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Anticipated Impact on Research and Education

The findings of our project are intended to be accessible to both scientific and
non-scientific communities, particularly to policy and decision-makers in Vietham.
This will help integrate scientific insights into policy formulation and decision-
making processes for practical application. The methodology used in this project
is adaptable to other river basins with similar characteristics across the Asia-
Pacific region and beyond. Additionally, the project can enhance capacity building
in global change research by facilitating the exchange of results with other
research teams through conferences and meetings. The outcomes and
methodology have been shared at various conferences to gather expert feedback,
allowing us to refine our approach and align with global change initiatives. Finally,
the results will be incorporated into the curriculum at Vietnamese-German
University to train future master's students, equipping them to become leaders

in the fields of hydrology and water resources management.




Summary Research Report

1. Purpose

The Vietnamese Mekong Delta (VMD), the third largest delta in the world, plays a pivotal
role in Vietnam’s food security and national economy, producing approximately 25 million
tons of rice annually and contributing nearly 20% of the national GDP through agricultural
exports. However, the delta is facing increasing exposure to a combination of climate-
induced hazards and human-induced stressors that pose complex and interrelated threats
to its socio-ecological systems. Climate change projections indicate a higher frequency
and intensity of extreme weather events, including floods, droughts, and sea level rise.
These climatic pressures are compounded by upstream hydrological modifications, land
use and land cover (LULC) changes, and large-scale sand mining (Fig. 1). Altogether,
these drivers are amplifying the vulnerability of the delta through altered flow regimes,

reduced sediment supply, morphological degradation, and increased salinity intrusion.
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Fig. 1 Map of the VMD and associated environmental pressures and their
consequences.

A prominent example of such compound impacts is the 2015-2016 drought and salinity
intrusion, which affected 12 out of 13 provinces in the VMD, resulted in economic losses
exceeding 650 million USD, and led to the complete loss of over 800,000 tons of rice.

These cascading effects reflect the intensifying risks stemming from the interaction of



climatic extremes and anthropogenic alterations. Riverbank erosion, coastal retreat, and
land subsidence have become more severe due to the cumulative impacts of reduced
sediment load—primarily from dam retention upstream—and intensified channel
degradation from sand extraction. Moreover, current flood protection infrastructure,
including high dykes and embankments, while effective in preventing damage from
conventional floods, has limited the natural benefits of floodwaters such as sediment

deposition and aquifer recharge.

In light of these challenges, this project aims to develop a scientifically robust, spatially
explicit, and policy-relevant framework for assessing and mitigating compound risks in
the VMD. The research is guided by four interrelated objectives. First, it will generate
high-resolution compound hazard maps that integrate hydrometeorological extremes,
dam-induced hydrological changes, LULC transformations, and socio-economic
exposure. These maps will support adaptive water resources planning by identifying
priority areas for intervention. Second, the study will quantify the relative and
interactive impacts of climate change and human activities on hydrological regimes,
including discharge variability, sediment flux, and floodplain dynamics, through
advanced modeling tools such as SWAT+ and Mike model, supplemented with satellite

imagery and socio-economic survey data.

Third, the research investigates the viability of floating rice cultivation as a nature-based
solution (NbS) for enhancing the agro-hydrological resilience of flood-prone areas.
Floating rice, once widely cultivated in the VMD, is highly tolerant to deep and prolonged
inundation, and facilitates sediment trapping and organic matter accumulation.
Reintegrating this indigenous system into modern flood management strategies could
provide a sustainable adaptation pathway under future compound flood-drought
scenarios. Finally, the project proposes integrated flood exploitation schemes that
combine engineered infrastructure with green solutions to optimize the use of seasonal
floods. These strategies aim to harness floodwaters for agricultural productivity,

sediment replenishment, and livelihood diversification, while minimizing disaster risks.

The expected contributions of this project include the advancement of methodological
approaches to compound hazard assessment in deltaic environments, empirical
evidence to support nature-based and hybrid infrastructure solutions, and actionable
insights for climate adaptation policy. By linking biophysical modeling with socio-
economic analysis, the project aspires to support a transformative shift from

conventional flood control to integrated, adaptive flood management in the VMD.



2. Summary of Research Progress

We have collected hydrological, meteorological, topographic, and bathymetric data from
the 1980s to the 2020s in the Mekong basin and the VMD. Besides, we have conducted
several field surveys in the VMD, including the measurement of locations and dimensions
of sluice gates, measurement of bathymetry of channels and canals, collection of water
samples to estimate the suspended sediment concentration (SSC), collection of sediment
samples in floating rice to analyze physicochemical characteristics, and the measurement
of floating rice growth rate and yield. We have established a hydrological SWAT model
combined with trend analysis to assess the impact of climate change and human activities
on flow regimes and sediment loads in the Mekong basin. The missing SSC data in the
Mekong basin were reconstructed using a semi-supervised deep learning framework.
Spatiotemporal dynamics of the flooding in the VMD were evaluated using the MODIS
satellite data by employing remote sensing in the Google Earth Engine environment. We
established a couple 1-dimensional and 2-dimensional hydrodynamic and sediment
transport model to examine maximize sedimentation in the paddy fields inside dyke
systems by optimal operations of sluice gates under the dykes. We periodically held
meetings among the project’'s members to report the project's progress and discuss ways
forward to complete the project. Finally, the project results have been presented at
conferences and published in journal papers as a means of disseminating the project
results.

3. Summary of Research Findings

We developed a semi-supervised deep learning framework to reconstruct the missing SSC
in the Mekong basin. Our proposed semi-supervised multi-layer perceptron (SSMLP)
model outperformed not only its supervised MLP counterpart but also all other models,
including CNN, LSTM, and even strong ensemble learners such as CatBoost. Moreover,
SSMLP can provide better reconstruction results in the dry season than in the flood season.

We examined the effects of climate change and human activities on flow and sediment
alterations in the Mekong basin from 1970 to 2019 using a hydrological SWAT model. We
found significant shifts in the hydrology, especially from 2012 to 2019, with increased dry-
season flows and reduced wet-season discharges due to upstream dam operations.
Drought events, particularly in 2019, exacerbated these changes, highlighting the impact
of reservoir regulation on flow patterns, sediment transport, ecosystems, and agriculture.
Early post-dam periods (1992-2001) showed minimal sediment reductions, but from 2002
onwards, significant declines occurred, especially at upstream stations like Chiang Saen.
By 2012-2019, sediment losses reached 69.2% at Chiang Saen and 68.5% at Kratie. The
SWAT model simulations reveal a sharp drop in sediment delivery due to upstream
reservoir sediment retention, which has disrupted sediment transport, impacting
downstream ecosystems, floodplains, and agriculture.

Flood frequency analysis combined with remote sensing shows a clear shift in flood



characteristics: prior to 2002, large floods were frequent, but after 2003, smaller and
medium floods became dominant. This change correlated with the operation of upstream
hydropower dams. Flood peaks occurred from September to November, with Can Tho, Long
Xuyen, and the Plain of Reeds areas most affected. In contrast, An Giang and Dong Thap
experienced less frequent flooding, attributed to high dyke systems that control surface
water inflow, significantly affecting local hydrology and agricultural practices. These
findings emphasize the importance of integrating flood management strategies that
balance agricultural productivity with hydrological resilience.

Results from the coupled 1D/2D hydrodynamic and sediment transport model show that
opening sluice gates during flood seasons enhances SSC distribution in agricultural lands,
with peak sedimentation occurring in October. Scenarios with fully opened gates increase
sediment deposition, especially in the Tha La and Can Thao canals, with two additional
sluice gates added providing the highest sedimentation volume. The study highlights the
importance of sluice gate operation timing and duration for optimizing sediment transport
and deposition in paddy fields.

