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Day 1, 14:10~14:30

Trend and variability of the land carbon cycle simulated by the MRI-LPJ
dynamical global vegetation model

Yasuto Watanabe'”, Makoto Deushi!, Seiji Yukimoto!, Yukimasa Adachi!, Masahiro Hosaka',
Hiroyuki Tsujino!

! Meteorological Research Institute, Japan Meteorological Agency
* Corresponding author (e-mail: ywatanabe@mri-jma.go.jp)

Background

The land ecosystem responds to the anthropogenic climate change and increase of atmospheric pCO2, so it is
fundamentally important in estimating future carbon budget and climate change. It also responds to the
interannual climate variability related to the El Nifio-Southern Oscillation (ENSO), which would help constrain
the response of the land carbon cycle to future climate change (Cox et al., 2013). In the Meteorological Research
Institute, the Meteorological Research Institute Earth System Model MRI-ESM2.0 has been developed and
contributed to the CMIP6 model intercomparison (Yukimoto et al., 2019). MRI-ESM2.0 is superior in
reproducing the surface air temperature, and the model also includes the land carbon cycle model. However, it
tended to overestimate the gross primary production (GPP) and leaf area index (LAI), leading to the net land
carbon absorption being higher than other models.

Methods

In this study, we developed a dynamical global vegetation model MRI-LPJ model, which is developed based on
the LPJ-LMFire model (Pfeiffer et al. 2013), for improving the land carbon cycle coupled to the MRI-ESM2.0
(Yukimoto et al., 2019). We drive the offline version of the MRI-LPJ model by daily meteorological data based
on JRA-3Q (Kosaka et al., 2024), which is an up-to-date reanalysis data of the Japan Meteorological Agency,
and simulate the variability of the land carbon cycle from 1948 to 2015. We also run the model with and without
the changes in the atmospheric pCO2 to elucidate the impact of the CO2 fertilization effect on the modern land
carbon cycle.

Results

Using the MRI-LPJ model, the reproduction of the present GPP and LAI was improved especially in the tropics
when compared with the previous land carbon cycle model employed in the MRI-ESM2.0. On the other hand, the
GPP and LAI at the high-latitude regions of the northern hemisphere exhibited values higher than observation-
based estimations (e.g., Zhao and Running 2010). The GPP estimated using JRA-3Q meteorological data increased
by nearly 20% from 1948 to 2015, which is associated primarily with CO2 fertilization effect in the tropic regions.
The interannual variations of the net ecosystem productivity (NEP) was consistent with the results of the previous
studies (Sitch et al. 2008; Zhang et al., 2016). When El Niflo events occur, NEP decreases primarily in the northern
part of South America, resulting in the net CO2 supply to the atmosphere. When La Nifia events occur, on the other
hand, the opposite pattern of the case of El Nifio events was observed in South America, while the responses in
Africa were similar to the pattern of the case of El Nifio.

Discussion

In this study, the variability of the modern land carbon cycle was reproduced using the MRI-LPJ model. The MRI-
LPJ model has already been coupled to MRI-ESM 2.0 and the next-generation Earth system model that is currently
under development at the Meteorological Research Institute. These Earth-system models include the atmospheric
ozone chemistry model, and thus this would allow us to investigate the interaction between land vegetation, global
carbon cycle, and tropospheric ozone chemistry in the future.

References
Cox et al. (2013). Nature, 494(7437), 341-344.; Kosaka et al. (2024). J. Met. Soc. Japan. Ser. I1, 102(1), 49-109.;
Pfeiffer et al. (2013). Geosci. Model Dev., 6(3), 643-685.; Sitch et al. (2008). Global Change Biology, 14(9),
2015-2039.; Yukimoto et al. (2019). J. Met. Soc. Japan. Ser. I, 97(5), 931-965.; Zhang et al. (2016). Geophys.
Res. Lett., 43(4), 1607-1614.; Zhao and Running (2010). Science, 329(5994), 940-943.



