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The Marine Database System of the Central Weather Bureau

Beng-ChunLee Yueh-Jiuan Hsu Jin-Yih Chen

Marine Meteorology Center
Central weather Bureau

ABSTRACT

The marine database system applies distribution and client-server network structures
and can be further subdivided into 3 major subsystems. These are subsystems of database
management, database software application, and Internet service. Besides, the nation-wide
marine data information index system is establishing right under the way, it has functions of
coordinating the current data status of the marine phenomena of all agencies or units and
managing them into index forms for all users to inquire and use. From the on-site
observations to the management and storage into the database for the marine phenomena
data, through the initial automatic data quality control to all kinds of the revised statistic
values, al kinds of data management operations are heading toward the automation
direction in order to save personnel loads. Currently, the database system of marine
phenomena is mainly responsible for data integration of the marine observation stations in
the CWB and exhibits current data status of national-wide marine phenomena. Further, we
will consider connecting with other units having the marine phenomena data in order to
achieve the purpose for the exchange of the real-time data and the complete applications of
the marine data.

Key Words: Marine data

|. Foreword

Surrounded by seas from all sides, Taiwan, with the economical developments,
the increase in population and the shortage of the land resources applications in a
daily base, has an urgent need to develop and make use of the marine resources;
besides, the safety of the marine navigations is also a crucial topic. On July 1%, 1993,
the Central Weather Bureau CWB established the Marine Meteorology Center
(MMC) in charge of measurements and forecasting for the marine meteorological
phenomena as the first step in marine developments. The main tasks of the first-
decade-development project are to set up the marine meteorological observation
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system, to develop the marine meteorological forecasting operation system and to set
up the marine meteorological databases in order to meet the needs for the national
economical developments. The business of the marine meteorology under CWB
indicates the forecasting operations of the observed natural phenomena inherited in
the intersection surface of the atmosphere and the marine surface, such as waves, tides,
storm surge caused by typhoons, the sea surface temperatures and the wind directions,
speeds, temperatures near the sea surfaces.

The data of marine meteorology are the bases for the marine science researches
and the oceanic engineering planning. Based on the report (Shen, et al, 1994), it is
suggested that the Center should be the MMC of the CWB, which has the most
complete marine meteorological data plus the most sufficient soft- and hardware
equipments. Besides, it can incorporate with four other regional centers to develop
an integrated database management system. The ultimate goal is to establish a
national marine data center. From the other reports Chuang, 1999 , it is aso
suggested that the current database of marine meteorology in CWB as abase. This
report further considers the future development of the system functions, the tendency
of the Internet service. It aso incorporates with the geographic information system
(GIS) to breed a prototype for the national marine-meteorol ogical-geographic Internet
service system”.

CWB is an agency, which has the most abundant marine meteorological data in
the nation, has also the responsibility to file up the data for the marine meteorological
observations in order to provide applications for other related units within the nation.
Data collected and managed/processed contain 1  observations of the water level in
all tide stations aong the Taiwan coast line as shown in Fig. 1 , including CWB-
subordinated 14 real-time tide stations installed, respectively, at Tanshui Estuary,
coast of Bali, Chuwei, Hsinchu, Portzyliao, Tungshih, Penghu, Houpihu, Longdung,
Kenfang, Suao, Hualien, Chengkung, Lanyu; (2) four non-real-time tide stations
installed, respectively, at Linbiesan, Tungung, Liouchioyu and Hualien; 3 dataof
the tide stations Water Conservancy Bureau, Harbor Bureau, Harbor Research
Institute, and other related research units; 4 wavedata asshowninFig.1 from
6 near-shore wave observation stations subordinated under CWB and installed,
respectively, a Pitouchiao, Kuokuang-Platform, Tungchitao, Hiaoliuchiu,
Chenkung and Prates Island; 5 3 data buoys installed, respectively, at the coast
areas of Hsinchu, Hwalien and Longdung with observation items including wave
heights, periods, directions, sea surface temperatures, air temperatures, wind
directions, wind speeds and sea surface pressures, etc.; besides, and 6 collections of
observed data from the meteorological observation station along the Taiwan coast line.
Most of these observed meteorological information are in real-time integration in the

31



CWB database through the phone lines, digitized cables, radios and PC networks.

