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1 Tide Records in Japan

Tidal records in Japan are available for many ports and harbors. The Ministry of Land,
Infrastructure, Transport, and Tourism (MLIT) is responsible for data archiving. Several
websites provide the enduser with data in table and chart format.
In Japan, all tidal data is referenced with respect to the Nihon Suijun Genten, often ab-
breviated T.P. (Tokyo Peil). The reference gauge was constructed in 1891 and refers to the
MSL (Mean Sea Level) at the particular location in Tokyo Bay.
Each harbor in Japan has its site-specific MSL. This depends on the geoid and local inter-
actions of the tidal waves with the bathymetry.
Usually, the zero level refers to the Mean Lower Low Water (MLLW) stage, which is the
long-term average of all spring tide low water values. The reason of using MLLW as zero
reference is the maritime navigation. Only in very rare cases, mariners will encounter water
levels that are lower than MLLW. It is therefore a safe reference for nautical charts as the
water level is higher than MLLW during most of the time. In Japan, the MLLW level is the
Yedogawa peil (Y.P.), i.e. the zero point in a nautical chart at the Edogawa River, which
is −0.84 m below T.P. However, each gauge has it s own MLLW datum based on the local
tide statistics.
In the following we show that the historic tide gauge records have a different zero refer-
ence than the recent tide gauge data. The plots are showing the tidal elevation above the
Y.P. MLLW chart datum, which is below the local sea level.

2 Sendai Tide Gauge

The MSL in Sendai Port, Miyagi, is 0.9 m above Y.P. and 0.06 m above T.P. (see Fig.
1). The location of the gauge in Fig. 1 is not correct. According to the GSI web-
site (http://cais.gsi.go.jp/cmdc/center/kentyoujo/sendai/sendai.html), it should be approx-
imately located at 38.272896◦N 141.00393◦E. Fig. 3 shows the tide gauge array. The location
can also be found on Google Earth.
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Figure 1: Reference level of Sendai tide gauge. In Sendai, T.P. is 0.06 m under the local
MSL. This means that MSL in Tokyo is slightly lower than MSL in Sendai.
Note that the location is from prior to 2011. Figs. 2 and 3 show the correct location.
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Figure 2: Location of the tide station in Sendai Port. After the 2011 earthquake and tsunami,
the gauge was moved further into the harbor basin. Fig. 3 below shows the correct location.
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Figure 3: Location and design of Sendai tide gauge. The pier-type structure is sitting on the
Northern side at the Western end of the main harbor basin.
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2.1 Sendai historic tide records

Tide records in Sendai (and possibly also at other locations) can show different refer-
ence levels. We can download historic tidal gauge records for Japan tide stations from
http://jdoss1.jodc.go.jp/cgi-bin/1997/tide_data . For Sendai, the data comes with the in-
formation in Fig. 4 below.

Figure 4: Reference information for historic tide gauge data from Sendai. MSL is given as
1.89 m above T.P. datum. Prior to 2013, the difference was 0.84 m.

The latest full year of tidal records with hourly data for Sendai is 2014. Fig. 5 shows the
Sendai record in blue, the MSL of the record in magenta, the 28-day average in green, and
the predicted tidal fluctuations from the OTPS (Oregon Tide Prediction Software) in red.
The OTPS data is referenced to the local MSL. From averaging the Sendai record, we can
see that MSL in Sendai is 1.89 m above the zero reference. According to Fig. 4, the zero
level is the T.P. value. This is different from the chart in 1 but consistent with the data
description at http://jdoss1.jodc.go.jp/cgi-bin/1997/tide_data.
It is also evident that there is a small tidal anomaly in Sendai with slightly higher water
levels in late summer and lower water levels in late winter. The difference is about 0.2 m

and can be seen in the 28-day average .

6



Figure 5: 2014 record at Sendai tide gauge. From Fig. 4, MSL is given as 1.89 m above
T.P., which is 1.0 m higher than what the current tide charts are showing.

2.2 Sendai tide records of the Fukushima-oki tsunami waveform

Now, it is also possible to find the latest tidal records for Sendai on the web. In this case,
NOWPHAS is providing the data at http://nowphas.mlit.go.jp/index_eng.html. The data
are constantly updated and listed in 1-minute increments for the past week. Unfortunately,
the data is provided in inconvenient image format and it is not possible to obtain the data
in textfile format. To obtain the 1-minute tide gauge record for Sendai, 72 screenshots over
a 3-days period were taken and the images were analyzed in Matlab to extract the tidal
information from.
Fig. 6 shows the Sendai gauge record in 1-minute intervals between November 21 and 23,
2016. The gauge recorded the Fukushima-oki Tsunami from 2016/11/22. The Fukushima-
oki Tsunami occurred during a flood tide phase around 7 AM on 2016/11/22.
According to Fig. 1, the Sendai record in Fig. 6 is the result of the original data + 0.06
m . The NOWPHAS data was recorded at the T.P. level of 0.84 m above Y.P. (MLLW).
Since the MSL in Sendai is 0.90 m higher than the MLLW zero level, we had to add 0.06 m

to the original data record. The OTPS prediction matches the Sendai record quite well. The
NOWPHAS prediction shows a significant positive offset that might be due to an error in
the tidal constituents used.

Fig. 7 shows the OTPS prediction for November 2016. The Fukushima-oki Tsunami
occurred during a flood stage but, luckily, during a neap tide cycle. The high water level at
neap tide is about about 0.5 m lower than the high water during a spring tidal cycle.
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Figure 6: 21-23 November 2016 record at Sendai tide gauge. MSL is 0.90 m above MLLW
(Y.P. datum). MSL is 0.06 m above T.P..

Figure 7: OTPS prediction for November 2016 at Sendai tide gauge. The Fukushima-oki
Tsunami occurred during a neap tide cycle.

3 Recommendations

When dealing with tide gauge data in numerical models, it is important to project them to
the same reference level as the bathymetry/topography model input. Usually, topography
data are referenced to MHW (Mean High Water) and the zero level for bathymetry data
is usually the nautical chart datum (MLLW). As there would be a gap between the two
standards, the most conventional level for combined bathy/topo data is the local MSL,
which automatically is the zero contour (shoreline).
Since the water level in the numerical models usually fluctuates around zero, the tidal input
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should also have zero as its mean elevation. Here, it does not matter what absolute reference
is being used. The zero level is only of importance when the data is compared to other water
level records. For such comparisons, the T.P. reference is recommended.
To set the mean tide gauge elevation to zero, apply one of the following:

– Recent NOWPHAS data: The current tide gauge data for the past week is refer-
enced to T.P., which is 0.84 m above MLLW. We subtract the T.P. offset of 0.84 m to
obtain the tidal fluctuation around zero.

– Historic tide gauge data: The http://jdoss1.jodc.go.jp/cgi-bin/1997/tide_data data
mean value of 1.89 m. We subtract the 1.89 m offset from the record to obtain the
tidal fluctuation around zero.
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