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Expert Meeting to Review and Assess the Oracle-Based Prototype
for Future Climate Database Management Systems (CDMS)
Toulouse, France, 1 2 to 16 May 1997

A total of 21 Relational Database Management System and CLICOM experts (see
ANNEX 1) gathered together in Toulouse, France, from 1 2 to 16 May 1997 to review and
assess an Oracle-based Prototype for future Climate Database Management Systems (CDMS)
and t o survey the various national CDMS which are under development in the different
countries present. The possibility of using off-the-shelf commercially available packages was
considered. The meeting came to the conclusion that the CLICOM software version 3.0
developed in 1996 has fulfilled its role and should be replaced as part of a new generation
system based on modern computer technology. The meeting approved the main solution used
in the prototype presented and made recommendations on the future development of CDMS.
The proceedings of the meeting follow:

1.

OPENING THE MEETING

1.1
The meeting was opened at 10 a.m. by Mr Olivier Moch, the Directeur Délégué of
Météo-France in Toulouse, who gave the participants (see ANNEX 1 ) a very warm welcome
and invited them to visit the facilities at Météo France in Toulouse during the busy schedule
and to savour some of the local sights and cuisine. He wished the participants a very
successful meeting and stressed its importance in planning the future of Climate Database
Management Systems.
1.2
Speaking on the same occasion, Dr Anatoly Laptev, a representative of the World
Meteorological Organization, welcomed participants and thanked France for hosting the meeting
and providing excellent working facilities. He underlined that the choice of venue was made
partly because of the achievements of Météo-France in Climate Data Management and its
valuable contribution to the related WMO Programmes. Dr Laptev further explained that the
main purpose of the meeting was to begin the process to review and assess possible CDMS
that could be considered for use by those WMO Member countries that need a system more
advanced than the current CLICOM. In this regard, the objectives of the meeting were
formulated as:
•
•
•
•

to assess a prototype of the Oracle-based CDMS developed for RA III;
to consider a survey of the Relational DataBase Management Systems (RDBMS) used
in the WMO Member countries;
to review developments of national CDMS;
to review available commercial software available for use as the CDMS.

2.

ORGANIZATION OF THE MEETING AND APPROVAL OF THE AGENDA

2.1
Mr Paul Cowley (UK) was elected Chairman of the meeting, and Messrs Tan Lee Seng
(Malaysia) and Sepiso Mwangala (Zambia) were elected Rapporteurs for the meeting.
2.2
Based on the purpose and objectives mentioned above, the agenda of the meeting was
approved (see ANNEX 2).

3.

INFORMATION FROM THE WMO SECRETARIAT ON RECENT CLICOM
DEVELOPMENTS (ANNEX 3)

3.1
Dr Laptev then presented the most recent CLICOM developments. The participants
noted the implementation of the CLICOM project in the Newly Independent States (NIS), the
upgrading of CLICOM systems around the world, the establishment of CLICOM Area Support
Centres (ASCs) in RA I (ACMAD, Niamey, Niger), RA II (Bahrain), RA III (Santiago, Chile), RA
IV (CMI, Bridgetown, Barbados), RA V (Kuala Lumpur, Malaysia), with kind support from
France, the Russian Federation, the UK and the USA.
3.2
It was also noted that CLICOM had been successfully implemented since its launch in
1984 and special thanks were mentioned to NOAA, USA, for the contribution of the CLICOM
structure by NCDC and the subsequent maintenance by NWS. Thanks were also given to
those Member countries who had contributed resources for the procurement and installation
of the CLICOM systems.
3.3
The participants agreed that the main achievement of the WMO CLICOM project was
that more than 100 developing countries had been introduced to modern computerized
technology which had been adopted by many countries for the management of climate data
and the provision of climate services. Computerized literacy of local staff was improved thanks
to the implementation of CLICOM so that many NMHs were now capable of working with new
computers and new software packages.
3.4
The meeting also emphasized that the CLICOM software had served a useful purpose,
but, in its present form, this software did not allow the application of revolutionary new
developments in modern computer and telecommunications technology such as Client/Server
System Architecture, New Operating Systems, Geographical Information Systems, Internet,
etc.
3.5
The experts noted that much of the CLICOM hardware (computers and peripheral
equipment) was donated in 1986-1990 (65% of all installations) and there is a need to replace
this equipment.

4.

SURVEY OF COMMERCIAL SOFTWARE AVAILABLE AT THE SOFTWARE MARKET
READY FOR USE AS THE CDBMS (ANNEX 4)

4.1
Mr Sidney Katz (USA) presented a report of a survey of commercial software available
for use in climate data management. It was noted that there are no commercial vendors of a
complete climate data system because:
•
•
•
•
•

climate database system is more than just data management;
there is no agreement to what constitutes climate type parameters;
there is conflict between temporal and spatial needs for climate information;
the three-tier client/server model dictates the need to integrate components from a
variety of sources;
Geographical Information Sources (GIS) have many, not all, components needed for a
climate database.

4.2
In this connection, a study by the US Unified Climate Access Network (UCAN) was
noted. The cooperative study by NOAA/NCDC, NOAA/CPC and six regional climate centers
and NRCS/USDA showed that no readily available commercial software could meet the
requirements for CDMS. Therefore, an integration of commercial products using standard
techniques for communication between objects (CORBA - Common Object Request Broker
Architecture ) was chosen. Users can retrieve climate data through the World Wide Web

(WWW) in a variety of the file formats. Climate data are stored at climate centres where data
originate. Phase I of the project implementation will be completed in the summer of 1 997
(http://www.srcc.lsu.edu/ucan.net/UCAN.html).
4.3
In the survey, one vendor was found to provide software, EARTHINFO Inc, Boulder,
Colorado, USA (http://www.csn.net/earthinfo) to deal with only four functions C/median!
Maverage, Montot and Climgraph for a limited number of climate parameters. It exports data
from CD-ROM into Lotus or ASCII format and the global data is from NCDC/NOAA's World
Weather Records.

