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Elucidation of the Life Cycle of Parmales through Global Marine Metaomics Data 
Analysis 

1 2 1 

Hiroki Ban 1, Akira Kuwata 2 and Hiroyuki Ogata 1 

1   
  Institute for Chemical Research, Kyoto University 
2   

Fisheries Resources Institute, Japan Fisheries Research and Education Agency 

Parmales is a group of marine eukaryotic microalgae with two forms: naked flagellates and silicified cells. Although 
closely related to diatoms, which contribute to 20% of Earth’s primary production, parmaleans are minor entities in the 
modern ocean. Parmales and diatoms represent contrasting entities, and characterizing their diversity and biogeography 
is expected to provide fundamental insights into their ecological and evolutionary strategies. In this study, we 
quantitatively evaluated their diversity and distribution by analyzing over 3,000 DNA metabarcoding. As a result, we 
confirmed that Parmales is a minor entity, both in terms of diversity and abundance. We also detailed the distribution 
of Parmales and found each taxonomic clade/subclade is adapted to specific ecological niche. 

Key Words : global distribution, metabarcoding, ocean, Parmales, phytoplankton 
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1) Booth, B. C., and Marchant, H. J. (1987). Parmales, a new order of marine chrysophytes, with desriptions of three new genera and 
seven new species. J. Phycol. 23, 245–260. 
2) Guillou, L., Chrétiennot-Dinet, M.-J., Medlin, L. K., Claustre, H., Goër, S. L., and Vaulot, D. (1999). Bolidomonas: A new genus 
with two species belonging to a new algal class, the Bolidophyceae (Heterokonta). J. Phycol. 35, 368–381.  
3) Ichinomiya, M., dos Santos, A. L., Gourvil, P., Yoshikawa, S., Kamiya, M., Ohki, K., et al. (2016). Diversity and oceanic distribution 
of the Parmales (Bolidophyceae), a picoplanktonic group closely related to diatoms. ISME J. 10, 2419–2434. 
4) Ban, H., Sato, S., Yoshikawa, S., Yamada, K., Nakamura, Y., Ichinomiya, M., et al. (2023). Genome analysis of 
Parmales, the sister group of diatoms, reveals the evolutionary specialization of diatoms from phago-mixotrophs to 
photoautotrophs. Commun. Biol. 6, 697. 
5) Malviya, S., Scalco, E., Audic, S., Vincent, F., Veluchamy, A., Poulain, J., et al. (2016). Insights into global diatom 
distribution and diversity in the world’s ocean. Proc. Natl. Acad. Sci. 113, E1516–E1525. 
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Synthesis and characterization of natural and synthetic lacquer samples: closing the 
knowledge gap for the advancement of both traditional and novel applications

Francesca PINCELLA 1, Beiling WU 1, Keito MINEO 1, Masaharu NAKAMURA 1,
Yutaro SHIMODE 2, Erika FORTE 3, Diego TAMBURINI 4, Ilaria BONADUCE 5 

1
Institute for Chemical Research, Kyoto University
2
Faculty of Culture, Kyoto Sangyo University
3
Institute for Research on Humanities, Kyoto University
4 Department of Scientific Research, British Museum
5 Department of Chemistry, University of Pisa

Urushi has long been known and appreciated as a coating and adhesive material for its many qualities such as 
durability, stability, natural beauty and gloss. The main limitations to its widespread use are its cost, the time-consuming 
extraction and treatment processes, and the complex nature of this cross-linked and heterogeneous material. With this 
work, we aim to improve our knowledge of this complex material, its interaction with the most common additives (oil, 
proteins and pigments) and develop new urushi-like materials by replacing natural urushiol with synthetic catechols
obtained via iron-catalyzed reactions and characterizing the synthetic and blended materials by state-of-the art 
techniques, such as Py-GC/MS, SEM and solid-state NMR.

