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15  Abstract. Mountainous river floods cause destruction. Monitoring instruments are commonly set inside channels.
They are often lost because of the flow. Hi-net system built in Japan can sense the ground vibrations generated by
floods. They overcome the ambient noise. Our aim is to develop a method to interpolate the missing peak river
stages using the ground vibrations. It will contribute to the early warning and mitigation of damage. We investigate
two events (Kuma and Kumano river) which missing of water level observation occurred and one event (Chikugo

20 river) which missing didn’t occur. Using statistical features, we estimated the peak water level and compared them
with records by crisis management gauge or traces. The best fit estimated water level was 8.04 m and trace level
was 7.27m at Kuma River event. The 1-2 Hz band pass filter showed the best correlation. But Hi-net station nearby
the seacoast showed worse correlation at Kumano River event. To validate the accuracy of this method, we applied
it to Chikugo River event and NSE was 0.80. It shows this method represents well the water level. The interpolation

25 method using the ground vibrations has a limit for application but has a potential to estimate the missing water

river level for flash floods, especially of mountain areas.

1 Introduction used to measure the water level. They are commonly

. . . 35 installed inside the channel. But due to its location, it is not
In mountainous areas, as flash floods from tributaries
. . . .. rare that data of water level are not available because of the
joining mountainous river floods cause destruction in the

. destruction of instruments by the flow of channel.

case they overflow channel banks with bed load y
. .. The high-sensitivity seismograph network (Hi-net) is
transportation and flow path fluctuation in Japan. Though & Y grap ( )
. .. built in Japan. It is used not only for the observation of
the flow velocity is high and the duration is short, the peak P Y
. . . . 40 earthquakes, but also for the monitoring of geomorphic
discharge is outstanding. Some types of instruments are 4 gols P



processes such as landslides (Takezawa et al.,2013). In

P z A 2156 7oy o Water Level
general, data of Hi-net have ambient noise. But it is shown ” ;:“J ,\\\ g 7 k: - g Hinet
that they can be used for the interpolation of missing {\ o /\,{ : ;/w v R(ainfa"
measurement during flood (Tsutsui et al., 2020). Because £ 2 {)} Oono . (,\ o : (( ief L i 1’( Tara;(’i
5 the ground vibrations which may be caused by flood TNASKH (o Wat';rii‘{ Gk Fu’;;ada' 8. 5%
overcome the ambient noise. P.C. and Sawazaki (2021) “t 1‘}‘-.:—.(3,‘ 7 L|:|itoyos£1i_léﬁik/>u ¥ Y. ; S
shows discharge data simulated by hydrological model and [: : / k-‘\\’f’fj‘z‘ = M9 (f" ;‘l.UFIIVEH ;\IA\
Hi-net seismic noise data exhibits the same trend at three 2 e 2 i NHYOH °?’ PR \‘\ ¢
Mogami River Basin events. % :35:":” " 5 \,{{: AN l :’ .1 < \:,’ et
10  Inthis paper, we introduce an attempt for an interpolation A A S G e ,‘ AR A :}:\5,\ :
method of missing peak river stage of mountainous flash Figure 2: Map of water level, Hi-net, rainfall stations at
floods based on microseismical monitoring network. Our Kuma River Basin
aim is to develop a method to interpolate the missing peak
river stage of mountainous flash floods. It is based on the
15 ground vibrations caused by floods. If this method can
estimate the water level, it is useful for providing e f;,(') WP T f O Water Level
information to make decision of flood damage mitigation )\\ ; ‘; i < @ Hirnet
activities and for proper residents warning. 4 e ,\ P, :f i 'V Rainfall
ol \'{\,,,\ SN 5N A
o b, o U
2 Methods P e ' L\ = NEHOI-{I ;
‘ M ¢
20 We investigated three flood events in three basins (Figure # Ouga Q Na:u.k\aQwa?S ), N
1). First, 3-19 July 2020 in Kuma River Basin. Second, 30 e il oy \oAke =
August— 6 September 2011 in Kumano River Basin. Third, Rl ‘:;::’ LR s X R ,;’*‘}'
5-17 July 2020 in Chikugo River Basin. Figure 2-4 and 5- ‘ i \"V/ -

y e LT A ("

7 show the topographic maps and the observed water level Figure 3: Map of water level, Hi-net, rainfall stations at

25 and rainfall data of each event, respectively. The time on Kumano River Basin
this paper refers to local time. At Kuma River Basin and

Kumano River Basin event, when the water level was

! ~ ok - -
/ ® sri /-ff 5% O Water Level
estimated to reach the peak, the data of water level was & NG ISR IR .
%/ Ve re O Hi-net
i ¢ . Brc = S N uan
mlSSCd. 59 ”.t,‘ lk G V Rainfall
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Figdi‘e 1: Location of three basins
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river in these basins. From the data, one minute RMS
(Root Mean Square) values were calculated with the

equation below.

