in an integrated
manner, to achieve a climate resilient landscape for Baakse Beek watershed

and enhance its spatial experience?”



Temperature and Precipitation change in Achterhoek

Average number of hot days per year

Present 2050 | W+

30 km ] 30km ]

Average min. temperature in July

Present 2050

Average number of frost days per year

Present 2050

&
-

Legend

135 - 140
130-135
125-130
120-125
115 - 120
110- 115
105 - 110
100 - 105
95-100
90-95
85-90
80-85
75-80
70-75
65-70
60 - 65
55-60
50-55
45 - 50
40 - 45
35-40
Days

Legend

165- 170
160 - 165
155 - 160
[ 150 - 155

Legend
65-70
60 -65
55-60
50-55
45 - 50
40-45
35-40
30-35
25-30
20-25
15-20
10-15
5-10
Days

Mean Precipitation change

-
Present S
/

Average summer precipitation

Present

Average winter precipitation

Present

2050

2050

W+

W+

3
3

450 -
425 -
400 -
375 -
350 -
325 -
300 -

,_
@

Q
]
>
a

:INNNNnn
3

@ » o a o
GL5R558R4
SaS oo aoao



Seasonal Drought and Flood affected regions

- WET . DRY WET

[ JAN | FEB | MARl APR | MAY | JUN | JuL | AUG | SEP | ocCTt I NOV | DEC [

v

UNERES

i
ESRRES

Flooding during winters
Dessication during summers
Non dessication area

Probable flooding zone
in future




Climate Change and Future Scenarios

KNM!’s climate scenarios by 2050

Moderate +

Moderate

Air flow patterns

Unaltered

Source: Van der Hurk, B., et al. (2006). KNMI climate change
scenarios 2006 for the Netherlands. KNMI, De Bilt, The Netherlands.

precipitation [mm]
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A New Landscape Vision Map for Baakse Beek

\AV/+ scenario '




A New Landscape Vision Map for Baakse Beek

Green areas form a continuous network
along the stream

Stream landscape: ensures access; addi-
tional ponds every 500 m

#

Peat landscape: Water retention in old
peat parcels next to the stream

Camp landscape: Densify farm edges with
hedges; tree lines

Estate landscape: Rabatbos as water st-
orage forests; link stream and moats

Urban: Improve stromwater manage-
ment; rain water harvesting

&
¥
L

Enken: Open lands make sure villages and
forest edges do not grow together

Broekland: Redirect veengoot to baakse
beek; recharge ground water

Urban green: Green landscape revolves
through the city

B

£\' Additional areas of inundated fields in the

- old bog and marsh areas
-

\

Descriptions of the target image of various interrelated

landscape types and changes to the water system



Climate Corridor and its Spatial Configuration

Scenario 1 Scenario 2 Scenario 3 Scenario 4 - Optimal
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Design Intervention Sites

Estate Landscape Sand Ridge Landscape
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Peat Landscape | Camp Landscape | Estate Landscape
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Sand Ridge Landscape
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Sand Ridge Landscape | Peat Landscape | Camp Landscape | Estate Landscape

Vision map
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Sand Ridge Landscape | Peat Landscape | Camp Landscape | Estate Landscape

Winter

Climate corridor of vision map

Proposed changes
to water system
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Sand Ridge Landscape | Peat Landscape | Camp Landscape | Estate Landscape
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Sand Ridge Landscape
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Missing habitat lin

Peat Landscape | Camp Landscape

Vision map
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Sand Ridge Landscape | PeatLandscape | Camp Landscape | Estate Landscape

Winter

Proposed changes To Pl x
to water system “[] \

:. 4> ;.00‘0... e ..-. ‘...
.... ... :. ... 3 n : '_r e
-o........’. Summer : 5 > : ) v : :
- ...' ”... Proposed

Current



Peat Landscape | Camp Landscape |  Estate Landscape
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Sand Ridge Landscape
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Sand Ridge Landscape | PeatlLandscape | Camp Landscape | Estate Landscape

Vision map

Poor vegetation
predicted for future



Sand Ridge Landscape | Peatlandscape | Camp Landscape | Estate Landscape

Winter

Proposed changes
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Peat Landscape | Camp Landscape | Estate Landscape
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Sand Ridge Landscape




Sand Ridge Landscape | Peat lLandscape | Camp Landscape | Estate Landscape

Vision map
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Area of Intervention in Estate Landscape

Estate Medler and surroundings

: : Baakse beek around
: : estate Medler
1 |

[ - |

Redirecting the stream to old meandering course

Old Baakse beek recreated

Current Baakse beek stream as
new cycle path

Location of estate Medler and its
moat connected to the stream




Proposed changes in Vision Map

Natural topography

Natural depressions in the fields
as winter inundation fields during
extreme wet climates

Rabatbos network in estate landscape
as potential water storage forests as
per future vision map

Green structure connected for a rich
habitat network for species




Current and Proposed Intervention at Estate Medler




Proposed Functions of the Stream
Surface water of Baakse Beek is collected in Rabat Forests and channelled into meadows

o
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Proposed Walkways and Cycle Paths

Walking trail

Biking trail

Secondary walking route

Observation decks

................




