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Location :

« Northern Kylsh{ (South Japan)
« Municipality of Asakura
« Chikugo watershed

e Souzu and Shira subcatchments



Introduction vincent.siccard@univ-lyon3.fr

Topography:
* Low mountain area
+ Small size watershed (< 4 km?2)

Study area geology:

e Sangu-Suo Metamorphic rocks
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‘ The LFHM event of July 2017

1.1) Localized heavy rainfall

5-6 july 2017 :
» Stationary front during the rainy
season

> Asakura’s station in lowland: 24h

N
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|

cumulative rainfall: 516 mm; 1h

e

ey

rainfall intensity 129.5 mm/h

(R 740 % Ja o T
e i P e e s oot ol iy, Mg

— Hundreds of landslides

A
I

L 1 e o ¥ - A% R > 42 casualties
' 2ok > More frequent and intense heavy

rainfall in a climate change context
(MEXT et JMA, 2020 ; MLIT, 2020)

tNaraggya
Chikugo ERER7BI) 0

(#) e . @77/ 7 2 475 Estimated probability of occurrence

greater than 1/200. (Dumont et al., 2023

| 24n t;l::n:r:ative rainfall Genera:HOum Yigha (#ﬁ]”) - "‘ s 05 ; , , y ; MLI T, 201 7)
H city - rm A& 2ol
570 mm g ¢
e Hydrology ';
l Chikugo water bodie - -
;j 292 mm P zo::;taint:ibutaries > LOW Frequency / ngh MagnltUde
0.5 mm atchment area
e S s oo 7 e e e E 3 BT (LFHM) event.

— v e g P4 . N e Y 3



‘ The LFHM event of July 2017 ‘ Landslide and sediment fluxes Human-induced changes on the

sediment cascade
1.2) Hundreds of landslides triggered

Hillslope debris flow Shallow landslide (< 2 m) Deep landslide (> 2m) Deep-seated landslide
B ; v ; i v ; v ; R/ " ”E. Ono medium-scale v i
A. Hillslope debris flow ; B. Small shallow landslide C. Large shallow landslide I' D. Small-scale deep landslide deep-seated landslide (MS DSL >100 000 m’
2 ; - I Z 9 : o3

s Mostly Shallow landslide
> 300 000 m?
10-15m

Few deeper landslide often
in headwater with deeply
weathered granodiorite and
schist. (Jiban, 2017)

2 deep-seated landslide

% O Jiban, 2017

% J ©.MLIT, 2017
F. Otoishi medium-scale deep-seated landslide
Otoishi landslide

Landslide concentration where
12-hour rainfall exceeds 400
mm (MLIT, 2020).

Bank erosion processes

G. River bank erosion — H. Bank erosion

Large amount of landslide
deposit remain on site.
(Jiban, 2017)

1~ N
© Jibap, 2017 ™ Wis-s

= Cascading effect / bank
erosion and scouring

L@ MUIT,2017

»
Shallow landslide: « Hydrologically triggered shallow landslides typically occur when the -
shear strength is rapidly reduced due to rising pore water pressure above a hydrologic = Hundreds Of sedlment

discontinuity in the regolith, caused by the infiltration of heavy rainfall into the soil layer
(Sidle and Bogaard, 2016). High intensity rainfall is the main trigger for driving this process sources SUddenly
(Caine, 1980; Iverson, 2000). » (Sato et Shuin, 2025) opened

Deep-seated landslide: « The initiation of hydrologically triggered deep seated landslides is

driven by increasing the positive pore water pressure on the potential sliding surface due to - -

the groundwater level rising after prolonged heavy rainfall; however, the comprehensive = Sedlmenta ry PUlsatlon

mechanism has not been fully determined (Prokesova et al., 2013). » (Sato and Shuin, 2025) 4
- J




Human-induced changes on the

sediment cascade

‘ The LFHM event of July 2017 ‘ Landslide and sediment fluxes

2.1) Significant landscape changes
Before July 2017

A

ﬁouzu watershed (2,8 km?2): \

1 casualty

Before 2017 :
 Landslide area = 0,08% of the watershed

After July 2017 event:
+ Landslide area = 10,5 % (294 725 m?2)