Analysis of riverbed changes over three periods (1998-2005, 2005-2017, and 2017-
2020) reveals consistent riverbed incision across the VMD, with the Tien River showing
more severe erosion than the Hau River. The average incision rate gradually decreased
over time, from —0.19 m/year (1998-2005) to —0.10 m/year (2017-2020). Sediment
rerouting from the Tien to the Hau River exacerbated this trend, especially in areas with
high sediment extraction activities. The intensification of sand mining during 2017-2020
significantly contributed to increased riverbed incision, with sand extraction accounting
for 35.3% of riverbed changes. The compounding effects of dams and sand mining
underscore the need for integrated sediment management strategies to mitigate riverbed
instability in the VMD.

4. Publications of Research Findings
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International Collaborative Research (Project No. 20231G-02)

Project Title : Developing assessment method for coastal disaster risk reduction by nature—based

coastal management

Principal Investigator . Prof. Harshinie Karunarathna

Affiliation:  Swansea University, UK

Name of the DPRI Contact Person  : Prof. Nobuhito Mori

Research Period / Duration of Stay : 09/01/2023 - 31/08/2025
Research Location / Location of Stay: Swansea University, UK/DPRI
Number of the Participants in the Project : 09 (DPRI: 04/ non—-DPRI: 05)

Anticipated Impact on Research and Education

Although the implementation of structural solutions has been the conventional approach,
nature-based solutions (NbS) are better suited for coastal disaster mitigation in the face of
global climate change. This project, which explores the potential of NbS, will have a significant
impact on the future of the design and implementation of environmentally sustainable

solutions for coastal disaster mitigation. The study will lead the way for developing methods of

NbS design.

Research Report

(1M

2)

Purpose

The primary purpose of this project is to enhance the fundamental understanding of
physical process dynamics of wave and flow attenuation of coastal areas in different
contexts and generate new scientific knowledge required for successful design and

implementation of saltmarshes and mangroves associated NbS against coastal disasters.

Summary of Research Progress

The project has multiple elements. To make our findings widely applicable without limitations,
we decided to use a simplified system approach. The following work has been done so far to
realise the project objectives:

(i) We conducted a laboratory scale experimental study on vegetation-assisted wave
attenuation and sediment transport using synthetic plants which mimic those present
in coastal wetland vegetation. The selected synthetic vegetation represent both rigid
plants that commonly found in saltmarshes and mangroves, and flexible plants which
usually found in marsh fringes and seagrass beds. The wave conditions represented
both extreme storm waves and waves present under calm periods, which were scaled
down from global wave predictions.

(i) We carried out a desk study to categorise different estuary and embayment
environments where coastal wetlands are abundant, based on their geomorphological

characteristics. This has been supported by global data sets on estuarine
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geomorphology

(i) We developed computational models of two simplified estuarine systems based on the
outcome of (ii), which closely represent real systems in nature. Currently we are in the
process of validating those models against two real estuaries to consolidate the validity
of the simplified model.

(iv) Once the models are validated, different NbS scenarios will be tested so that results to
investigate the context-dependency of NbS success and data to develop design
formulae for NbS designing will be available.

(v) Two PhD students from Swansea University visited DPRI in December 2023 as a part of
the collaborative project and carried out seminars and research discussions with the
DPRI researchers

(vi) Prof. Harshinie Karunarathna (Lead Researcher) visited DPRI in December 2023 and
2024, conducted research seminars and discussed initial research findings

(vii) Prof. Nobuhito Mori visited Swansea University in April 2024, conducted a research

seminar, and discussed the project progress.

Summary of Research Findings

Our experimental study reveals that wave attenuation on coastal wetlands depends on wetland
length, plant density, plant rigidity, and the incident wave conditions. This outcome prompts
us to model different scenarios, and generating inputs for developing NbS design formulae.
Also, the reduction of wave-induced velocities as a result of direct wave attenuation drives
complex sediment dynamics with wetlands, which may significantly contribute to the medium-

to long-term health of wetlands and hence the success of NbS.

Publications of Research Findings

lons, K., Wang, X., Reeve, D.E., Mori, N. and Karunarathna, H. 2025. Submerged and Emerged Rigid
Vegetation Impact on Bedforms and Sediment Suspension under Wave Action, Coastal Engineering
doi.org/10.1016/j.coastaleng.2025.104739

lons, K., Wang, X., Mori, N., Reeve, D.E., and Karunarathna, H. An experimental study of wave-
induced sediment suspension and bedforms in rigid and flexible vegetation meadows (in

preparation to be sent to Coastal Engineering)
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International Collaborative Research (Project No. 20241G-01)

Project Title:  Evaluating Liquefaction Hazard from Large Magnitude, Long Duration
Earthquakes using Centrifuge Modeling Tools

Principal Investigator: Assistant Professor Carey Trevor ]

Affiliation: University of Toronto

Name of the DPRI Contact Person: Associate Professor Ueda Kyohei

Research Period: 4/1/2024 ~ 3/31/2026

Research Location: Geotechnical Centrifuge Laboratory , Disaster Prevention Research
Institute - Kyoto University Uji Campus

Number of the Participants in the Project: 5 ( DPRI: 2 /non-DPRI: 3)

Project Progress in FY2024-2025:

During the first year of the project, the research team, led by Professor Trevor Carey, was hosted as
an external researcher at the centrifuge research facility at the Disaster Prevention Research Institute
(DPRI) in February 2025. During this visit, Professor Carey and his PhD student, Zarnain Fayaz,
constructed and tested five centrifuge model experiments with the support of the DPRI centrifuge

technicians, Jhon Florez, a Master’s student from Professor Ueda’s lab.

Four of the experiments used the same sloping ground geometry, while the fifth was
constructed with level ground to support and validate findings from the sloping ground tests. For
each of the sloping ground models, a different earthquake ground motion was applied to induce
liquefaction. Two motions were selected from crustal sources and the other two from subduction
zone events, including one from the 2011 Great East Japan Earthquake. The ground motions were
carefully selected to reflect key characteristics of interest—such as liquefaction triggering, ground
surface deformation, duration effects on soil response, and ground motion frequency content—
while also remaining within the capabilities of the centrifuge equipment (i.e., motions that were

neither too strong nor too weak to simulate reliably).

The fifth experiment, representing a level ground condition, was used to validate traditional
approaches for measuring stresses and strains in centrifuge models using novel sensors that directly
measure stress and strain. This level ground experiment, part of Objective Two, will be used to
interpret the sloping ground experiments and provide additional data for numerical model

validation, helping to expand both the breadth and depth of the project.

The first objective of the project—designing the experiment and the required hardware—was
completed this year. Equipment and materials, including the research-grade Ottawa F-65 sand,

were shipped to DPRI in advance of testing. These items will be used for both Years 1 and 2.



Completing this work ahead of the site visit was critical for ensuring a controlled and repeatable
experimental setup and allowed the team to make full use of their limited time at the centrifuge

facility.

Half of Objective Two—the centrifuge testing phase—was also completed, with the remaining tests
scheduled for Year 2. A significant enhancement to the testing was the inclusion of state-of-the-art
sensors capable of directly measuring soil shear stress and strain during liquefaction. Professor
Mark Talesnick from Technion University participated in the testing and installed his sensors in three
of the five model tests. The inclusion of these advanced sensors makes this one of the first, if not
the first, centrifuge modeling programs to directly measure both shear stress and strain in

liquefying soil, substantially increasing the scientific value and impact of the project.

