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Elucidation of the Life Cycle of Parmales through Global Marine Metaomics Data
Analysis
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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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Using our radical caging strategy to cage previously uncageable bioactive molecules, we have photocaged molecules
with no general labeling sites, including acetylcholine, an endogenous neurotransmitter. Caged acetylcholine provides
an unconventional tool for optopharmacology to clarify neuronal mechanisms on the basis of photo-regulating
acetylcholine localization. We demonstrated the utility of this probe by monitoring uncaging in HEK cells expressing
a biosensor to detect ACh on the cell surface, as well as Ca>* imaging in Drosophila brain cells (ex vivo).

Key Words : Photocaged, C-B bond cleavage, Acetylcholine, Choline esterase
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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
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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

1. Introduction

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.!*-* 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.



2. Results

The researchers at ICR have been working on the total synthesis of the main component of urushiol, (82, 11E, 132)-
trienyl pentadecylcatechol, via iron-catalyzed cross-coupling reactions, according to Scheme 1.
Scheme 1. Retrosynthetic Analysis of (87, 11E, 137)-Trienyl Urushiol
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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 (2)-
(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.

Scheme 2. Optimized One—pot I[ron—catalyzed Alkenyl—Propargyl Cross—coupling Reaction
TIPS

Z
BI’\/ 2

BuLi BuBpin Lt FeCl,(SciPROP-TB) (5 mol %)
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Also, the key intermediate for the total synthesis of the target (82, 11E, 13Z)-trienyl pentadecylcatechol, was
synthesized in 5 steps with a 29% overall yield from commercially available reagents.

Scheme 3. Synthesis of (7)-1, 9-dibromonon—I1—-ene
Fe(NO3)3*9H,0 malonic acid

HO\/\/\/\/\OH HBr TEMPO, NaCl pyrrolidine Br, NEt3 Brm

toluene 0O,, DCE pyridine CHCl3 DMF 5 Br

29% overall yield

4
93% 72% 54% 94% 84%

3. Future Plans

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.
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Development of Hyperbranched Polymer Additives for Lubricants that Improve Both
Energy Efficiency and Wear Resistance

B FERL, EiE h2

Masatoshi TOSAKA 1 and Yutaka TAKAHASHI 2

LR AL ZERt
Institute for Chemical Research, Kyoto University
2L RS AR LRI e o 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
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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
€202305127, 2023
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B BAAERGICE 2NA AT RABE L ENFRTRIEL
Biomass Reforming and Smoothing of Electricity Supply-Demand by Variable
Combined Heat and Power Supply

JUKR - EHERL, mH A2, /N 23, HE L4,
mll ER2, MEE I3

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

TR b % — B2 F S8 T

Institute of Advanced Energy, Kyoto University
2R B SE T

National Institute for Fusion Science
3RUEN KT AEAEIERT R T

Research Institute for Sustainable Humanosphere, Kyoto University
AFHERRT: =L — B

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.1JHYDENE.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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Development of Fast Pyrolysis Technology for Simultaneous
Production of Char and Liquids from Biomass - Examination
of the Catalytic Effect at 800°C Heating-

RIS, AR T2, R

Toshimitsu Hata 1, Sensho Honma 2, Takashi Watanabe 1

U RS AR ZE AT
Research Institute for Sustainable Humanosphere, Kyoto University
2L ST BT TEREAS AR PE AR R

Forest Products Research Institute, Hokaido Forestry Research Organization

Renewable biomass resources are increasingly used for producing chemicals and functional materials. This study
utilized fast pyrolysis of cedar wood powder with pulse current heating to produce aromatic chemicals and functional
charcoal. The study also examined the influence of the reaction tube material on the pyrolysis process and the resulting
chemical composition and micromorphology of the residues. The thermal analysis at 800°C revealed consistent weight
loss rates across varying heating speeds, with titanium addition effectively enhancing the weight loss. Elemental
analysis confirmed steady elemental composition in cedar wood at different heating rates, noting titanium's notable
increase in nitrogen content.