+  Flooded area = 17% /

/" Shira watershed (3,9 km2): N\

1 casualty

Before 2017 :
 Landslide area = 0,05%

After July 2017 event:
+ Landslide area = 7,3 % (284 576 m?2)
* Flooded area = 4,7%

ard, 2024
Ortho Post-2017, MLIT, GSI.

ent Sicce
ource:

Vincent Siccard, 2024
Source: Google Earth. Imagery

Vince
S

~
22 Souzu

= Fluvial metamorphosis (Chorley & Kennedy, 1971) 5




‘ The LFHM event of July 2017 ‘ Landslide and sediment fluxes Human-induced changes on the

sediment cascade

2. 2) H ig h sediment P roduction Sediment production and potential sediment
3 A fluxes during the LFHM event on 5 July 2017

Sediment production at regional scale (MLIT, 2020):

= Landslide area = 4.44 km?2

= Sediment production > 10 000 000 m3

= Sediment discharge into Chikugo = 2 000
000 ms3

/Souzu watershed sediment\
production:

~ 550 000 m3 (MLIT, 2020);
~ 503 000 m3
(GIS Based estimation)

Topography

= =196 000 m3/km?2 & s s | Hydrology
. . . ~— e Contour line, Elevation
= Sediment deposits in valley | &7 ) et
> 389 000 m3 (measured on |ttees Tributaries
2/3 f h i ] T o ° Levee (2017)
/ of the main valley) B e o Check dam (2017)
R Andesite A .
(Komuro et al., 2018) - (Seg/i:u;nt production
3 m¥ha
b J Sediment deposit 5
- - - i (e :
Shira watershed sediment |#aoscomompholos : 2500 - 5500 3
= _~ _~ Main river (before 2017), tributaries _E 3500 4500 2
PCEC E v
Kl E
— - i 1500 - 2500 g
EE  Aluvial and debris fan g 500 - 1500 g
= 590 000 m3 (MLIT, 2020) ; 2017 Flood area §§ pot Ot:;slood' . <
prvves s flow channe z8 otential sedimen 8¢
~ 599 000 m3 t;;;,;,i:i:debrs" el %% fluxes (in thousands) %E
H 5 andslides §§ —» Tributari %é
(GIS Based eStImatlon) M tan:s:i::sgor:zom Souzu | - 530%2385 it
Anthropogenic structures | ggg - igg 3
I Landscaping - -
— g 3 2 h’:{:}f Terrace cultivation 0 250 500 mmm 200 -300
\=> 151 000 m3/km W o e - M | m—= 100-200 — 25  500mG
— 0-100 ikugo




‘ Landslide and sediment fluxes

2.3) High sediment fluxes generated by concomitant heavy rainfall and sediment production
Souzu watershed: sediment fluxes have reinforced flooding by clogging the channelized river

> Lower valley pre-2017: inhabited places and agricultural production
> Lower valley post-2017: sediment filling over 1-3m; destroyed houses

——

© Nakano;-Fliekr




Human-induced changes on the

sediment cascade
3.1) Removal of sediment deposits in valley floors: exemple of Souzu watershed

Post 2017 m— Post 2017

_ ol e —

4 )

Souzu watershed:
> Sediment production:

~ 550 000 m3 (MLIT,
2020) ;

~ 503 000 m3 (GIS Based
estimation)

~ 196 000 m3/km?2

> Sediment deposits in
valley floor:

« > 389 000 m3
(Komuro et al., 2018)

e Measured on 2/3 of the
main valley

= removal of hundreds of
thousands of m3 of
sediment deposits

= Partially reused in
reconstruction work




Human-induced changes on the
sediment cascade
3.2.1) High responsiveness and intervention post-event through engineering: check dam system

Classification of Sabo dams according to the MLIT (Dumont et al., 2023)

- Sabo system: when designed by the Japanese Ministry of Land £ Runctionasity  — Materiess ™ Wi types of soba éam

I nfra structure and Tran Spo rt ( M LIT) (a) Open-form Sabo dam - Capture by blockage Steel Steel frame strcuture dam
Wire netting work (flexible) 5

« Check dam system: for similar objects not built by MLIT

Steel and concrete Buttress-type dam

= System of structural countermeasures to mitigate sediment production
from hillslopes to transport in rivers