The current phase of the project focuses on processing and analyzing the centrifuge data. This
includes formatting the data for both immediate use and long-term archival. The outputs from this
first year include a comprehensive, high-quality dataset and several publications currently in
development for conferences and journals. While the manuscripts are still in early stages, they will
be completed in the next reporting period, alongside ongoing data analysis and complementary

numerical simulations of the experiments.

Project Plan in FY2025-2026:

The project plan will continue with data processing through the summer of 2025. Given the volume
of data—nearly 30 shaking events, each with 15 sensors—as well as the need to process high-speed
video footage to measure ground surface displacements, the data analysis phase is a considerable
undertaking. This effort was anticipated and appropriately accounted for in the original project
timeline. The insights gained during this phase will better position the project team to target
specific ground motion characteristics that may influence liquefaction behavior differently in the

second round of centrifuge testing.

Prior to Year 2 experimental work, a numerical study will be conducted in the fall of 2025.
This study will begin with Class C predictions of the five centrifuge experiments completed in Year
1. These predictions will help assess whether current numerical models can reliably simulate the
experimental findings—one of the key goals of this project. In addition, the numerical models will
be used to explore specific ground motion features that will be tested in the next round of physical
experiments. Conducting these simulations in advance ensures that the second phase of
experimental testing is as targeted and efficient as possible. It also allows the team to determine
whether certain insights can be obtained more effectively through modeling alone, thus making

optimal use of available experimental resources.



The experimental setup for Year 2 will follow the same geometry and overall design as
Year 1. Maintaining consistent test conditions allows for direct comparison between the two years
of testing, while also building on the knowledge gained from the initial series of experiments. The
goal is to conduct five additional experiments. At least three of these will feature sloping ground
conditions, and one will replicate a level ground scenario. The configuration of the fifth
experiment—whether sloping or level—will be determined based on the outcomes of the fall 2025
numerical modeling phase. Testing is tentatively scheduled for January through February 2026,

depending on centrifuge availability.

Dissemination of research findings will continue throughout Year 2 and beyond the official
project period. Two major deliverables are planned for the coming year. First, the project team will
prepare and publish the Year 1 dataset on an open-access platform such as the NHERI DesignSafe-
Cl data repository. Second, a peer-reviewed paper will be submitted to the International Journal of
Physical Modeling in Geotechnics as part of the 12th ICPMG conference proceedings in June 2026.
Several conference papers for ICPMG are also in preparation. In addition, two journal manuscripts

are currently being drafted and are expected to be submitted within the next year.



International Collaborative Research (Project No. 20241G-02)

Project Title : Innovation in predictability and climate projection of hazards due
to extreme severe storms developing over the Northeastern India in premonsoon season
Principal Investigator : MAHANTA Rahul

Affiliation :  Department of Physics, Cotton University

Name of the DPRI Contact Person :  Tetsuya Takemi

Research Period :  April 1, 2024 - March 31, 2026

Research Location : Northeastern States of India

Number of the Participants in the Project: 13 (DPRI: 1/ non-DPRI: 12 )

Project Progress in FY2024

We conducted research under three approaches: 1) Changing Hazards in the Premonsoon
Season, 2) Innovation of the Understanding of “Premonsoon”, and 3) Modeling Climate
Change Projection and Storm Prediction.

The research on Changing Hazards in the Premonsoon Season in Northeastern India has
progressed through a detailed analysis of hazards using a newly developed database
compiled from newspapers, IMD records, and State Disaster Management Authority
(SDMA) reports. This integrated dataset has enabled the identification of significant
trends in extreme premonsoon events such as localized heavy rainfall, sudden floods,
lightning strikes, and severe thunderstorms over the past two decades. The analysis
reveals an increasing frequency and intensity of these hazards, especially in Assam and
Meghalaya, often resulting in casualties and large-scale damage. This empirical evidence
supports the hypothesis of a shifting premonsoon climate regime in the region. Key case
studies from April-May 2022 have been analyzed to understand the spatial and temporal
dynamics of such events. These findings will contribute to improving regional hazard
forecasts, early warning systems, and public preparedness strategies under the broader
AsiaPEX initiative.

Understanding the premonsoon season over Northeast India is essential due to its role in
setting up the monsoon environment, influencing extreme weather, and guiding early
warning systems. Yet, the convective systems dominating this phase — Mesoscale
Convective Systems (MCSs)—have not been thoroughly examined over this region. We
adopted an innovative approach by characterizing MCS lifecycles, structural features, and
rainfall contributions using high-resolution satellite observations. Our analysis classified
MCSs by duration and mapped their spatial patterns, revealing that premonsoon systems,
though less frequent than monsoon ones, exhibit greater intensity and early development.
Over 300 MCSs were identified annually, with distinct initiation zones and lifecycle
behaviours that influence rainfall distribution. This work represents the first systematic
effort to link MCS evolution with premonsoon rainfall dynamics in this region, providing a
valuable foundation for improved forecasting and early warning strategies.



We conducted and continued field observations including intensive rawinsonde
observations at Guwahati. We also maintained an automatic weather station, tipping
bucket raingauges, and disdrometers. Thus, we collected additional data that can be used
for analysis and modelling research.

We discussed research and observational plans during online meetings, workshops, and
sessions in conferences. During the GEWEX Open Science Conference in Sapporo in July,
we held discussions at the "Workshop on Storm Modeling over the NE Indian
Subcontinent." We had an online meeting on 18 Sep. to discuss the research plan. In
December, three Japanese researchers were sent to India, discussing with research
collaborators. On 5 Mar. 2025, we had an international workshop on coordinated
observations and modelling strategies for pre-monsoon severe storms in Northeast India
in Cotton University with online participations. Through these meetings, we confirmed
the high potential for observational and modelling collaboration initiatives.

Project Plan in FY2025

For the research on 1) Changing Hazards in the Premonsoon Season, the project will
expand the hazard database by integrating real-time IMD data, media reports, and
disaster records across all northeastern states. Advanced statistical and GIS tools will be
used to map hotspots of premonsoon hazards. Case studies of recent events will be
examined to assess cascading impacts. Field validation will be conducted in selected
vulnerable districts. Collaborations with state disaster management agencies will support
the development of localized early warning protocols. Findings will be presented in
regional stakeholder workshops to enhance public awareness, disaster preparedness, and
adaptive planning for premonsoon climate extremes.

Towards the 2) Innovation of the Understanding of “Premonsoon”, we will examine the
atmospheric instability conditions (e.g., CAPE, CIN, mid-level lapse rate) along with
surface and low-level drivers such as land surface temperature, soil moisture,
evapotranspiration, and moisture convergence that collectively support the formation,
persistence, and longevity of MCSs during the premonsoon season. We will quantify the
influence of synoptic-scale systems and intraseasonal oscillations (e.g., QBM, MISQO) on
MCS initiation and organization, highlighting their role in regional variations of
premonsoon characteristics. The vertical structure and thermodynamic profile of MCSs
will be analysed using reanalysis, radiosonde, and radar dat to understand their evolution
over time and their role as characteristic weather features of the premonsoon. By
synthesizing the findings from above points, we aim to identify key atmospheric, surface,
and dynamical thresholds and patterns that mark the onset, duration, and withdrawal of
the premonsoon season, thereby enabling the development of a unified, regionally
sensitive definition that addresses existing ambiguities.

For the activity of 3) Modeling Climate Change Projection and Storm Prediction, the



different aspects of the modelling have been taken into consideration. The climatology
over the northeastern India has been in working phase using precipitable water. The ERA5
datasets with 0.25 degree resolution has been chosen for this study. It will provide the
pre-monsoon and monsoon variability in the atmospheric water content over the region.
The model has been simulated using data assimilation of satellite datasets over the region.
Different events have been specified as per the report of IMD for simulation purpose and
research analysis. Different sensitivity experiments with various microphysical schemes
and also with different initial conditions datasets to get the accurate simulation for the
events. The calculation of optimized thunderstorm indices over the region has been
proposed and the research has been conducted. The google high performance
computation also setup for the initial phase for simulation for long runs and optimal
performance.