Key Words : urushi, lacquer, total synthesis

The need for sustainable materials to replace petroleum-derived ones has renewed the interest toward a traditional resin 
that has long been used in Asian countries, urushi ( ) or Asian lacquer, originating from the sap of Toxicodendron 
vernicifluum. Urushi is a natural product, a water-in-oil emulsion composed of urushiol (60-80%), water (10-30%), gum 
(3-6%) and enzymes (2-3%). Urushi has long been employed as a coating and adhesive material for both practical and 
aesthetic purposes, but more recently applications of urushi in fields such as biomedical and electronics have been 
proposed and successfully demonstrated.[1-3] The durability, high stability and aesthetic beauty of urushi, combined with 
its renewable nature, have made urushi a good candidate to become a building block for a more sustainable society. 
Nevertheless, several limitations exist to the use and extraction of this product (expensive, time-consuming, requiring 
highly skilled labor to collect the raw sap and process it). Moreover, the complex nature of this cross-linked and 
heterogeneous material and the fact that urushi formulations often include mixtures of several other components have 
also hindered a systematic and in-depth characterization of this material and its applications. With this work we aim to 
overcome the aforementioned limitations by replacing natural urushiol with synthetic catechols, deepen our understanding 
of the composition and chemical processes in natural urushi samples and develop new optimized urushi-based materials 
for art conservation (conservation of urushi-based artifacts, especially outside Asia, is still very challenging) and novel 
applications. 
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The researchers at ICR have been working on the total synthesis of the main component of urushiol, (8Z, 11E, 13Z)-
trienyl pentadecylcatechol, via iron-catalyzed cross-coupling reactions, according to Scheme 1. 

The researchers at ICR are now focusing on the research on iron-catalyzed alkenyl-propargyl cross-coupling reaction,
which was envisioned to be feasible by utilizing alkenyl bromide as the starting substrate in a one-pot manner. With (Z)-
(2-bromovinyl)benzene 1 as the model substrate, the one-pot iron-catalyzed cross-coupling reaction between 
alkenylbromide and propargyl electrophile was developed (Scheme 2). Reactions of (Z)-alkenyl bromide with BuLi, then 
BuBpin generates the lithium alkenylborate, which undergoes coupling with a propargyl electrophile to stereospecifically 
give the corresponding product with a yield of up to 50%, of which the generation steps of the alkenylborate from the 
alkenyl bromide are supposed to be the rate-determining steps.

Also, the key intermediate for the total synthesis of the target (8Z, 11E, 13Z)-trienyl pentadecylcatechol, was 
synthesized in 5 steps with a 29% overall yield from commercially available reagents. 

The researchers at ICR will continue to work on the retrosynthetic approach to urushiol and other phenolic lipids, found 
in urushi and other Asian lacquers. The goal is the synthesis of additional urushiol, thitsiol and laccol derivatives, to 
obtain a complete set of synthetic lacquer analogues. Tamburini and Bonaduce will also continue the characterization of 
aged lacquer films that are kept under dark or under controlled irradiation condition by analytical pyrolysis and 
thermoanalytical techniques. The aged samples will also be characterized by the ICR researcher by complementary 
techniques.

1) Jeong, H. et al.: Intrinsic Hydrophobic Cairnlike Multilayer Films for Antibacterial Effect with Enhanced Durability,
ACS Appl. Mater. Interfaces 2015, 7, 26117.

2) Zhao, Y. et al.: Synthesis of an urushiol derivative and its use for hydrolysis resistance in dentin adhesive, RSC Adv.
2021, 11, 18448.

3) Qi, Z. et al.: Synthesis and Evaluation of C15 Triene Urushiol Derivatives as Potential Anticancer Agents and HDAC2 
Inhibitor, Molecules 2018, 23, 1074.
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Development of Hyperbranched Polymer Additives for Lubricants that Improve Both 
Energy Efficiency and Wear Resistance 

 
1 2 
 

Masatoshi TOSAKA 1 and Yutaka TAKAHASHI 2 
 
 
1   
  Institute for Chemical Research, Kyoto University 
2   
  New Industry Creation Hatchery Center, Tohoku University 

 
 
 

The challenge of enhancing machinery energy efficiency through lubrication involves a dilemma: low-viscosity 
lubricants reduce friction but lead to issues like sticking. Branched polymers were identified as a solution, but their 
controlled synthesis was lacking. We have developed a one-step synthesis method for hyper-branched polymer (HBP) 
with controlled structure and applied this for the synthesis of lubricant additive. Using vinyl telluride in controlled 
radical polymerization, we achieved improved uniformity and controllable branching. Our computer simulations 
revealed major formation of desired HBP structures. Friction tests on synthesized samples demonstrated superior 
lubricating properties, showcasing the effectiveness of HBP in reducing friction and improving energy efficiency. 
 