5.

REVIEW OF THE RELATIONAL DATABASE MANAGEMENT SYSTEMS USED IN WMO
MEMBER COUNTRIES (ANNEX 5)

5.1
Mr Daniel Lee (Australia) presented the results of a survey based on the questionnaire
prepared by him and Mrs Françoise Benichou (France) on the RDBMS used in climatology by
the WMO Member countries. It was noted that CLICOM databases were widely used by the
National Meteorological Services. Eighty-three out of the 150 countries replied and only 30
were analyzed because the rest use CLICOM which is well known. The result is contained in
their report "Use of Relational Database Management Systems in Climatology in WMO NMSs".
5.2
The survey shows that the three main types of RDBMS used in the non-CLICOM
systems are ORACLE, Informix and Empress. Nearly all the RDBMS used in climatology run
under the Unix operating system. The size of the databases varies from 11 GBytes (Norway)
to 500 GBytes (Canada).
5.3
Most countries indicated that the Global Telecommunication System (GTS) or other
messages were used to acquire data in real-time or once per day. For the acquisition of the
monthly data, the most commonly used method was by floppy disk. To import data into the
CDMS, most countries have developed their own programs in third generation language
procedures.
5.4
It was noted that nearly all the countries have at least t w o people who are in charge
of the administration of the database. The development of the databases takes up to 240
person-months and it represents an important investment together with the cost of the
equipment and software for the implementation of the relatively large databases.

6.

REVIEW OF THE ORACLE-BASED PROTOTYPE FOR THE FUTURE CDMS DEVELOPED
FOR RA III (ANNEX 6)

6.1
Mr Ari Supperi (Costa Rica) presented the ORACLE-based prototype which was
recommended to be developed by the RA III CLICOM Training Seminar in 1995, Santiago,
Chile. The prototype is based on the requirements (see page 3, Annex 6) identified at the
CLICOM expert meeting in Washington, DC, in 1994 for the future CDMS.
6.2
In his proposed prototype, the ORACLE package was chosen as the RDBMS because
of its compatibility, scalability, robustness and openness. Windows NT was chosen as the
operating system because of its universal interface, easy administration, multi-user and multithreaded properties, good security and support of ORACLE.
6.3
It was noted that the three-tier model was chosen as against the two-tier front-end/
back-end model. The three-tier model is made up of the client, application and data tier. The
application tier, containing the business rules, separates the client tier from the data tier; this

ensures data integrity and robustness of the system. This was made possible by the latest
technologies available so that the requirement for a dynamic, robust and evolving CDMS can
be achieved.
6.4
The experts were informed that the simultaneous development of the application tools
can be achieved through distributed development of components facilitated by Internet
communication. Some of the technologies employed are Remote Data Objects (RDO),
Microsoft Transaction Service (MTS), Open Database Connectivity (ODBC), Distributed
Common Objects (DCOM) and ActiveX that adhere to industrial standards. It was underlined
that this solution ensured easy development while maintaining robustness, scalability using
INTERNET/INTRANET solutions and provides high performance and is component-centric.
6.5
A demonstration on "Station Management" to illustrate this model was presented by
Mr Supperi. There was a concurrence of opinion that this is a good model using cutting edge
technologies although there were some reservations about adding GIS to it. The ability of the
data tier to work on any platform/operating system supported by ORACLE (e.g. Unix) was also
emphasized.

7.

REVIEW OF THE SYSTEMS AND COMPONENTS DEVELOPED IN OTHER REGIONS
THAT ARE RELEVANT TO FUTURE CDMS AND CLIPS ACTIVITIES

National CDMS at Météo-France (ANNEX 7)
7.1
Mrs Françoise Benichou presented the current French Climate Database Management
System which runs ORACLE under Unix. The database is connected from the national centre
to seven regional centres and then to 120 departmental centres spread throughout the country.
It was noted that this system will be replaced by a new one which is now under development.
7.2
Mr Eric Petermann presented the new three-level operational hierarchy model that will
be furnished for both the climate database and for forecasting (a complete harmonized,
integrated data model for the whole of Météo-France). Making use of satellite, X.25 and ISDN
communications, standardized Local Area Networks and Wide Area Networks, it replaces the
one-application, one-PC paradigm with a flexible, dynamic client/server ORACLE-based system.
It also utilizes Microsoft Windows NT Server/Workstation Operating Systems, TCP/IP
Networking using cutting edge application development tools which adhere to industrial
standards; enforcing DB coherence in all three levels with a common metadata.
National Climate Data System at Atmospheric Environment Service, Canada (ANNEX 8)
7.3
Mr Yves Durocher presented the National Climate Data System at the Atmospheric
Environment Service in Canada tracing its beginning from the days of the IBM compatible
mainframe model 204 DB running on OS/MVS JCL to the days when they switched over to a
network of servers, using ORACLE RDBMS on Unix. He described the current process of
moving over to a PC-based solution using the latest technologies available on the market.
Australian Bureau of Meteorology (ANNEX 9)
7.4
Mr Daniel Lee informed the participants that Australia also started with flat files. In
1992, a team of five dealt with the new concepts for about nine months. The database was
built on ORACLE 7 and the application tools were developed using ORACLE Developer 2000
and a combination of FORTRAN and C compilers. It was noted that the time to transfer data
from the old to the new system took surprisingly longer than was estimated.

