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Dynamics of Earth Environmental Change Revealed by Observations and Models
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This division conducts research and education based on observations and simulation models implemented by the National Institute for Environmental
Studies. It focuses on spatiotemporal variations in atmospheric and oceanic chemical components related to global environmental change, observation
techniques for carbon budgets in terrestrial and marine environments, and analysis of global-scale environmental changes associated with climate
change. Specifically, we analyze data on atmospheric greenhouse gases from satellites, aircraft, ships, and ground-based observations across Japan,
Asia, the Pacific Ocean, and the Arctic/Antarctic regions and surface ocean CO; from ships across the Pacific Ocean. By evaluating greenhouse gas
budgets and making future projections using simulation models, we conduct research aimed at identifying the causes of global environmental change.
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Assessment of the impact of river water
inflow on the oceanic carbonate system

areas due to the combined influences of the Kuroshio, the Oyashio,
rainfall, and evaporation.

river-specific signals and identify the riverine water-affected area. This

1.7 . ., L T
2000 2005 2080 2018 2020

132%E 135°E 13B°E 141°E 144°E
Miimbaged b Tobor of ol (3005, Bagpeiricmries |

Fig. 3 Annual variation in the difference of
aragonite saturation (Qarg) between the riverine

Fig. 2 Annual variation in the difference of ocean
surface partial pressure of CO: (fCO:) between the
riverine water-affected area and the surrounding area. water-affected area and the surrounding area. The

The colors in the bar chart represent the contribution of colors in the bar chart represent the contribution of

Fig. 1 The riverine water-affected area and surrounding
unaffected area revealed by Empirical Orthogonal
Function analysis of nTA distributions. The black line
represents the mean Kuroshio Current path.

each element, and the red line indicates their total. each element, and the red line indicates their total.
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Fig. 4 Horizontal distribution of the absolute difference in
the annual average surface ozone concentrations between the
standard experiment and the sensitivity experiment, where
anthropogenic NOx emissions in China are set to zero.

suggesting that variations in the path of the Kuroshio Current contributed
to the identification of this affected area (see Fig. 1). Furthermore, we
found that the net effect of river water on the CO, exchange between the
atmosphere and the ocean was negligible (Fig. 2). Meanwhile, aragonite
saturation, an indicator of ocean acidification, has decreased by 0.09
over the past 20 years due to the combined effects of water temperature,
alkalinity, and the decomposition of organic matter (Fig. 3).

Global Impacts of Anthropogenic NOx on
Transboundary Ozone Concentrations

This study utilizes the high-resolution global chemistry model NICAM-
Chem (56 km resolution) to quantify how reducing anthropogenic
nitrogen oxides (NOx) impacts domestic and transboundary ozone
concentrations. By applying a zero-out method across 12 world regions,
the study includes evaluation of regional mitigation strategies,
addressing ozone’s significant health risks, which include over one
million estimated excess deaths annually.

Key findings show that domestic ozone reductions are largest in India
(14 ppbv, Fig. 4) and China (11 ppbv, Fig. 5). Furthermore, Chinese NOx
reductions significantly decrease ozone in Japan (by 7 ppbv) and North
America and Western Europe (by 1 ppbv). Reductions in North America
similarly affect distant regions across the Atlantic and Pacific. In
tropical areas, such as India, active convection transports precursors to
the free troposphere, making surface-level horizontal propagation more
limited mid-latitude regions.

The study also highlights the strong nonlinearity of ozone chemistry. In
Japan, a 20% domestic NOx reduction is more effective than a 20%
Chinese reduction, but this relationship reverses in a 100% reduction
scenario. These results emphasize that countries are interconnected as
both sources and receptors, underscoring the vital importance of
international collaboration for global human health and climate goals.
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Fig. 5 Same as Fig. 4, but for the sensitivity experiment,
where anthropogenic NOx emissions in India (IND) are
set to zero.
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