Key Words : hyper-branched polymer, controlled synthesis, lubricant, friction 

 
 

 

 
HBP

CTA TERP VT
VT

HBP [CTA]/[VT]/[
]  

CO2Et

TeMe
+

R

TeMe

CO2R'+

CTA

x'

CO2R'
CO2Et

x TeMe

TeMe
CO2R'

CO2R'
x"

3

n

n

R

CO2R'
CO2Et

x TeMe

TeMe
CO2R'

R
CO2R'CO2Et

x TeMe

TeMeR

a: R = Me

b: R = (CH
2)2Ph

VT

 
HBP

- 9 -



HBP

OA

sample [CTA]/[VT]/[OA] (×104)
1 1/0/278 1.28 8.6
2 1/0/950 1.33 25.2
3 1/7/950 2.01 29.5
4 1/31/950 2.02 31.0
5 1/14/980 2.40 42.1

sample 1, 2 HBP sample 3 – 5
sample 3

HBP
HBP

1) Lu, Y., Nemoto, T., Tosaka, M., Yamago, S.: Synthesis of structurally controlled hyperbranched polymers using a monomer 
having hierarchical reactivity, Nature Communications, Vol. 8, article number 1863, 2017 

2) Tosaka, M., Takeuchi, H., Kibune, M., Tong, T., Zhu, N., Yamago, S.: Stochastic Simulation of Controlled Radical 
Polymerization of Dendritic Hyperbranched Polymers, Angewandte Chemie International Edition, Vol. 62, article number
e202305127, 2023
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Biomass Reforming and Smoothing of Electricity Supply-Demand by Variable 

Combined Heat and Power Supply 
 

 
1 1-2 3 4, 

 2, 3 
 

Juro Yagi 1, Keisuke Mukai 1-2, Satoshi Konishi 3, Hiroyuki Tamiya 4, Sadatsugu 
Takayama 2 and Toshiaki Umezawa 3 

        
1   
  Institute of Advanced Energy, Kyoto University 
2  
  National Institute for Fusion Science  
3   
  Research Institute for Sustainable Humanosphere, Kyoto University 
4   
  Graduate School of Energy Science, Kyoto University 
 

 
This study focused on converting biomass resources as a variable cogeneration source of heat/electricity using nuclear 
energy. Specifically, microwave pyrolysis/gasification experiments of biomass in a steam atmosphere were conducted, 
assuming that heat generates steam and electric power is used for microwave oscillation. Cellulose was used as a 
simulated biomass sample. Microwave heating at 800 °C for 2 hours was conducted. As a result, the yield of hydrogen 
increased with the feeding of steam. In the future, the energy required for steam generation and microwave oscillation 
will be calculated, and the feasibility of applying the variable supply of heat/power by nuclear energy to the reforming 
system of biomass resources by microwave heating will be examined.  
 
Key Words : Biomass, microwave pyrolysis, steam, fusion  
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[1] Zhang Z, Huang K, Mao C, Huang J, Xu Q, Liao L, et al. Microwave assisted catalytic pyrolysis of bagasse to 
produce hydrogen. Int J Hydrogen Energy 2022;47:35626–34. 
https://doi.org/10.1016/J.IJHYDENE.2022.08.162. 

[2] State RN, Volceanov A, Muley P, Boldor D. A review of catalysts used in microwave assisted pyrolysis and 
gasification. Bioresour Technol 2019;277:179–94. https://doi.org/10.1016/J.BIORTECH.2019.01.036. 
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Basic Research of Carbon Dioxide Observation Method Using Drone 
 

 
1 2 1 1 

 
Takao IGUCHI 1, Kenshi TAKAHASHI 2,  
Takeshi ENOMOTO 1 and Akira Yoshida 1 

 
 
1   
  Disaster Prevention Research Institute, Kyoto University 
2   
  Research Institute for Sustainable Humanosphere, Kyoto University 

 
 
 

Observation of vertical profile of CO2 above various land uses 
 was implemented using drone. The results showed that there are several issues to be solved. The airflow generated 

by a drone stirs the surrounding air. In addition, the CO2 sensor responds to the change of concentration with a time 
lag. We must consider both these conflicting effects and find out optimal upward speed of drone and algorithm for 
deriving vertical concentration gradient from observation data. 
 
