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Understanding Sediment Cascades

along River Networks
for Sustainable Catchment Management

Takashi KIMURA (Ph.D. Candidate, Graduate School of Agriculture) kimurata@for.agr.hokudai.ac.jp

'. Managemen"' O'f River Ne"'work iS essen"'ial for Distribution of river networl;&surrouhnding landscape
i components within a catchment
Sustainable Walter Supply & Land Use i

Ecosystem | |
River network functions not only as “pipe line network” for water resources transport, | . e ik fousmafecezton -+ Knowledge of
but also as “jerky conveyor belt” for sediment transport from hillslopes to outlet of | L el Agriouliural use | sediment cascade
catchment (Fig.1). Because sediment transport along river network (hereafter, sediment power generation L e e | dynamics along
cascade) is primarily modulated by intermittent supply, storage and failure (reworking) A (s | rivernetworkis
in cascade system, its activation and/or alternation has potential threats to cause flood B b s A - il required!!
and sediment disasters and undesirable changes in river network structure and linkages. Pofenial heats 0 cause 5 |
§ N | For sustainable
Therefore, knowledge of cascade system dynamics along river network is required to management ...
use water resources and surrounding landscapes sustainably, and to avoid loss of lives, i o
housing, and infrastructure. | Transport competence
Combination of remote-sensing and field observation successfully reconstructed | (m}
dynamics of sediment cascades for about 50 years. Here, based on the results, aim of g
this study is addressed to quantitatively evaluate hydrogeomorphic threshold(s) which U |
significantly effect on sediment cascade dynamics and their variation. o ematon ofchamel - €50 Ferguson (1981) |
| Water pathway Sediment pathway |
as “pipe line network” as “jerky conveyor belt”
z. under S"'al’ldil’la sedimen". cascades is d KeV for Fig.1. Schematic diagram of river network and its functions within a Catchment.

Management of River Nerwork

Significant catchment-to-catchment
variability in sediment cascades

Meade (1982); Trimble (1993)

¢ » Debris fan formation mostly results from occurrence of VA

| debris flow that attained subcatchment outlet (Ashida, 1985) . [EEREEEE S o
.". Variation in sediment cascades may lead to difference in  FCEE—— §
Close relationships with sediment strage types, timing of debris fan formation

distribution patterns, and failure (reworking) processes > Debris fan works as “buffer” in sediment cascade system
between subcatchment and main stream (Harvey, 2010).

Conceptual models have demonstrated effectiveness .". Debris fan may alter structure of sediment cascade.

> of hydrological and geomorphic condition
Gomi et al. (2002); Fryirs et al. (2007)

» To understand sediment cascade dynamics, exploring
processes of debris fan formation (development) is effective!

eI
However, hydrogeomorphic thresholds which significatly effect on sediment cascade
dynamics have not quantitatively evaluated! Fig.2. Views of debris fan at river confluence. (a) from aerial photo-
graph; (b) from river bank opposite side of the debris fan.
4. Varialrion In Pailrkrerns of Sediment GCasecades 4-2. Temporal changes in sediment cascades & their variation
. Before 1950 - 1963 1963 - 1974
4-1. Procedures for field measurements & data analyses : 4 D
¢ iu S A §f ~« i f : 2 i, . . Geomorphic features (e.g., Drainage I A i [ L i ‘ A I I I [
| .U:i i \ S o W g > DEM (Digital Elevation Model) analysis = ) ) e subcatchr’nents I Y. B Y. T ‘ Y. Ve Y. Is l ‘
o Jp A I A R h AT ig;ﬁ?ﬁy ?/\ /J ? ? ? , ,
¥ f} ( . >4‘ /i’/ e [ e " .13 i 1o ® \ b -
JJ ‘ 7” - - Highest intensity rainfall 50" kv i ? vl - @ : : O 1
1 km | J:Rf > Rainfall data collection (1951 — 2009) —_) in each year (observation period) . . m ‘ @ @
Study site: : AT
13 subcatchments of Shukushubetsu R., _
Hokkaido, Japan — Measurement of landslide area 1974 - 1983 1983 - 1993 1993 - 2003
> Drainage area: 54 km 2, channel length: 12 km : Q “
» Annual rainfall: 1296 mm year -1 Landslide activity in each subcatchment @ 0 M > . ‘ . O
> A typhoon storm in August 2003 (maximum daily rainfall: 388 mm) (5 periods between 1963 and 2003) i ‘ > ‘ 3 L I ® ‘e ® L ; L “
were the highest magnitude storm in rainfall record. It triggered ‘ A ‘ | /\ A
numerous landslides, debris flows and increased bank erosion. s E ) T T E L ! ‘ 4 ; ; T
Consequently, debris fans occurred at most of confluences (70 %) s 2 s 2 ‘ \ ® . \
by sedim Ischarged from subcatchm 10 . 0 0
Yo >
Mapping & Measurement of debris fan Debris fan formation years Fig.3. Sediment cascades of the 13 subcatchments for . o s
——>  area/ Dating of fan formation (develop- for each subcatchment g.o. P E A
ment) years using dendrochronology — each observation period. 0 LN Srcpsinoweo
SEN o K ST
» Debris fan formation years did not necessarily coincident with landslide
_ _ occurrence in subcatchments.
A : ‘ IS Defbrls fanhareta)t&lti change
£5 S e or each subcatchment " 1
» Interpretation of aeral photographs (Distrbution o / ol s » In subcatchments which abruptly develop their fans by the 2003 storm,
iandslides & debris fans, and temporal changes) - AL landslide occurrence before 2003 did not result in fan formation.
» 1963, 1974, 1983, 1993, and 2003

5. Hvdrogeomorphie Thresholds Changes In Sedimen: Casecades & Debris Fan [Formarrion

5-1. Relationships with rainfall intensity 5-2. Rainfall and geomorphic thresholds » As rainfall intensity of storm events increased,
) ) i | 1) Proportion of storm events which induced debris fan formation
I @ © o Increased.
T % ° | < [T \ 9 2) Both upper limits of landslide area in subcatchments and of
E : f 2 ° . g drainage area of subcatchments which form debris fan increased.
g o jj ) : %‘g i e g=ar > Detected thresholds which modulate variation in sediment
: ° ° EL § cascades dynamics are
: _@E = 3@! i | 1) 1.3 km? of drainage area, and 2) 100 mm day* and 300 mm day*
% OF* (d) £ i
» AN e ©, SUMMErY
fg . i’g g %g . > . Significant hydrogeomorphic thresholds which modulate variation in
: ) . : 5 55 ‘E“ ‘E“ sedimeiit cascades of subcatf:hments were succesgfully_dete(_:ted by
D e . 3 Q g : 2 E E comparing reconstructed sediment cascade dynamics with rainfall
T T e LY e e e s | S & records.
—>
Rainfall intensity (mm day ) Rainfall intensity
_ _ | | | | | o | « Quantification of hydrogeomorphic thresholds enables to plan and
Fig.4. Relatioiiship_s of ciebris i‘an formation and landslide Fig.5. Schematic dlagra_m of h_ydrogeomorphlc oractice sustainable catchment management.
occurrence with rainfall intensity thresholds for changes in sediment cascades
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