We will have on-site meeting in DPRI, Kyoto University in May. This is to advance our plan
for research on premonsoon SLSs for mitigation of disasters under the upcoming climate
change over this region. On the other hand, we will conduct intensive observation
targeting on premonsoon severe local storms. It will include observations using raingauge,
automatic weather station, and other instruments. To describe vertical structure of
surrounding atmosphere, we will conduct intensive rawin-sonde observation in May and
June.

Key research outcomes include identification of high-risk zones for extreme premonsoon
rainfall, trend analysis of hazard frequency, and improved understanding of storm triggers.
These insights support targeted early warning systems, enhanced public communication
strategies, and region-specific climate projections to reduce disaster impacts and build
resilience in Northeast India.

We will collaborate on a review paper on impacts of the innovative understanding of
premonsoon concept on hazard predictions.



International Collaborative Research (Project No.20241G-03)

Project Title : Impacts of Flood and Fire Disasters on Future Land Use Distribution in
Humid Tropical Peatland

Principal Investigator  : Apip

Affiliation : Research Center for Limnology & Water Resources, National Research
& Innovation Agency (BRIN), the Republic of Indonesia

Name of the DPRI Contact Person : Takahiro Sayama

Research Period / Duration of Stay : April 26, 2024 - April 21, 2025

Research Location / Location of Stay : BRIN, DPRI, Tropical peatlands of Indonesia
Number of the Participants in the Project: 5 (DPRI: 3 / non-DPRI: 2)

Project Progress in FY2024

In FY2024, two field surveys were conducted as part of the DPRI Collaborative Research Project.
These activities aimed to collect hydrological data, verify the occurrence of compounding flood-fire
events, and gather empirical data to parameterize a land-use change model.

1) Hydrological Data Collection and Disaster Verification

To identify compounding disasters in tropical peatlands of Sumatra, Indonesia, remote
sensing data were used to detect simultaneous flood and fire events in the Batanghari and Musi
River Basins (Figure 1). From 20-27 September 2024, field visits were conducted to these basins,

including Focus Group Discussions (FGDs) with local authorities and fire watchers.

GWoawrGws

Figure 1. (Left) Inundation and Fire Extent in downstream Batanghari River in 2024 based on Remote Sensing data
(Right) Location of monitoring tools in Seponjen Village
During the visits, instruments were installed to monitor hydrological conditions and river—
peatland connectivity. Equipment includes two rain gauges, one river level gauge, six observation
wells, five soil moisture sensors, and one canal flow meter. These instruments have recorded data
continuously since installation.
Site observations confirmed that floods and fires occurred in the same locations within a

single year (Figure 2), validating the presence of compounding disasters.
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Figure 2. (a) Survey Location based on FGD and remote sensing data (b) After fire scene (c) Flood mark at the

same place

2) Questionnaire Survey for Land-Use Model Parameterization

In February 2025, structured questionnaires were distributed to 120 landowners across
four villages affected by both floods and fires. The objective was to collect empirical data to support
parameterization of land-use transition probabilities in the DynaCLUE model.

Results indicate that 83% of respondents had experienced both floods and fires. Over 70%
left their land temporarily unattended after such events—40% for 2—-4 months and 30% for more
than 4 months, coinciding with the peak dry season. The primary reason cited was the need to
secure financial resources for replanting (65% after floods, 74% after fires). Despite 88%
acknowledging high disaster risk on their land, 78% intended to continue land use, and 66% were
willing to adapt rather than abandon the land after future disasters. These findings highlight the
need to account for dynamic human responses in simulating future land-use distribution under
increasing climate risks.

Preliminary sociopsychological analysis indicates a discursive gap in the local
conceptualization of flooding among communities routinely exposed to such events. The prevalent
use of the term air pasang (literally “water rising”) to describe inundation reflects a form of cognitive
reframing rooted in cultural heuristics. This lexical choice functions as a coping mechanism,
enabling individuals to downplay the perceived severity of flood events and mitigate psychological
distress. By normalizing flooding through localized terminology, communities construct a resilient
narrative that legitimizes continued habitation and attachment to ancestral territories despite

recurring environmental hazards.

Project Plan in FY2025

The primary objective for FY2025 is to advance the coupled analysis of hydrological extremes, fire
hazards, and land-use dynamics in Indonesian tropical peatlands, with a particular focus on how
recurrent disasters influence societal behavior and shape long-term land-use trajectories. Building
upon the foundational work conducted in FY2024, this year's activities will consolidate model
development, integrate empirical data from fieldwork, and evaluate adaptation scenarios to

support science-based land-use and disaster risk policies.



1) Additional Questionnaire Survey in the Musi River Basin

To complement the 2024 survey conducted in the Batanghari River Basin, an additional
field survey will be carried out in the Musi River Basin. This includes structured questionnaires and
semi-structured interviews with landowners, plantation managers, and local stakeholders. The
purpose is to verify whether flood and fire disasters trigger similar patterns of land abandonment
or replanting behavior in different yet ecologically comparable peatland areas. Comparative
analysis of both regions will help determine whether land-use decisions are primarily driven by
localized disaster impacts or broader socioeconomic conditions. This component will refine the
behavioral parameters in the land-use model and provide a more generalizable basis for scenario

development.

2) Coupled Simulation of Hydrological, Fire, and Land-Use Dynamics

Using data from both Batanghari and Musi basins, we will implement a fully coupled
simulation model that integrates the Rainfall-Runoff-Inundation (RRI) model, a fire vulnerability
index, and the DynaCLUE land-use change model. The simulation will evaluate how land
abandonment following floods or fires influences future fire susceptibility—especially during
prolonged dry seasons projected under climate change scenarios. This approach enables
quantitative assessment of cascading hazard risks under a range of socio-environmental
conditions.

Moreover, structural and non-structural adaptation strategies will be incorporated into
the model to simulate their effectiveness. By simulating these interventions, we aim to quantify
the reduction in disaster exposure and identify residual risks that persist despite adaptation. The
outputs will directly inform spatial planning and policy recommendations, helping guide

sustainable land management in peat-dominated landscapes.

3) Dissemination and Scientific Communication

To ensure the research outcomes reach relevant scientific and policy audiences, we plan
three international presentations at the 2nd International Conference on Sociohydrology in Tokyo,
Japan. Additionally, two peer-reviewed journal manuscripts will be submitted to Frontiers in Water
as part of a special issue on sociohydrological research. These publications will present key
findings from the field surveys and the coupled modeling framework, with particular emphasis on

how human behavior and land-use feedbacks shape compound disaster risk in tropical peatlands.



International Collaborative Research (Project No. 20241G-04 )

Project Title : Comparative study on the rapid long-traveling landsliding phenomena
triggered by the 2023 Jishishan Earthquake in China and the 2024 Noto Earthquake in
Japan

Principal Investigator : Fanyu Zhang

Affiliation : College of Civil Engineering and Mechanics, Lanzhou University, China
Name of the DPRI Contact Person : Gonghui Wang

Research Period / Duration of Stay : June 1, 2024 - March 29, 2026

Research Location / Location of Stay : Research Center for Landslide Disaster Risk
Cognition and Reduction, DPRI, Kyoto
University; Loess Landslides Observatory,
Lanzhou University; A catastrophic landslide
triggered by the 2023 Jishishan Earthquake in
China; Some fluidized landslides triggered by
the 2024 Noto Earthquake in Japan

Number of the Participants in the Project: 14 ( DPRI: 6 / non-DPRI: 8 )

Project Progress in FY2024

> We conducted field investigation on the Zhongchuan landslide triggered by the
2023 lJishishan Earthquake, including field survey on the topographical features
of the landslide, ERT survey on the landslide source area for examining the water
content states of the soil layer, measuring the in-situ density of soil layers on the
source area, deposition feature of displaced landslide materials, taking soil
samples for laboratory geotechnical tests from the source area, sampling ground
water to examine the source of the water. We also investigated the prehistorical
settlement relic of Lajia, which was destroyed by landslide, and examined the
possible trigger of the disaster.