Key Words : drone, CO2, vertical profile, sensor 
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2) 
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Impacts of anthropogenic and natural drivers on the sustainability of rural societies in 
the Vietnamese Mekong Delta   

 
 

  1   1   2    3 
 

Sameh KANTOUSH 1, Tetsuya SUMI 1, Masayuki YANAGISAWA 2          
and Doan Van BINH 3  

 
 
 
1   
  Kyoto University, DPRI, Professor 
2   
  Kyoto University, CSEAS, Associate Professor 
3    
  Vietnamese – German University, VGU, Lecturer     
 
 

The Vietnamese Mekong Delta (VMD) has witnessed significant morphological alterations over decades, resulting 
in profound socio-economic, and environmental consequences. This study examines the VMD’s spatial and temporal 
morphological changes, utilizing four bathymetric datasets from 1998 to 2020. The upper reaches of the Tien and Hau 
Rivers experienced significant incisions over the three periods, whereas their lower reaches witnessed a converse trend. 
The dynamic processes of erosion and deposition intensified notably between 2017 and 2020. Overall, the eroded 
riverbed has depleted the available sediment for deposition along the riverbanks, heightening the riverbank erosion 
susceptibility. The results of study provide crucial insights for refining sediment management strategies in the VMD. 
 
Key Words : Vietnamese Mekong Delta, bathymetric, erosion, deposition, riverbank, morphological changes 

 
Introduction 

Riverbank erosion is a common serious issue in most river systems worldwide because of its adverse effects on socio-
economic development, such as water quality reduction, instability of infrastructures, threat to the safety of residential 
areas, and adverse changes to ecosystems. Assessing river morphological changes has been a great challenge to scientists 
because these processes depend on natural, environmental processes, and anthropogenic impacts. The Mekong Delta is 
known as one of the world's most expansive deltas. However, the construction of upstream dams directly reducing the 
sediment supply in the delta, coupled with extensive sand mining activities, have significantly deepened riverbeds and 
accelerated bank erosion within the VMD. Furthermore, infrastructure developments along the river and channel banks 
amplify the erosion risks and impacts in the VMD. 

Research has extensively documented morphological changes in the VMD across various specific regions and 
timescales. However, a comprehensive examination of long-term spatiotemporal variations in eroded sediment volumes 
considering both riverbed and riverbank erosions across the entire delta remains elusive due to the intricate interplay of 
the dynamic process. Previous research predominantly focused on the lower VMD and its adjoining coastal zones or 
particular sectors within the upper VMD. Although, a few research did investigate the entire delta, but encountered 
challenges, either in assessing recent morphological alterations or due to concerns regarding data reliability. Therefore, 
this study examines the entire VMD’s spatial and temporal morphological changes, utilizing four bathymetric datasets 
from 1998 to 2020. Utilizing field data, GIS (Geographic Information System), and remote sensing, the present study 
aims to bridge this gap, providing a detailed long-term quantitative evaluation of the VMD's morphological changes. 

Based on our findings, this research serves as a developed reference for strategic sediment management techniques 
tailored to tackle the unique challenges of the VMD. Furthermore, it suggests crucial measures such as launching 
community awareness campaigns and implementing policy reforms that align with and support the evolving ways of life 
of the local residents. Significantly, the importance of involving stakeholders actively and fostering deeper community 
participation stands out as a pivotal instrument, crucial for assisting local communities in navigating the multifaceted 
repercussions of riverbank erosion. 
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Figure 1. The map of the Vietnamese Mekong Delta. 
  