CDBMS MIRAKEL at Deutscher Wetterdienst (ANNEX 10)
7.5
Mr Johannes Behrendt from Germany made a presentation on the MIRAKEL CDBMS of
Deutcher Wetterdienst. The existing operational file-oriented database system on a mainframe
is being changed to a modern data management system named MIRAKEL which is using the
ORACLE RDBMS and related ORACLE tools. The MIRAKEL system will be implemented on a
client/server environment with SGI server and clients using X 1 1 , Windows NT and Windows
3 . 1 1 . It is planned to accomplish the integration of all meteorological data of DWD in MIRAKEL
by the end of the century.
ORACLE - Database in FMI, Finland (ANNEX 11)
7.6
Ms Lea Leskinen informed the participants on the CDMS that is in use at the Finnish
Meteorological Institute (FMI) and is based on ORACLE. The climate database has taken its
current form through ALGOL and FORTRAN data files since 1970. The database system is part
of an integrated computer network within FMI and new data is acquired directly from GTS.
The database consist of tables for metadata and climate data according to type of observation.
Complementary tables are included for normal values and observational statistics. For data
retrieval, some SQL programs are available for the most common purposes and the VOYANT
software package is used for graphics.
CDBMS MIDAS in UK Met Office (ANNEX 12)
7.7
The Met Office Integrated Data Archiving System (MIDAS) was presented by Mr Paul
Cowley. Computer Associates' CA-IDMS/DB rel. 12 is being used on the IBM mainframe
computer (running the MVS operating system) for several databases, including the recently
introduced MIDAS. The design of MIDAS was implemented as a CODASYL schema that could
be accessed through SQL; the design is thought to be portable to another RDBMS. The
database is expected to store around 80 Gb of data - 25 Gb of Upper Air, 21 Gb of Marine and
35 Gb of the land surface data. The database started routine incorporation of land surface
messages at the end of February 1997 and during April grew by over 140 Mb. This rate will
increase when Marine and Upper Air data are included.
RDBMS in Central and Eastern Europe
7.8
Mr Séndor Szalai from Hungary informed the participants about the first meeting on
climate database development in the Central Europe region which was held in Budapest on 17
December 1996 (see ANNEX 13). It was noted that ORACLE is an attractive RDBMS package
for many countries in the region.
7.9
The Czech CLIDATA development based on ORACLE was presented by Mr Lubomfr
Coufal of the Czech Hydrometeorological Institute (see ANNEX 14). He demonstrated the
various components of the new system.
7.10 An SQL-based climate data management system as presented by Mr Alexander
Besprozvannykh has an elaborate system of element definition. It was based on ORACLE,
Windows NT and Database Schema.
Database Access via World Wide Web (ANNEX 15)
7.11 Mrs Valerie Gerard from the WMO Secretariat presented the concepts of a pseudo
database on the Web. Database procedures were used to generate the Web pages and the
links that represent some of the relationships. The advantages (e.g. low cost) and the
disadvantages (e.g. static Web pages) of this approach as opposed to using Web server
software, which includes integration with databases and dealing with user requests via SQL,
were presented.

8.

CLICOM ISSUES

8.1
A group of CLICOM experts was established to review the strengths and weaknesses
of the current CLICOM system (Mrs L. Leskinen, Mr A. Besprozvannykh, Mr L. Carrasco, Mr
L. Coufal, Mr S. Mwangala, Mr R. Tolasz, Mr Tan L.S., Mr D. Stuber). A report of the group
was presented by a Rapporteur, Mr S. Mwangala. The main conclusions of the group are
presented below.
8.2
The group noted that as an operational CDMS, CLICOM has been in existence for
slightly over ten years and has evolved through three versions. Field experience clearly
indicates that CLICOM has fulfilled most of its broad objectives, particularly in respect of
transfer of computerized data management technology to developing countries.
8.3

The group indicated some notable weaknesses or limitations of CLICOM including:

a)
b)
c)

possibility of many datasets that overlap;
climate data may be stored without the corresponding station information;
the data-entry module allows for easy modification which may destroy the existing
data;
database design does not support easy retrieval by DataEase Query Language (needs
supplementary FORTRAN programs);
the non-standard link between the FORTRAN programs in CLICOM to DataEase hampers
upgrading to later versions of commercial software;
over-dependence on DOS and DOS batch files renders CLICOM difficult to migrate to
later operating system platforms;
presence of t w o separate suites (DB) (one set in DataEase and another in the FORTRAN
programs) makes it difficult to upgrade without major rewriting of the FORTRAN code;
lack of support for the development of CLICOM from the leading countries which have
vast experience in database development.

d)
e)
f)
g)
h)

8.4
Even though CLICOM does have a number of drawbacks as outlined above, it was a real
success story. It has enabled National Meteorological Services with very poor or non-existent
climate database management systems to obtain a modest means for managing their climate
data. This in turn improved the generation of user-friendly or value-added products. Some
notable strengths include:
a)
b)
c)
d)

customized data entry, user-friendly, data-entry forms that mimic the observation
returns;
flexibility in data-entry;
uniformity in data storage and retrieval;
good station information system (metadata).