Right at the establishment of the MMC in CWB, the Executive Y uan, however,
proposed the task-simplification project, thus the registered manpower for the first
year was 12 persons who endeavored diligently in this tremendous task. Under such
limited manpower and budget restrictions, for the sake of elevating the service quality
of the marine meteorological information, the endeavors, made by trusting
managements from the outsiders and all colleagues of the MMC in CWB, were on
years hard work of the data quality control and software developments of the
database systems, etc. Currently, the preliminary results of developing “ the Marine
Meteorology Data Base System” are being achieved. The related data mode of the
data base management system is applied in this developing process, through the
detailed planning and demarcation on the table columns and formats of every kind of
the marine meteorological data, these data can easily be managed and retrieved. The
user-friendly interface was well constructed in order to carry on the tasks of data
quality control, ssmplifications on the data provision process, and al kinds of data
inquiries, displays and applications. Furthermore, the interface could be providing the
marine meteorological forecast information, the index inquiries of the marine
meteorological information and the service of applying for data through the global
information Internet.

I1. TheArchive of the Marine Meteorology Data Base System

The archive of the Marine Meteorology Data Base System of CWB applies
distributes and client-server network structures, and they can be further divided into 3
main subsystems as shown in Figure 3.

1 The Data Base Management Subsystem

“The Data Base Management Subsystem” applies the Oracle related data base
management system (RDBMS) run by the UNIX operating system. In order to
efficiently process all kinds of data, the variations and characteristics of data with
demarcated columns should be clearly defined on the related tables for conveniently
retrieving and storing data. Currently, the columns and formats for all kinds of tables
are well defined and the real-time marine meteorological observation data can be
integrated into the database without errors. The historical marine meteorological data
are also input into this database as best as they can show up. Among them, the
historica tide data along the Taiwan coast from the pre-/after- restoration periods
were digitized, analyzed Yen and Chang, 1999 and included in the database, which
area cherished event.
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The earliest data contained in this data base system, currently, started from the
hourly tide data in Keelung in 1946, 55years from now. Data amounts for all marine
meteorological observations, if counted in the monthly base, there are a total of 8879
months to the end of May 2000. Figure 4 depicts the yearly distributions for every 10-
year base and indicates there is an increasing tendency for these data amount;
especialy for 1:2:3:5 proportions of growth between years of 1961 and 2000. This
might have something to do with the increasing emphasis people laid on the marine

meteorological observations. The data amounts depended upon the item distributions
indicate that the tide data take the highest proportion of 86 , the wave data take the

second highest proportion of 9 , the rest data of sea surface temperatures, air
temperatures, pressures and wind data take a proportion only of 1-2 . Currently, the
observed data of the ocean currents are still not included in this database.

2 DataBase Applications Subsystem
“The Data Base Applications Subsystem” applies operating system for Window
NT Server, and is equipped with application soft-wares developed by MS-Excel and

Visual Basic, and provides * an user interface’ with cohesive property (Chuang et.al,
1997). This subsystem, through network communication protocols such as ODBC

and SQL*NET, etc. , Can connect with the Oracle database server and supply
multiple operation functions which include the man-machine interactive mode of data
quality control, data retrieving and displaying, the checking and searching of the
marine meteorological information, the information inquiring and supplying, the
making of the yearly report of observations and the report of the tides, the record
maintenance of the observation stations and the inquiry interface of the system
management.

3 Internet Service Subsystem

The general users can apply the browser to connect with the global information
network of CWB and select “ the MARINE TIDE INFORMATION” to super-connect
with the Internet Service Subsystem whose main functions are to provide the marine
phenomena forecast information, data index inquiries and service of applying for
marine data. Besides, “the National Marine Phenomena Information Index System” is
being constructed Tang, 1999 and focuses on integrating the current status
information of the marine phenomena owned by agencies and units into index
information in order for inquiries and applications by all walks of life.

[11. Data M anagement of the Marine Phenomena
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The development direction, which from the observations to the managements and,
later, storage in the database for the data of marine phenomena, aims at the automatic
processing management and reduction on manpower saving. The data processes
include the initial-stage automatic data quality control, to revisions of al kinds of
statistical values, all data management operations, For the continuing management on
the marine meteorology database, units, with data within the nation, should join hand
in hand to study and demarcate the standard system related to the marine phenomena.
CWB proposes data measurement standards and experiences on data quality control
and also suggests formats for data storage and data exchange.