RMS(0) = |~ XN y(i,j)? (1)
Here, y and N are velocity value of j-th at i minute and the
number of samples in one minute. Then we calculated one
hour average statistical features of ground vibrations to
cope with the recorded water level which were measured
each hour. It was adapted because Hi-net data could be
affected by check signals and earthquakes. We calculated
one-hour average values using these processed ground
vibration data. And then we tried various band pass filters
to examine which of them would show good correlation.
Then we compared the one-hour average statistical
features and observed water level data and obtained linear
regression equations to estimate the missed water level.

The regression equation is expressed as follows.

WL(t) = a X RMS(t) + b

2

Here, WL is one-hour water level and a, b are control

parameters.

3 Results and Discussion

We obtained the relationships with six water level stations
(Oono, Hitoyoshi, Ichibu, Watari, Fukada, Taraki) and
three Hi-net stations (N.ASKH, N.HYOH, N.UWEH) at
the event of Kuma River Basin, with three water level
stations (Akebono, Narukawa, Ouga) and one Hi-net
station (N.KHOH) at the event of Kumano River Basin,
and with three water level stations (Arase, Esonoshuku,
Kobuchi) and one Hi-net station (N.UKHH) at the event of
Chikugo River Basin. The control parameters we obtained

are shown in Table 1.

3.1 Kuma River Basin event

Figure 8 shows the spectrogram of ground vibration on 4

July 2020. Amplitude spectrum became bigger

midmorning when the water level increased. The result of

calculation of correlation between water level and RMS
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Table 1: Best fit a and b values for each event and

water level station

Event Water level station Control parameter
a
Kuma river Oono 1.52x 108 -1.03
Hitoyoshi 5.03 <107 -1.12
Fukada 4.93%x107 6.28
Ichibu 6.12 X107 -1.43
Taraki 8.44 <107 -1.40
Watari 1.13x108 -2.14
Kumano river ~ Akebono 2.93 <107 -0.67
Narukawa 5.60 < 107 -1.09
Ouga 9.27 X107 -1.17
Chikugo river ~ Arase 1.92 X108 1.45
Esonoshuku 1.65 X108 -1.51
Kobuchi 1.72%108 1.44
50
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Figure 8: Spectrograms of the seismic noise on 4 July 2020 at

Kuma River Basin. (a) N.ASKH (b) NNHYOH (c¢)
N.UWEH

values indicated that 1-2Hz band pass filter were the best
correlation in almost cases. The correlation coefficients

were more than 0.9 except for Oono station. Figure 9
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0

1.0x10-%¢

Table 2: NSE coefficients

Event Water level station ~ NSE

Chikugo river  Arase 0.80
Esonoshuku 0.80
Kobuchi 0.48

dipicts the observed and estimated water level with the
method we proposed. The estimated water level of
Hitoyoshi water level station was 8.04 m and that of
estimated with flood trace was 7.27 m. The difference was

about 0.77 m.

3.2 Kumano River Basin event

The correlation coefficients were in the range from 0.40 to
0.70 and showed worse correlation than the event at Kuma
River Basin. The reason could be the Hi-net station used
for Kumano River event was close to the seacoast. It is well
known that sea waves raise ambient noise near the seacoast
(Nakata et al.2019). When a typhoon comes near a Hi-net
station, the ambient noise caused by sea waves may
increase. There are some other sources of noise such as
human activity in city areas. These noise sources could
attribute to the low correlation at Kumano River Basin
event.

The estimated water level of Akebono station by our
method was 2.96 m and the recorded level was 2.79 m
(Figure 10). The difference was about 0.2 m but there was
about one day time lag between the peaks of estimated
We could not demonstrate well

and recorded levels.

correlation with other stations at Kumano River Basin.

3.3 Chikugo River Basin event

At Chikugo River Basin event, data of water level was not
missed. We applied our method to this event to validate the

method. Some water level peaks can be recognized in

75 Figure 7. The spectrogram of N.UKHH (Hi-net Ukiha
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Figure 9: Time-series profile of observed and estimated water level at Kuma River Basin
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Figure 10: Time-series profile of observed and
estimated water level at Kumano River
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Figure 12: Time-series profile of observed and
estimated water level at Chikugo River

Basin
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station) shows increase of amplitude spectrum in 1-5 Hz
according to the peak of the water level(Figure 11). The
correlation coefficient between Arase station with
N.UKHH was 0.90 at 6-7 Hz. Though the estimated water
level at Arase station expressed the observed one (Figure
12). We calculated NSE (Nash-Sutcliffe Efficiency)

coefficient. The NSE is given as

i i 7P
Zi[hfest hobs]2 (2)

NSE =1 -
Si[hbps—have]

where hlg,, hf,bs, and h,,, are the estimated water level at
time i, observed water level at time i, and average of the
observed water level over time, respectively. If NSE is
greater than 0.7, it is said that the model can estimate
well. The obtained NSEs are shown in Table.2. At Arase
and Esonoshuku stations NSEs were greater than 0.7, and
it indicates the equations at these stations might estimate
water level from ground vibration data.

