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| Day 1, 13:40~14:00 |

Bottom-up evaluation of global surface N>O budget, 1970-2021

Ito Akihiko >3

! Graduate School of Life and Agricultural Sciences, the University of Tokyo
2 Earth System Division, National Institute for Environmental Studies
3 Japan Agency for Marine-Earth Science and Technology
* Corresponding author (e-mail: akihikoito@g.ecc.u-tokyo.ac.jp)

Nitrous oxide (N2O) is a long-lived greenhouse gas and potent stratospheric ozone-depleting substance. In
addition to natural emissions from nitrification and denitrification of surface (soil and ocean) reactive nitrogen,
anthropogenic emissions from industrially fixed nitrogen have increased atmospheric N>O concentrations. To
reduce the N>,O emissions effectively, it is essential to clarify the spatial and temporal patterns. The Global
Carbon Project has performed an integrated synthesis of the global N>O budget using various sources, and the
present study aimed at conducting a supplementary, in-depth analysis by using a bottom-up approach.

This study considers three natural sources: soil microbial emission (VISIT model estimation), wildfire
(GFED¢4s fire inventory), and ocean emission (Yang et al. reconstruction). Anthropogenic emissions are derived
from the EDGAR?7.0 inventory for four sectors: fossil fuel exploitation, industry, waste, and agriculture. For the
seven sectors, annual emission maps with 0.25° x 0.25° grid resolution were constructed for the study period
1990-2021 (except GFED4s, available only after 1997).

Figure 1 shows the total surface N>O flux obtained by this study, showing emission hotspots in Asia, Africa,
and parts of Europe and Americas. Global total land N>O emission increased from 14.0 Tg N,O yr! in 1970 to
19.3 Tg N>O yr ! in 2021. Anthropogenic emissions, especially from the agricultural sector, accounted for 47%
of the total budget in 2021; this is +10% higher than that in 1970. Agricultural emissions nearly doubled in the
study period (3.6 to 7.0 Tg N,O yr '), and natural emissions also increased as a result nitrogen deposition and
climatic change (8.8 to 10.2 Tg N,O yr ). For Japan, total emissions decreased from 0.11 to 0.096 Tg N,O yr!
mainly associated with reductions of anthropogenic contributions (69% in 1970 to 55% in 2021).

Such bottom-up evaluation is likely to compensate for a top-down approach (e.g., satellite-data inversion)
by providing independent, sector-specific, and spatially explicit estimates. This study is a part of the SII-8
project and also will be a part of the S-22 project funded by the Ministry of the Environment, Japan, and aims to
make contributions to the IPCC assessments and the Global Stocktake of the Paris Agreement, UNFCCC.

fN20 (kg N20 grid-1 yr-1)
‘ o NS N BN >
-8E+04 0E+00 8E+04 2E+05 2E+05 3E+05 4E+05
Fig.1. Total N>O flux distribution in 2001-2021 estimated by the bottom-up approach.




Day 1, 14:00~14:20

Development of a terrestrial ecosystem phosphorus cycle model

Keita OIKOSHI'!, Tomomichi KATO?, Tatsuya MIYAUCHI?

! Graduate school of Global Food Resources, Hokkaido University
2 Research Faculty of Agriculture, Hokkaido University
3 Research Faculty of Agriculture, Hokkaido University
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| Day 1, 14:20~14:40 |

Optimization of parameters in MATCRO-Rice for 120 years and
reconstruction of the rice history in Japan

Tatsuki Nakagawa!”, Tomomichi Kato?, Midori Mizuno?, Yuji Masutomi?®

"Hokkaido University
2Research Faculty of Agriculture, Hokkaido University
3 National Institute for Environmental Studies
* Corresponding author (e-mail: nakagawa.tatsuki.s3@elms.hokudai.ac.jp)

The global demand for food is increasing due to population growth. On the other hand, it is argued that future
climate change will significantly affect crop production (IPCC, 2023). Therefore, it is crucial for food security in
Japan to analyze the effects of climate change on crop yields.