2 Field measurements and bathymetric maps generating 

In our quest to assess the ever-evolving morphological changes, we gathered the field bathymetric datasets for 1998, 
2005, 2017, and 2020. The 1998 riverbed cross-section profiles were obtained from Thuyloi University and the Southern 
Institute of Water Resources Research, Vietnam. Correspondingly 2005 datasets were sourced from the Southern Institute 
of Water Resource Planning (SIWRP). Subsequently, 2017's bathymetric data collection conducted in August and 
September of that year, was facilitated by financial support from the Japan-ASEAN Science, Technology, and Innovation 
Platform (JASTIP) under Kyoto University's auspices, as highlighted by authors. For the data on 2020, a comprehensive 
collection was undertaken across both 2020 and 2021, produced similarly from SIWRP. Utilizing the Geomorphic Change 
Detection (GCD®6) tool within ArcGIS®10, we computed the disparities in riverbed elevations for the periods. To 
uphold the fidelity of our comparisons and accommodate potential instrumentation discrepancies across years, it's crucial 
to highlight a depth uncertainty threshold of ±0.2 m for each 10 m depth. Thus, variations falling within this threshold 
remained unconsidered.  

 
3 Data processing and assessment of riverbanks migration 

To pinpoint areas undergoing bank erosion in our study, we began by leveraging the historical data from Landsat-5, 8, 
and 9 satellites, sourced from the U.S. Geological Survey (USGS). To ensure accurate subsequent analyses, we applied 
Atmospheric Correction (AC) using the open-source image processing tool (ACOLITE), converting the pixel values from 
raw Digital Numbers (DN) to Surface Reflectance (SR) values. 

From these SR values across specific bands—including blue, green, red, Near InfraRed (NIR), Short-Wave InfraRed 
– 1 (SWIR-1), and Short-Wave InfraRed - 2 (SWIR-2) —we derived crucial input variables. Following this the original 
Landsat bands were strategically transformed to unveil three essential additional indices: the Automated Water Extraction 
Index (AWEI), the Modified Normalized Different Index (MNDWI), and the Normalized Different Vegetation Index 
(NDVI). This transformation culminated in a comprehensive nine-band composite image, enhancing the scope and detail 
of our subsequent analyses.  

Subsequently, to distinguish between water and non-water classes, we harnessed the capabilities of the Deep Forest 
(DF) model, in a Python environment, generating binary maps. Furthermore, to ensure optimal performance, we fine-
tuned the model's hyperparameters using the Grid Search Cross-Validation (GridSearchCV) from Scikit learn library, 
specifically for our 2021 dataset while ensuring its applicability across other years. Utilizing the Ground Truth Pixels 
(GTPs) from 2021 to delineate Regions of Interest (RoIs) for both water and non-water classes, subsequently extracting 
the pixel value datasets for the deployment of the DF model. Each dataset was partitioned randomly, allocating 60% for 
training and 40% for testing the DF model. In the concluding phase, binary maps categorizing water and non-water classes 
were generated for the study sites across various years. The extracted water boundaries were then transformed into vector 
format, i.e. polyline format, facilitating a more detailed analysis of temporal riverbank changes. For each interval, the 
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Linear Regression Rate (LRR) was estimated as the average annual change in bank migration (in meters), offering clear 
quantitative measures of riverbank erosion, deposition, or stability over time. 

 
4 Morphological changes in the VMD River

The bathymetry maps generated for the 3 periods present a comprehensive overview of riverbed elevation across the 
entire VMD (Fig. 2). The elevations are largely irregular, with the upper reaches generally displaying greater depth and 
variability than the lower reaches. The analysis reveals the average rates of riverbed incision along the thalweg were as 
follows: -0.19 m/year in the period from 1998 to 2005, -0.11 m/year from 2005 to 2017, and -0.10 m/year between 2017 
and 2020. Additionally, the net annual incision volume for the entire VMD region was estimated to be -119 Mm³/year, -
69 Mm³/year, and -66 Mm³/year during these corresponding periods (Fig. 3). 

 
Figure 2. The annual riverbed changes in the 3 periods: 1998-2005, 2005-2017, and 2017-2020. 