» We conducted triaxial compression tests and ring shear tests on the loess samples
to examine their undrained shear behavior under static shearing or cyclic
shearing.

» Based on the field survey and laboratory test results, we discussed the possible
initiation and movement mechanisms of Zhongchuan landslide.

» We conducted field trip to Ichinose landslide triggered by the 2024 Noto
Earthquake, and check the geological and topographical features of the landslide,
and also the depositional features of the displaced landslide materials, and the
inferred the landsliding sequencies of the displaced materials.

>  We took soil samples from different locations of the landslide, and examined their
geotechnical properties, and conducted shear tests on these samples by using
ring shear apparatus under drained/undrained conditions. And further, based on
these results, we examined the possible initiation and movement mechanisms of



this landslide.

We further concluded field survey on different types of landslides triggered by
the 2024 Noto Earthquake with different geological settings.

We did literature review on some coseismic landslides occurred in New Zealand,
the United States of America.

For the 2023 Zhongchuan landslide, we found that:

>

The study area is seismically active, and historically strong earthquakes have
repeatedly occurred.

Liquefaction occurred in loess layers rich in groundwater due to irrigation and
other factors.

In samples taken from the source area of the landslide, high pore water pressure
can be built up under cyclic shear or static shearing, but full liquefaction was not
observed.

Strong ground motion will be essential for the initiation of slope instability along
gentle sliding surface

Irrigation water on the farmland might enter the fissures resulting from strong
motion and then enhance the mobility of displaced landslide materials.

Further study will be needed to examine the site effect on the ground motion and
dynamic response of loess with different water contents.

For Ichinose landslide triggered by the 2024 Noto Earthquake, we preliminarily

inferred that:

>

the soil mass in the lower part of the landslide scarp might slid first. Part of the
sliding mass accumulated on the slip surface, while another part mixed with the
sandy soil on the slip surface, enabling the buildup of high pore water pressure,
and ultimately leading to liquefaction during the sliding process. Then the liquefied
mass slid out from the toe of the slope.

Due to the shear strengthening effect and relatively high residual cohesion, the
overall movement of the sliding mass was not very rapid, and it came to
accumulate after traveling approximately 200 meters.

After the soil mass at the lower part of the landslide scarp slid, a free face was
formed, which triggered the sliding of the wedge-shaped mass in the upper part
of the scarp.

The test results of the shear zone soil indicate that slope failure is likely to occur
only under conditions of strong ground motion. Therefore, it is inferred that the
landslide at the mountain ridge became unstable and began to slide only after the
wedge-shaped landslide had moved, leading to the formation of a free face at the
slope toe. And part of the sliding mass accumulated at the base of the landslide
scarp, while the other part flowed into the lateral gully of the landslide.



The above-mentioned results have been introduced in the following two

presentations:

1. Jiangkun He, Gonghui Wang, Gen Furuya, Issei Doi, Koichi Hayashi, Yasuhiko
OKADA (2025): On the complex landsliding phenomena on Ichinose area
triggered by the 2024 Noto Peninsula Earthquake. JpGU, 2025 [HDS07-06],
Makuhari Messe, May 30, 2025.

2. Gaoyuan Wang, Xuanmei FAN, Fanyu Zhang, Ruihua Hao, Gonghui Wang (2025):
On the initiation and movement mechanisms of Zhongchuan landslide triggered
by the 2023 lJishishan M6.2 Earthquake, China. JpGU, 2025 [HDS07-18],
Makuhari Messe, May 30, 2025.

Project Plan in FY2025

The research plan in FY2025 is as follows.

(1) Continuing the field investigation on these landslides triggered by the 2023 Jishishan
Earthquake and 2024 Noto Earthquake, gathering more field data for better
understanding the geological and geomorphological features of different types of
coseismic landslides.

(2) Examining the ground motion features during the main shocks of the earthquakes

(3) Laboratory examination on the shear behavior of soil samples taken from landslides
and then analyze the possible initiation and movement mechanisms

(4) Numerical simulation of landsliding behavior for better understand their moving
features and then elevate the accuracy of landsliding prediction for these fluidized
landslides.

(5) Summarizing the results and writing papers for possible publication, and writing
reports.



International Collaborative Research (Project No. 20241G-05 )

Project Title : Comparative study of influences on site response in Japan, U.S., and
Italy: the effect of shallow subsurface stratigraphy on site amplification using machine

learning

Principal Investigator : Alan Yong

Affiliation : U.S. Geological Survey-Earthquake Science Center

Name of the DPRI Contact Person :  Shinichi Matsushima

Research Period: 1 April 2024—31 March 2026

Research Location : Italy, Japan, and the United States

Number of the Participants in the Project: 8 (DPRI: 3 / non-DPRI: 5)

Project Progress in FY2024

In September 2024, a team of geotechnical engineers and geophysicists
conducted field visits to several accelerometer stations in Japan to assess site conditions
and their potential influence on recorded earthquake ground motions. The stations
included KNGO013 in Odawara, KNG014 and KNGH22 in Yamakita, and KYTHO7, KYTHOS,
and KYTO013 in Kyoto. The team’s objective was to evaluate geological and structural
factors that could affect seismic data that are expected to contribute to improvements in
earthquake monitoring and hazard assessment.

For the Odawara and Yamakita visits, the team was comprised of Dr. Ken Hudson
of Hudson Geotechnics, Inc., and Mr. Alan Yong of the United States Geological Survey
(USGS). For the Kyoto visits, Dr. Shinichi Matsushima of the Disaster Prevention Research
Institute (DPRI) at Kyoto University and Dr. Tara Nye of the USGS joined the team,
bringing additional expertise in seismic site characterization and geophysical analyses.
This collaborative effort ensured a comprehensive evaluation of each site’s unique
characteristics.

At KNGO013 in Odawara, the team observed a flat site located approximately 5
meters from a 6-story, base-isolated building. The proximity to this structure raises
concerns about potential soil-structure interaction effects, where the building’s dynamic
response could influence ground motion recordings. Such interactions are critical to
consider, as they may alter the amplitude and frequency content of seismic signals,
affecting data interpretation for earthquake engineering applications.

In Yamakita, KNGO014 is situated within an east-west trending valley,
characterized by geological conditions that may induce shallow three-dimensional basin
effects. These effects can amplify ground motions due to wave trapping or resonance
within the basin, potentially skewing seismic records. KNGH22, also in Yamakita, is
located on a hill surrounded by steep slopes and adjacent to a 6-meter-tall structure. The
team noted that topographic effects, where the hill's geometry could focus or scatter
seismic waves, and soil-structure interaction from the nearby building, could produce



complicated station recordings.

In Kyoto, KYTHO7 is positioned five meters from the crest of a three-meter-high
steep slope which descends to a creek. The nearby free-face slope and a potentially
shallow groundwater table could influence recorded ground motions. These conditions
increase the risk of liquefaction, cyclic softening, and lateral spreading during seismic
events, which would alter the site’s seismic response. KYTHO8, located three meters from
a road and a four-story building, faces challenges from traffic noise and soil-structure
interaction. Machinery on the ground surface near the downhole array may further
contribute noise, degrading the quality of seismic data. KYTO013, situated in a park at the
base of a five-meter-tall steep hill within a larger, gently sloping hill, may experience
topographic effects. The hill's geometry could modify wave propagation, impacting the
station’s recordings.

