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Alternate theoretical frameworks

A given theoretical framework
(The scientist s own vision of what a river is)
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Working methods
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Results
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− Cross-sections meas.
− Assessment of channel incision
and shifting  over the last decades
− Floodplain land use and  river
regulation works censing

Channel character analysis:
− discharge measurement
− channel geometry
− grain size meas.
− bedload transport meas.
(using scour chains)

Retrospective analysis:
− cross-section meas.
− dendrochronology
− Cs-137/Pb-210 activity meas.
− aerial photography study

Watershed characters (GIS
methodology):
− morphometry meas (DEM)
− vegetation cover (remote
sensing)
− geomorphological  mapping
(from field surveys)
− geological settings (geol. map)

Retrospective analysis:
archives: land-use changes
torrent regulation
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A: watershed area (km2),
BV1000 : proportion of the watershed with elevation 
over 1000 m,
Rr: relief ratio,
Dd: drainage density,
TS: ratio between the talweg length with long slope
greater than 40% and the tota lhydrographic network
 length (L),
TV: ratio between the talweg length with adjacent  slope
greater than 40% and L,
Ka: elongation ratio
LAF: reach length within alluvial fan,
VAE: reach length within valley entrenched in bedrock,
IMB: reach length within basin mountain,
CSH: reach length within steep V-valley,
LE/A: ratio of limestone escarpment length to watershed 
area, 
%shr: part of watershed with shrub cover,
%for: part of watershed with forest cover.

Sub-watersheds which have been strongly restored by the MLR service
(the restoration area represents more than 30% of the watershed area)

Tributaries stabilized between 1948 and 1971
Tributaries stabilized between 1971 and 1991
Tributaries still active in 1991
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Spatial properties

Geometric
registration

Resolution

Controls minimum
size of detectable

changes by adding
error term to resolution.

Strongly affected
by pixel size

Controls minimum
size of changes 

detectable. Generally
larger than the

instantaneous field-
of-view of the sensor

Radiometric/spectral properties

Bandwidth
and location

Radiometric
resolution

Radiometric
calibration

Frequency
of imaging

Length of period
between images

Controls size of
radiance differences
that are detectable

Contrast between
features is dependant

on bandwidth and
location of bands

Intra-image Intra-image

Often assumed that
consistent values are obtained

throughout an image but
atmospheric variability plus
sensor defects may result in

variable relationships between
DN values and radiance

Quantitative estimation of
differences in radiance
requires inter-image or

absolute calibration. However,
reliable estimation of changes

may prove possible even if
absent so long as relationships

between times are linear

Impacts on how
small are the

changes that can
be detected

Temporal properties

Must take account 
not only of re-visit

frequency but also 
cloud/haze cover

frequency

Properties of sensing systems controlling change detection accuracy
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Leopold and Wolman (1957)

Rust (1978)

Lotspeich (1980)

Cloots and Maire (1980)
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Maire and Wilms (1984)

Brussock et al. (1985)

Frissel et al. (1986)
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Otto (1991)
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Downs (1994, 1995)
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Petit (1995)
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Bernot et al. (1996)

AQUASCOP (1997)
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Unsupported 210Pb activity (Bq kg−1)
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137Cs activity (Bq kg−1)
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A.   Erosional sites
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B.   Sites in equilibrium
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C.   Sites in aggradation
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Adjustable head tank
1 m � 8 mm diameter
acrylic tube

Additional
inlets and 
outlets

Point gage

Jet tube
1 m � 8 mm diameter
acrylic tube

0.5 m

0.3 m

0.3 m
0.04 m

Jet height
adjustable
between
4-22 mm

Submergence

Tank

Inflow
line

Line
between
head tank
and jet tube
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    assembly

Regulator
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   gage
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Shear
    head

Gas
     pressure
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    rod
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    control
       console