Key Words : wood biomass; fast-pyrolysis; pyrolysis residue; scanning electron microscopy

1. XC®HIC

LA EIROKE & BRESLRH SN0 | ALAERUS O H A b E 2155720
DI AR ANEH STV D, ZOEANBAFEIZI N T, KR H OG> HAbA B TR
OREE DB EEEFET D EBNETH D, MBL.OFET CORENA A~ A
DRIEEGR X0 | AL R AT Y U U ICIEEC 2 FE R LM AL LR TE D
72T B (F v —) MM EHCRBT 5 2 L bR 6N TN D, RFIH A
F~ A zALRGITEERC AT Y U L poy & R COS B BE SR U i B koA e E
R ERE, =R =72 &) BLEINCHIET 5 Z L 1TNA T, BV RRIRIE 2 BRETE M 1T A
HZLT, BEr=I v ia URIOIRY AT AORENREL 72D,

B KE AL T~ AR R E LA OREE DB, A F~ R & Bl DRI
EFEICERS 2 B C, RF(CITEERFINO—>Th 5, (bAERO—E % FHAE e E IRk
DIRFETHRREL LD LT HFREEICBN T, REMEIMITEZOBHEZLZTNDLNZ DY,
AW TIE, KBNS A~ ADDE LN DM L OB RREEZFRME L L TERT %
729z, 800°CTOEMLIL ATV, PR Bl b 268, F880 - BT, (L PiEa I onic L
7o, FEPMEEIC X D MHIREE OBIZRIC L0 | BRI AR OB OV T B BRET LT,

- 13-



TS KD EREME T TONA A~ A HRYE O FERR 7S ATREME & PRIE LTz,
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1) Honma, S.; Hata, T. et al; Ohashi, Y.; Sulistyo, J.; Watanabe, T.; Yoshimura, T., J. of Chemical
Technology & Biotechnology, 92 (3), pp. 522-529 (2017)
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Collaborative Research on Environmental Radioactivity Assessment and
Restoration in Fukushima

W FEE, AE 2, TR EXR3
Yoshikatsu UEDA1, Minoru TANIGAKI2, and Naoto NIHEI3

U RS AR T SE AT

Research Institute for Sustainable Humanosphere, Kyoto University
2R - EEIEFIBEAITIERT

Institute for Integrated Radiation and Nuclear Science
SRR - BRI

Faculty of Food and Agricultural Sciences, Fukushima University

More than ten years after the 2011 East Japan Great Earthquake and the subsequent nuclear powerplant disaster,
Fukushima Prefecture continues to grapple with environmental radioactivity issues. Our research focuses on analyzing
this situation using the KURAMA-II system (Kyoto University RAdiation MApping system-II) for real-time radiation
measurement. This method has enabled detailed radiation level assessments in the region. Alongside field analysis, we
have fostered interdisciplinary collaboration through 13 symposiums (RISH Symposiums) since 2011. These forums
have been instrumental in sustaining research partnerships and sparking discussions on new disaster prevention and
mitigation strategies. A key part of our recent work involves developing camera imaging-based location capture
technology, aimed at enhancing real-time location detection. This ongoing project, initiated last year, is pivotal in
advancing our understanding of and response to environmental radioactivity in Fukushima. Our study not only
addresses the immediate challenges in Fukushima but also contributes to the broader fields of environmental monitoring
and disaster management.

Key Words : Fukushima, Radioactivity, KURAMA-II,Location Technology
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Basic Research of Carbon Dioxide Observation Method Using Drone
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Disaster Prevention Research Institute, Kyoto University
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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, COz, vertical profile, sensor
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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

1. 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 (Rols) 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 Mm?3/year during these corresponding periods (Fig. 3).
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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.
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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
zone
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{A) Soil depth distribution (B) Pressure head before the rainfall
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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

1. 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 10D 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) a{nd peat fire area (red hatch) at the downstream of I-3atanghari
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

Model Agreement on change in CDD and RX15D
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ecologically sensitive ecosystems. 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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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