Dr. Hudson also presented the next generation liquefaction (NGL) recently
developed models for liquefaction susceptibility, triggering, and manifestation to the DPRI
at Kyoto University during his visit. Following Dr. Hudson, Dr. Nye presented her findings
on the effects of seismic path attenuation on earthquake recordings.

Project Plan in FY2025

During FY2024, a field survey was postponed due to the health of a key member
who is responsible for the planning and execution of the survey. The survey will be carried
out in FY2025. Hence, during September and October of 2025, field acquisition data
campaigns are expected for in situ microtremor multi-station and single-station
recordings in Pisa, Italy, where site conditions may include elongated valley and/or basin
subsurface structures, and sites to be determined in Japan. Some of the Japanese sites
are located in a valley in the northern part of the Noto Peninsula. Analogous subsurface
conditions are expected to be found in the Pisa region, making it apt for comparison. The
data are expected to be used to detect the features of the subsurface stratigraphy, as
well as three dimensional characteristics of a buried valley, to evaluate the effect of the
heterogeneity of the subsurface to site amplification. Project meetings are also expected
to be held in Pisa, Italy, and at Kyoto University, Japan.
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last decade with the installation of several permanent stations and temporary
research networks.

The first part of the research involves compiling data in Nepal to generate a
homogeneous earthquake catalog. We utilized data recorded by a temporary network
from 2014 to 2016 and by Nepal's permanent seismic network from 2004 to 2024.
We manually reviewed the arrival times for all seismic phase arrivals. For the final
dataset, we selected over 3,000 events with at least six P-wave and three S-wave
arrivals. To establish homogeneous preliminary hypocenter locations, we used the
Hypo71 algorithm and a regional velocity model of Nepal.

The second part of this research is currently underway. During this phase,
simultaneous inversion of seismic velocities and hypocenters will be performed using
the local earthquake tomography technique. For areas like western Nepal, which
exhibit a heterogeneous distribution of earthquake hypocenters and station locations,
a gradational inversion approach will be applied. This approach will begin with a 1D
velocity model, followed by a 2D model, and ultimately a 3D model. This method will
help to obtain a reasonably smooth model even in areas with sparse ray coverage.

Figure2: Distribution of earthquake epicenters and seismic stations used in this study. The colored circle
shows the recent seismicity from 2022, whereas the gray dots represent background events since 2014.

Black triangles show the location of seismic stations.



(3) Summary of Research Findings

The resulting earthquake hypocenters and velocity models will be interpreted in terms

of tectonic structure, local geology, mineralogical compositions, petrological

properties, and fluid content of the region. Additionally, the velocity structure will be
compared with other geophysical results available in the area.

(4) Publications of Research Findings

The output of this research will be presented at research conferences and submitted
to peer-reviewed journal for publication.



Long/Short-term Research Visit (Project No. 2024LS-04)

Project Title : Strong ground motion estimation of the 2023 Kahramanmaras

earthquake and development of building damage prediction models in Turkiye.

Principal Investigator : Dr. Seckin Ozgiir CITAK

Affiliation : Institute of Earthquake Technology,
Erzincan Binali Yildim University, Turkiye

Name of the DPRI Contact Person : Dr. Fumiaki NAGASHIMA

Research Period / Duration of Stay : June 21, 2024 - July 19, 2024

Research Location / Location of Stay : 1 month/ &EEBE (H>(F<)

Number of the Participants in the Project : 2 (DPRI: 1 / non-DPRI: 1)

Anticipated Impact on Research and Education

This research will enhance understanding of local site effects and seismic hazards
in Antakya, Tdrkiye by evaluating strong ground motions and S-wave velocity

structures from the 2023 Kahramanmaras Earthquakes using EHVSR and MHVSR

methods, aiding future earthquake-resistant design and risk mitigation.

Research Report

(1) Purpose
The purpose of this research is to evaluate the strong ground motions recorded during
the 2023 Kahramanmaras Earthquakes in Antakya, Tirkiye. This study analyzes
strong ground motion data and microtremor measurements obtained in Antakya to
estimate S-wave velocity structures using the EHVSR (Earthquake Horizontal-to-
Vertical Spectral Ratio) and MHVSR (Microtremor Horizontal-to-Vertical Spectral
Ratio) methods.

(2) Summary of Research Progress
The 2023 Kahramanmaras earthquakes (Mw 7.8 and Mw 7.6) caused catastrophic
damage in southeastern Tulrkiye, resulting in over 50,000 fatalities and the collapse
of 35,000 buildings. Antakya, one of the hardest-hit cities with ~40% of buildings
severely damaged, was selected for this study to analyze strong ground motions,
evaluate structural resilience and simulate building damage patterns.
Prior to the research conducted in DPRI, a microtremor measurement survey was

conducted in October 2023 under the collaboration of DPRI - Kyoto University and



Institute of Earthquake Technologies, Erzincan Binali Yildirim University (EBYU).
During the survey, microtremors were recorded at 101 sites across the city with the
length of 15-minutes.

During the visit to DPRI, Microtremor measurement data was processed to compute
Horizontal-to-Vertical Spectral Ratios (MHVSR). A strong ground motion database
was compiled from 10 stations installed by AFAD (The Disaster and Emergency
Management Presidency), satisfying records with Mw >4 and PGA <50 gal, and
processed similarly to obtain Earthquake HVSR (EHVSR) curves. Using inversion
techniques, S-wave velocity (Vs) profiles were estimated, revealing a deepening trend
of the engineering bedrock (Vs750) from the south to the north, indicating thicker
alluvial deposits. A 3D velocity model was constructed, and the 2023 mainshock
ground motions were simulated using the SRES program, convolving and de-
convolving waves to assess site amplification. The results showed that response
spectra in Antakya significantly exceeded the 2018 Turkish Seismic Code design
spectra for a 475-year return period, explaining the extensive structural damage

observed.

(3) Summary of Research Findings

In this study the Microtremor Horizontal-to-Vertical Spectral Ratio (MHVSR) and
Earthquake Horizontal-to-Vertical Spectral Ratio (EHVSR) methods were used to
assess dominant ground frequencies and derive S-wave velocity (Vs) profiles,
enabling the construction of a 3D subsurface model.

Synthetic strong ground motions for the 2023 Kahramanmaras Earthquake were
simulated, and the resulting pseudo-response spectra were compared with TSC-2018
design spectra. The analysis revealed that the response spectra in the study area far
exceeded the 475-year return period design spectra, likely contributing to the severe

damage in Antakya.