Weir Concrete Slit-dam

Large culvert dam

= Modification of the sediment cascade, the structural and process-based Steel and filler Steel wall dam (cell dam)
connectivity
(b) Close-form Sabo dam Se%?%tggfa%\;n Concrete Concrete gravity dam .
Close check dam: 3 dimensional dam Arch1ype o :

Open check dam: steel frame structure dam

3 dimensional-type dam

Concrete-block dam 10

Steel and filler Steel wall dam "

Stone Stone dam
12

© V. Siccard, 2023 9

“Siccard, 2023



Human-induced changes on the
sediment cascade
3.2.2) High responsiveness and intervention post-event through engineering: slope works

Soft engineering Medium engineering Hard engineering

A wide range of slope works
from soft to hard engineering:

Vegetation and Biological Sail
Crust (BSC)

Geotextile and Tarpaulin

Terrace and gabion work

Wire mesh

Shortcrete grid beam

Concrete cover

Concrete cover with anchor

soil nailing




‘ The LFHM event of July 2017 ‘ Landslide and sediment fluxes Human-induced changes on the

sediment cascade
3.2.3) High responsiveness and intervention post-event through engineering
Check dam system in Souzu watershed: 11 dams built after 2017 (8 before 2017)
Slope works: mainly hard engineering

Functionality Sub-category Structural countermeasure

x Total
(build before, after 2017) Close-type
ry

{ Capture debris flow

__________________________

[t e e
0.0 8

23— Steel frame structure dam
Open‘—'ty'pe
"Soft"
" ' : : engmﬁermg So u z u
Restriction hazard occurrence Tﬂ’{ Biological Soil Crust (BSC)J M
;3 Terrace & gabion works J Elevation
(0,3) lsasm
2017 Landslide area: 294 725 m2 | x1_ [ cooieytiles & tarpaulin } N
Hydrology
Soft engineering: 1,58% (4664 m2) |—xif Wire mesh ] B
Medium engineering: 1,71% (5040 m?2) o - g2 Limmashwa)
: Y- o 2 o5 Shortcrete grid beam J L] Crtoencarns
Hard engineering: 3,59% (10569 m?2) (0,0) B oo s
x6 » } Structural countermeasures
(@) concrEte Wa“ "H;rd" - Concrete slope works
engineering B e isgae
) ) ] x1 ( . . ==  Closed check dam (before 2017) ;
[ Deposit area for debris flow | o Sediment basin } == Closed check dam (afler 2017) 28
’ -a Open check dam (before 2017) ; E
Open check dam (after 2017) ga
77777777777777777777777777 ‘ 33
[ Flow direction control ] -Y¢.-»  Rock bag embankment § g
7777777777777777777777777 Souzu > g
o + Short-term measure o Canal J /’CWN
. + (river management)

Modify from Dumont et al., 2023




Human-induced changes on the

sediment cascade
3.2.3) High responsiveness and intervention post-event through engineering

Check dam system of Souzu watershed during 2023 rainy season Edriasoko subcAchiment

Erosion: = 90 400 m?
(59 000 m? from landslide area (A))

Sediment production + remobilisation of older deposit (529 000 e o2 haes o)
Funasoko check dam N°2 => ~ 20 000 m3 of 59 000 m3 (upstream erosion) Sediment dischrge: = 65000’
Efficiency of the sediment capture countermeasures but higher sediment fluxes Funasoko check dam N°2
production => Dam maintenance is crucial for maximum efficiency
Head catchment check dam

Sediment storage: = 11 000 m?
(Honma et al., 2024)

Funasoko check dam N°2 Pre 2023 Upstream Funasoko Pre 2023
K A . check dam N°2

Mid-valley check dam

Sediment storage: = 17 800 m?
(Honma et al., 2024)

Main

sedimentation area V. Siccard 2025;

Source: Pléiades © CNES 2024 (Distribution Airbus DS)
Hydrology

[ Catchment
| Subcatchment

Check dam system
Check dam
(Post 2023)

® Check dam
(Post 2017 - Pre 2023)

@ Checkdam
(Pre 2017 - rebuilt post 2017)

® Checkdam
(Pre 2017)

Earth dam
Earth dam (Post 2023)
® Earth dam (Pre 2017)