1. [XL®IC

Fo— )L ERICALE S 5 Terai Landscape & FEIEAU 2 FEFERIE, ZEMZARME & R WO ME o 1 1 C B 270 Hh
WMTHDH., TerallIIFIGADTINHENTND. ZNSHDWJIDEL X, e~T7YOBOREMETHD
Churefilit (IR 25 LT\ 5. ChureHilili i I S Y 23 iE 3 22 Ml ALl L TV D728, HENIETE TH 5.
F72, BNENSZWZ LR LICE-TC, BEpRESC LA SIc kDt AENIER ITIER TH H. T Dk
R, HEAERFELCHTH D & & BT T mICBl T T D Terai TlE, WMKEAH), WERAE, HrboLE - #
FER EIC L > THIB X NEEEOHMEZEN AL, 407 TR0FEMICREREELZRIEL TS, =
O DELEWT 57D ZIVE TITOATE W)X, EEROEENEEICBE T 2 N A2 L
TW5728, HE VIR TII R0 - T, & 2 TRIFZE T, EEENC X 2 LR O g 2 8 R 2 50E o
a2 lb—va rTHLIZL, IEEFTO N A QR ATRE 70 £ FME 2 fefr 3 20011 « YR R 51512
WTHRETT 5.

1 WFZERrGas (5 S g e OWiE 4 Google Earth)

-33-



Rt S FET AT R 50m, BRI A5 )9 20m

(a) FRATHIDA & HUR (b) /K & FE~NZ RV O sAi (Case 3)
2 fENTSRME & Case3 OfiENTHESL (Y ELHI1% : Gooale Earth)

2. ARMADBTHEOHME
a) KGO

LITRTEDIE, ®RHSIIH b~ X 50K 50km OEFTICE R Sz pETH 5. 1 (b)
WCRT L DIT, RSHAIE, R AR DN S CILEE R A3 P L R H DS 5 1T PR A BE A3 8RS0 70> TG JFUE A3 A A3
STWAEGEICTH S, W - WIREITEREE TH Y, WIHANS B & BRI > TV 5.
b) AR

TR ZE6r S 5 D TR BB RE 2 AT 2 7280, i IR e DR EE S R 2 L —2 g VBT ILEE L.
WFgEx Gt T R AR B FIE O SEH A TH Y, L OHERICHE D M EENE R A TH 5.
F72, BBWRALEZ L, WU LEET L. T, REHE & IZFEFO M ST OFEI % REFIZAAT L,
T ORFZE MR 72 BB R E 2 R T2 Lo iy R a2 —va e e L, HfEiv Ialb—va v
AW SRR, R B Z — KR & LT, i os s xtge s Ui — BRI L 5
Wi R EEENTE T /L (Takebayashi, 2017) (2L 25 b D& HW 5.
c) FERtT St

X2 (a) (Zf@br#aPe & s 2 ond. H#EEIL SRTM (2L 5 DEM Z W=, A v & < idii T 71
(2 50m, WA 20m TH S, WERMELOEEPRIAEIE 5mm & LT\ 5. Jii&ElE 1500 m¥/s (Case 1) , 2500
m3/s (Case2) ,5000 m¥s (Case3) o 3 FilH% EHHIZH % 7-.

3. EBITER

X2 (b) |2 Case3 DKGEEFIERY MO VHE Az ~T . X 20) LV, FRHTREIRN O HNIALE T 5 AR
JINCIE, KEN 10m 2B 2 A5AT bR CTE 5. JollE, (Ui S EEpIc =& 2 ATHELS o Tk
D, WAL > TUIK 12mis L7e>TW 5D, F72, HEEOBRORHITRT L 21T, WESLRME) S 53
L CAJI BRI O it i & EHNIZHTRICTHRESTER STV D Z b d. Ikt i35 8km Rt TAI|
DEFHLTWD. UEDXHIZ, FfEY I 2L — 3 T, HENO T OHEREOW A2 X > TR
DI « GFNFEAET HWENHHR I, SRHSITREIROZBNIEFITTHE R TH D Z LRS-,
HIAKIZ K> TR DI « GRS BEICHEAT H5E, MEOLENRREOARMHEIEMENE L 25, TVRFRD
HIKIZE - T, X 3 1TR LI ITHT LWV & L CRET DR LRD . 0w, FliE, ik
WMEEL COLHFIHAZ Y ha—3 5 & L HIT, HAKIZ K DRI BRI /ISR 0 43 I8 37 % % 4 1]
LCHL EMBE LB KRS IR E AR S D, ZUC XY, FREEZEREER O A w2 mifl 4
D EEBICMBEBOREZITE A EZ TRV EAILERICED H L, LU A7 DD WGATICETT 2B
CED LD AEIT) 2 ERAREL 72 5.