Day 1, 14:30~14:50

Rice yield reconstruction in the Asian region over the past 100 years
through optimizing parameters in the process-based crop model MATCRO
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Abstract

Rice yield in Asia have more than doubled over the past 100 years (Teng, Paul P. S., et al. 2016).
Meanwhile, since the Industrial Revolution, the global mean surface temperature has increased by
approximately 1.26°C, and atmospheric CO2 concentration has risen by over 100 ppm since the

post-war period (IPCC, 2021). These changes in climate conditions have had various impacts on
rice production (Zhao et al., 2016; McGrath & Lobell, 2013). At the same time, crop improvements
have been a significant factor in increasing yields (Miflin, 2000). However, the precise contribution
of these improvements to yield increase has not been clearly quantified.

The aim of this study is to quantify the impact of climate change and breeding improvements on
rice yield in Asia. Using the process-based crop model MATCRO (Masutomi et al., 2016), we
reconstructed regional rice yield over the past 100 years and evaluate the contributions of these
factors.

We have collected paddy rice yield statistics at the prefectural level in the Asian region
from various references. Based on these datasets, we optimized seven parameters in MATCRO
related to leaf thickness, temperature tolerance, and photosynthetically assimilated carbon
allocation for reconstruction. We used the Bayesian Optimization method, conducting the
optimization in 20-year windows, going back in 10-year intervals. The objective function was set as
follows:

1 yvear_ed .
RMSE Jﬁzﬁyeatst(snni — obs;)?
Varyps % Zyear_ed (Obsi . E*EE) 2

I=year_st

objective function =

where Varops 1is the variance of observation, RMSE is derived from the difference between
simulation and observation, and year st and year ed are the starting and ending years for each
optimization window, respectively.

Gyeonggi-do

The optimization result for Gyeonggi-do in
South Korea is shown in Figure 1. Challenges
remain in reconstructing the yield during the rivea(i®
periods when the transition from rain-fed to iha
irrigated farming occurred. Moreover, while single-
cropping regions allow for more accurate
reconstruction by  optimizing  phenological
parameters, multi-cropping regions, particularly
those with three crops per year, present difficulties
due to the lack of specific yield data per cropping
cycle, as yields are typically recorded on an annual
basis.

Our study is still in the experimental phase,
and we are considering which regions to target
for optimization.
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Figure 1. Optimization result for Gyeonggi-
do, South Korea.



| Day 1, 14:50~15:20 |

Reconstructing spatiotemporal dynamics of mixed conifer and broad - leaved
forests with a spatially explicit individual - based dynamic vegetation model
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A dynamic vegetation model was adapted to a mixed forest of deciduous
broad-leaved trees and evergreen conifers in Hokkaido, the northernmost main
island of Japan, located within a transition zone between cool temperate and sub-
boreal forest ecosystems. In this forest, elevation and a terrestrial-wetness index
affect tree biomass and the percentage of conifers. We maximized agreement
between this observed pattern and model output by calibrating parameters that
control drought and excessive soil-moisture tolerance, establishment rate, and
background mortality rate. In the simulation, biomass increased as a single peak
curve with simulation year, while the percentage of conifers increased until the
end of 200 simulation years. The 75-year simulated forest was most comparable to
the adapted forest, consistent with the average frequency of catastrophic storm
disturbances in Hokkaido. The model also reconstructed a reasonable succession
pattern based on temperature and soil moisture. Therefore, the model
mechanistically reconstructed the mixed forest via spatial niche segregation and
succession after catastrophic disturbances. However, the model did not reconstruct
the percentages of broad-leaved trees and conifers of forests prior to the
disturbance in independent validation plots, demonstrating that additional
processes should be considered in future models.

Reference

H. Sato, M. Shibuya and T. Hiura (2023) Reconstructing spatiotemporal dynamics of mixed conifer and broad -
leaved forests with a spatially explicit individual - based dynamic vegetation model. Ecological Research 2023 Vol.
38 Issue 3 Pages 465-478
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Day 1, 15:35~16:00

A near-real-time global simulation system of land-atmosphere gas fluxes:
a prototype of VISIT-JRA3Q

Akihiko Ito!"
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A near-real-time analysis becomes increasingly important not only for short-lived climate
forcers including air pollutants but also for long-lived greenhouse gases. For example, a quick
analysis of the high CO, growth rate in 2023 was conducted by the GCP task force using
available observational data and model simulations, implying the importance of anomalous land
budgets such as surge emissions from mega-fires. Such a quick analysis is also effective for
policy-relevant issues to detect the footprint of human activities.