The results of the assessment over the 3-time intervals indicate a significant migration of riverbanks within the VMD. 
Over these intervals, certain regions have witnessed riverbank movements ranging from 5 m/year to a staggering -5 m/year. 
Notably, erosion overwhelmingly dominates the status of riverbanks throughout the VMD, with an increasing trend 
observed over the studied periods. In regions characterized by curvilinear sections, narrow passes, and deep erosion 
pockets, such as Sa Dec and downstream Tan Chau (Fig. 2), erosion rates have peaked at around -5 m/year. In stark 
contrast, straighter river segments present a different picture. Here, while erosion is subdued, deposition takes precedence. 
In certain stretches, deposition rates are increasing and have been recorded at 5 m/year, notably around 20 km downstream 
from Long Xuyen, 18 km downstream from Can Tho, and 8 km upstream from Tra Vinh.  

 

 
Figure 3. The sediment budget changes in the 3 periods:1998-2005, 2005-2017, and 2017-2020. 
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The upper reaches of the Tien and Hau Rivers up to My Thuan and Can Tho experienced significant incisions between 
1998 and 2020, with an increasing trend observed across the three periods (Fig. 2). This trend is primarily attributed to 
the reduction in sediment load resulting from upstream damming and excessive sand mining activities, as documented in 
previous studies. On the other hand, there was an increase in sediment deposition observed in the lower reaches of both 
the Tien and Hau Rivers, extending to their respective river mouths as illustrated in Figure 2. Notably, these lower reaches 
are characterized by their shallow depths, a feature influenced by sedimentation processes during both the flood and dry 
seasons. Sediments, which are transported downstream by the river flows and eventually discharged into the sea, tend to 
settle and accumulate at the river mouths. However, an interesting phenomenon comes into play: this deposited sediment 
is not static but is instead resuspended and carried back upstream by the action of waves and tides. 

 
Figure 4. The riverbank erosion locations along the VMD River. 

Overall, the Mekong Delta in Vietnam stands as a dynamic region, with morphological analyses across three distinct 
periods revealing significant shifts in riverbank and riverbed configurations. Notably, in Figure 2 and Figure 3, a 
pronounced intensification of both erosion and deposition processes between 2017 and 2020 is evident compared to the 
preceding periods. This heightened dynamic likely arises from the continued interplay of human interventions, 
underscoring the anthropogenic influence on the delta's morphological changes. Our 2022 field survey further illuminates 
this narrative. In several locations, including Vinh Long, upstream Tra Vinh, and the Ham Loung Branch (Fig. 4), we 
observed instances of bank erosion proximate to previously identified lowered and irregular riverbeds. Such observations 
solidify the interconnected and dynamic relationship between riverbed incision and riverbank erosion within the delta. 
Nonetheless, while these findings provide crucial insights, there remains a need for further research to quantify the precise 
contribution of bank erosion to sediment budgets and to discern its broader implications on the Mekong Delta's evolving 
landscape. 
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This study developed a hydro-geomorphological model for assessing landslide hazards. The model simulates 
formation of weathered bedrock zone and accumulation of creeping soil layer on hillslopes. Reinforcement of the soil 
by tree roots was formulated as a function of soil depth. Subsurface rainwater percolation and pressure increase at the 
soil bottom are also modeled and validated by hydrological observation. Coupling of those models enables us to 
evaluate spatiotemporal change in hillslope stability during a rainfall event. Predictability of the model was tested in a 
site where landslide disaster occurred recently. The deterministic process-based model was then used for simulating 
the cyclic soil dynamics, i.e., soil accumulation and removal on hillslopes, which enabled us to try an ensemble analysis 
for probabilistic evaluation of sediment yield from a mountainous watershed. Such outputs contribute risk 
communication between various stakeholders, which can enhance disaster resilience of local society. 
 