4. BEXH

1) Takebayashi, H. (2017): Modelling braided channels under unsteady flow and the effect of spatiotemporal change of
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Atmospheric observation study for fire prevention in Indonesian tropical peatlands
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Atmospheric and hydrometeorological observations were conducted from July to late October 2023 at 10 private
houses in Riau Province, Sumatra, Indonesia, where tropical peatlands are widespread. Based on fire information
obtained from local news reports, data from the nearest atmospheric stations were analyzed. No significant differences
in PM2.5 values were qualitatively observed between the days of the fire and other days.

The relationship between the aspect of air pollution and hydrological information was analyzed at one of the sites
where rain gauges were installed: during the 15-day period of continuous low rainfall days of less than 5 mm/day,
PM2.5 values above 100 pg/m> were observed for at least 6 hours. The 7-day moving average of the daily maximum
temperature was measured about 40°C at the low rainfall periods, the highest value recorded during the entire
observation period.

Key Words : tropical peatlands, fire, atmospheric observation, hydrometeorological observation, air pollution
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Identification of human-to-primates viral spillover in Southeast Asia
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We explored the relationships between humans, non-human primates (NHP), and their viral ecosystems in Indonesia,
where the highest animal biodiversity resides yet anthropogenic activities are causing drastic ecological changes.
Metaviromic analysis of orangutans, Mueller's gibbons, and human samples reveals both similarities and differences
in viral landscapes, highlighting the importance of understanding host-specific viral diversity. Our findings emphasize
the presence of known human viruses in NHP, underscoring the need for vigilant management of interspecies contact,
and a One Health approach that promote sustainable ecological to minimize the risks posed by viral transmission, in
the face of escalating anthropogenic desecrations and climate change in Indonesia and in Southeast Asia in general.
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1. Introduction

Nearly 75% of emerging human pathogens are zoonotic (transmitted from animals to humans), while up to 90% of
animal pathogens are of multi-species origin, with anthroponotic (humans to animals) transmission reported in all
continents except Antarctica (1). Zoo- and anthroponotic transmission have been responsible for viral pandemics in
animals (H5N1 'bird' flu, HIN1 'swine' flu) and humans (HIV/AIDS, SARS, COVID-19), as well as deadly
endemics in animals (Ebola, pneumovirus) and humans (rabies, yellow fever).

Concerningly, viral spillover events are increasing in frequency. Five deadly zoonotic viral pandemics
have happened in the past century, and the probability of epidemics may increase 3-fold in the coming decades (2).
COVID-19, which has cost 6.8 million human lives and 12.5 trillion USD in the global economy, is only one
example of how drastic human actions have broken the ecological stability in this Anthropocene epoch. A Nature
paper projected that cross-species spillover would be intensified by anthropogenic climate change due to
geographical shifts of viral reservoirs (bats, rodents) (3). The tropical Southeast Asian region bears a
disproportionately large burden of climate change, and Indonesia is the country with the brightest hotspot for such
viral sharing events.