Some studies have analyzed the relationship between rice production and climate change (Lobell et al, 2011,
Science etc.). However, these studies did not consider cultivars and other farming adaptation. In addition, the
analyses were conducted over the past 30 years or so, which is an insufficient period to detect

climate change adequately. The reason for being limited to these kinds of analyses is the scarcity of historical
data on paddy rice yield and genetic factors such as nitrogen sensitivity and resistance to cold damage. This
makes detailed analysis challenging.

In Japan, there are rice yield records at the prefectural level since the 1880s, and these records are valuable when
conducting detailed analyses that consider regional differences in cultivars and climate conditions. Hence, the
aim of this research is to use such data to reconstruct the rice characteristics from 1896 to 2015 when climate
change is adequately detectable. This research is extremely important for analyzing the relationship between rice
production and climatic, genetic factors, and for evaluating the impact of past climate change on rice production
in Japan.

In this study, we adopt the process-based model, MATCRO (Masutomi, 2016). It simulates rice yield based on
crop physiology and internal parameters of this model represent rice characteristics. We compare MATCRO
values with rice yield records from 'Sakumotsu Tokei' and optimize four key parameters in the model with
'quasi-Newton method'. The parameters express nitrogen sensitivity, cold damage resistance, morphology, and
phenology, respectively. We make optimization from present period (1996-2015) to the end Meiji era (1896-
1915).

We find that HI, a parameter related to morphology and expresses the filling ratio of the panicle, increases over
the years. This indicates that breed improvement has been carried out to increase the panicle filling ratio. On the
other hand, other parameters don't change over the years as we expected. We must think about optimization
method, optimized parameters, and input climate data again.



| Day 1, 14:40~15:00 |

Applying forest floors to dynamic global vegetation modeling in northern
mixed forests

Ai Obata'”, Hisashi Sato'?, Tsutom Hiura !

! Graduate School of Agricultural and Life Sciences, The University of Tokyo, Tokyo, Japan
2 Research Institute for Global Change, Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
* Corresponding author Ai OBATA (e-mail: fw5etluykscfs@gmail.com)
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| Day 1, 15:15~15:35

Observational study of carbon uptake in urban forest

Tatsunori Tabata!”, Hirofumi Sugawara'

! National Defense Academy of Japan
* Corresponding author (e-mail: em61028@nda.ac.jp)

1. Motivation

Urban green spaces should contribute to the mitigation of climate change by absorbing CO,. However, there
are very few observation studies for CO, uptake in urban green areas (e.g. Ueyama and Ando, 2016). CO; uptake
by urban greens is also one of the keys in the inversion evaluation of CO, emission in cities (Yadav et al., 2021)
where the emission distribution is evaluated from the concentration data with the atmospheric transport model.

While urban greens are expected to get benefit from fertilization in urban high CO, environment, the urban
water and heat stress could give damage the photosynthetic activity. Therefore, it is essential to clarify the actual
CO; exchange in urban greens through observation to evaluate the effects of the urban environment on the CO»
absorption quantitatively. This study measured CO, exchange in an urban forest with the eddy covariance (EC)

method.

2. Observation overview

2.1 Site

The observation site (Fig.1) is the Institute for Nature Study, in Minato-ku, Tokyo
(Shirogane site, 35°64' N, 139°72' E). The area of the site is 20 ha. The site is
covered with tree canopy whose height is 14 m. The occupied tree species are a
mixture of evergreen and deciduous, such as chusan palm (7rachycarpus fortune),
Castanopsis sieboldii, dogwood (Swida controversa), and Neolitsea sericea.

2.2 Data processing

Research

T

%

Fig.1 Observation site.

EC measurement have been ongoing since 2009 at 20 m above ground level. The analysis period is from
August 2009 to February 2022 in this study. Percentage of effective data in EC was 55%. The gap-filling was
taken by Michaelis-Menten equation for GPP and the modified Arrhenius equation for the nighttime data.

3. Seasonal variation and annual variation

Figure 2 shows seasonal variations. GPP increases sharply from April to May and
is larger than RE in this period, indicating net uptake. GPP and RE are almost equal
in September and October. In winter (November to January), RE exceeded GPP.