1 Standard for the Measurement of the Marine Meteorology Data
The first step to maintain and guarantee the data quality is to do well in the front-
end on-site observations and data collection. Currently, the measurement equipments
and methods for acquiring the marine meteorology data are rather diverse. These
will make some discrepancies such as the equipments devised by different theories
should have very different measurement results, the statistical parameters will be
different from one another due to the sampled frequencies and the calculating
methods. Thus the checking on the measurement equipments, the measurement
methods and the calculation methods of the statistical parameters, etc. should all is
clearly defined in order to benefit the data exchanges and applications. CWB applies
the marine meteorology stations as a base to propose the current observation items

and sampling methods for the marine phenomena as shown in Table 1.

2 DataQuality Control for the Marine Meteorology Data

Owing to diversity of the marine phenomena and complexity of the data
characteristics, data quality control should abide by data of different classifications
and sources to have a clear definition. These definitions should follow the
improvements on the measurement methods to make revisions in order to elevate the
credibility for the database and the consistency for the data quality. The following
quality-control tasks on the database can not only guarantee the accuracy and the
reasonability of data to further benefit in statistical analysis and provisions for use by
all walks of life, but also feedback to the on-site observations systems to find out the
possible fallacy occurring from the measurement equipments during the measuring
process.

CWB has made some experiences and results on the tide data quality control. As
the observation system passes the observed data up, the data echoes on the initial
“automatic quality control program” to make a series of checking and loading actions,
then the suspicious data are spotted and picked out with adhesive marks, A-P as

34



shown in Table2 . These data are in order for further “manually read for quality
control discrimination” task. CWB aso cultivates the interface for the plotting
software to plot time series for the suspicious data to be manually discriminated or
adjusted, mended, and in the final to label them as errors, normal or abnormal data.
Thus, database can provide users with reasonable and correct data. The possibly
misudged data can also be maintained for further be applied by references and
researches later on.

Currently, the wave data apply simple quality control program with time-series
plotting to assist manual discriminations in order to make up the deficiency caused by
the automatic quality control. As the time-series duplicates during loading and
updating database, the “NEW-OVERRIDDEN-OLD” principle is adopted. The
contractor, Coastal Ocean Monitoring Center of the Cheng-Kung University, is to be
responsible for the data maintenance and quality control. Except for the real-time
data to be processed by the automatic quality control program and manual
discriminations, the monthly time-series charts are plotted on a monthly base in order
for both sides to discuss on the suspicious data and guarantee the data quality. Each
year, as the data buoys are retrieved for maintenance, the missing data caused by the
miss-transmission of the radio are then appended.

3 Data Storage Formats of the Marine Meteorology Data

The columns' definitions of the related tables of the database should be clearly
defined, and tables broadly can be divided in two categories. One is to store data
themselves, such as observation data or statistical values inherent in calculations.
The other is the basic information, such as names, latitudes and longitudes of the
observations stations, data types and the table titles for data storage and retrieving,
data frequency and the storage priority, the maintenance records of the observation
stations, etc. for proceeding the storage and retrieving operation and maintenance.
Due to diversity and inconsistency of the marine phenomena data, it is difficult to
take types of measurement equipments as bases to devise and define the data formats.
Accordingly, CWB applies every observed item to define and devise the data table.
For the present, as to meet the requirements of the data processing, 25 types of tables,
6 kinds of parameter tables and one kind of record table shown in table3, have been
set up, columns and formats of these tables are al clearly defined.

4 Exchange Formats of the Marine Meteorology Data
Consistency in the data format is the prerequisite for data storage and exchange in
the database. CWB, following all kinds of tables listed on Table 3, sets up the related
formats for the marine meteorology data and makes up all kinds of official report
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sheets. All these formats are publicized on the CWB network, it is hoped that they can
be very generally widely circulated and applied by al walks of lifein Taiwan in order
to achieve the goa of data exchange and sufficient applications of the marine
phenomena data for the units owning the marine meteorology data with the nation.

IV. The Satistical Applications of the Marine M eteorology Data

After the quality control management on the marine meteorology data, the related
statistical analysis can thus proceed by focusing on the specific characteristics
inherent in the data observed. This system will automatically calculate all kinds of
statistical values and update the database on its own.