8.5

The following urgent needs were formulated by the group:

a)
b)

support for development of new, more robust CDMS;
need to continue to support existing CLICOM sites in view of the fact that many
countries will still be using CLICOM in the next few years (possibly t w o to five years);
need for hardware/software upgrading and continuation of training efforts;
need to ensure that all the strengths of CLICOM are built into the new system;
need to have a complete system for distribution like CLICOM;
need to pool national experiences to contribute to this international effort.

c)
d)
e)
f)

8.6
The participants were informed by Mr Besprozvannykh (Russia) that a test version of
the CLICOM 3.1 software had been prepared following the recommendation of the CLICOM
experts meeting in Washington in May 1996. The diskettes of this version were distributed to
the CLICOM experts from Chile, the Czech Republic, France, Malaysia and Zambia for testing
and comments. It was presumed that the experts will discuss the results of testing and will
make recommendations on release of the CLICOM 3.1 software at their meeting in early 1998.
The participants agreed that this transition version 3.1 of CLICOM will be in use until its
replacement by the new generation CDMS.

9. RECOMMENDATIONS FOR FUTURE DEVELOPMENT
9.1

The participants of the meeting came to the following conclusions:

1)

The survey of the software currently available yielded no commercial vendors capable
of meeting the requirements as specified in Washington in 1 994.

2)

CLICOM achieved its goals but is reaching the end of its useful life-span.

3)

The survey of RDBMS used in national meteorological services demonstrated a wide
variety of solutions and technologies; there was an inconsistency in standards.
ORACLE has emerged as the pre-eminent vendor meeting their needs.

4)

The review of national climate database developments showed that:
a)
b)
c)

several simultaneous large-scale projects took place independently with only
limited sharing of experiences;
perhaps surprisingly, the data structures and tables were very similar;
there were a number of mistakes which might have been avoided through better
coordination.

5)

The three-tier architecture (User-Application-Data tiers), based on the component
technology that Microsoft has introduced as the de facto industry standard, was
considered by the group to be a very effective approach.

6)

Version 3.1 of CLICOM was presented as an appropriate interim solution until a
replacement becomes available.

9.2
The participants of the meeting made the following important recommendations for
future development of the WMO coordinated Climate Database Management System to be
addressed to the WMO Commission on Climatology and to the WMO Secretariat:
1)

A small Task Group (of around four people) should be established to specify a future
CDMS that will:
a)
b)
c)
d)
e)

f)

be available as a replacement for current CLICOM systems to support national
needs;
have a specific logical database design;
use a commercial RDBMS;
run on "current" industry-standard three-tier concept;
expose the metadata that describe the available climatological data and also the
methods of obtaining data that are not directly accessible, using Internet-like
technology;
be able to be linked transparently to other applications, such as Geographic
Information Systems (GIS);

g)

be a cost-effective solution meeting the users' requirements that were stated
at the Washington 1994 meeting.

2)

The Task Group shall provide budgetary estimates for the CDMS.

3)

The release 3.1 of CLICOM should be the last version of that particular system, but
will remain in use in each nation until a successor system becomes operational.

4)

For the next few years CLICOM shall be provided with hardware that is expected to be
capable of supporting future design.

5)

A forum of those who work with climatological databases should be initiated to
encourage the exchange of expertise and skills.

10.

CLOSURE OF THE MEETING

The meeting was closed at 12:00 on 16 May 1997. The participants expressed deep
satisfaction with the excellent working conditions presented for the meeting by Météo-France
and arrangements of the meeting. Special appreciation was given to the Chairman, Mr Paul
Cowley, who had greatly contributed to the success of the meeting.
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ANNEX 3

