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Japan—Israel Joint Research Program
Executive Summary of Final Report

Strategic International Collaborative Research Program (SICORP)

1. Projecttitle : Advanced ICT for monitoring freshwater ecosystem resilience

2. Research period : June 2018 ~ March 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Michio Kumagai Adjunct Ritsumeikan Overall
Professor | University coordinator
Co-PI Park Ho-dong Professor | Shinshu University Cyanobacteria
Co-PI Jon C. Wells Professor | Ritsumeikan Data
University assimilation
Co-PI Yasumasa Irie Professor | Osaka University Numerical
simulation
Co-PI Takemasa Team RIKEN Center for Data
Miyoshi Leader Computational assimilation
Science
Collaborator Kohei Yoshiyama | Associate | Shiga Prefectural Mathematical
Professor | University modelling
Total number of participants throughout the research period:  Number 11
Partner-side
Name Title Affiliation Role in the
research
project
Pl llia Ostrovsky _ Kinneret Limnological Observation
Senior and numerical
Scientist Laboratory model
Israel Oceanographic &
Limnological Research
Co-PI Assaf Sukenik _ Kinneret  Limnological | Cyanobacteria
Senior analysis
Scientist Laboratory
Israel Oceanographic &
Limnological Research
Collaborator | Tamar Zohary _ Kinneret  Limnological | Phytoplankton
Senior analysis
Scientist Laboratory
Israel Oceanographic &
Limnological Research
Total number of participants throughout the research period:  Number 5

4. Summary of the international joint research

We developed a toxic cyanobacteria monitoring system using SASV (Solar-based
Autonomous Surface water Vehicle) and conducted test measurements in Lake Kinneret in
collaboration with Japanese researchers. Also, we exchanged our opinions on the results of
the developed 3D numerical simulation model and mathematical model. By combining these
technologies, it became possible to understand the spatial structure of cyanobacteria that
form blue-green algae, which are different from freshwater cyanobacteria like Lake Biwa.
We could contribute to the development of a new monitoring system of SASV combined with
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numerical simulation model and/or mathematical model.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Based on the research activities of the Israeli group as part of the project, four papers were
published in leading scientific journals. Following the submission of the final reports to the
local funding agencies the partners will devote efforts to summarize the project output in
joint publications.

The insight of the Israeli group on biological and physical processes affecting the
Microcystis population and its bloom formation were discussed and implemented in the
modeling efforts by the Japanese group.

The experience of the Japanese group in the design, construction, and operation of SASV
played a pivot role in the production of the system that was delivered to Lake Kinneret.
However local constraints such as intense wind and poor communication impaired the
operation of the vehicle.

5-2 Synergistic effects of the joint research

The collaboration between the Japanese and Israeli groups brings together diverse areas
of expertise, allowing for a comprehensive and holistic approach to studying and addressing
the challenges related to cyanobacteria and their impact on lake ecosystems. The Japanese
group's leadership in atmospheric and lake physics models provided a solid foundation for
understanding the complex interactions between the atmosphere, water bodies, and
cyanobacteria. Their expertise in modelling allowed for accurate predictions and simulations
of cyanobacterial blooms, helping to identify key factors contributing to their formation and
persistence. This knowledge is crucial for developing effective strategies to mitigate the
harmful effects of cyanobacteria on the environment and human health.

Complementing the Japanese group's modelling capabilities, the Israeli team brings
expertise in non-invasive monitoring techniques and a deep understanding of cyanobacteria
physiology. Non-invasive monitoring techniques enable the continuous and real-time
assessment of cyanobacterial populations, their growth patterns, and toxin production
without disturbing the delicate balance of the ecosystem. This valuable information,
combined with the Israeli team's understanding of cyanobacteria physiology, allows for the
interpretation of the data and a better understanding of the underlying mechanisms driving
cyanobacterial blooms.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The SASV developed in this joint research has the potential to be used not only to monitor
cyanobacteria, but also to monitor disasters that frequently undergo sudden changes, such
as torrential rain and strong winds caused by global climate change. Furthermore, by
incorporating not only environmental monitoring by SASV in real space but also simulation
in virtual space, it is possible to grasp the operation status and management status of each
SASV in advance, issue warnings and warnings, and operate safely and efficiently. As a
preparatory step for such efforts, we decided to implement E/SASV in cooperation with the
certified NPO Biwako Trust.
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Friedrich Recknagel, Ho-Dong Park, Assaf Sukenik and Tamar Zohary (2022) Dissolved organic
nitrogen, dinoflagellates and cyanobacteria in two eutrophic lakes: Analysis by inferential
modelling. Harmful Algae 114:1-11.