Gas
    lines

Borehole

Contact
     plate

Shear
    plate

Successive
Shear

Planes
Piston

Borehole
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A

B
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hc = critical bank height

= direction of bank or
  bed movement

Stage II. Constructed

h < hc

h < hc

Stage V. Aggradation and widening
h > hc

Stage VI. Quasi-equilibrium
h < hc

Stage III. Degradation
h < hc

Stage IV. Degradation and
widening
h > hc
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���"� ���� ��� �,%�!��"� ���%�# ��"#��# �� ��%��$�

��!�� �" ��� ���# �� %"��1��$�
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�� "��#�#C � ���� 52��% � �
�
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!�&� ��% ��� � �
.0 ����� $ �� %�%���$ �%����"��
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=��� ����� ������ �# �$ ����� !� ������ #% �"� ���� 

��*���"� �� �%�� ��� ���!��"� *��%�� � ����# �$

��� �"�� ������" �� ����� �� ���� ����� ��" �� %��# ��

#��� ��"� ��� *������$� =���� �� ������ �# �� � �,%�".

����  �����# �� ��� *������$ ���!�"�"��J��� &���.

1"�&" ��!!�� ������ �&� ����� �� ���� ����� � �

%��# �� ����% � � ��"��� ���!�"�"� �� ��& �"# �%�.

��!�� ���!�"�"�� �� ��� ��& ��" �� ����% �# &���

�##����"�� ������ � ��4� ��"��� �� �%�� �,%�!��"�

�� ���� ��� � �� "� #�*��� �" ��� ���!��"� *��%�� ��

#���� � ��� ��&� ��� %"�� ���"�$ �� ��� ����% ���"��

�� ���%� A��G� ��� ���!��"� *��%�� �� ������ ���"

���� �� ��0 � ����C � ��& ��"��� �� � ��������� �"

� ��#�� ��� #�*��� �%�� ��  �!������"�# �� ����% �

*������$ �� � #��� �"� �������" �" ��� ��&� ��� � � �

%�%���$ �%����"� !� ������ �" �� ���&��� �� �� *� ��

������ � �� ��� ����% ���"� �� *� ����� �"# #�&".

�� ��� ���!�"�"�� �� ���� � �,%�"���� 5�� �����

8A�(9 !� ���� #��� ��"����" �� ��� ��$"��#� �� ����

���� #�*��� ��� ���" *� $ ������ %�� �"  �*� � �"#

�� ���� �����%�� �� ��� ���" ���� %�� �" ����"�.

� �!��� �����"��� ��*�" ��� ���!��)��$ �� ��� �,%�!.
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 ��� �� ���� � �"��� � �� � ����# ��4��� ��  �����# �� ���

*������$ �� ��& !��� ��� ��4��� 5/�L%�*�$ �6D<9�

���%�� %��# �" ��� ��"� ����# ���� ��� $ �����"�

5���� ����� #��" �"# /�L%�*�$ �6K79+ ���.���

�"������ $ ��� ���" %��#  � ��$ �" ��� ���# 5� �"�

�� ��� �6K79� ��� ����� ����" �� *� $ ��"����*� �� ���.
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��  ���� &��� #�����*�# ��"����%�"�� �" ��� &��� ��%�

! �#%��"� � ����� ���� ���"��� ��� ����� ����"� ����

���.��� �"������ $+ �"� ��" ����% � �"*� �"��".
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��  �,%� �#� � �%"#��*�� ����,%� !����� �!�$ &���
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��� &��� ���%�" 5� �1� �� ��� �6779� 	" ��"4%"����"
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 ������ �� ���""�� &�� � ��� �- 2� ��� -� *��� &��

������"� &��� � ��� ���� $ �� ��� ���� &�� ���� �%��

���"� &��� �%�� ��& �� �%�� ��� ���""��� �� ! ��� *�

��� ������$ �� ��� ���""�� �� ��*� ��� ��� ��#���# �*� 

��� ��"� �� �� ?"�&��#�� �� ��� �� �����&&�� "����.