Achievements and Deficiencies in the WMO CLICOM Project
(by Anatoiy V. LAPTEV)
Expert Meeting to Review and Assess a Prototype for Future Climate Data Management Systems
(CDMS),
Toulouse, France , 12-16 May 1997
CLICOM Success Story
The WMO CLICOM project was initiated in 1984 to transfer the modern computerised
technology in managing climate data to the developing countries. CLICOM stands for CLImate
COMputing. The project was aimed at transferring of three main components of the modern
technology: computer equipment (hardware), computer programs (software) and expertise in climate
data management (training). It was planned that implementing the project in developing countries
would replace their traditional manual methods of working with climatological data to computerised
ones based on the Personal Computers (PC) and Data Base Management System (DBMS) software.
In 1985, a system prototype was developed in the USA and was demonstrated and tested at
a Regional (RAII/V) Training Seminar in Indonesia. In 1986, the first working version of the
CLICOM project software was released for distribution to WMO Members. The typical hardware
configuration included one IBM AT and two IBM XT compatible PCs linked into a network.. The
software included a CLICOM Data Management Module developed at the National Climatic Data
Centre, USA and three major commercial software packages: DataEase Database Management
System, IBM PC LAN and COSORT sorting utility. Later, during 1989-1993, different
enhancements were introduced which led to releasing the current version 3.0 of CLICOM
software.
The CLICOM project has received considerable support from the WMO Voluntary Cooperation Programme (VCP). More than US$ 2,000,000 has been donated by the donor countries to
implement projects in about 100 recipient countries. For many of these countries, the CLICOM
computers were the very first in their meteorological services. Major donors were Finland, France,
UK, and the USA. The other countries contributed into the training and adaptation of CLICOM
software for French, Spanish and Russian languages. CLICOM has been installed in more than 130
countries and 17 countries are planning to implement the CLICOM project. The overall status of
CLICOM implementation is given in the Fig 1.
The three components of CLICOM
Computer equipment (Hardware) Beginning in 1997, the recommended technical specifications
were modified taking into account recommendations that new hardware has to respond to both
current and future CLICOM systems. Currently recommended as a file server is a PC based on Intel
Pentium Pro200 MHz processor with 32 MB RAM and two hard disks of 2 GB of each. A CD
ROM drive, a magneto-optical disk drive as well as a backup tape drive are recommended for
maintaining of climatological data archive and for security purposes. A LaserJet and a colour InkJet
printers are also recommended for preparation of high quality climatological bulletins on a weekJy,
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monthly and annual basis. A communication set, including fax/modem and appropriate software, is
recommended to link CLICOM to the telecommunication networks including the Internet.
Computer software The CLICOM system permits a recipient country to maintain its national
climate data and provide the basic data management operations: data entry, data quality control, data
archiving and retrieval. The CLICOM software consist of two components, a standard DataEase part
and a specially developed FORTRAN part which interact under DOS and LAN operating systems.
DataEase supports the main subsystems of the CLICOM data management module: Station History;
Data Dictionary; Data Inventory; Export/Import climate data; View climate data; Climate data
products. On the other hand, the FORTRAN part supports the following functions not available in
DataEase: climate data entry and quality control; producing means/extremes; CLICOM reports;
CLICOM graphics; custom applications; statistics with INSTAT etc.
The current version 3.0 of CLICOM software was released in November, 1993. It can be run
together with DataEase versions up to 4.53 but cannot be run with the latest versions DataEase
beginning from 5.0. Also, the COSORT 4.4, NORTON Utilities, MS Office Professional,
Compression / Decompression utilities and Anti-Virus commercial software packages have been
included in the recommended technical specifications to improve the capability of the system for the
provision of climatological services.
The English language version of CLICOM 3.0 project software is distributed free of charge
from the WMO Secretariat to the Member countries. The 1997 CLICOM Distribution Kit includes 6
diskettes of the CLICOM 'tore" software, one diskette of source code and library, one diskette of
an on-line Reference Manual, one diskette of an on-line tutorial, and one diskette of INSTAT
software. The Kit also includes one copy of each, the CLICOM 3.0 Data Management Module
Reference Manual, Installation and Upgrading Guide, and Welcome to INSTAT guide. The French
and Russian language versions are slightly different being maintained and distributed by Météo
France and ROSGEDROMET, Russia respectively.
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New CLICOM Installations and Upgrading
In the recent years, significant progress has been made in implementation of the WMO
CLICOM Project in the Newly Independent States (NTS). In 1995, CLICOM systems were provided
for and the local staff was trained in Eritrea, Namibia, Latvia, and Slovakia. In 1996, four MS,
namely Lithuania, Ukraine, Georgia and Estonia received support from UK and Russia to implement
the CLICOM project. It is very important to note that the national climate data sets were prepared
for the former Soviet Republics from the centralised data archive of the ex-USSR and that these
data sets were imported into their national CLICOM systems during the installation.
In 1997, CLICOM was installed in Armenia and Laos (assistance from France) and in
Macedonia (assistance from UK and Czech Republic). It is planned to install the new CLICOM
systems in Cameroon, Western Samoa and five NIS of Central Asia: Kazakhstan; Kyrgyz Republic;
Tajikistan; Turkmenistan; and Uzbekistan.
In addition to new installations, a replacement or an upgrading of CLICOM equipment and
commercial software are high priority tasks. Many CLICOM systems are getting obsolete and even
non operational because they were obtained before 1990. Fig 2 shows the CLICOM systems age:
64% of all systems were donated before 1991; it is clear that they are rather obsolete taking into
account the progress made in computer technology.
This is why it is being recommended to give the highest priority to replace or upgrade
obsolete CLICOM systems. In response to this recommendation, four systems have been fully
upgraded ( in Nepal, Sri Lanka, the Philippines with support from UK, and in Jamaica with support
from the USA). It is planned to replace the CLICOM systems in Malta, Solomon Island, Vanuatu (all
with support from UK), and Fiji (with support from Japan). Finally, it is important to note that in
response to the recommendations from the recent CLICOM training seminar in Lusaka, Zambia and
with support from UK (about US 100,000), the CLICOM file servers, printers and commercial
software will be replaced in 19 African countries.
CLICOM Area Support Centres (ASC) have been established in RA III (Santiago, Chile,
November 1995), RA V (Kuala Lumpur, Malaysia, June 1996), and in RA I (ACMAD, Niamey,
Niger, 1996). It is planned to establish the RA IV ASCs in Caribbean Meteorological Institute
(Bridgetown, Barbados) and the ASC for NIS in Moscow or Obninsk, the Russian Federation. There
is also a proposal from Bahrain to host the RA II ASC in this country. Financial assistance has been
received from the USA, France and UK to provide these hosting countries with necessary
computers and software througf the WMO Voluntary Co-operation Programme.
The main task of each ASC is the assist Member countries in the Region to use effectively their CLICOM
systems for climate data management and climatological services including producing different climatological
bulletins on the regular basis (weekly, monthly, annually). For this purpose, the WMO provides the ASCs with
advanced configuration of the CLICOM computer equipment and the latest versions of the commercial software
packages. It is expected that the ASCs will provide training for national CLICOM experts from the countries in the
Region. It is presumed that the ASCs have excellent expertise in maintaining and using CLICOM and their experts
are able to assist to the national experts in resolving local problems.
From 1995-1997, the ASCs in Santiago, Kuala Lumpur, ACMAD (Niamey, Niger) and
Bridgetown provided the CLICOM regional training seminars for the national experts from the
countries operating CLICOM systems in RA I, RA III, RA IV, RA V. It is planned to have a
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regional training seminars for NIS in Moscow in 1998. There is also an urgent need to provide
training for the Arabic-speaking countries of RAII.
There is an concern about the future of the WMO CLICOM project due to the fact that the
current CLICOM software which was developed in the USA for developing countries in 1986 is
getting more and more obsolete in terms of its design. The last cosmetic upgrade of the CLICOM
"core" software (version 3.1) will be completed in 1998 after appropriate testing of the package
developed on the basis of recommendations made at the CLICOM Expert Meeting in Washington,
May 1996. There will be no more development of the current CLICOM software based on the
DataEase commercial package.
On the other hand, an Oracle-based prototype of a future system for the CLICOM project
has been developed by Mr Ari Supperi following recommendations from the RA HI Training seminar
in Santiago (1995). This prototype takes into consideration the requirements for the future Climate
Database Management Systems which were defined at the CLICOM Expert Meeting in Washington,
1994. The prototype will be presented and discussed during the meeting in Toulouse. It is expected
that recommendations will be made during the meeting on the development of a future WMO
Integrated Climate Database Management System which could meet the needs of those WMO
Members wanting climate database management system more advanced that the existing CLICOM
software.