With 17% of the global diversity and the most mammals by 515 species, Indonesia is the second most
biodiverse country. Wildlife and humans have cohabitated since ages ago in ecological nexuses in the 17,000-island
nation, as most indigenous lands are located within or near frontier forests. However, decades of land-grabbing and
systemic depletion of indigenous rights occurred via out-of-Java mass transmigration and widespread deforestation
for logging, mining, and plantations. From 2000 to 2021, Indonesia lost 28.6 Mha or 18% of its tree cover (=19.7
Gt CO2e) (4). Habitat destruction threatens biodiversity in Indonesia, which now has the second most endangered
species, totalling 583 species, and the most endangered mammal worldwide, which is 191.
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How can we address the vulnerability of ecological interfaces in Indonesia, in the face of drastic
anthropogenic damage? Measuring viral landscape and spillover events may indicate the extent of disruption of the
nature-human interface, ideally with a One Health approach, which is for the benefit of all living things - animals,
humans, and nature are viewed as dynamic, "coupled systems" (5). A One Health-centered approach is important
to establish data and evidence-based mitigation policy. In this study, we hope to uncover signs of anthropogenic
damage in the viral ecology by comparatively map the virome of animals, in this case non-human primates, and
humans that live and roam similar area in Indonesia.

2. Methods

Due to the above reasoning, in this pilot, we focused on Kalimantan, where half of the land area are
rainforests and whose ecosystem harbors the highest animal biodiversity. Indeed, anthropogenic invasions are
ongoing in several province, such as the proposed country capital relocation and large-scale coal mining and
extraction in East Kalimantan, and the recent deforestation for food estate project in Central Kalimantan, thus
threatening the stability of the interspecies ecological nexus. Here, we have chosen a National Park located in East
Kalimantan which harbors multiple species of non-human primates (NHP), including endangered and protected
animals, such as orangutans (Pongo pygmaeus) and Mueller's gibbon (Hylobates muelleri).

Samples were taken from both NHP and related human caretakers, who are the most exposed to said
animals and potentially bears the highest risk of cross-species viral spillover. Whole bloods were taken and collected
in EDTA tube, processed by centrifugation into serum, and stored in —80°C for long term storage. Swabs from
pharynx and rectum will be collected in viral transport media, mixed with RNAlater (Thermo Fisher) and stored in
—80°C. In these samples, RNA extractions were done using QIAamp DNA/RNA extraction kit (QIAGEN). Library
preparations for next generation sequencing (NGS) RNA sequencing (RNA-seq) were done using NEBNext Ultra
II RNA Library Prep Kit for Illumina (New England Biolabs) and NGS was conducted in Illumina MiSeq platform
(Illumina). For metaviromic analysis, FASTQ files were analyzed and cleaned with FastQC (6), trimmed with
Trimmomatic (7), exclusion-aligned with respective host genome with bowtie2 (8), and finally BLAST aligned to
NCBI viral library (www.ncbi.nlm.nih.gov/labs/virus) and a curated Reference Viral Database (RVDB) (9) to detect
viral sequences. All analyses were done in R 4.3.2 or Geneious R11.

3. Results

Orangutans Humans
]

Figure 1: Viral sequence diversity shown in pooled Krona charts to the genus level found in orangutans, humans, and gibbons in
Kalimantan, Indonesia.

We pooled the RNA-seq results from each species analyzed in this study, which are orangutans, Mueller's
gibbons, and humans (Figure 1). RNA samples from orangutans and humans showed a somewhat similar outlook,
which were dominated by integrating DNA viruses, such as lymphocryptovirus (54% v. 66%), lentivirus (11% v.
15%), and alphapapillomavirus (5% v. 12%). These three genuses were dominated by the ubiquitous gamma
herpesvirus 4 or Epstein-Barr virus, alphapapillomavirus 9 or human papilloma virus, and long terminal repeat
(LTR) sequences, which may be originated from endogenous viral sequences — possibly leaked from host genome
sequential exclusion due to the repeating nature of such fragments. Nevertheless, orangutan samples also exhibited
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a higher viral family diversity than that found in humans, and included phleboviruses, Picobirnavirus sp.,
picornaviruses (Picornaviridae sp. and teschovirus), and poxviruses. Phlebovirus, in this case, was dominated by
Rift valley fever virus (RFV), which is a viral zoonosis mostly affecting domesticated mammals but also has the
capacity to infect humans, with symptoms ranging from mild flu-like illnesses to a more severe form of hemorrhagic
fever. Poxviruses are also concerning, as we found signs of monkeypox virus (MPXV) and molluscum contagiosum
virus (MCV) from orangutans, while the 2022-2023 international outbreak of monkeypox has prompted the
zoonosis as a public health emergency by the World Health Organization (10). While MPXYV in humans (hMPXV)
exhibited a separate clade with that in orangutans, novel zoonosis should be cautioned especially in high interspecies
contact environment. Other minor findings most likely came from environmental contamination, such as the
mammalian-restricted betabaculoviruses from arthropods and Sobemovirus sp. from ingested plants.