(4) Publications of Research Findings
Seckin Ozgiir Citak gave the following oral presentations at ASC 2024 held from 03-

07 November 2024 at Antalya, Turkiye.

Seckin Ozgir Citak, Jikai Sun, Fumiaki Nagashima, Mehmet Safa Arslan, Eri Ito, Zigian
Wang, Adem Isik, Fahriye Akar, Shinichi Matsushima, Hiroshi Kawase, Sevket Ozden,
“Construction of a 3D velocity model based on microtremor measurement data in
Antakya, Hatay-Turkiye”

Seckin Ozgiir Citak is preparing a paper to be published in Tirkiye within 2025.
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New Exploratory Research (Project No. 2024NE-03)

Project Title : (BARE)XYYIEREAOT—9 R\ KEDRFRENT

(325E) Analysis of Economic Impact of Flooding Using Mesh Flow Population Data
Principal Investigator : Liu Huan (2] &)
Affiliation D SURZEENBEISIAF Y- BICETE EIRAFT A
Name of the DPRI Contact Person :  Liu Huan
Research Period / Duration of Stay :  September 9, 2024 - October 6, 2024
Research Location / Location of Stay . Beijing Normal University, Zhuhai city, China

Number of the Participants in the Project: 1 (DPRI: 1 / non-DPRI: 0)

Anticipated Impact on Research and Education

This project highlights how integrating large-scale mobility data with diverse
datasets can help assess how heavy rain disruptions affect travel patterns,
especially intercity trips and differences between essential and non-essential
travel. Future applications could include forecasting trip demand for different
purposes by evaluating transportation network performance. Such predictions of
post-disaster travel behavior would assist policymakers in optimizing the
distribution of resources like shelters, relief supplies, and public services across
locations and time periods. Additionally, by incorporating trip-purpose or
destination-specific flow data from this framework, researchers could evaluate
how infrastructure damage influences economic activities (e.g., supply chains or

retail) and subsequently quantify associated productivity and well-being impacts.

Research Report

(1) Purpose
Disasters have caused tremendous socioeconomic damage worldwide, one of the
major manifestations being the impact of transportation disruptions on human travel
activities. Although mobility data have become increasingly popular for monitoring
mobility patterns, few studies have investigated the interplay between transportation
disruptions and human daily travel behaviors due to Heavy Rain. To fill this gap, this
study quantified the impact of Heavy Rain on travel activities with large-scale origin-
destination (OD) mobility data using the Heavy Rain Event of July 2018 in Japan as a
case study. The impacts of perturbations in daily travel owing to Heavy Rain were
captured by quantifying changes in travel volume, time, and distance between
intercity ODs, and changes in 11 different types of travel purposes.

(2) Summary of Research Progress
During the research period of the project, the applicant:
@ Attended the International workshop on evident based policy making for



transportation infrastructure development, regional economy, and disaster risk
management with micro data at Hanoi, Vietnam, and made a oral presentation titled
“Trip extraction with mobile phone data and its application to disaster management”.
@ Attended the 2024 IEEE Belt and Road Congress on AI for Sustainable
Development conference at Hangzhou city, China, and made oral presentation titled
“Origin-destination Mobility Data and Its Application in Disaster Risk Reduction”.

® Visited the Zhuhai Campus of Beijing Normal University at Zhuhai campus from
September 9 to October 6, 2024, to carry out collaborative research by exchanging
research ideas and exploring potential research methods. During the stay, the
applicant applied an algorithm to identify travel purposes among individuals’ trips by
integrating multiple data sources (e.g., mobility data, POIs data and other socio-
economic data), and also investigated disparities in the impacts of Heavy Rain on
people’s 11 travel purposes, namely commuting, going home, business, dining,
shopping, going to the hospital, sports, schools, sightseeing, multiple purposes, and
other personal purposes.

(3) Summary of Research Findings

This project introduces the use of origin-destination mobility data to extract trip and
travel patterns of individuals for various purposes, including commuting, schooling,
shopping, traveling, leisure, and others, and its application in the field of disaster risk
management. Moreover, the findings through the case study indicate a strong
temporal correlation between shifts in travel behavior and disruptions to
transportation infrastructure in Hiroshima Prefecture during the extreme weather
event. More precisely, the data reveals a sharp decline in the volume of trips between
OD pairs, accompanied by a notable increase in average travel duration throughout
the Heavy Rain period. These effects persisted in the immediate aftermath but
showed gradual recovery over the subsequent two-week period. Furthermore, the
analysis highlights that necessary travel—such as commuting and returning home—
was more resilient compared to discretionary trips like shopping and dining. This
distinction is reflected in the data, which shows a relatively smaller reduction in
essential trips, whereas non-essential travel experienced a more significant drop.

(4) Publications of Research Findings
@ Conference presentation: Liu H. Trip extraction with mobile phone data and its
application to disaster management. The International workshop on evident based
policy making for transportation infrastructure development, regional economy, and
disaster risk management with micro data, Hanoi, Vietnam, March 4, 2024.
@ Conference presentation: Liu H. Origin-destination Mobility Data and Its
Application in Disaster Risk Reduction. The 2024 IEEE Belt and Road Congress on Al
for Sustainable Development conference, Hangzhou, China, June 23, 2024.
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Overseas Visit Program for Young Researchers (Project No. 20240Y-01)

Project Title: Holistic Approach for Sediment Plastic Debris (SPD) Impact and Social
Characteristics in Poor Urban Slums: Case Study of Yaounde, Cameroon
Principal Investigator:  Shiwomeh Desmond Ndre

Affiliation: Socio and Eco Environment Risk Management (KANTOUSH Lab.)

Address: T612-8133, 104-1 Takaba-cho Mukaijima, Fushimi-ku, Kyoto

Name of the DPRI Contact Person: Prof. Sameh Kantoush Ahmed

Research Period / Duration of Stay :  August 2nd, 2024 - September 1" 2024
1% — 6 September 2024.

Research Location / Location of Stay . Mefou Subbasin, Yaounde Cameroon

John Moore University, Liverpool-UK
Number of the Participants in the Project: (DPRI: 3 / non-DPRI: 3)

Anticipated Impact on Research and Education

» This study will quantitatively integrate the influence of SPD in the flood risk
equation.

» Secondly, this field visit will pave the way for extending research
collaborations with the researchers at the University of Yaounde I and the
Institute for Geological and Mining Research (IRGM).

» Another specialty of this research is the fact that it emphasizes the urban
slums where government efforts and investments in flood management are
relatively insignificant.

» Identifying sources and transport routes for SPDs will pave the way for a
more target-specific management strategy and plans to be put in place.

Research Report

(1) Purpose

This research visit consisted of two principal activities: field visit for data collection in
Yaounde-Cameroon, and participation in the River Flow Conference in Liverpool-United
Kingdom.

First, the purpose of the field visit was to Identify major SPD production points and
hotspots within the Mefou sub-basin (Yaounde), and to characterize SPDs (mass, density,
constituents, sizes) for potential laboratory flume modeling of water-level increases
resulting from SPD accumulations in drains and bridges. We equally had as an objective
to administer questionnaires in slum areas for Socio-economic, institutional, and
structural flood vulnerability in the urban slums of Yaounde. Finally, our field visit to
Cameroon was aimed at fostering collaborations and building solid research relationships



with the Department of Earth Science, Faculty of Science, University of Yaoundé I,
Cameroon the Institute for Geological and Mining Research (IRGM), and other institutions.
Secondly, during the IAHR River Flow 2024 conference I took part in a two-day Master
class on Shallow Mixing Layers & River Confluences from Sunday 1st September to
Monday 2nd September 2024. This training covered topics covering the following:
Shallow mixing interfaces and their role in controlling flow; mixing, and sediment
transport at river confluences; shallow mixing interfaces and their role in controlling flow;
mixing, and sediment transport at river confluences; and Numerical Modeling, and
theoretical and laboratory studies of shallow mixing layers. For the rest of the conference
days, we participated in enriching presentation sessions and networked with other
researchers from all over the world.