Achievements and Deficiencies in the WMO CLICOM Project by Ajiatoly V. LAPTEV

ANNEX 4

SURVEY OF SOFTWARE MARKET FOR USE AS A CLIMATE DATA MANAGEMENT
SYSTEM
Introduction:
The World Meteorological Organization's (WMO) Climate Computer System (CLICOM)
is nearing the end of its useful life. CLICOM has achieved many of its objectives, yet
there is a request by several CLICOM recipient countries for a climate data managment
system (CDMS) more robust than the currect version of CLICOM. At a meeting of
CLICOM experts held in Washington, DC on 29-31 August 1994, the participants
recommended the use of existing commercial products to meet this need. A summary
of the software market including non-commercial sources is presented.
Definition of Climate Data Management System (CDMS):
A definition of a climate data managment system is needed before starting an
investigation of market availability. A CDMS is more than just database management.
A CDMS must also incorporate training in the proper use of the CDMS, communication
of information to and from the database in the CDMS, and flexibility in adapting the
CDMS to differing needs of the users.
Availability of Commercial Products For a CDMS:
The question asked the most often is, why are there no commercial vendors of a
complete climate database system ? (Viewgraph 1) There are two major unresolved
issues in this area that hinder development of commercial products. The first issue
concerns the type of information in a CDMS. There is no consenus in the scientific
community as to what constitute climate type parameters. Secondly, even when there
is limited agreement, there is always the conflict between temporal and spatial needs
for climate information. A CDMS becomes a more complex product in order to
accommodate these competing demands. The demand for climate software is limited
as well. Therefore the potential market for sales is not large enough to support product
development.
Supporting this conclusion is the continuing work in the USA of the Unified Climate
Access Network (UCAN). This cooperative effort among NOAA/CPC, NOAA/NCDC,
6 regional climate centers, and NRCS/USDA realized that no readily available
commercial software met its needs for a CDMS. Instead, an integration of commercial
products using standard techniques for communication between objects (CORBA Common Object Request Broker Architecture) was chosen. (Viewgraph 2, Annex A)
Commercial Software Products:
A survey of the commercial software market did yield one commercial vendor in the
USA that attempts to market a climate data information system via CD-ROM
technology. The vendor, Earthlnfo, Inc. Boulder, CO USA integrates climate data and
software together. (Viewgraph 3) Although Earthlnfo concentrates on USA climate
data, it does have global data. One would supply the data in original format to the
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company which then encodes the data on CO-ROM so that the software previously
developed for USA data can be used to extract requested data. Unfortunately,
Earthlnfo's products do not fully satisfy the needs for the CDMS defined above. Those
countries that need only a limited system may want to investigate the possibility of
contracting for the services directly. Currently, Environment Canada has a contract with
Earthlnfo to supply data on yearly updated basis. Also, as an approved data supplier to
Arclnfo and ArcView GIS software, it becomes a simple task to use the data which they
put on CD-ROM with these GIS products.
Non-Commercial Software Products:
In addition to the commericial software market, the non-commercial sector of the
market was also reviewed. The Pacific Marine Environmental Laboratory (PMEL) of
NOAA has developed a system to store, display, and analyze large collections of in-situ
hydrographie and océanographie data. Since some of these data are meteorological, it
may be possible to use techniques developed by this NOAA agency within the
proposed CDMS. The major caveat is the fact that the resources employed by PMEL
are large compared to what smaller countries may have available. This may preclude
its use without a similiar committment of hardware and software resources for the
proposed COMS. (Annex B)
References to this PMEL application can be
found in the Proceedings of the 11 th International Conference on Interactive
Information and Processing for Meteorology, Oceanography, and Hydrology
January 15-20, 1995 Dallas, TX, pages 316-321 and Proceedings of the 13th
International Conference on Interactive Information and Processing for
Meteorology, Oceanography, and Hydrology February 2-7, 1997, Long Beach,
CA, pages 184-186.
Summary:
The commençai software market at this time cannot provide a turnkey software product
meeting CDMS requirements. Components of the software required by a COMS have
been developed within the public sector because of this lack of a commercial product.
Whether these components fit within the proposed prototype remain to be examined.
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Viewgraph 1

Why no commercial vendors of a complete climate database system ?
Climate database system is more than data management
No aggreement as to what constitutes climate type parameters
Conflict between temporal and spatial needs for climate information therefore no critical mass
for development
3 tier model in proposal almost dictates the need to integrate components from variety of
sources
Geographical Information Systems (GIS) have many but not all components needed for
climate database

