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Noise Level Quantification for Electro-optical Distance Measurement with Atmospheric Correction Using
Japan Meteorological Agency Meso-scale Analysis Data
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ABSTRACT: Electro-optical distance measurement (EDM) is implemented to observe ground deformation
in volcanic areas. In this context, volcano-related deformation needs to be assessed in consideration of
background noise, which generally varies with mountainous slope distance/atmospheric conditions and
related heterogeneity. This study was conducted to clarify the relationship between such noise and slope
distance after correction using Japan Meteorological Agency (JMA) three-dimensional atmospheric
Meso-scale Analysis data (MA).

In the study, continuous EDM observation data with 15 distances (2 EDM sites and 13 reflector sites)
collected at Izu-Oshima volcano in Japan from 2010 to 2021 were analyzed. Conventional and MA-based
correction were individually applied using observation and objective analysis data at EDM sites. Comparison
results based on regression analysis showed that noise levels with MA correction were lower than with
conventional correction due to differences in temperature data, and that the relationship between noise and

slope distance can be used to estimate noise under given observation settings.
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Fig. 1 Electro-optical distance measurement (EDM)
sites (red dots) and reflector sites (orange dots) at
Izu-Oshima volcano, Japan. Yellow: baselines.
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Fig. 7 Relationship between slope distance and related monthly standard deviation (based on equation (27)). The red,

green and blue lines are as per the solid lines in Fig. 4. The subscripts MA, EDM and std indicate atmospheric

clements of MA, observation at EDM sites, and given, as standard, respectively. Lines with variable z values include

vertical atmospheric changes. (a) Comparison of effects of vertical differences on atmospheric elements; (b)

comparison of effects of differences in atmospheric data application. Red variables indicate atmospheric element

replacement from MA to observation data from EDM sites (pgpm Or TgpMm) Or given values as constants (Hgq).
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Fig. 8 Temperature differences at EDM sites between
observation and MA interpolated. The horizontal
lines in each box denote median values; boxes
extend from the 25th to the 75th percentile of each
monthly group's value distribution; vertical lines
denote adjacent values (i.e., extremes within the
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percentile of each group); dots denote observations
outside the range of adjacent values.
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Table | EDM and reflector sites. Reference vertical distance: Zyefiector — Zepm (@ltitudes [m] at the reflector and EDM sites, respectively).
Site Latitude | Longitude | Altitude Refﬁz{iz?ggczlope Refer(;:irgjn\ézmcal Maker P;Z?;leCt Notes
(degree) (degree) (m) (m) (m)
A01 A02 A01 A02
Wavelength:
TCA1201M Reflectorless (RL) mode: 0.670 pm
A0l | 3475361 | 139.4029 498 Leica End: 2020.03.04
EDM Wavelength:
TS16 RL mode: 0.658 pm
Update: 2020.03.04
A02 | 3471256 | 139.4129 631 Leica TCRA1201 W;Vflﬁﬂ,gjﬁf 0.670 um
MO1 34.73761 139.3891 551 2175 53
MO02 34.73936 139.3963 544 1688 46
MO03 34.74350 | 139.4022 485 1101 -13
MO5 34.74408 | 139.4123 467 1358 3498 -31 -164
MO06 34.74778 | 139.4157 442 3918 -189
Update: 2019.02.27
MO8 34.73944 139.4201 438 3058 -193 p (difference: +7.71891 m)
Reflector M09 | 3473544 | 139.4056 533 | 2028 35 SOKKIA | APOIAR Upd(egff‘f;gzgﬁg 59278 m)
MI10 34.73083 139.3949 681 2635 183
Ml1 34.72433 139.3947 752 3340 254
Mi12 34.72822 139.3993 747 2842 249 End: 2019.03.20
M14 34.73133 139.4218 443 3021 2235 -55 -188
MI15 34.72083 139.4069 711 3658 213 End: 2019.03.19
Ml16 3471769 | 139.3984 643 1450 12
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Table 2

from Mar. 22, 2022 onward are listed for reference only.

JMA numerical weather model values (Meso-scale Analysis: MA) used in the study as of 2023. Unused data

Apr. 7, 2009- Mar. 28, 2013— Mar. 25, 2020— Mar. 22, 2022—
Computer system NAPSS, 9 NAPS9, 10 NAPS10
Horizontal resoluton 5 km, 5 kam, 5 k,
zontal gil 721x577 817x661 817x661
numbers)
Vertical levels 48 76 96
(Model top) 21.8 km 21.8 km 37.5 km
Analysis time every 3h
Analysis scheme JNoVA (4D-Var) asuca-Var (4D-Var)
Honda et al. (2005) . .. IMA (2021)
References Honda and Sawada (2009) Ochi and Ishii (2013) Tkuta et al. (2021) IMA (2023)
Table 3 Fitting parameters based on equations (27) — (28).
. . . Conventional .
Equation Fitting parameter No correction . MA correction
correction
a1 slope (mm?/m?) 1.0x10°3 3.5x10°¢ 7.5x107
b1 intercept (mm?) 1.2 -1.8x10°! 1.5
27) multiple R-squared 0.65 0.59 0.49
adjusted R-squared 0.65 0.59 0.49
p-value <2.2x10°16 <2.2x10°16 <2.2x10°16
a2 slope (mm/m) 3.1x1073 1.9x10°3 7.1x10*
b2 intercept (mm) 1.7x107! -4.6x10°! 6.9x10°!
(28) multiple R-squared 0.70 0.71 0.56
adjusted R-squared 0.70 0.71 0.56
p-value <2.2x10°16 <2.2x10°16 <2.2x10°16