Key Words : Disaster mitigation, resilience of local society, soil and water sastainability, forest ecosystem, critical 
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Tropical peatlands in Indonesia, predominantly situated in lowland areas of major river basins, are facing escalating 
risks of consecutive flooding and fire disasters in the recent decades. However, compounding disasters, where floods 
and fires happened at the same place in the same year, rarely happened – about once in 10 to 20 years. With the robust 
projection of increasing consecutive dry days (CDD) and 15-day rainfall the compounding disasters is likely to be 
intensified in the future. To prove this hypothesis, we obtain future floods extent using the Rainfall-Runoff-Inundation 
(RRI) model and future fire risk Keetch-Byram Drought Index (KBDI) using NEX-GDDP-CMIP6 SSP 370 datasets. 
Our preliminary results show that both duration and frequency of floods and fires risks will increase in the future. The 
floods and fires as compounding disasters will be intensified to 5-6 times in a decade particularly at the lowland area 
along the big rivers. 
Key Words : tropical peatlands, floods, fires, compounding disasters, climate change 

 
Introduction 

The tropical peatlands in Indonesia covers about 11% of its lowland area. Most of these peatlands were drained and 
converted to croplands, mainly for oil palm plantations and acacia woods. Due to its high carbon content, the drained peat 
is more prone to fire. On the other hand, as part of big river basins in Sumatra and Kalimantan island, the tropical peatlands 
are flooded from time to time. The interannual variability such as ENSO and IOD increase the magnitude of floods or 
fires once or twice in a decade. However, our observation using satellite imageries and fire data from the Ministry of 
Forestry of Indonesia shows that floods and fires may occur at the same place in the same year (Figure 1) which may 
happen once in 10 or 20 years.  

 

 
 Figure 1. Batanghari river basin (left); and flooded area (blue) and peat fire area (red hatch) at the downstream of Batanghari 

River basin during the rainy and dry seasons in 2015, respectively. The pink background is peat-lands (right). 
 

Our previous results using Non-Hydrostatic Regional Climate Model (NHRCM) RCP 8.5 and the Rainfall-Runoff-
Inundation (RRI) Model on the Batanghari River Basin (42,960 km2) showed that the flood inundation volume 
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corresponding to a 20-year return period will increase by 3.3 times. Conversely, our results usingNEX-GDDP-CMIP5 
MRI-CGCM RCP 8.5 and Keetch-Byram Drought Index (KBDI) (Keetch and Byram, 1968) in Indonesian Tropical 
Peatlands showed that potentially high-risk fire area will increase by 3.2 times with 4 times higher frequency. The 
projected increase in both the frequency and magnitude of these extreme events calls fora rigorous quantification of 
uncertainties surrounding future flood and fire occurrences as compounding disasters. To address this concern 
comprehensively, our study adopts an integrated approach, combining the advanced Rainfall-Runoff-Inundation (RRI) 
model with NEX-GDDP-CMIP6 datasets. By considering the broader hydrological system, we incorporate two distinct 
model domains—the river basin scale and the peatland scale—to holistically account for the complex interactions between 
upstream catchments and flood and fire events in the peatland areas. Additionally, the study utilizes the soil moisture 
obtained from peatland-scale hydrological simulations to assess the potential occurrence of future fire outbreaks. 

In this report, we present the preliminary results of rainfall analysis of NEX-GDDP-CMIP6 datasets and the river basin 
scale simulations as the basis to understand the intensification of floods and fires disasters as compounding disasters in 
the tropical peatlands. 
 
2 Methodology 

In this study, we used the RRI model to obtain flood extent in 5 big river basins in Sumatra Island, i.e. Musi River, 
Batanghari River, Kampar River, Rokan River and Indragiri River. We utilized 17 out of 35 models of NEX-GDDP-
CMIP6 rainfall data of historical (1980 – 2014) and SSP 370 (2070-2100) scenarios. Using the same dataset, we separately 
calculated the reference potential evapotranspiration (PET) using Penman-Monteith and used the PET as input data in 
RRI model. We utilized model setting which was adopted by Yamamoto et al. (2022). 

To obtain the future fire risks, we used KBDI. The index was proven to be accurate enough to predict big fire events 
in the region. As threshold value, we used KBDI value of 175 to define fire risk area (indenfied as extreme in Taufik et 
al.,2015). 

