Program file for dry deposition velocity estimation based on the
inferential method (Ver. 4-2)

1. This file is able to calculate dry deposition velocity (Vd) of SO,, HNOs, Os, NH3, NO,, NO,
HONO and aerosol components based on the inferential method.

2. The author, Izumi Noguchi of the Hokkaido Institute of Environmental Sciences, programmed
the file under the editorship of the Japan Environmental Laboratories Association (JELA).

3. This file was supervised by Dr. Kazuhide Matsuda of Tokyo university of Agriculture and
Technology.

4. Methodology of this file is mainly based on “K. Matsuda (2008) Estimation of dry deposition
for sulfur and nitrogen compounds in the atmosphere -Updated parameterization of deposition
velocity-. Journal of Japan Society for Atmospheric Environment, Vol.43, p332-339.” as
following.

5. Procedures of the calculations:

(1) Fill the yellow cells of the "Observation parameter" sheet in appropriate data .

(2) Fill the yellow cells of the "Meteorological data" sheet in appropriate data (maximum 2
months).

(3) If there are any empty cells (no data) in the meteorological data area, it makes errors. In this
case, fill predicted values in the cells.

(4) Interpolated data or the data from nearby weather stations could be used for the predicted
values.

(5) Dry deposition velocity is shown in right above area in the “Meteorological data” sheet.

(6) The daily deposition amount in “nmol m™ day™” can be calculated based on the product of
dry deposition velocity in “m day™” units multiplied by concentration in “nmol m™” units.

(7) Reference height for Vd estimation was set at 20 m high above the ground according the
report of Ministry of Environment (2009).

6. Theories and basic parameters in this program will be updated taking the latest scientific
information into account, so the outputs may be different from version to version.

7. The factor of "Wetness" was estimated from relative humidity (threshold value: 85%).

8. In vesion 4, the fatcor of "Canopy height" followed that of Matsuda (2008).  And resistance
coefficients of gaseous components were corrected in version 4-2.

9. The equation of cuticle resistance (Rcut) of NH; followed that of Smith et al. (2000) according
to Matsuda (2008).

10. The equation of aerosol deposition on grass field followed that of Wesely et al.(1985)
according to Matsuda (2008).

11. The equation of aerosol deposition on forest followed that of Erisman et al.(1997) according



to Matsuda (2009).

Note 1): Estimation height was defined 20 m according the report of Ministry of Environment
(2009).

Note 2): In winter with snow, Wind velocity measurement height is calculated by deducting the snow
depth.

Note 2): Zero height was defined the 0.7 times of canopy height. Canopy height was defined 10 m at
forest, Im at agriculture field and 2m at grass field. In winter with snow, canopy height is

calculated by deducting the snow depth (minimum value =0).

References

J. W. Erisman (1994) Evaluation of surface resistance parametrization of sulfur dioxide. Atmos.
Environ., 28, p2583.

J. W. Erisman, G. Draaijers, J. Duyzer, P. Hofshreuder, N. F. M. v. Romer, F., W., Ruijgrok, P.
Wyers, M. Gallagher (1997) Particle deposition to forests-summary of results and application.
Atmos. Environ., 31, p321.

K. Hayashi, M. Komada and A. Miyata (2006) Estimation of Dry Deposition of Ammoniacal
Nitrogen Using an Inferential Method -Effects of Ammonia Volatilization through Plant
Stomata and Surface Wetness on Dry Deposition Velocity-., Journal of Japan Society for
Atmos. Environ., Vol.41, p78 (in Japanese).

W.J. Massman (1998) A review of the molecular diffusivities of H,O, CO,, CHa4, CO, O3, SO,
NHs, N>O, NO, and NO; in air, O2 and N2 near STP. Atmos. Environ. 32, p1111.

K. Matsuda (2002) Development of a resistance model for estimating dry deposition amount of

acidic substance., Bulletin of Japan Environmental Sanitation Center, No.29, p41 (2002) (in

Japanese).

K. Matsuda (2008) Estimation of dry deposition for sulfur and nitrogen compounds in the
atmosphere -Updated parameterization of deposition velocity-. Journal of Japan Society for
Atmospheric Environment, Vol.43, p332.

Ministory of Environment (2009) Report on Long-term Acid Deposition Monitoring
(FY2003-2007), p23 (in Japanese).

Ministry of the Environment: Comprehensive Summary Report on Acid Deposition Monitoring
Survey (2004) (in Japanese).

1. Noguchi (2007) Application of NDVI for Dry Deposition Velocity Estimation Model
(Inferential method). Proceeding of 14th Annual Meeting of Hokkaido and Tohoku Branch in

Japan Society for Atmospheric Environment, p 22(in Japanese).



I. Noguchi and K. Matsuda (2003) Development of Estimation Program File for Dry Deposition.,
Report of Hokkaido Institute of Environmental Sciences, Vol.30, P23 (in Japanese).

I. Noguchi and K. Matsuda (2006) Development of Estimation Program File for Dry Deposition
(Ver.3). Proceeding of the 47th Annual Meeting of Japan Society for Atmospheric
Environment, 2C1012 (in Japanese).

I. Noguchi, B. Aosier, M. Takada, K. Hamahara, H. Takahashi, K. Tamada (2006) Developing
NDVI Estimation Model of Forest Area in Japan, using Temperature data. Vol.32, p43 (in
Japanese).

R. I. Smith, D. Fowler, M. A. Sutton, C. Flechard, M. Coyle (2000) Regional estimation of
pollutant gas dry deposition in th UK: model description, sensivity analyses and outputs,
Atmos. Environ. 34, p3757.

A. Takahashi, K. Sato, T. Wakamatsu, S. Fujita and K. Yoshikawa (2002) Estimation of Dry
Deposition of Sulfur to a Forest Using an Inferential Method -Influence of Canopy Wetness
on SO2 Dry Deposition-., Journal of Japan Society for Atmospheric Environment, Vol.37,
p192 (in Japanese).

C.J. Walcek, R. A. Brost, J. S. Chang and M. L. Wesely (1986) SO», Sulfate and HNO; Deposition
Velocities Computed using Regional Landuse and Meteorological Data, Atmos. Environ., .20
p949.

M. L. Wesely (1989) Parametrization of surface resistances to gaseous dry deposition in

regional-scale numerical models., Atmosphereic Environment, 23, p1293.

M. L. Wesely, D. R. Cook, R. L. Hart (1985) Measurement and parametrization of particulate
sulfur dry deposition over grass. Journal of Geophys. Res. 90, p2131.