In this study, a prototype of a near-real-time simulation system of land fluxes is presented.
Atmosphere-land ecosystem fluxes of CO2 and CH4 are simulated using a process-based model,
VISIT (Vegetation Integrative SImulator for Trace gases), at a 1-hour time step. Meteorological
data are derived from the third-generation reanalysis of the Japan Meteorological Agency
covering three-quarters of a century from September 1947 to the present (JRA-3Q; Kosaka et al.,
2024). Note that there are alternative choices of meteorological data, the ERAS and MERRA2.
The present prototype system has a spatial resolution of a quarter degree for consistency of land-
use data (LUH2) and therefore the JRA-3Q data originally produced using a TL479 data
assimilation system are converted into the land model grid system.

Several technical issues should be solved. First, the JRA-3Q data is provided in wgrib2
format from the DIAS and the University of Tsukuba. Alternatively, the data is also provided in
NetCDF format, which is more flexible and widely used, from the U.S. National Center for
Atmospheric Research. The prototype system adopts the NetCDF data and then requires a
corresponding interface to directly read it. Second, to realize near-real-time analysis beginning
from an arbitrary time (typically from the end of the previous analysis), a restart routine is
required to be implemented. This is also necessary to avoid conducting a spin-up simulation,
which demands a heavy computational cost for each analysis run. At present, it was
implemented by a routine of writing and reading whole structure variables of the VISIT. The
prototype system aims at conducting a land simulation within a latency of 1 month.

There remain several technical issues. First, it is challenging to obtain satellite-derived
biomass burning emissions within 1 month, although several fire products (e.g., QFED, CAMS,
and GFED) are available. Similarly, satellite-derived inundation products, which are used for
wetland CH4 emissions, have a latency longer than 6 months, and model-estimated inundation is
still highly uncertain. Finally, the system is expected to make a contribution to the Global
Greenhouse Gases Watch by the World Meteorological Organization (WMO-G3W), as well as
the 2nd UNFCCC Global Stocktake.

References

Ito, A. (2019), Disequilibrium of terrestrial ecosystem CO, budget caused by disturbance-induced emissions and
non-CO, carbon export flows: a global model assessment, Earth System Dynamics, 10, 685-709,
doi:10.5194/esd-10-685-2019.

Kosaka, Y., et al. (2024), The JRA-3Q reanalysis, Journal of the Meteorological Society of Japan, 102, 49-109,
doi:10.2151/jms;j.2024-004.
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Understanding the impact of high-temperature events on carbon balance in
northern mid-to-high latitude regions
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Seasonal variations in the terrestrial carbon balance across northern mid-high
latitude zones are closely associated with the location, timing, and duration of
temperature increases. In recent years, the frequency of high-temperature events
has been reported to increase due to climate change, with predictions suggesting a
further rise in the future. In the spring and summer of 2020, large parts of middle
to northern Eurasia experienced an unprecedented temperature increase, recording
nearly +6°C above the climatological average. However, its effect did not
significantly contribute to changes in the net carbon balance of the region. This
study compares high-temperature events that occurred in the regions of North
America and Eurasia situated above 45°N latitude from 2001 to 2020 and
evaluates their impact on the carbon balance. Monthly temperature from ERAS
reanalysis data and precipitation data from MSWEP were employed to assess
high-temperature events, while FLUXCOM-RS data on gross primary production
(GPP) and terrestrial ecosystem respiration (TER) were utilized to analyze the
carbon cycle. Despite widespread increases in temperatures, no substantial impact
on the carbon balance was identified in northern Eurasia during January-April of
2002, 2007 and 2020, because temperature increases were insufficient to activate
carbon cycles in boreal regions. Although appearing less extensive, noticeable
changes in carbon balance were found in a high-temperature event that occurred
from May to August 2010 in western Eurasia. The high-temperature event
coincided with a reduction in precipitation and a decline in the vegetation index,
causing a significant reduction in GPP. The results of this study suggest that the
magnitude of high-temperature events does not necessarily directly affect the
carbon balance but varies greatly depending on the location, timing, and duration
of events.
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Seeming weakening of land CO; uptake due to climate and land-use changes
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The rate of CO; uptake by land has increased since the 1960s. The “top-down”
atmospheric inversions and “bottom-up” biogeochemical models that calculate the
land CO, exchange agree that its sink strength has increased until the end of the
2000s but weakened for 2000—2022. Integrating multiple model and observational
estimates, here we provide evidence that the recent weakening of global land CO,
uptake is a spurious phenomenon, caused by decadal changes in anthropogenic
forest disturbances and natural climate that coincidentally occurred during the
2000s. We find that activities of land-use, land cover changes, and forestry
(LULUCF) were largely reduced for tropical ecosystems in Amazon and Southeast
Asia between the 1990s and 2000s owing to national regulations but slightly
increased in the 2010s. In the past 100 years of the El Nifio-Southern Oscillation
(ENSO) cycle, there have been two long periods without strong El Nifio events,
one of which was in the 2000s. The coincidental and simultaneous changes in
these different processes made the 2000s a favorable environment for land CO;
uptake. These results indicate that it only appears that land CO, uptake since
th2000s has weakened due to a coincidental large increase in CO; uptake in the
2000s. Similar to the case of the land, we found that an increased ocean CO,
uptake in the 2000s due to reduced CO2 outgassing from the ocean surface due to
weakened ocean circulation is found caused by the decadal variability in ENSO.
These results suggest that an over-focus on the anthropogenic impact on the
carbon cycle has led to an underestimation of the impact of natural variability on
land and ocean CO, uptake.
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Detecting satellite SIF time series change as resilience metrics over 20 years in
Malaysia and Indonesia
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Introduction