Path along the stream within the estate ensemble

Existing conditions

Connects to estate Medler

——  Walkway

Arable land

Proposed conditions

1
i

Single poplar
tree line Walking path

Meadow Ditch Cycle path Sand accumulates Meadow
in pockets Proposed Baakse beek stream










Contemporary Translation of Rabat Forests

Existing conditions- Rabatbos structure

Birch Rabatbos

| ——— Raised beds

e > *]v— Ditches

Proposed conditions- New form for rabatbos with new functions

Pedestrian walkway
towards old rabatbos

Constructed wetland connects to

Baakse beek stream Platform for Wetland

Natural swimming pool canoe deck Moist forest



Rabat Forest detail 7

Rammed earth lining for low maintenance

as a Contemporary addition

20.0

Birch trees planted in line with 8ft
spacing c/c

Shallow roots develop on wet sites
with roots spead of 8ft

20 ft tall Birch tree with 8ft crown spread

3” thk rammed earth lining

Ditch connects to stream through small
sluice for regulating water storage

| 0.8 i . I . I 14 14 0.8

8.6 4.8 e

22 4.8




Baaske Beek Cross Sections

Different stream edge characters typical for estate landscape

Old Baakse beek stream
bed during wet season

Coarse gravel
perimeter bio filter

3:1 outwards slope to store
excess water

1.5-2m deep old Baakse beek
stream bed

Inlet for ditch water

Old Baakse beek stream
bed during dry season

Vegetated graded slope
Reworked native soil graded to
2:5:1 or flatter where possible and
planted with ground cover

Baakse beek baseflow channel

Ditch with rammed earth lining

Rabatbos raised beds for birch trees

Leaf litter builds soil over time



Proposal of New Estates in Rabat Forests

Proposed Rabat forests
a land for new estates

Current Rabat forests

a wasteland




Form and Composition of the New Estate

Drawing principles from a traditional estate setting




Traditional

New Estate as a Recreational House

Green shutters as an
identity of Medler estate

Contemporary




View from the Recreational House

Captures a glimpse of Estate Medler and the meadow during extreme climatic conditions

Dry condition

Wet condition



Sand Ridge Landscape | Peatlandscape | Camp Landscape | Estate Landscape

Vision map
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Sand Ridge Landscape | Peat Landscape | Camp Landscape | Estate Landscape
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Comparative research - historical and current conditions

Cultural

13th C

Dike construction

Dike ring 49 constructed in
east of the river ijssel be-
tween Doetinchem, Does-
burg and Zutphen.

14th C
Flooding
Dike reclaimed shallow
Jjssel bedding causing regu-
lar flooding.

1606

Hondius map
Streamoriginates in Vorden,
runs along castle Hackfort and
flows south of Zutphen and not
yetin Bask, the jssl.

1688

1741 1809 1834 1835
Baakse Beek in 1688 Baakse Beek in 1741 Flood New stream New stream
i f i igoot was dug.  Hissink beek was
s near the Halsche peat and Marpat.  Ruurlosche watermillis Sneppendi-  constructed dug.

Woodlandsin the upper reaches. Also
from the Lochemscpeat near Wilden-

jk. Downstream of this dike ruurlo

borch rises an offshoot of Baakse beek
which comes between Bask and Wich-
mond into fjssel.

sche veen and Ruurlosche brock.
Apparently, the dyke was necessary
o protect Ruurlo against flooding

In Baakse beck four mil -
Ruurlo, Wiersse, Vorden, Hackfort.
Peatlands- Des Heerenveen, {Halsche
peat, Wolboomsveen, Lochemse peat,
Ruurlosche peat, Zelhemer Heijde.

the peatlands.

1845

Soil depth alterations
Average soil depth in down-
stream part of Baakse Beck is
1.75 m, Hissink beck is 150 m
and veengoot is 1.10 m. Current
average soil depth in mideourse
part of Baakse Beck is 22 m;
downstream part is 3.0 m. Mid-
‘course of Veengoot is 2.20 m and
downstream is 255 m.

1850- 1980

Peat mining

Little desiccants present be-
cause a large area is not very
extensive or agriculturally
used until 1900.

1880

First water management plan
was made - water density map.
Aalten goor and Hengelo
stream- start has been made for
the development of peat.

1900
Arival of fertlisers.
Improved dewatering. moors

1950
Crop yield development and evaporation in-
creased. Soil underwent changes which had an

1965

New stream
New main line of Veengoot
Hackfort.