Chang, C.-W., T. Miki, H. Ye, S. Souissi, R. Adrian, O. Anneville, H. Agasild1l, S. Ban, Y.
Be’eri-Shlevin, Y. Chiang, H. Feuchtmayr, G. Gal, S. Ichise, M. Kagami, M. Kumagai, X. Liu, S.S.
Matsuzaki, M. M. Manca, P. Ndges, R. Piscia, M. Rogora, F.-K. Shiah, S. J. Thackeray, C.E.
Widdicombe, J.-T. Wu, T. Zohary and C.-h. Hsieh (2022) Causal networks of phytoplankton
diversity and biomass are modulated by environmental context. NATURE COMMUNICATIONS.
13:1140, doi.org/10.1038/s41467-022-28761-3.
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Kohei Takatama, John C. Wells, Yusuke Uchiyama, Takemasa Miyoshi, Simulating rapid water

level decrease of Lake Biwa due to Typhoon Jebi (2018), In: Numerical Weather Prediction:

East Asian Perspectives, S. K. Park (Ed.), Springer Nature, Switzerland.

Sasano, M., A. Okamoto, M. Kumagai and S. Takashima (2019): Optical investigation of
archaeological remains on bottom of Lake Biwa by a hovering-type AUV “Hobalin”. 2019 IEEE
Underwater Technology (UT)

Bégin, P.N., Y. Tanabe, M. Kumagai, A.l. Culley, M. Paquette, D. Sarrazin, M. Uchida and W.F.
Vincent. (2020) : Extreme warming and regime shift toward amplified variability in a far northern
lake. Limnol. Oceanogr. 9999: 1-13.

Iwaki, M., Y. Yamashiki, K. Muraoka, T. Toda, C. Jiao and M. Kumagai (2020) : Effect of
precipitation-influenced river influx on Lake Biwa water levels: time scale analysis based on an
impulse response function, Inland Waters, 10:2, 283-294

Chang, C., H. Ye, T. Miki1, E. R. Deyle, S. Souissi, O. Anneville, R. Adrian , Y. Chiang, S. Ichise,
M. Kumagai, S. S. Matsuzaki, F. Shiah, J. Wu, C. Hsieh and G. Sugihara (2020): Long-term
warming destabilizes aquatic ecosystems through weakening biodiversity-mediated causal
networks. Global Change Biology.

Kumagai, M., R. Robarts and Y. Aota (2021): Increasing benthic vent formation: a threat to
Japan's ancient lake. Scientific Reports 11(4175).

Iwaki, M., Y. Yamashiki, T. Toda, C. Jiao and M. Kumagai (2021) Estimation of the Average
Retention Time of Precipitation at the Surface of a Catchment Area for Lake Biwa. Water 2021,
13, 1711.

Culley, A.l., Thaler, M., Kochtitzky, W., lgaluk, P., Rapp, J.Z., Rautio, M., Kumagai, M., Copland,
L., Vincent, W.F., Girard, C. 2023. The Thores Lake proglacial system: remnant stability in the
rapidly changing High Arctic. Arctic Science. 00: 1-14. dx.doi.org/10.1139/as-2022-002.



SICORP # 753 (R4 - Ostrovsky #fi#H)

- A Lo FERME BE 1

Kohei Takatama, John C. Wells, Yusuke Uchiyama, Takemasa Miyoshi "Simulating rapid water
level decrease of Lake Biwa due to Typhoon Jebi (2018)". In: Numerical Weather Prediction:
East Asian Perspectives, S. K. Park (Ed.), Springer Nature, Switzerland.
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Michio Kumagai, llia Ostrovsky, Advanced ICT for monitoring freshwater ecosystem resilience,
SIL, Nanijing, 2018/8/21.
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John Wells, Xin Liu, Naoshige Goto, Takanori Nagano, llia Ostrovsky, Ziwei Zhang, Masayasu
Irie, Syuhei Ban, Dietmar Rempfer  “Evaluating the skill of hydrodynamic simulations in two
stratified lakes by Principal Component Analysis” (abstract ON040) 36th Congress of the
International Society of Limnology. Berlin, Germany, Aug 7-10, 2022
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J. C. Wells, C.-F. Chen, H. Uchida, T. Ohara, K. Okubo, E. Inoue, Acoustic tomography in the
north basin of Lake Biwa, Japan, SIL, Nanjing, 2018/8/21
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Takemasa Miyoshi, Big Data Assimilation: A New Science for Weather Prediction and Beyond,
SICORP research meeting, Otsu, Japan, 14 April, 2019.
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Takatama, K., S. Kotsuki, K. Kurosawa, T. Miyoshi, and Y. Uchiyama: "Progress on simulation
research for Tokyo Bay and Lake Biwa using ROMS", SICORP research meeting, Otsu, Japan,
14 April, 2019
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Syuhei Ban, Xin Liu, Ken’ichi Osaka, Naoshige Goto, John C. Wells "High resolution monitoring
for subsidiary nutrient loadings and phytoplankton production in north basin of Lake Biwa"
JpGU meeting (online) 2021/6/4