�� $ �� ��*� ��  ����"� �"# *� ��%� #��� �!�� � �� ���

�� �����&&� �  �,%� �#��� "��#�# �� ��� #����� ��
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&��� !� %"�� ����� 	"���"��"��%� ����% ���"�� &� �

�"��� ���# �*� ���� �� ! �*�#� ��������� �� ���" #���$

��&� �� ���� %��# �"���"��"��%� ��������� �� ��& ��

��������� &��� ��"�%  �"� ��#���"� � �"�!� � ����% �.

��"�� �"# �� �%��# � ��#���#  ���"� �% *�� ��� ��#�.

��"�  ���"� �% *� �%���!���# �$ ���� #���$ *��%� ��

��& �*� ��� !� ��# ��  ��� # �� ��*� ��� ����� �%) ��

��#���"� &��  �,%� �# �" ��� �"��$���� �� ���� ��# ��

#��� ��"� ��� �""%�� �"���"��"��%� !��1 ��& �� 
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*������$ ��  �! ���"����*� �� �  ����"�%�� � �� &���

��� #���"���"� �� ��� ����% �# #�!�� �� ��� !��"�

�� ��� *������$ ����% ���"� �"# ��� #����"�� ���&��"

��� �&� �#4���"� ����% ���"�� #�*�#�# �$ �&�
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�K9� ���� �����#� �"��%#� �*� ���"� �#4�.

��"� *������$ �"# #�!�� ����% ���"�� �� ����%����

�%�������" #����� ��� � ����%"��"� �� ��� � ���.
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�� ����� #����� �� �� �%�� � ������"� �$!�����$ 
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*� ������ � �  �,%� �# �� ��� ��� ���""�� �"# "� �%�.
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��$ �� �#*������ �� �!��� *� ������ �� ! �#%�� ���.

��"�� �� �,%�� #����� �� � �� !���� *� ������ ��

� ��1� �" ��� ! ����� 	� �� %�%���$ "������ $ �� ��������

��� *������$ �" ��� �"# ������"� �� ���� � �����" �� ���

"�� ���.��"1 ����% ���"�� � ���.������"� &�� �

����% ���"�� � � ��#� ���%�# ��  �����*��$ %"��� �+

�"# �" �� �����  ������ &����%� �##���� 	� !�������+

������"� ���%�# "�� ��"���" *��������"�

��� #��� ��"����" �� ��� ���" *������$ �� ��� �%�.

������" �� �$!�����$ &��� � �%  �"� ���� � ��� � � �

��*� �� �!! ������ �� #��� ��"�"� ��� ���" *������$

�" � *� ������ ��� �  �%��"��� �" ��� ���""�� �� *� $

�� ��  �����*� �� &��� #�!�� �"# � ���� ������

*������$ ! ���� ��$ "�� �� �$!����+ *������$ ��" ��

����% �# �� �*�"�$ �!���# �%���!�� !��"�� �" ���

*� ����� 5A�� #�!�� �"�� *���9 �"# ��� *��������� �*� .
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*������$ �� A�
 �"# A�7 �� ��� #�!�� ����& ��� �% ����

��" �� �*� ���#� /���% ���"� �� *������$ �� A�K ��

��� #�!�� � �� ��� �% ���� ����" ��*�� � ���# ��������
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���� ������ *������$ ! ����� ���� "���*� �����#� �".

��%#�C ����% ���"� �� ��� *������$ �� A�
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�"# A�7 �� ��� ��& #�!�� &��� ��� ����% ���"� ��

A�K �� ��� ��& #�!��9� ���% ��$ ��" �� ��! �*�#

�$ %��"� �%���!�� ����% ���"�� �" ��� ! ���� ��!�.