On the other hand, RNA samples from gibbons showed a strikingly different pattern, in which four
families of viruses were the overwhelming majority: picobirnavirus (29%), mamastrovirus (22%), reovirus (22%),
and picornavirus (18%). Picobirnavirus sp. and mamastrovirus may infect and damage mammalian (including
human) intestines and causes infantile gastroenteritis, respectively. In the Reovirales order, we found traces of
rotavirus C in gibbon samples, which is the main cause of acute diarrhea among children worldwide and whose
zoonotic pattern remains unclear (11). Thus, our metaviromic results in gibbon warns the risk in fecal-oral
transmission of enteric viruses and emphasize the importance of food hygiene management in not only human
caretakers but also NHP, to prevent zoo-/anthroponotic spread. Nevertheless, cross-species transmission is
determined by viral tropism to host receptors, and thus, it is of benefit to acknowledge the genetic distance between
different primates, including humans (Figure 2). Amino acid diversity of viral receptors may be similar enough to
facilitate zoonosis, such is in the case of the NTCP receptor of hepatitis B virus (HBV), which might enable
recombination of HBV sequences between orangutans and humans, or different as in the case of CD4 receptor of
either human immunodeficiency virus-1 (HIV-1) and simian immunodeficiency virus (SIV), which are species-
specific. Thus, viral family-specific investigation with comprehensive host tropism evaluation would be necessary
to assess zoo-/anthroponotic risk of viral infectious diseases.

Whole genome NTCP receptor of hepatitis B virus
) B—_ns= Pongo (orangutans) COMAS Murt i
a a —= Homo (humans)
t &
a @ . .
e :
%(b == Hylobates (gibbons)
o == SLOMA)N Gorlls porfils
{— SACIOAY 1hyhadatey moic) Gibbons
Q i SLCIGAT Pan panmacun
LOISAY Pan 1 opoayies
UOISAL M sageerms Humans
WLIAY Ponge pygmena Orangutans

Figure 2: Phylogenetic tree of both whole genome and the genotype of NTCP receptor of the hepatitis B virus, showing the genetic
distance between orangutans, humans, and gibbons.

4. Conclusions

The biodiverse landscape of Indonesia sheds light on the intricate relationships between humans, NHP,
and their viral ecosystems. Our metaviromic analysis revealed both similarities and differences in the viral
landscapes of orangutans, Mueller's gibbons, and humans, emphasizing the importance of understanding host-
specific viral diversity. The presence of known human pathogens in non-human primates and vice versa calls for
heightened vigilance in managing interspecies contact to mitigate the threat of infectious diseases.

Concerningly, the loss of biodiversity and disruption of ecological nexuses contribute to the vulnerability
of these interfaces, increasing the likelihood of viral spillover. Moving forward, a One Health approach that
considers the interconnectedness of animals, humans, and the environment, is imperative for devising effective
mitigation strategies. Policies that address the root causes of habitat destruction, promote sustainable land-use and
ecological practices, and enhance wildlife conservation are vital to minimize the risks posed by viral emergence and
transmission. Our study underscores the intricate dynamics at play in the nature-human interface and emphasizes
the urgency of adopting holistic and proactive measures to protect both biodiversity and public health in the face of
escalating anthropogenic challenges in Indonesia and in Southeast Asia in general.
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