Figure 3 shows annual variation of NEP. The NEP obtained by EC was 468 + 54
gC m? yr''. This is consistent with the estimate by the allometric method, an
ecological technique, which was 501 + 31 gC m? yr'!. We can see an upward trend
(slope: 2 to 29 gC m? yr?). This can be attributed by the increase of vegetation
amount. The allometric method also showed upward trend of 21 gC m™ yr2, which
is also consistent quantitatively to the EC results.

These results were compared to other rural forests (Saigusa et al., 2008).
Comparisons showed that the NEP in shirogane was consistent with that in KEW
site (475 + 44 gC m? yr'!) site and that in FJY site (360 = 77 gC m yr'").
Furthermore, the NEP in shirogane was larger that in TKY site (112 +32 gC m? yr'!)

4. Conclusion
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This study revealed the CO, uptake in an urban forest (Shirogane site) as following. First, CO, exchange
showed seasonal variation where emission during the winter and absorption from spring to early fall. Second, the
annual NEP is gradually increasing in these ten years. It was consistent with the results from allometric method.
Third, CO, absorption in Shirogane site was consistent with other temperate rural forests. These results should
contiribute to the better understanding of ecosystem in urban forest, and also to the inversion evaluation of CO,

emission.

Reference: 1) Ueyama, M., Ando, T., 2016, Diurnal, weekly, seasonal, and spatial variabilities in carbon dioxide flux in different urban landscapes in Sakai,

Japan. Atmos. Chem. Phys., 16, 14727-14740. https://doi.org/10.5194/acp-16-14727-2016

2) Yadav, V. et al., 2021, The Impact of COVID-19 on CO2 Emissions in the Los Angeles and Washington DC/Baltimore Metropolitan Areas.

Geophysical Research Letters., 48(11), €2021GL092744. https://doi.org/10.1029/2021GL092744.

3) Saigusa, N. et al., 2008, Temporal and spatial variations in the seasonal patterns of CO2 flux in boreal, temperate, and tropical forests in East

Asia. Agricultural and Forest Meteorology., 148, 700-713. https://doi.org/10.1016/j.agrformet.2007.12.006



| Day 1, 15:35~15:55

Separation of soil respiration by a Random Forest approach

Rui Hu'!, Kaho Sakaguchi', Takashi Hirano '*, Lifei Sun?, Naisheng Liang?

!Hokkaido University, Sapporo, Hokkaido, Japan
’National Institute for Environmental Studies, Tsukuba, Ibaraki, Japan

* Corresponding author, hirano@agr.hokudai.ac.jp
1.Introduction

Soil respiration (RS) is the primary path, by which soil carbon returns to the atmosphere as carbon dioxide
(CO»). RS mainly consists of two parts: heterotrophic respiration (RH) and root-rhizosphere respiration (RR).
RH is more sensitive to abiotic factors, while RR is more relevant to biotic factors. In order to accurately
understand the responses of terrestrial ecosystems to the climate change, it is necessary to separate RS into RH
and RR. In this study, a Random Forest (RF) algorithm was used to develop a high-accuracy RH prediction
model, aiming to explore a convenient and reliable method to separate RS.

2. Methods

Hourly soil CO, flux was measured with an automated chamber system in a temperate deciduous forest
located in Hokkaido, northern Japan during the snow-free seasons in 2021 and 2022. Ten 0.9 m x 0.9 m
chambers were evenly divided into two treatments with and without roots, corresponding to RS and RH,
respectively. To predict RH and estimate RR (= RS — RH) in each RS chamber, models were developed based
on RH chamber data using the RF algorithm, in which soil temperature, soil moisture, ambient CO,
concentration, and soil C / N ratio were used as explanatory variables.