 
3 Results and Discussions 

Our preliminary results show that that the annual precipitation will increase in northern part of equator and decrease in 
the southern part of equator (Figure 2). The changes in annual precipitation vary among model and only a few areas show 
robust projection of change. However, more robust prediction can be seen in the increase of consecutive dry days (CDD) 
and maximum 15-day rainfall (RX15d). In most of the area of the island, at least 14 out of 17 models agree that CDD and 
RX15d will increase. The change monthly rainfall show that the seasonality will intensify in the region. In the southern 
hemisphere, the dry season is expected to last until October-November while in the northern hemisphere the early dry 
season (usually occur in February) will last until March-April. The monthly rainfall will increase in January in the 
southern hemisphere while in the northern hemisphere, the wet season will set earlier and intensify with high peak in 
November. These results are in line with findings from Kang et al. (2017) using MIT Regional Climate Model (MRCM). 

The number high fire risk days (fire duration) will increase by 12-54 days in the future with good agreement among 
the models. The southern part such as peatlands around South Sumatra and Jambi is expected to have higher increase in 
fire duration compare to peatlands around Riau. The number of high fire risks days in the south part of Sumatra may 
increase from 2 months to 4 months while in the northern part it may increase to 1 to 1.5 months. The frequency of 
potential fire events (fire frequency) in 10 years will also increase in the future. The fire frequency will increase from 1-
2 times to 7-8 times in a decade. This result is in line with research by Cox et al. (2008) using HadCM3LC global model 
to identify drought in Amazon. The change in the number of events, however, is highest in the Riau and Jambi peatlands 
and not in the south Sumatra. 

The hydrological simulation show that floods happen along the downstream area of main big rivers of Indragiri, 
Batanghari and Musi rivers, while in Kampar and Rokan rivers, floods happen in the middle area of the basin. The flood 
duration (water height > 30 cm above ground) will increase by 25 days from the present condition and the floods frequency 
will increase by 3 events in a decade from the present condition. 

Based on the floods and fires extent, we obtained the number of compounding events where floods and fires occur at 
the same place in the same year. The compounding disasters will increase from 1-3 events in present condition to 5-6 
events in the future. These results show that the compounding disasters will intensify in the future.  
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4 Conclusions
  This study utilizes RRI model, KBDI and NEX-
GDDP-CMIP6 to understand the complex 
interaction between climate change, floods and 
fires in the tropical peatlands of Indonesia. Most 
climate models agree that CDD and RX15d will 
increase in the future resulting increasing in 
duration and frequency of floods and fires. Our 
preliminary results show that compounding 
disasters in the tropical peatlands of Sumatra Island 
in Indonesia will intensify in the future.  
  Our overarching goal is to identify high-risk 
areas within Indonesian tropical peatlands, 
contributing essential knowledge on regions most 
susceptible to flooding and fires. Thoroughly 
examining simulation results based on different 
climate models helps us comprehensively assess 
inherent future extreme events, leading to a better 
understanding of the complex interactions between 
climate change, floods, and fires in these 
ecologically sensitive ecosystems.   
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Figure 2 Consecutive dry days (CDD) will longer at red places 
and 15-day rainfall will be increased at blue places. 
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Suitable river regulation work considering the characteristics of floodplain topographic 
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The characteristics of floodplain geometry deformation due to channel deformation were discussed using two-
dimensional bed deformation analysis, and the optimal river and floodplain regulation works that ensure sustainable 
survival foundations for people on the floodplain are discussed. The results show the method to create places on the 
floodplain that are largely unaffected by channel deformations, and to develop cities in areas with low risk of flooding. 
 
Key Words : Floodplain, Channel deformation, Terai Landscape, Numerical simulation 

 
 

 
Terai Landscape , 

 Terai 164 , 
Chure Chure

, 
, Terai , 

, 

, 
, 

 
 

1 Google Earth  

- 33 -



 
a)  

1 50km 1 b

 
b)  

Takebayashi, 2017   
c)  

2 a SRTM DEM
50m 20m 5mm 1500 m3/s Case 1 , 2500 

m3/s Case 2 , 5000 m3/s Case 3 3   
 

 
2 b Case 3 2(b)

10m
12m/s

8km

3

 
 

1) Takebayashi, H. (2017): Modelling braided channels under unsteady flow and the effect of spatiotemporal change of 
vegetation on bed and channel geometry, GBR 8, 671-702. 
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