(2) Summary of Research Progress
i) Host Institutions.
The Institute for Geological and Mining Research (IRGM)-Cameroon was created by
Decree No. 79/495 OF December 4, 1979. It is a public scientific establishment placed
under the supervision of the Ministry of Scientific Research and Innovation (MINRESI).
Its mission as originally defined consists of the design and execution of research programs
to ensure control of Cameroon’s geographic, mining, hydrological, and energy data. As
part of this mission and in its specific fields of activity (Geology, Geophysics, hydrology
and energy), IRGM is responsible for:
% Collecting, analyzing, and interpreting data to evaluate the country’s natural
resources and their economic development,
% The developing databases are to be used for Mineral, hydrological, and energetic
valorization.
% National territorial planning.
% Environmental management and protection.
% Forecasting natural risks.
The main internship correspondent at IRGM was Prof. Fantong Wilson Yetoh. The
Department of Earth Science under the Faculty of Science of the University of Yaounde I
equally served as a host institution with Dr. Nsangou Daouda as the main correspondent.
i) Field Survey/Activities
Surveys were also carried out during this internship to obtain data for Quantifying and
characterizing sediment plastic debris transport in river Mfoundi-Yaounde, mapping out
SPD hotspots, and evaluating the effects of SPD accumulation on flood risks in the Mfoundi
subbasin. Major activities included:
% Geo-localization of SPD point source.
% Trap, quantify, and characterize SPD at different sections of the drain/river (Fig.1).
% Drone Surveys covering hotspot areas in the Mfoundi pre- and post-event to
assess the impact on both distribution and changes in morphology (Fig. 3).



< Determination of channel cross-sections (drains and river)
< Investigating SPD transport at selected points along the river channel.

% Measurement of discharge under natural flow conditions.
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Fig. 1 Installed grid to trap and quantify SPD transported within the Mfoundi during normal flow conditions, Drone

survey of a segment of the river acting as a major buffer and storage/accumulation point for SPDs.

Fig. 2 Intercepted SPDs sorted out into various categories.

i) IAHR River Flow 2024 Conference
I participated in the IAHR River Flow 2024 conference to take part in the two-day Master

class on Shallow Mixing Layers & River Confluences which took place on Sunday 1st
September and Monday 2nd September 2024. This training covered topics covering the
following:

Shallow mixing interfaces and their role in controlling flow, mixing, and sediment
transport at river confluences.

Shallow mixing interfaces and their role in



controlling flow, mixing, and sediment transport at river confluences Numerical Modeling.

Theoretical and laboratory studies of shallow mixing layers.

. e
fﬁm& i

=

Fig. 3 Kyoto University group at the 2024 River Flow Conference.

The rest of the conference days were dedicated to attending expert presentations and
networking for future collaborations. The conference agenda included plenary sessions
and keynote presentations by renowned experts, covering topics like river
morphodynamics, tide dynamics, sediment transport, climate change, plastic transport
and pollution, and biogeomorphic systems. I also attended sessions on fluid mechanics,
numerical modeling, and IAHR's Gender Equity and Diversity networking event. These
sessions offered valuable opportunities to gain cutting-edge knowledge and practical
insights that can be applied to my work on sediment plastic debris transport and its
corresponding impacts on floods.

(3) Summary of Research Findings

% Intercepted channel debris characterized as plastics, putrescibles, textiles, metals,
and others (batteries, bulbs, lamps, tires, stones, buckets, etc.) showed similar trends
correlated with principal hotspot sources such as markets and other institutions.

% The accumulation occurring in the anthropized segments of the river was influenced
principally by flow, slope, and changes in river geometry, whereas for the natural
segments, other factors, such as vegetation and irregularities in geometry, increased
the accumulation of SPDs.

% Over time, SPD hotspots in anthropized segments act as substrates for plant growth,
leading to a significant reduction in channel geometry, thus reducing the efficiency of
stormwater and debris conveyance.

% The two models used for SPD susceptibility showed results with remarkable AUC of
93% and 92%, predicting significant 30% and 36%, respectively, of the basin’s area
to be highly susceptible to SPD accumulation.

% Significant risk of microplastic contamination of potable water sources, notably the
Akomnyada water treatment plant downstream of Mfoundi in the Nyom Basin.



Therefore, we call for stringent measures, including implementing integrated waste
management in Yaounde, continuous monitoring of SPDs flowing into the
environment, and community participation to be improved through active
engagement with and public awareness initiatives.

Five major changes and ways through which SPD accumulation will impact channel
morphology: artificial damping, percolation through SPD hotspot, bypass, split flow,
and encroachment-erosion of the adjacent banks Furthermore, interactions between
SPD and riparian plants encourage sediment trapping, which has an impact on the
long-term evolution of the channel.

These results highlight how crucial it is to incorporate SPD dynamics into
geomorphological evaluations and riverine sediment transport models. An
understanding of the role of plastic debris in changing river dynamics will pave the
way for proper management of the riverine system and the preservation of aquatic
species.

(4) Publications of Research Findings

>

Evaluating the risk of microplastic contamination of water resources: the case of
Mfoundi subbasin-Cameroon. 41st IAHR World Congress Singapore 22nd -27th of June
2025.

Desmond N SHIWOMEH, Sameh A. KANTOUSH, Tetsuya SUMI, Binh Quang NGUYEN, and Arrah TAKEM.

>

Machine Learning-supported quantification and characterization of sediment plastic
debris in an Anthropized Mfoundi River in Cameroon: Implications for the incidence of
flood events. Published in the International Journal of Science of the Total
Environment: (April 2025).

Desmond N. SHIWOMEH, Sameh A. KANTOUSH, Mohamed SABER, Tetsuya SUMI, Wilson Y. FANTONG, Binh

>

Quang NGUYEN, Karim I. ABDRABO and Emad MABROUK

Sediment plastic accumulation and its transformative effect on small urban rivers'
channel geomorphology, dynamic interactions between sediment plastic debris and

flow: A case study of Mfoundi River, Cameroon (Under Review).

Desmond N SHIWOMEH, Sameh A. KANTOUSH, Tetsuya SUMI, Mohamed SABER, Sohei KOBAYASHI, Wilson

Y. FANTONG, Binh Quang NGUYEN and Karim I. ABDRABO.



Interacting with other researchers and administrative authorities during this study
significantly helped to improve my communication and coordination skills with the
administrative procedures which led to the obtention of the research authorization (annex
1). Interactions with respected professors, researchers, and practitioners further proved
the relevance of our research to the inhabitants of the city of Yaounde and Cameroon
who unequivocally pinpoint the urgent need to find lasting solutions and management
strategies for SPDs in the area. I also gained some knowledge with advanced tools such
as drone surveys and remote sensing technologies for mapping out SPD hotspots and
image treatment techniques of obtained drone images. This field visit has been
instrumental in advancing my research and professional development resulting in several
research articles that are undergoing review for publication. Additionally, the experience
allowed me to expand my professional and social network, which is beneficial in my roles
as an academic researcher. I was also able to expand my research scope to consider other
observed risks commonly encountered within the study area, like landslides and structural
instability. The knowledge gained will be pivotal in guiding future projects aimed at
strengthening both environmental and human security in vulnerable regions.

However, this research wasn’t without a few challenges. Encountered roadblocks
included lengthy administrative procedures for research approval, lack of relevant data
necessary for designing field visits, and challenges relating to access to adequate devices
for efficient field monitoring/measurements. Despite these challenges, we successfully
conducted relevant field measurements, received valuable constructive feedback, and
established lasting relationships with receiving institutions which will go a long way to
boost research collaborations and future field visits. The field survey served as a
foundational component for my research, providing crucial data for assessing the spatial
and temporal distribution of SPD hotspots, accumulation points along the river channel,
the transverse profile of the Mfoundi River from upstream to downstream where it
empties into the Mefou river, and the dimensions of the river profile for potential
hydrodynamic modeling. This synergy between field observations and theoretical insights
highlighted the practical applications of my work. I will therefore strongly recommend
and encourage the sustainability of such initiatives which will continue to play crucial roles
in the research career of junior researchers of DPRI like myself.
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