Viewgraph 2
Unified Climate Access Network (UCAN) Climate Database Model
NOAA/NCDC, 6 regional climate centers, and NRCS/USDA are linked together
Relational Database used for management of meta-data
Data in netCDF format - sequential format more conducive for vast majority of climate queries
Data is stored at centers within area where the data originate. Also stored at other centers as
backup to primary center
Uses CORBA techniques - standard method to execute remote calls to remote objects
Demostration project complete - Phase I implementation summer 1997
Uses 3 tier model as stated in latest proposal
http://www.srcc.lsu.edu/ucan.net.UCAN.html
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Viewgraph 3

Commercial Vendors of Climate Databases
Earthlnfo, Inc. Boulder, CO USA http://www.csn.net/earthinfo
Limited Software CImedian - calculates medians and percentiels for TMax, Tmin, and their daily averages
Maverage - calculates moving averages or moving totals for all 5 parameters
Montot - calculates monthly and annual TMax and Tmin averages, or monthly and annual
Snow, and Evap totals
Climgraph graphs daily, monthly and annual averages, or monthly and annual totals for all
5 parameters
Export data from CD-ROM into Lotus or ASCII format
Global data is from NOAA/NCDC's World Weather Records, i.e. synoptic sites only
Procurement is odd -- Buy CD-ROM and dataset is current at time of purchase
Subscribe on yearly basis and dataset is updated each year
Software is integrated with data on CD-ROM therefore difficult to reuse
Some countries already use their services -Contract with Environment Canada to supply data on yearly updated basis
An approved data supplier to Arclnfo and ArcView GIS software
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UCAN - CLIMATE INFORMATION NOW FOR THE NEXT CENTURY
Phillip Pasteris. Natural Resources Conservation Service, Portland. Oregon
Richard Reinhardt Western Regional Climate Center. Reno, Nevada
Kevin Robbins. Southern Regional Climate Center, Baton Rouge, Louisiana
Claudia Perot. Natural Resources Conservation Service, Portland, Oregon
http://www.srcc.lsu.edu/ucan.netAJCAN.html

1.

INTRODUCTION

Network access to a wide variety of climatic information for
the United States is nearing reality through a collaborative
effort between the six Regional Climate Centers (RCCs), the
Natural Resources Conservation Service (NRCS/USDA) and
the National Climatic Data Center (NCDC).
A major goal of this project is to allow climate information
users to request information through a Unified Climate
Access Network (UCAN) that automatically sends requests
for specific datasets and climatic products to a network of
computer systems (RCC, NRCS and NCDC) that maintain the
data archive for the requested product. Upon receipt of this
request, an automated information broker determines the
required dataset(s) and processing program(s) needed to
fulfill the request and transfers the information back to the
requester.
The interface to UCAN will be accomplished using World
Wide Web (WWW) browsers or command line or programlevel calls. Information will be returned as data files or as
direct input to user programs. A variety of file formats
including ASCII, netCDF, and various application program
formats will be supported. This document describes this
effort and will concentrate on UCAN concepts, user
interface, network data transport, and deliverable products.

2.

UCAN VISION

A dynamic, nationwide climate information network providing the climate data, analyses, and knowledge required
by climate data users.
3.

WHAT IS UCAN?

In a general sense, UCAN is a consortium of federal and state
agencies that have joined together to unify access and
availability of climate data and information for natural
resource management
UCAN will provide users with virtual access via the Internet
to thousands of climate datasets collected by scores of
federal, state, and county networks during the last 100+ years.
These datasets provide the user with information in
geographic areas that were previously believed to be
unavailable
In addition to new datasets. users will be able to run a wide
variety of climate applications specifically tailored to meet
their needs. These include, but are not limited to, statistical
averages, frequency analyses, spatial mapping and risk
analysis.
4.

UCAN GOALS

The primary goals for UCAN are to:
•Corresponding author addresses:
Phillip A Pasteris, Natural Resources Conservation Service,
Water and Climate Center. 101 SW Main, Suite 1600,
Portland, Oregon 97224-3224,503-414-3058
Richard Reinhardt Desert Research Institute, Western
Regional Climate Center, P.O. Box 60220, Reno,
Nevada 89506-0220.702-677-3103
Kevin Robbins, Louisiana State University, Southern
Regional Climate Center, Baton Rouge, 260 HoweRussell Building, Baton Rouge, LA 70803-4105, 504338-1063
Claudia Perot Natural Resources Conservation Service,
Natural Resources Conservation Service, Water and
Climate Center. 101 SW Main, Suite 1600, Portland,
Oregon 97224-3224, 503-414-3060

httpv'/wvrw. srec. Isu. edu/ucan.net/UCAN. html

•

Provide national leadership in climate technology;

•

Support a national, on-line climate database accessible
via the Internet;

f

Provide appropriate climatic data and analysis products
directly supported by the on-line database;

•

Provide a seamless, national distribution network for
climatic products via the Internet

•

Provide quality, serially complete, spatially
representative and timely climatic data;

•

Provide training, educational materials and workshops to
improve the use of climatic informauon in all sectors of
the user community.
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The project intends to deliver historical and near real-time
climatic data at 15-mmute, hourly, daily, monthly, and annual
resolutions. Climatic interpretations and analyses will
ultimately include GIS precipitation, temperature, and snow
water equivalent layers; temperature and precipitation
summaries; daily, weekly, monthly, and annual climate
normals; frost-free days and growing season normals; wetland
determination tables; évapotranspiration estimates; Palmer
Drought Indices; days suitable for construction; standardized
precipitation indices; rainfall frequencies; and climate
modeling generation parameters.
These data and analyses will be generated using national
climate data collection networks supported by the National
Weather Service as well as regional and local data network
information archived at the RCCs. In addition to these
network deliverable products. UCAN will include the
expertise of climate specialists at the RCCs and the NRCS to
deliver data, climate products, analyses, and interpretation of
climate events and concepts.