Palm oil is globally used in various products and industries, mostly produced in Malaysia and
Indonesia across millions of hectares. However, climate change is projected to impact oil palms due to
water stress negatively. Therefore, it is important to identify vulnerable areas to prioritize adaptation
actions across the countries. Vulnerability can be generally described by measuring resilience.
Particularly, ecological resilience refers to the ability of an ecosystem to persist to disturbances, which
can be observed as the change in the trend and stochastic fluctuations of time series data[1]. This study
aims to measure the resilience of vegetation including oil palm areas in Malaysia and Indonesia using
resilience indicators analyzed from 20-year satellite vegetation products.

Methodology

Global dataset of solar-induced chlorophyll fluorescence (GOSIF)[2] was selected as vegetation
productivity data for its high spatial and temporal resolutions. GOSIF was resampled to a 0.1° grid, and
the monthly sum from 2002 to 2022 was used. The resilience metrics in this study included changes in
the mean values of SIF, seasonal standard deviation representing fluctuation, and spectral signal. For
changes in standard deviation, the study period was divided at the midpoint of the entire study period,
then the standard deviation was calculated from seasonal data, which was derived from the decomposing
of the original time series data into trend and seasonality. For changes in SIF mean value and seasonal
spectral, change points were identified in the 20-year SIF time series using the Pruned Exact Linear Time
(PELT)[3] method. The mean values were calculated if a significant trend existed in the time segments.
Seasonal spectral analysis was conducted using Fourier Transforms to obtain amplitude and frequency
domains. These changes in mean, standard deviation, and spectral properties were compared between the
first and later periods.

Results

Change points were mostly observed in the Malay Peninsula, Borneo, and Sumatra islands, indicating
that vegetation in these regions has been changing its response to climate. An increase in standard
deviation was observed in these regions. In contrast, amplitude changes were more pronounced in other
areas, suggesting that the response of seasonal signals varied among regions. Negative changes in mean
SIF values were seen in the Malay Peninsula, Sumatra islands, and the northeast of Borneo islands, while
positive changes were present in other regions. These results suggest that the Malay Peninsula and
Sumatra islands may be less resilient at present. However, differences in vegetation types might lead to
varying responses to climate disturbances and time series data.