3.Results

Results showed that (1) Measured RS and RH were 2.84 £ 0.08 and 2.42 + 0.07 umol m? s”! (mean =+ se),
respectively. Significant seasonal and spatial variations emerged in both RS and RH. (2) RF model for RH
showed high accuracy with R? of 0.93 and RMSE of 0.39 pmol m? s, (3) Predicted RH in RS chambers was
2.29 + 0.06 umol m? s!. (4) RR (0.55 + 0.21pmol m™? s™!' on average) estimated by the RF model was higher
than RR (0.42 pmol ms™! on average) estimated in a conventional manner. The RF approach can be considered
as a convenient and reliable method for the separation of RS.

Keywords: Automated chamber system; Soil respiration separation; Random Forest



Day 1, 15:55~16:15

Origin of secondary fatty alcohols in atmospheric aerosols
in a cool-temperate forest based on their mass size distributions

Yuhao Cui'?, Eri Tachibana?, Kimitaka Kawamura,® and Yuzo Miyazaki?

! Graduate School of Environmental Science, Hokkaido University, Sapporo, 060-0810, Japan
2 Institute of Low Temperature Science, Hokkaido University, Sapporo, 060-0819, Japan
3 Chubu Institute for Advanced Studies, Chubu University, Kasugai 487-8501, Japan
* Corresponding author: Yuzo Miyazaki (e-mail: yuzom@lowtem.hokudai.ac.jp)

Background and objective

Fatty alcohols (FAs) are major components of surface lipids in plant leaves and can be emitted into the
atmosphere as primary biological aerosol particles (PBAPs), which serve as surface-active organic aerosols.
Furthermore, FAs in aerosols can act as ice-nucleating (IN) particles, which is important for cloud formation.
Reactivity of secondary FAs (SFAs) is generally lower than that of primary FAs in the atmosphere, SFAs may
serve as a tracer of specific plant sources. Previous studies have shown that SFAs are predominant components
of (more than 50% of) the epicuticular waxes in some plants, such as Tropaeolum majus, Pinus pinaster, Pinus
halepensis and most conifers.

Despite the importance of SFAs in atmospheric aerosols in terms of their possible effects on atmospheric
chemistry and climate, studies on aerosol SFAs are limited, due to a lack of aerosol samples obtained in the
vicinity of possible source regions with less attention to SFAs. The objective of this study was to elucidate the
origin and formation process of SFAs in aerosols based on size-segregated aerosol samples collected at a
deciduous forest site in different seasons.

Methods

To obtain aerosol SFAs and related compounds, size-segregated aerosol sampling was performed using an
Andersen-type cascade impactor at Sapporo Forest meteorology research site in spring, summer, and autumn.
The nine-stage impactor was used to collect supermicrometer particles in six stages and submicrometer particles
in three stages. We used size-segregated aerosol data obtained in 2009 and 2010. Leaf samples from different
vegetation were collected to examine SFAs to be compared with aerosols. SFAs were identified by using a gas
chromatograph coupled to a mass spectrometer (GC-MS).

Results and discussion

Five SFAs were identified and their mass size distributions in the forest environment were measured for the
first time. n-nonacosan-10-ol was the most abundant compound of SFAs identified, which showed the maximum
concentration in spring, from aerosol samples obtained at the study site. In spring and summer, the peak diameter
of n-nonacosan-10-ol was larger than 10 pm, whereas it was in the range of 1.9-3.0 um in autumn. The size
distributions of n-nonacosan-10-ol showed insignificant correlations with those of known biogenic tracers
(pollen, soil, and fungal spores) in spring and summer. In spring, the mass size distributions of n-nonacosan-10-
ol were highly correlated with those of bulk water-insoluble organic carbon (WIOC), indicating that »n-
nonacosan-10-ol is an important factor controlling the WIOC mass. Furthermore, n-nonacosan-10-ol was
detected in Norway spruce leaf samples.

The overall results, together with the literature on SFAs in plant leaves, suggest that the aerosol SFAs
originated mostly from plant waxes, while leaf senescence status is likely an important factor controlling the size
distributions of SFAs. Moreover, the current results indicate that n-nonacosan-10-ol identified in this study can
act as a possible new tracer for PBAPs. This study provides a new insight into possible sources of PBAPs and
their effects on physicochemical properties of aerosols. Furthermore, our results suggest that the different growth
stages of plants lead to differences in the size distributions of PBAPs emitted into the atmosphere, which may
affect the IN properties of aerosol particles.