1976

Changes in course
Widening and realignment
of! g

impact on water Peat land disap-
pearance evident. mining of soil layers (iron
core). Grasslands intensified increasingly. later
‘com made its appearance in agricultural areas.
Excavated peat which were overgrown with
heather long time, o reclaimed as farmland or
became deciduous and coniferous forests.

Lowering of water tables since 1950 is in-
creased by thearifcial wellsfor drinking water
‘supply. atificial ponds in estate dry up more in
summer.

Land consolidation

90 dams were built to con-
trol water drainage.



Map comparison - Time (series)

<147 o

Water courses

Land Use

T st ons [ bosocp e

Hotocacrecnc I oo

Highest ground
water level

Lowest ground
water level

Specific dis-
charge per year

Seepage/
Infiltration

Data comparison - Time (series)

Description

Waterway dimensions
Lievelder beek
Lichtenvoordensche beek
Hissink beek
Veengoot
Lindensche lake
Haller lake
Baakse beek
Qosterwijksche vioed

Length of watercourses

2900309
2900313
2900312
2900319
2901009
2901012
2901013

Land use

Grass

Arable land
Heath land
Decidious wood
Coniferous wood
Roads and cities
Water

Sand

Other

Groundwater level
GHG - Highest
GVG - Average
GLG - Lowest

Discharge

Baakse Beek

Evaporation rates

Vegetation types
Wet heath
Rewetted bog
Grassland on leftover bog
Decidious wood
Coniferous wood
Grass
Field

Infiltration level

Seepage mm/day
Seepage mm/year

Historical situation

L(m) D(m) B(m)

2300 0.74 1.04
8000 1.16 1.84
14400 1.65 1.88
22000 112 2.59
13800 113 1.45
7000 0.92 1.16
8300 1.44 2.54
12700 1.10 1.34

Length water courses1850(m)

ontwat afwat total
150794 40180 190984
115483 53625 169108

19559 11403 30962
81836 32290 114126
9466 3106 12572
2654 2396 5050

17696 5357 23053

Ha %
5588 21.2
7319 27.7
5981 22.7
4614 17.5
2727 10.3

35 0.1

7 0.0

17 0.1

90 0.3

Historical
44
77
133

Climate Change

2¢ 4C
7 19
Historical
-0,028
-10,3

Current situation

Length water courses2000(m)

ontwat
818763
353661
353661
353661
353661
353661
353661

Ha

14969
7315

1373

1092

1568
52

Restrictin
gpeak
-7

afwat
253206
135762
353661
84561
18462
10777
14082

Current
62
95
152

-7

total
1072059
489423
707322
438222
372123
364438
367743

o Increasein open water

Current E (mm/year)

500-520
654
491

506-654
520
535
515

Current

16
6

Difference/ Factor

Depth x2
Length x4

Breadth

afwat
15.9
39.5
18.5
38.2
16.8
22.2
38

356

-26,00
-12,3
-6,2

02
0.0
03

Desiccati

18
18
19

Increase in

x

total
17.8

143
47.2
23.6
15.2
53.1

ion

flow

resistance

Difference
0,0034

16.3

DIMENSIONS

Data of Baakse Beek
basin derived from
Staring(1845)

LENGTH OF WATER COURSES
Comparision of historical
and present situation of
Baakse Beek basin

(Gaast and Massop, 2007)

LAND USE

Comparision of historical

and present situation of

land use of Baakse Beek basin
(Gaast and Massop, 2007)

GROUNDWATER LEVELS
Comparision of historical
and present situation of
groundwater levels of
Baakse Beek basin
(Gaast and Massop, 2007)

DISCHARGE LEVELS
Change in discharge %
relative to the present
situation and three
mitigation measures
(Gaast and Massop, 2007)

EVAPORATION RATES
Some evaporation rates

of natural vegetation in the
current situation

(Gaast and Massop, 2007)

INFILTRATION LEVELS
Comparision of historical
and present situation of
average infiltration of
Baakse Beek basin
(Gaast and Massop, 2007)



Landscape Character analysis : Spatial associations

Map dissection - overlay analysis Chorochromatic map
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Climate change impact areas

Legend

W Open agricultural fields

M Very enclosed urban areas

I Moderately enclosed wooded forests
"] Very open arable fields

(rabatbossen) dry in summer
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Spatial pattern study

Rt 2 s,

Open grassland Panted fam houses Stream Open grassland

New stream Estate landscape zone Oid stream Open enk Od rabat forest

Old stream

New stream Dense forest

Forest clearing Dense forest

Peat landscape zone Green coridor New stream
n
-~
A4
Grassiand Oroebel Stream valley Drosbel Grassland

PO 2 v o i
3 N,
J & Dense forest Stream valley Vilage Open enk Dense forest




Results of computer generated models Automated map analysis

C NarrowZone, W* F BroadZone, W* ! n

| EnlargeAreas, W* =
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