Conclusion and Future Work

The analysis of changes in trend and seasonal fluctuation suggested that the Malay Peninsula and
Sumatra may be less resilient in this study. In future studies, other resilience metrics such as recovery
capacity and autocorrelation will be investigated. Additionally, focusing on areas specific to oil palm
cultivation areas may provide detailed insights into oil palm resilience. Furthermore, validation of the
analysis, particularly concerning palm yield, is needed.
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Characteristics of the Fluorescence of Water-Soluble Organic
Matter in Atmospheric Aerosols in Wakayama
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The fluorescence properties of atmospheric aerosols show variability
according to their chemical composition such as oxygenation state. Excitation-
emission matrix (EEM) fluorescence spectroscopy is becoming an important
method for analyzing the chromophores of water-soluble organic aerosol. The
fluorescence characteristics of the chromophores were reported widely in recent
years; however, how environmental conditions (e.g., humidity and temperature)
affect the fluorescence properties of water-soluble organic aerosol are not yet fully
understood. In this study, the fluorescence of water-soluble components in forest
aerosol samples is studied to understand their characteristics and their temporal
variations, and to infer the underlying processes.

Forest aerosol samples collected in Wakayama during 2015 summer were
subjected to the analysis of EEM for water-soluble extracts. Parallel factor
analysis (PARAFAC) was used to identify fluorescence characteristics. The result
shows that water-soluble organic aerosol in this study was consist with low-
oxygenated species (LOS), highly-oxygenated species (HOS), and protein-like
substances (PRLIS). The relative contribution of the fluorescence of LOS showed
significant positive correlation with SO42- (r=0.78; p<0.001) and NH4+ (r=0.80;
p<0.001), while PRLIS showed strong negative correlation with them (r=-0.72 and
p<0.001 for both). A possible explanation is that LOS may have been influenced
by regional/long-range transport, while the influence is smaller on PRLIS. Nine
meteorological variables including temperature, solar radiation, relative humidity,
wind speed, and precipitation, were used for the comparison with fluorescence
characteristics. The relative contribution of PRLIS showed a positive correlation
with relative humidity (r=0.36; p<0.001), which may be explained by the
humidity-dependent emission of bioaerosol.

The temporal variation of the fluorescence within a day was also analyzed.
The fluorescence volume was relatively high in the daytime, especially in the
afternoon (around 12-18 LT). The fluorescence of LOS showed a similar variation
pattern with the minimum between around 0-6 LT and the maximum during
around 12-18 LT. A possible explanation is that biogenic emissions were high
during midday because of high temperature and strong solar radiation and
contributed to the increased LOS. Comparison between inorganic ions and total
fluorescence volume showed that the increase in the chromophores from nighttime
to daytime was more prominent, which may relate to photochemical reactions.
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Process-based modeling of BYOC emissions from forest ecosystem with
validation at two observation sites for monoterpene
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Abstract. Globally, the emission of biogenic volatile organic compounds (BVOC) by
plants represents the dominant source of volatile organic compounds emitted to the
atmosphere. ~ Monoterpene (MT), as one of the major BVOCs, can contribute
significantly to the formation of secondary organic aerosols and thus influence cloud
properties. In this study, first, we developed a process-based MT module in the
Vegetation Integrative Simulator for Trace Gases (VISIT) model, considering the
production, storage, and emission of MT as three main processes. We evaluated the
modeled MT emissions against ecosystem-level observation data at a half-hour scale
from a Japanese larch (Larix kaempferi) forest site on Mt. Fuji, Japan. The VISIT model
demonstrated relatively high accuracy, with Willmott’s index of agreement of 0.61, a
mean bias error (MBE) of 0.29, and a root mean squared error (RMSE) of 0.43. These
results were comparable to those of the Model of Emissions of Gases and Aerosols from
Nature (MEGAN) model, which had Willmott’s index of agreement of 0.63, an MBE of
0.40, and an RMSE of 0.54. In a long-term simulation under high CO2 emission
scenarios, the ratio of MT emission to gross primary production exhibited a stronger
correlation with CO2 concentration than with temperature. Second, after completing
vegetation-based BVOC simulations for the FHK site, we applied laboratory-based litter
emission capacity data to simulate MT emissions at the Swedish Norunda site,
dominated by Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies L.), using
the Lund-Potsdam-Jena General Ecosystem Simulator (LPJ-GUESS) model. By
comparing Norunda BVOC validation data with the simulation incorporating litter MT
emissions, we found that including this process enhanced the model's accuracy. Our
study provides a process-based modeling approach for more accurately simulating MT
emissions from Japanese larch and highlights the importance of including a process-
based scheme of litter BVOC emissions for improved model performance.
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