Reference

Cui, Y., Tachibana, E., Kawamura, K., and Miyazaki, Y.: Origin of secondary fatty alcohols in atmospheric
aerosols in a cool-temperate forest based on their mass size distributions, Biogeosciences Discuss. [preprint],
2023, 1-17, 10.5194/bg-2023-73, 2023.
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Application of AsiaFlux network data toward upscaling and modeling
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High temporal retrieval of leaf area index from Himawari-8 data
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Early detection of vegetation growth stress using Himawari-8
geostationary satellite
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Methane emissions estimation largely improved by finer rice calendar
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Rice calendar is expected to play a crucial role in improving the accuracy of methane (CH4) emissions
from rice cultivation. However, spatially explicit rice calendar, which provides the flooded duration derived from
detailed start and end of rice cultivation for multiple cropping seasons, have received less attention in CH4
emissions estimation. Here we investigate through a new finer-gridded rice calendar input into the process-based
terrestrial biogeochemical model quantify the CH4 emissions estimation in monsoon Asia from rice cultivation.
We report the total CH4 emissions and each of cropping season including single, double, and triple cropping
seasons. Finer rice calendar enhanced CH4 emissions estimation by characterizing the spatial and seasonal
patterns of CH4 emissions across multiple cropping seasons, especially in lower latitudes. Moreover, we find
large CH4 emissions in 20~30° and 10~20° latitudes that rice paddy area-dominated environments, as well as
large variations of CH4 emissions in 20~30°, 30~40°, and 10~20° latitudes primarily due to single and double
croppings. Our results highlight the importance of a detailed rice calendar in enhancing the quantification and
reducing the uncertainty associated with regional CH4 emissions estimation.
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Forest above-ground biomass estimation using national forest inventory
with airborne LIDAR, SAR data and optical satellite data in Taiwan.

Long Duc Nguyen'", Tomomichi Kato*?, Masato Hayashi*, Hone-Jay Chu °

! Graduate School of Agriculture, Hokkaido University, Sapporo, Hokkaido.
2 Research Faculty of Agriculture, Hokkaido University, Sapporo, Hokkaido.
3 Global Center for Food, Land, and Water Resources, Research Faculty of Agriculture, Hokkaido University.
4 Earth Observation Research Center, Japan Aerospace Exploration Agency (JAXA).
5 Department of Geomatics National Cheng Kung University, East District, Tainan City, Taiwan.
* Corresponding author (e-mail: long.qgltntn@gmail.com).

1 Introduction

Forests have an important impact on ecosystem processes including carbon and water cycling and energy
fluxes, which in turn affect local and regional climate. Understanding the dynamics of the forest's above-ground
biomass (AGB) is essential to grasp how managing the forest affects climate change. The use of remote sensing
data can provide spatially explicit information of AGB from local to global scales. Currently, AGB estimation
via remote sensing has been widely used due to its promising results. In previous studies, AGB has been
estimated using various prediction methods and types of remote sensing data. However, due to the limitations
related to either optical, SAR or Lidar data alone, combining those data types is indispensable. The method by
combining the advantages of active and passive data sources will improve the accuracy of aboveground forest
biomass estimation. In this study, we combined multiple sources data (LiDAR, SAR, Optical satellites) to
estimate AGB in Taiwan. We also constructed and compared the accuracies of four different prediction methods
(multi-layer perceptron neural network (MLPNN), K-nearest neighbor (KNN), Extreme Gradient Boosting
(XGBoost) and random forest (RF)) for estimating AGB of forests in Taiwan. Finally, mapping Taiwan forest
AGB using satellite remote sensing data and a good fit machine learning approach.