�����$ "�� ��� ��# &�� � ��� � ����" �)���� ��� �� ����

� �#��"� �� *������$� 0������$ ���%�# �� ����% �#
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� �,%�"� !%������" �" ��� ��&+ ��!������$ �� ��� *������$
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�8G %��"�

��� �*� ��� �� ��� ����% ���"� �� *������$ �� A�
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����� &�� #��� ���#� 	#����$ ��� ��& �� %"��� � �"#
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��*��$+ ��� �������"� ��" �� ��������# � �� ��� ���($

� /�""�"� �,%����"� 5�� ���$ �6789� /%���!�� �����

���%�# �� %��# �� �"�� *��� �� ��� ��� ���""�� ��

#��� ��� ��� ��& ���# �� � �%��$� ����� ��� �*� ���

*������$ #��� ��"�# � �� ��*� �� ����� ��" �� %��# ��
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Micro- and macro-
measurements

Electron microscope

Ultramicroscope
Microscope with U-V light

Light microscope

Hand lens with special scale
Direct measurements

Sedimentation
apparatus

Continuous flow centrifuge

Centrifuge sedimentation
Sedimentation cylinder

Air elutriation
(balance, pipette, hydrometer,
 optical density, etc.)

Emery settling tube
Elutriation

Micromesh sieves
Woven wire sieves

Bulk sampling and sieving

Pebble count by ruler or sheet metal plate with holes

Gravel Sand Silt Clay Colloids
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Wight ave

Oregon branch near Cockeysville, Maryland
August 1963

Stream bed forms below
Construction areas

Gravel or cobble bar
Central silt and sand bar
Sand dune bed
Marginal silt (occasionally with some sand)
Eroding bank
Construction debris
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Size class
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Stratified populations A,B,C (sand)

Rush Creek at IFIM site

XS 36
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94.4

81.6
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Total embedded = 14, all > 64 mm
                           = 11% of all rocks

1

Σ = 125

Σ > 8 mm = 122
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Triangle : visual thresholding
Circle : automatic thresholding

Uncorrected imagePaint and pict

Redrawn
on pictures

Redrawn
on pictures

Uncorrected
image

Error types in particle recognition in the image processing 

Type I

Type II

Type III
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Handle

0.10 m

(a)

(b)

0.30 m

Cap with gasket
underneath

0.46 m

0.6 m

McNeil sampler

CSU barrel sampler
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Sampling Can fish
move gravel?

Will fine sediment
affect incubation?

Will fine sediment
affect emergence?

Other
considerations

1. Select sampling
method

3. Compare D50, D84
with values for same
species elsewhere
and with plots of gravel
size vs. fish length from
size distribution curves

2. Obtain and
analyze sample

4. Adjust % < 1 mm
for probable
cleaning in spawning

5. Compare with values
for species elsewhere
and with standards
from literature

6. Adjust %< 3,6,
10 mm for probable
cleaning in spawning

7. Compare with
values for species
elsewhere and with
standards from
literature

8. Consider changes 
in gravel size after
spawning

9. Assess intragravel
flow
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Landslides and rainfall

Long-term landslide distribution by storm
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3"���$ #$�!6  �!�0(��#$�! 3�� , 
44�6�

�&� �$+"�$ $#' 1$#& 1&$ & #&$� #'"� �% +����  �!

2� �""�$�� &�� +��!# #&�# �$+$��� +����� �% ��!�.

%��+ �*��(#$�! &�*� 2��! ��*���"�� #� "���$ # #&�
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�*��(#$�! �% � 1$�� ��!0� �% �(*$�� ��!�%��+��

�-�+"��� $! �(�� #&� �*��(#$�! �% ���$!�0� !�#1��,�

3D�� , 
4C
6/ �$*�� "��!%��+ 3=����� 
4��/ �&�+"��!


45>/ ��$!0����!� �!� �+$#& 
4456/ #&� �*��(#$�! �%

 ����.�� #$�!�� �&�"� �!� ��!0$#(�$!�� "����� �% $!.

 $���  &�!!��� 3� &(++ �� ��� 
45@/ �$+�! 
454/ ���

�&�"#�� A6 �!� ����'�� 3���$�## �� ��� 
4446/ �!� #&�

+��"&���0' �% �#�"."��� �'�#�+� $! +�(!#�$! �#���+�

3�&$! 
4446/ #� !�+� 2(# � %�1� 	  &��� #��$�#$ %��.