John C. Wells, Syuhei Ban, Xin Liu, Ken'ichi Osaka, Naoshige Goto "Monitoring and
particle-tracking simulation to clarify littoral-to-pelagic nutrient export in Lake Biwa, Japan, during
the spring rice-planting season" SIL, Gwangju Korea, 2021/8/25

John C. Wells, "Particle tracking simulations of littoral to pelagic transport in the North Basin of
Lake Biwa during the rice-planting season of 2020" HAR[E/KFE, 42 T4 VK4, 2021 4F9
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Yasuyuki Fujii and Michio Kumagai, "Development of a cellphone-based alarm system for
harmful algal blooms". SIL, Berlin, 2022/08/10
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Dokyun Kim, Seongjin Hong, Hodong Park, Kyung-Hoon Shin, Fate of cyanobacterial toxins
(Microcystins) on environmental multi-media samples in Geum River estuary, Korea, SIL,
Nanjing, 2018/8/21

Takatama, K., K. Kurosawa, Y. Uchiyama, and T. Miyoshi, "A preliminary analysis of a
newly-developed regional ocean data assimilation system: a case of Tokyo Bay in summer",
ISDA2019, Kobe, 23 January

Takatama, K., K. Kurosawa, Y. Uchiyama, and T. Miyoshi, "A preliminary analysis of a
newly-developed regional ocean data assimilation system: a case of Tokyo Bay in summer",
R-CCS Symposium, Kobe, 19 February, 2018.

Kohei Takatama, Yusuke Uchiyama, Takemasa Miyoshi, Simulations of lake currents toward the
prediction of blue-green algae — cases of Lake Biwa and Lake Kinneret - R-CCS International
Symposium, Kobe, 17 February, 2020

Kohei Takatama, "Simulations of lake currents toward the prediction of blue-green algae — cases
of Lake Biwa and Lake Kinneret - ", R-CCS International Symposium, Kobe, 2020/2/10

Kohei Takatama, "Simulating rapid water level decrease of Lake Biwa due to Typhoon Jebi
(2018) ", R-CCS International Symposium, Kobe, 2021/2/15
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FACES of SIL

MICHIO KUMAGAI | JAPAN

Earlier in my career, | organized BITEX'93 (Biwa-ko Transport Experiment), a limnological research
collaboration at Lake Biwa, Japan, that involved 165 people including scientists, engineers and
students from nine countries. Since that time, | have devoted myself to studies at Lake Biwa using
advanced technologies such as AUVs [Autonomous Underwater Vehicles). This was a unique
approachin early 2000s, because AUVs were not commercially available at that time for monitoring
lakes as well as oceans. We have obtained extensive AUV imagery of the benthic ecosystem of
Lake Biwa from 2000 to 2022, and this has revealed dramatic changes in the diversity of endemic
animals, likely due to climate change and lake warming. Recently, | began an international research
program at Lake Biwa and Lake Kinneret entitled “Advanced ICT (Information and Communication
Technology) for monitoring freshwater ecosystem resilience”, which aims at developing a new
information network to monitor the early stages of cyanobacterial blooms. In 2015, | initiated an
education program on lake science for junior students from 10 to 18 years old, and two of these
young students gave oral presentations at $IL2022 in Berlin. The aim of this program is to foster
exchange between junior and senior limnologists. SIL is one of most suitable organizations 1o
Michio Kumagai provide such precious opportunities to young people who are eager to learn and contribute to
the environmental sciences, and to train for future careers that address the pressing challenges
of global climate change.

Professor, Ritsumeikan University
Eyoto, Japan
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