2 Materials and Methodology

A total of 3,648 plots were obtained from the 4th National Forest Resource Inventory in Taiwan (TNFRI4)
between 2008 and 2012 provided by the Taiwan Forest Bureau. The ground sampling survey employs systematic
sampling with the densities designated to be on a 3%3 km gridded mesh for Forest Bureau Plots, and on a 1.5x1.5
km gridded mesh for Non-Forest Bureau Plot, on average. Initially, the standard size of a single plot was 0.05ha. If
a plot contains more than three trees with a breast height diameter (DBH) exceeding 100 cm, its size would be
expanded to 0.lha. Trees that were deceased or possessed a DBH less than 6.0 cm were excluded from
measurement.

We used 4 different satellite data in our study (Lidar, SAR, Optical satellites). Landsat 5 TM Collection 2
Level-1 Data acquire in 2010, which were provided and pre-processing by The United States Geological Survey
(USGS). LiDAR (CHM) data with 20x20m resolution provided by Department of Geomatics National Cheng
Kung University, Taiwan. 25-m PALSAR L-band global mosaic data in 2010 were obtained from the Japan
Aecrospace Exploration Agency (JAXA). The forest classification data obtained from Council of Agriculture
Executive Yuan Taiwan in 2017. All satellite images need preprocessing before analysis. In order to bulding
AGB model, 23 variables were normalized for use in the machine learning models.

Four different machine learning algorithms including MLPNN, KNN, XGboost and RF were used in this
research. Hyperparameter tuning is a crucial step in the process of training machine learning models, it’s
necessary to fine-tune machine learning models, improve their performance, and adapt them to specific tasks and
datasets. We used the root-mean-square-error (RMSE), the mean absolute error (MAE), and the coefficient of
determination (R?) to compare the performance of selected machine learning techniques for the forest AGB
estimation.

3 Result and discussion

The results show that all four models had moderate performances using the training data. XGboost
algorithm has shown higher accuracy in AGB estimation compared to other machine learning algorithms and
broadleaf forest model have a higher performance than other forest type. The R? of XGboost algorithm in mix
forest, coniferous and broadleaved model respectively 0.24; 0.45; and 0.58. AGB is a complex ecological
parameter influenced by multiple factors. These factors include not only tree density, height, and DBH but also
tree species, age, health, environmental conditions, and disturbances, making it challenging to achieve a very
high R-squared. Feature importance values for XGboost were calculated to check the importance of each
variable to AGB. The CHM variable is the most important for AGB estimation.

Comparing analysis results and AGB Yearly report show that the estimated AGB obtained from an analysis
is higher than the AGB Yearly report. This study is the first attempt to map the forest above-ground biomass
using the combination of optical satellite, SAR, and LiDAR data in Taiwan.
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Tropical Asia is a complex geographical region, consisting of mainland and island components
dominated by tropical rainforest, cropland, and savanna woodlands in drier areas. Forest-cover constitutes
236 million hectares (Mha), corresponding to approximately 15 % of the world’s tropical forests. A large
part of tropical Asia is considered as a biodiversity hotspot, because it harbors a high number of endemic
species, especially the most diverse mangrove species in the world. The region is also home to the most
extensive tropical peatlands in the world, with an area of 25 Mha and an estimated carbon pool of 69 Pg C.

In addition to the complexity and diversity of ecosystems, two major factors controlling the dynamics
of carbon uptake and release make it challenging to assess the carbon budget (a net exchange of carbon in
and out of the terrestrial boundaries of a certain region) in Southeast Asia: (1) the large interannual climate
variability, due to the El Nifio Southern Oscillation (ENSO) cycles, and (2) forest loss, due to land use,
land-cover change, and forestry (LULUCF). Notably, synergies between ENSO-driven droughts and rapid
LULUCEF have resulted in several extreme episodes of carbon emissions into the atmosphere, particularly
when forest fires occur. As a region characterized by key factors that exacerbate carbon emissions, the
question has been raised whether carbon neutrality can be achieved in tropical Asia

To better understand the state toward carbon neutrality in tropical Asia, here we established a research
network named as “League of geophysical research eXellences for tropical asia (LeXtra)”. This
presentation summarizes current issues in biogeochemical cycles and the current state of carbon neutrality
in tropical Asia.
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