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In this study, the individual retrieval errors for satellite 
data are applied as the measurement error. The horizontal 
representativeness errors are evaluated from the statistical 
analysis of satellite data for each model grid cell because it is 
caused by the coverage of satellite pixels in a grid cell. Boersma 
et al. (2016 [5]) found that the horizontal representativeness 
error for superobservations depends on the size of model grid 
cell. Therefore, the horizontal representativeness error has been 
estimated for a 0.56°-resolution global data assimilation, and it 
is compared to that of 2.8°-resolution global data assimilation. 
It is found that the horizontal representativeness error is larger 
than that of coarser resolution assimilation if the horizontal 
coverage of satellite pixel in a grid cell is same (Figure 1b).

A short-term global data assimilation for 0.56°-resolution 
has been conducted using the horizontal representativeness 
error updated for high-resolution assimilation. The performance 
a 0.56°-resolution data assimilation is evaluated using NO2 
concentration observed by independent monitoring networks 
in Asia, US, and the Europe for the latter part of assimilation 
period (Fig. 2). Agreements of the surface NO2 concentration 
is improved by a 0.56°-resolution data assimilation especially 
in New York and Hong Kong. The improvements is not 
remarkable in Tokyo and London, and the possible cause of this 
discrepancy seems to be an insufficient number of ensemble 
member, an inadequate localization radius in assimilation, or 

an inappropriate treatment of observational data during the 
estimation of NOx emission. 

3. Summary and future works
A 0.56°-resolution global data assimilation system was 

developed towards the use of future satellite measurements at 
high spatial resolution such as TROPOMI and geostationary 
s a t e l l i t e s .  We  demons t r a t ed  t he  pe r fo rmance  o f  a 
0.56°-resolution data assimilation of multiple chemical species 
(ozone, NO2, CO, HNO3, and SO2) from multiple satellite 
sensors (OMI, GOME-2, SCIAMACHY, TES, MOPITT, and 
MLS) for concentration analyses and emission estimations. 
After a data assimilation in April 2008, the global root mean 
square error (RMSE) of tropospheric NO2 column compared 
to OMI was reduced by 56%.The global RMSE against OMI 
was smaller by 56% in the data assimilation at 0.56° resolution 
than at 2.8° resolution. The 0.56°-resolution data assimilation 
showed better agreements in surface NO2 concentrations at 
the selected 43 cities compared to independent monitoring 
networks (AirBase, AQS, and other networks) than the model 
simulation. Agreements in tropospheric ozone concentrations 
compared to ozonesonde, aircraft, and surface measurements 
were also improved. These improvements were attributed to 
direct tropospheric and lower stratospheric ozone adjustments 
and surface NOx, CO, and lightning NOx source corrections. 
The 0.56°-resolution data assimilation increased the global total 
surface NOx emission by 35% compared to a prior emission 

Fig. 2 Daily-mean NO2 concentration near the surface in London, New York, Hong Kong, and Tokyo from August 30 to May 7, 2008. Black, red, and 
blue lines denotes observations at the ground-based monitoring networks, 0.56°-resolution data assimilation, and forward model, respectively. 
Units are µg m-3 for London and Hong Kong, and ppbv for New York and Tokyo. 

Fig. 1 (a) Tropospheric column number density of NO2 from the satellite retrieval of OMI on 6 May 2008 around Tokyo (×1015 molecules cm-2). Red 
and black square denotes a grid cell of 2.8°- and 0.56°-resolution model covering Tokyo metropolitan area, respectively. (b) Relative horizontal 
representativeness errors as a function of the covered fraction of one model grid cell for a 2.8°- and a 0.56°- resolution global data asimilation. 
Red and black line denotes 2.8° and 0.56°, respectively.
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(HTAP_v2.2, GFED4s, and GEIA inventories). Large emission 
increments were found at megacities and biomass burning 
hotspots. Detailed spatial distributions of the estimated surface 
NOx emissions differed significantly between 0.56° and 2.8° 
resolutions. These results suggest that the potentials of using 
a 0.56°-resolution data assimilation for studying tropospheric 
chemistry on scales from megacity to global. 

Acknowledgements
This work was supported by the post-K computer project 

Priority Issue 4 (the advancement of meteorological and global 
environmental predictions utilizing observational Big Data). 
The Earth Simulator was used for simulations as a “Strategic 
Project with Special Support” of the Japan Agency for Marine-
Earth Science and Technology. The authors would like to thank 
Ms. Ikeda and Mr. Uehara for their cooperation in performing 
the simulations.

References
[1] Inness et al. Inness, A., Blechschmidt, A.-M., Bouarar, 

I., Chabrillat, S., Crepulja, M., Engelen, R. J., Eskes, 
H., Flemming, J., Gaudel, A., Hendrick, F., Huijnen, V., 
Jones, L., Kapsomenakis, J., Katragkou, E., Keppens, A., 
Langerock, B., de Mazière, M., Melas, D., Parrington, M., 
Peuch, V. H., Razinger, M., Richter, A., Schultz, M. G., 
Suttie, M., Thouret, V., Vrekoussis, M.,Wagner, A., and 
Zerefos, C., “Data assimilation of satellite-retrieved ozone, 
carbon monoxide and nitrogen dioxide with ECMWF’s 
Composition-IFS”, Atmos. Chem. Phys., 15, 5275–5303, 
doi:10.5194/acp-15-5275-2015, 2015.

[2] Miyazaki, K., Eskes, H. J., and Sudo, K., “A tropospheric 
chemistry reanalysis for the years 2005–2012 based on an 
assimilation of OMI, MLS, TES, and MOPITT satellite 
data”, Atmos. Chem. Phys., 15, 8315–8348, doi:10.5194/
acp-15-8315-2015, 2015.

[3] Miyazaki, K., Eskes, H., Sudo, K., Boersma, K. F., 
Bowman, K., and Kanaya, Y., “Decadal changes in global 
surface NOx emissions from multi-constituent satellite 
data assimilation”, Atmos. Chem. Phys., 17, 807–837, 
doi:10.5194/acp-17-807-2017, 2017.

[4] Sudo, K., Takahashi, M., Kurokawa, J., and Akimoto, H., 
“CHASER: A global chemical model of the troposphere 1. 
Model description”, J. Geophys. Res., 107, ACH 7–1–ACH 
7–20, doi:10.1029/2001JD001113, 2002.

[5] Boersma, K. F., Vinken, G. C. M., and Eskes, H. J., 
“Representativeness errors in comparing chemistry 
transport and chemistry climate models with satellite UV–
Vis tropospheric column retrievals”, Geosci. Model Dev., 9, 
875-898, https://doi.org/10.5194/gmd-9-875-2016, 2016.