0 250 500 m

Chikugo



Human-induced changes on the
sediment cascade

3.3) Dismantling of deep-seated landslide and land use changes in Otoishi watershed

Buildings
Building destroyed (2024) [« &\ fa' : o b 3 T S
| ® Building destroyed (2017) |¥ St , ) %2 SN o Y e O el . 4 -
/| @ Existing building in 2009 : ; " Y e Pl s B i o ' o %
) s =y g Wik y ARR ‘ Source: Pléiades © CNES 2024 -
Source: GSI 2009} | 917§ e WSy .. 1. | (Distribution Airbus DSJ%. .~

1 04/2024




Human-induced changes on the
sediment cascade

3.3) Dismantling of deep-seated landslide and land use changes in Otoishi watershed

g,

Hydromorphology Buildings

Bl Pre 2017 terrace Building destroyed (2024)
mm Post 2017 terrace @ Building destroyed (2017)
— Channelised river  ® Existing building in 2009
m8 Unchannelised river — Road (2024)

Landslide
Contour line (20m)

fM Landslide head scarp
2017 Landslide deposit

Slope works

— Slope break

- Drainage network

mm Damaged drainage

mm Hillslope geotextile
Bottom slope geotextile

SABO Dam

=== (C|ose-form SABO
=—= QOpen-form SABO
3 Channelised river

Source: Pléiades © CNES 2024

(Distribution Airb S). : 04/2024 V. Siccard, 2025 04/2024




Conclusion

vincent.siccard@univ-lyon3.fr

Landscape (co)evolution due to a serie of feedbacks

in those coupled human-geomorphic system

Before 2017: Satoyama (£.) landscape

+ Socio-ecological system (Indrawan et al., 2014)

+ Agroforestry practices and associated spatial organization
+ Management by local populations

2017 post-event:

landscape linked

sedimentary fluxes

* Flooding and fluvial metamorphosis

« Destruction of buildings and infrastructure

« Structural and process-based changes of the sediment
cascade and connectivity

radical changes in the Satoyama
to the propagation of hydro-

Post 2017 reconstruction: A strong post-event

intervention through the development of structural

countermeasures system and land use changes

+ Aligning the social use with geomorphological dynamics

+ Sediment storage area

+ Efficiency of the sediment capture countermeasures but
higher sediment fluxes in a context of increased landscape
sensitivity

Before 2017

2017
post-event

Post 2017
Reconstruction
/ Before 2023

Elevation (m)

126

124 0

122
120
118
116
114
2

0
108
106
104
102
100
98
96

Elevation (m)

126

124 0

122
120
118
116
114
112
110
108
106
104
102
100

98

96

Elevation (m)

104
102
100
98
96

Pre-2017 landscape profile of the Souzu river watershed (FEKJII)

Topographic profile
pre-2017 reconstructed

— River

‘ Orchard (Kaki)

W Grassland

- crops

B rorest (cedar, cypress, bamboo)
W Road

0 10

Source: Topo profile Lidar DEM 1m MUIT
Réalisation: Vincent Siccard, 2024
120 130m

Temple
30

2017 post-event landscape profile of the Souzu river watershed (E7K)J11)

20 40 50 60 70 80 90 100 110

— 2017 post-event
Topagraphic profile

River
~2~ Braiding

= Orehard (kaki)
B Grassland
W Forest (cedar, cypress, bamboo)
W Road

0 10

Sedimentary deposit
M Erosion

B sedimentary filling # Temple

30 40 50 60 70 80 90 100

Post-2017 landscape profile of the Souzu river watershed (ZE7KJI1)

Source: Topo profile Lidar DEM 1m MUT
Réalisation: Vincent Siccard, 2024

20 110 120 130m

Open-type Sabo
Steel frame structure dam

Topographic profile
post-2017 reconstructed

—— River

2 Braiding

‘ Orchard (kaki)
B Grassland
W Forest (cedar, cypress, bamboo)

I Erosion

Sedimentary deposit area

B sedimentary filling
30

Source: Topo profile Lidar DEM 1m MLIT
Réalisation: Vincent Siccard, 2024
120 130m

" Road

0 10 20 40

60

70 80 90 100 110
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