#(�� �%  �! �"#(�� �(*$�� 0��+��"&���0$ �� +����� $�

#&�# #&�' ���' �! #&� #� &!$)(� �% �"� �.%��.#$+� �(2.

�#$#(#$�! $! #&�$� ��*���"+�!# 3��$!� 
45A/ � &(++


44
6� �!&���!# $! #&��� +����� $� #&� %� # #&�# #&�

�$�#�$2(#$�! �%  &��� #��$�#$ ��!�%��+� � ���� �"� �

��"����!#� #&� "����0� �% #$+� �- �(�$*��'� �&�! (�$!0

�"� �.%��.#$+� �(2�#$#(#$�! $# $�/ #&���%���/ $+"��#�!#

#�  �+"��� %��#(��� "���( �� 2' #&� ��+� "�� �����

#&�# ��� �"���#$!0 (!��� #&� ��+� "&'�$ ��  �!�$#$�!��

<�� �-�+"��/ #&� �*��(#$�! �% �! $! $���  &�!!�� $!

���(*$(+  �! 2� ��#��+$!�� 2' �(�*�'$!0  ����.

�� #$�!� �# ��*���� �� �#$�!� 1&��� #&�  &�!!�� $� $!

���(*$(+/ 2(# �!�  �!!�#  �+2$!� ��#� ��  �+"���

 &�!!��� $! 1��, ���(*$(+ 1$#&  &�!!��� $! ���$�#�!#

���(*$(+ �� 2���� , �!� �-"� # #� �!� +��!$!0%(�

���(�#� 3� &(++ 
44
6� ��! �/  �!�$����2��  ��� $�

��)($��� $! �""�'$!0  �! �"#(�� +����� 2���� �!

�"� �.%��.#$+� �(2�#$#(#$�!/ #� �!�(�� #&� +�����$!0

�""�$ �#$�! ��"�$ �#�� #&�  �!�$#$�!� (!��� 1&$ & #&�

+���� 1�� ��*���"���

�! +��� �� �!# '����/  �! �"#(�� +����� &�*�

���� 2��! �$!,�� 1$#& #���� %�� )(�!#$#�#$*� �!��'�$� #�

��*���"  �+"��$#� +�����$!0 #���� #&�# ��� +���

(a) In the initial stage, relief is slight,
     drainage poor.

(b) In early youth, stream valleys are
     narrow, uplands broad and flat.

(c) In late youth, valley slopes
     predominate but some interstream
     uplands remain.

(d) In maturity, the region consists of
     valley slopes and narrow divides.

(e) In late maturity, relief is subdued,
     valley floors broad.

(f) In old age, a peneplain with
    monadnocks is formed.

(g) Uplift of the region brings on
      rejuvenation, or second cycle of
      denudation, shown here to have
      reached maturity.

�	���� ���� ���(�#��#$�! �% ���� ��*$�8 3
5446 70��0��"&$ ��  ' ��8 $! 1&$ & ��!�� �"� �*��(#$�! $� "��#��'�� �� � ��)(�! � �%

����$�!�� #��!�%��+�#$�!� 3"��0����$!0 #&��(0& �#�0�� �% 7'�(#&8/ 7+�#(�$#'8 �!� 7��� �0�8 �% �! $!$#$���' ���*�#�� ��!�+���6
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"�1��%(� �!� ��2(�#� ���#$ (����' �- $#$!0 $! #&$� ��.

�"� # $� #&� $! ����$!0 (�� �% 0��0��"&$ �� $!%��+�#$�!

�'�#�+� 3D��6 #� �#��� �"�#$�� ��#� �!� �"�#$��  &��� .

#��$�#$ � �% �(*$�� �'�#�+�� �&�! �$!,�� #� �$+"�� ��.