CWB develops an automatic discrimination program responsible for judging the
high-/low-tide heights and the timing for tides to occur. Further it can be used to
calculate the average tide heights, average high-tide heights, average low-tide heights,
average tide differences, the time-spot for the occurrence of the highest tides and the
accompanying highest tides, the time-spot for the occurrence of the lowest tides and
the accompanying lowest tides, the highest tide differences, the tide-height
differences of the high-tide heights, the average high-tide height for the high tides, the
average low-tide height for the high tides, the average tide-height differences for the
high tides, etc.. According to the lunar calendar, all the average climatologic tide-
heights and the standard values at the same time spot can also be calculated for some
certain period.

The statistical data for waves follow the western calendar as the counting date
base to calculate the observation times, the highest wave height and its period, one-
tenth of the average wave height and its period for the highest wave, the current
month, the average wave height and its period for the characteristic wave, the average

wave height and its period, the probability of the wave height for the characteristic
over 1,2, 3meter s occurring for the current day month

V. Information Service for the Marine Phenomena

For the current stage, “the Marine Database System” is mainly to integrate the
data from the CWB observation stations for marine phenomena and to display the
current status of the national marine meteorology information. The electrical remote
service channels for the marine phenomena measurements and forecasts are shown in
Figure 5., they are mostly through various service system channels unified under
CWB. The MMC is responsible for the electrical information supplies and updates.
But “Internet Service Subsystem” of the marine database is appended to the global
information network of CWB, not only can it provide the information of the marine
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forecasts, but aso set up a channel for the general public to pay for the bill for
applying the data, and serve people with no network available for barging and passing
actions. Currently, CWB provides the general public with marine data for hourly
records of tide heights, the daily tide-height and timing, monthly and yearly tide-
height statistics; hourly, daily, monthly wave statistics, hourly, daily, monthly wave-
height statistics, daily wave analysis chart; hourly records for the wind direction and
speed; hourly sea temperature records. CWB also sets up boards posted on the yacht
harbors and the fishery units to show up the real-time observed data from the data
buoys for ships importance references as coming in and out of the harbors. With
increasing requirements for the needs from the marine data, most of them belong to
the research units, the economical units and the civil businesses. Besides, CWB also,
periodicaly, publishes yearly report on the tide observations, yearly report on the
wave observations, yearly report on the buoy observations and tide forecast report for
the general public to use.

V1. Future Outlook

CWB should set up and maintain the marine observation stations to collect data, at
the same time it has to integrate other units owning the marine data in order to carry
on the standardization on marine data measurements and connect them to form a
marine observation network in the nation. Planning to set up data quality control
process and quality control, CWB can guarantee the data accuracy, define and
circulate the unified data formats for the pre-tasks of the data exchange and wiring-up.
And under the current bases of the marine database system, elevate and expand the
soft-ware/hardware installments, consider the future developments of the marine, the
tendency of the Internet service and combine with the GIS to construct a database
center. Further CWB will take into account the wiring-up with other units owning
the marine data in order to attain the status of real-time information exchange. Thus,
the integrated database management system can be cultivated with other units related,
to manage, store, the national marine data, to develop a system for quality controls,
displays and data inquiry indices and complete the task of providing the outsiders for
the timely and fast service. Therefore, CWB, firstly, assists all related units to
establish marine data inquiry index system in order to build up the regional database
to wire up with network and interface of the CWB Marine Database. Then CWB
will gradually completes the national service systems of the small scale for the marine
data, plays the role as the go-between to be responsible for the inquiry service and
data exchange on the principle of mutual benefits. Besides, through the Internet to
connect to the marine databases in and out of the nation, CWB can gradually
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accomplish national marine database. The ultimate goal is to achieve the status for
nationally sharing the marine database, avoiding the duplicate investments and
achieving the goal of efficiently making use of the marine data.
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Table 1 Observed Item and Sampling Method