There was still about 3 hours’ time lag of peaks. To
investigate this difference, we conducted multiple
regression analysis about water level of main river and
tributary and rainfall. With this regression analysis we
obtained the coefficients with main river, tributary and
rainfall were 0.08, 0.85 and 0.1, respectively. The

coefficient related to water level of tributary
(Nishikumanoue station) was the highest, 0.85. This result
shows that the possibility of the main cause of ground

vibration is from the flow of the tributary.

4 Conclusions

We showed the examples of interpolation method using the
ground vibration, especially low frequency band.

We investigate two events (Kuma and Kumano river)
which missing of water level observation occurred and one
event (Chikugo river) which missing didn’t occur. Using
statistical features, we estimated the peak water level and
compared them with records by crisis management gauge
or traces. The best fit estimated water level was 8.04 m

and trace level was 7.27m at Kuma River event. The 1-2
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Hz band pass filter showed the best correlation. But Hi-net
station nearby the seacoast showed worse correlation at
Kumano River event. To validate the accuracy of this
method, we applied it to Chikugo River event and NSE
coefficient was 0.80. This shows the method we proposed
here represents well the water level.

This method has a limit to adapt the observatories near
the seacoast because of the noise from waves. But this
method has a potential to estimate the missing water river
level in mountainous areas during flash flood. We are
going to develop better features attempting other flood
cases and analyse from other perspectives such as natural
frequency of the ground, characteristics of seismic waves

and feasible observatories.
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Introduction

In mountainous areas, as flash floods cause destruction in the case they 1
overflow channel banks. Some types of instruments are used to measure the 4
water level. But they are installed inside the channel. They are sometimes ;,/'(I )
destroyed. We tried to develop a method to interpolate missing peak river
stage by using the data of high sensitivity seismograph network(Hi—net) built
in Japan.
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Kumano River
o /0 Hkm
—

.‘,'-‘"Ku a River

Figure 1: Location of three basins
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Figure 3: Location map of Hi-net stations at Kumano River Basin

Figure 2: Example picture of water level station

(Nachi river in Wakayama Prefecture)
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Figure 4: Map of water level, Hi-net, rainfall
stations at Kuma River Basin
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Figure 6: Map of water level, Hi-net,
rainfall stations at Chikugo River Basin

Methods Results and Discussion
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Investigated three flood events
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Figure 7: Time-series profile of observed and estimated water level at Kuma River Basin
(a) Oono, Watari, Hitoyoshi (b) Ichibu, Fukada, Taraki
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y : velocity value of j—th at i minute
(several band—pass filter attempted)
N : number of samples in one minute
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Table 1: Best fit a and b values for each
event and water level station

AKEBONO(Observed)
o AKEBONO(Estimated)
NARUKAWA(Observed)
15 NARUKAWA (Estimated)
OUGA(Observed)
®  OUGA(Estimated)

Event Water level station Control parameter N6 0V06 0707 010F 01 070 01 0A12 G743 O11E OMIE 0116 DIAr k30 08/31 09/01 09/02 09/03 09/04 09/05
b 0000 0000 0000 0000 0000 COO0 0000 0000 0000 0000 0000 0000 000D 00:00 00:00 00:00 (I)Pn%) 00:00 00:00 00:00
a [
Kuma river Oono 1.52x108 -1.03 Figure 8: Time-series profile of observed and Figure 9: Time-series profile of observed and
Hitoyoshi 5.03%x107 -1.12 estimated water level at Chikugo River Basin estimated water level at Kumano River Basin
Fukada 4.93%107 6.28
Ichibu 6.12X10"  -1.43
Taraki 8.44X107  -1.40 Conclusions
Watari 1.13X108  -2.14 Table 2: NSE coefficients .
Kumano river  Akebono 203%107  -0.67 =The best fit estimated water level was 8.04 m and trace
Narukawa 560X107  -L09  Event Water lovel station  NSE level was 7.27 m at Kuma River event.
Ouga 927x10"  -1.17 Chik - AT 0.20 =1-2 Hz band—pass filter showed the best correlation.
B N 1Kugo river ase . . .
Chikugo river ~ Arase 1.92 108 1.45 g =Hi—net station nearby the seacoast showed worse
Esonoshuku 165X10°  -1.51 Esonoshuku 0.80 correlation at Kumano River event.
H 8 M u . .
Kobuchi 1.72X10 1.44 Kobuchi 0.48 = At Chikugo River event , NSE coefficient was 0.80.
References Takezawa et al. : Study on characteristics of ground vibration during times of flooding in mountainous rivers, 2013

Tsutsui et al.

: Estimation of missing river water level value during flood based on the analysis of ambient seismic data, 2021

Shakti P.C. and Kaoru Sawazaki: River discharge prediction for ungauged mountainous river basins during heavy rain events based on seismic noise data
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