0$ �� �(��� ���$*�� %��+  �! �"#(�� +�����/ $# $�

"���$2�� #� ��*���" )(�!#$#�#$*� +����� #&�# ����1 %��

 �+"��- �!��'��� �!� +�!$"(��#$�! �% ��#� �*�� �

2���� ��!0� �% �"�#$�� � ����� �-�+"��� �% #&$� #'"� �%

 �+"��$#� +�����$!0 �""��� & $! �(��; �$!,$!0 D��

1$#& $! $���  &�!!�� �*��(#$�! +����� 3�$+�! �!�

��1!� 
44A6K +�����$!0 ���0� 1���' ��2�$� �$�#�$2(.

#$�!� $! ���$!�0� 2��$!� 3�������#�$! �� ��� 
44�6K "��.

�$ #$�! �%  &$!��, ���+�! �"�1!$!0 &�2$#�# 3D�$�# �!�

��(2�� 
4456K +�����$!0  &�!!��.��� &+��"&���0' $!

+�(!#�$! ���$!�0� 2��$!� 3��!#0�+��' �!� �(�!0.

#�! 
44�6K  �# &+�!#.� ��� ���$+�!# #��!�"��# +����.

�$!0 3�$!�' �!� �$*�"���! 
4446/ �!� ��*���"+�!# �%

 �! �"#(�� +����� #� �(""��# �#���+ ���#���#$�!

3�&$���� �� ��� 
4456 �!� 1�#��!� ��&�2$�$#�#$�!

3�8��$�� �� ��� 
44�6�

�&� +�$! ��*�!#�0� �%  �! �"#(�� +����� ����#$*�

#� �#&�� +�����$!0 �""��� &�� 3��2�� 
��
6 �$�� $!

#&�$� ����#$*� �$+"�$ $#' �!� ���� �% �""�$ �#$�!� ��1.

�*��/ #&��� %� #��� ��� �$+(�#�!��(��' #&� +�$! �$+$#�.

#$�!� ��! �/  �! �"#(�� +����� "��*$�� )(��$#�#$*�

$!�$0&# $!#� #&� !�#(�� �% #&� "��2��+ 2(#  �!!�# 2�

(��� %�� )(�!#$#�#$*� %��� ��#$!0� �# +(�# ���� 2� ��.

+�+2���� #&�#  �! �"#(�� +����� ��� 2���� �! #&�

�����$!0 �% � ��# �% �+"$�$ �� �2���*�#$�!�� ���� +(�#/

#&���%���/ 2� #�,�! #� �*�$� +$��""�$ �#$�! �%  �! �".

#(�� +����� #� �(*$�� �'�#�+� �$��$+$��� $!  &��� #��

#� #&��� %�� 1&$ & #&� +���� 1�� ��$0$!���' ���$*���

�! 0�!����/  �! �"#(�� +����� ��� +��# �%#�! (��� �� �

���# �#�" $! #&� +�����$!0 "�� ���/ �!�2�$!0 #&� +����

(��� #� ��*���" � 2���� (!����#�!�$!0 �% #&� �'�#�+

2�%��� �&� �� &� �##�+"#� #� �""�' +���  �+"��-

�""��� &�� 0����� #�1���� )(�!#$#�#$*� %��� ��#$!0

3��� �� #$�! 
��>6� ��! �"#(�� +����� ��� ���� �%#�!

(��� #� $��!#$%' "��2��+ �$*�� ��� &�� %�� +���

��#�$��� $!*��#$0�#$�! �� � "��# �% �� �!!�$���! �

�#(�$�� 3��0� �$+�! �!� ��1!� 
44A6�


��C ��	������	� 	��

����
��	� ������

�#�#$�#$ �� +����� &�*� "��'�� � +�9�� ���� $! #&�

�!��'�$� �% �(*$�� �'�#�+� �*�� #&� ���# @B '����

3
&���� 
44�/ ���� ��� �&�"#�� �B $! #&$� *��(+�6�

�&��� +����� &�*� 2��! ��*���"�� (�$!0 %(! #$�!��

����#$�!�&$"� 2�#1��! ��"�!��!# +��"&���0$ �� *��$.