Items Sampling |Intervals|Calculating Methods Stations
Freqguencies
Elevation 10 Sec. 6 Min. |6 Min. Average All Station
1 Sec. Hualien
0.5 Sec. 6 Min. |6 Min. Average Acoustic
Undersea
Sea Surface 10 Sec. 6 Min. |6 Min Average All Station
Temperature  |0.2 Sec. 1Hr. |10 Min Average Kuokuang
Platform
0.5 Sec. 2 Hrs. Data Buoy
Averaged Wind |1 Sec. 1Hr. |10 Min. Average Portzyliao
Speed 0.2 Sec. Kuokuang
Platform
0.5 Sec 2 Hrs. Data Buoy
Averaged Wind |1 Sec. 1Hr. |10 Min. Vector Average Portzyliao
Dir. 02. Sec. Kuokuang
Platform
0.5 Sec. 2 Hrs. Data Buoy
Max. Wind 1 Sec. 1Hr. |TheMaximum Vaueduring |Portzyliao
Speed 0.2 Sec. 10 Min. Kuokuang
Platform
Gust 0.5 Sec. 2Hrs. |The Peak Vaue among Every |Data Buoy
3 Sec. Running Mean during
10 Min.
Pressure 0.2 Sec. 1Hr. |10 Min. Average Kuokuang
Platform
0.5 Sec. 2 Hrs. Data Buoy
Temperature 0.2 Sec. 1Hr. |10 Min. Average Kuokuang
Platform
0.5 Sec. 2 Hrs. Data Buoy
Wave 0.2 Sec. 1Hr. |10 Min. Average Kuokuang
Platform
0.5 Sec. 2 Hrs. |Spectral Transform Data Buoy
0.5 Sec. 1Hr. |DataPeriod of 1024 Sec. Acoustic
Undersea
256 Waves during 20 Min. Pratas |sland




Table 2 Tide Data of Quality Control

Label |Category |DataTable |Meaning
Index

A Inspection|Tide~ Outer Range of Max. And Min. Value

B Inspection|Tide~ Greater than the Max. Error

C Inspection|Tide~ Missing

D Inspection|(All) Date Question

E Inspection|(All) Manual Inspections for Unpassing the Quality
Control Data

F Inspection|Tide~ Abnormally Abrupt Data

G Inspection|Tidehl High Tide < Mean Tide
Low Tide > Mean Tide

H Inspection|Tidehl Numbers of High & Low Tides > 4 for One Day

I Inspection|Tide~ Tide Range < 4 cm. for Successive Records

J Inspection|Tide~ Tide Range< 4 cm more than 5 Successive Records

K Inspection|Tide~ 3 Cases of High & Low Tides> 4 cmduring 7 hrs.

L Inspection|Tide~ Tide Timing Difference Within 1 hr

M Inspection|Tide~ 2 Cases of High & Low Tide Ranges> 4 cm within
3.5hrs.

N Inspection|Tide~ 0.5 hr.< Tide Tide Difference < 10 hrs. For 2
Successive High (or Low) Tide

O Inspection|Tide~ Stand Tide, Tide Range>4 cm

P Inspection|Tide~ High Tide< Smoothed Tide
Low Tide > Smoothed Tide

1 Error (AID Row Data

2~9  |Error (Al Versions of Data Quality Control

Q Normal |(All) Data Passed the Quality Control

S Normal |Tidehl Stand Tide

W Abnormal |Tide~ Reference Level Shifts

z Abnormal |Tide~ High Tide < Smoothed Tide Low Tide>Smoothed
Tide

X Abnormal |(All) Others Abnormal Data
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Table 3 Data Table

Category Name Table
Parameter Tables [Total Index Datatab
Item, 1d., Unit Itemflag
Parameters of Q.C. for Each Item and Stitemqc
Station
Start and End Times and Classified Stdata
Lunar and Calendar Dates Lunar
Observed Data Time Y mdid
Data Tables Station Descriptions St
Station Status Ststaus
Typhoon Id. Typhoonid
Hourly Current Data Currl
6 min. Current Data Curro
Hourly Humidity Data Humil
Hourly Pressure Data Presl
Every-two-hour Pressure Data Pres2
6 Min. Pressure Data Pres6
Hourly Rainfall Data Rainl
Hourly SST and Temp. Data Stempl
Every-two-hour SST and Temp. Data Stemp?2
6 Min. SST and Temp. Data Stemp6
Tide Statistics Tidestat
1 Min. Tide Data Tidel
10 Min. Tide Data Tidel0
5 Min. Tide Data Tide5
6 Min. Tide Data Tide6
Hourly Tide Data Tide60
High and Low Tide Data Tidehl
Hourly Wave Data Wavel
Every-two-hour Wave Data Wave2
Hourly Wind Data Wind1
Every-two-hour Wind Data Wind2
Hourly Typhoon Data Typhoon
Record Tables  |Data Retrieving Records Use
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