�2��� �!� #&� $!��"�!��!# *��$�2��� �% ���$+�!# ����

�!� �$� &��0�� �&��� %(! #$�!�� ����#$�!�&$"� ���

�""�$�� �# #&� � ��� �% $!�$*$�(��  ����.�� #$�!�/ ��

 ����.�� #$�!� ��"����!#�#$*� �% �&��# ��� &�� �% �$*���

�&� 1$���"���� ���"#$�! �% �#�#$�#$ �� +����� �$! �

#&� �� �!� ����� ��� $� ���� $�#�� 1$#& � )(�!#$#�.

#$*� ��*��(#$�! #&�# &�� !�1 �("������� #&� &$�#��$ ��?

��� �$"#$*� "����$0+ �+2��$�� $! ��*$�8 7 ' �� �% ���.

�$�!8 �!� $! #&� �#&�� )(��$#�#$*�  �! �"#(�� +�����

��*$�1�� $! �� #$�! 
���� ��1�*��/ �� �!��'#$ ��

3�� #$�! 
��@6 �!� !(+��$ �� �$+(��#$�! 3�� #$�!


��A6 +����� &�*� 2� �+� $! ����$!0�' %��&$�!�2��/

$! �� �!# '���� �#�#$�#$ �� �!� �+"$�$ �� +����� &�*�

2��! �#��!0�'  �$#$ $:�� 3�#��&��� 
45B/ �&��!�� �!�

<��0(��! 
45
6 %�� #&�$� �� , �% � ���$� #&����#$ ��

2���� 	� 1$#& �!' ��0����$�! �#(�'/ $# +(�# 2� �� �0.

!$:�� #&�# #&� �##�� ����#$�!�&$"� �% #&��� +�����

+�' !�# �-#��"���#� �(#�$�� #&� ��!0� �%  �!�$#$�!�

�#(�$��/ �!� #&�# �! �  ��$�!�� "���$ #�� +�' �!�' 2�

�$0!$� �!# #&��(0& ��+"�$!0 �(,� 3<��0(��! 
45>6�

���"$#� #&$�/ �#�#$�#$ �� +����� ��� �%#�! +$�(���� �'".

$ ���'/ +����� ��� ����!��(��' �""�$�� #� �$*��� 1$#&

 &��� #��$�#$ � #&�# ��� !�# �$+$��� #� #&��� (��� #�

���$*� #&� �)(�#$�!�� 	�#��!�#$*��'/ #&��� +����� &�*�

��+�#$+�� 2��! (��� #� ��#$+�#� "�����.�$� &��0�

*��(�� %��+ �2���*��  &�!!�� �$+�!�$�!�/ �*�!

#&�(0& #&�  &�!!�� �$+�!�$�!� ��� ��������� *��$�2���

$! #&��� +����� L��� �)(�#$�!� 3
��
6?3
��C6M�

��!�#&�����/ #&� &'���(�$ 0��+�#�' �% �#���+�

��"����!#� #&� ���# +�9�� �""�$ �#$�! �% #&� )(�!#$#�.

#$*� "����$0+ $! �(*$�� 0��+��"&���0' 3
&����


44�6 �!� #&��� +�����  �!#$!(� #� 2� $! 1$���"����

(�� #���'� �&� "�1�� %(! #$�!� #&�#  �!�#$#(#� #&�

2��$ �)(�#$�!� �% &'���(�$ 0��+�#�' 3���"��� �!�

����� , 
4AC6 ��� 1��� ,!�1!;

� � �"� 3
��
6

� � �" 
 3
���6

# � $"� 3
��C6

1&��� � $� #&� ��1 1$�#& 3+6/ � #&� ��1 ��"#& 3+6/
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Select and apply
numerical simulation models
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Calibration and validation

Compare predictions

Interpret results
select engineering and

river management solutions

Interpret results, determine
modelling approach and
collect additional data

if necessary
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