Louisiana; and Western Regional Climate Center ( WRCC),
Reno, Nevada
A broad range of regionalized climate data resources,
advanced computing facilities, and cooperation among
participating agencies allows the RCCs to provide services
tailored to the individual needs of climatic data users within
each region. The primary mission objectives of the RCCs arc
to:
•

Maintain regionalized historical archives of climatic
information including specialized datasets not archived
at the national level,

•

Provide climate data and climate information delivery
services for regional users of climate information, and

•

Perform applied climatic research in support of user
services and on topics of general regional interest

5.2 Natural Resources Conservation Service fNRCS^
5.

PRIMARY UCAN PARTICIPANTS

These organizations have contributed significant personnel
resources or have contributed significant funds to the UCAN
project.

The NRCS is Congressionally mandated to perform natural
resources management activities throughout the U.S. These
activities include emergency flood relief and watershed
protection, animai waste spills, drought mitigation, water
management, chemical applications, and other conservation
activities that require weather and climate information. The
NRCS has nearly 3,000 Field Offices which serve as a
dissemination vehicle for these products and services.
During the past several years the NRCS and other Department
of Agriculture agencies have restructured existing climate and
weather programs. The NRCS Climatic Data Access Facility,
created in 1990 (Pasteris. 1993) to provide nation-wide access
to historical climate datasets, has become a part of the NRCS
Water and Climate Center (WCC).

Figure 1. UCAN Participants
5.1 Regional Climate Center; (RCCs)
The RCCs (Figure I) include the High Plains Climate Center
(HPCC). Lincoln, Nebraska; Midwest Climate Center (MCC),
Champaign-Urbana. Illinois; Northeast Regional Climate
Center fNRCC), Ithaca. New York; Southeast Regional
Climate Center (SERCC). Columbia South Carolina:
Southern Regional Climate Center (SRCC). Baton Rouge,

http://www.srcc.lsu.edu/ucan.net/UCAN html

In order to provide the climate information required by
USDA agencies, the WCC is reaching out to enhance existing
agreements with the RCCs and the National Climatic Data
Center. RCC data archives will provide the NRCS with
additional climate datasets currently unavailable from the
NRCS Water and Climate Center, but still needed for
appropriate resource management throughout the U.S. The
NRCS is fully committed to developing the UCAN system as
a method to provide climate data and information to USDA
agencies.
5.3 Fnrest Service f FSÏ
The Forest Service mission, in accordance with the MultipleUse, Sustained-Yield Act of I960 (16 U.S.C. 528) and the
National Forest Management Act of 1976 (16 U.S.C. 1600) is
to manage the lands for a variety of uses on a sustained basis
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to ensure a continued supply of goods and services to the
Amencan people in perpetuity. This mission is dependent, in
a large part, on weather and climate data.
Historically, FS has collected meteorological data to assist in
the prediction and control of forest and range fires and in
management of smoke from prescribed burning. A national
weather program was established to coordinate as FS
meteorological activities and to meet the increasing need for
diverse weather information.
5.4 Joint Agricultural Weather Facility (JAWF)
JA WF is jointly operated by the World Agricultural Outlook
Board of the USDA and the NOAA of DOC. Created in
1978, the primary mission of the JAWF is to routinely collect
data and information on global weather and agriculture, and
to determine the impact of growing season weather conditions
on crops and livestock production prospects throughout the
world.
JAWFs meteorological staff consists of NOAA
meteorologists and WAOB agricultural meteorologists,
working as a team to accomplish these goals. UCAN is a key
element to JAWFs monitoring of the health of domestic
agriculture.
6.

6.2 National Drought Mitigation Center rNDMQ
The NDMC was founded in spring 1995. with funds from the
Special Grants Program of the Cooperative State Research.
Education, and Extension Service, U.S. Department of
Agriculture, and the Climate Prediction Center. National
Oceanic and Atmospheric Administration. Department of
Commerce, with additional support from the University of
Nebraska-Lincoln and the Institute for Agriculture and
Natural Resources.
The NDMC is in the Department of Agricultural Meteorology
at the University of Nebraska-Lincoln, also home to the
International Drought Information Center. It is the first
research and development program to address drought as a
national issue in the United States.
7.

UCAN CONCEPTS AND DESIGN

The UCAN data query and retrieval system consists of a
suite of network application programs that will deliver
climate information and analyses to remote locations that
request information through a client-side information broker
as shown in Figure 2. This broker is a local daemon program
(residing at each RCC) that can be accessed via a graphical,
command-line, or program-level interface which is used to
specify a request for data.

UCAN ADVISORS
âravsr

These organizations play an advisory role in the UCAN
project.
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6.1 National CUmttir Data Center fNCDO
sum atom
The National Climatic Data Center (NCDC) is responsible for
data management activities in support of scientific and
technical programs involving remotely sensed and in situ
retrospective meteorological data and climatologicai
information. NCDC performs all functions related to data
management (acquisition, archiving, inventorying, and
quality assessments), data synthesis (climate description,
monitoring, modeling, and prediction), and data information
dissemination and publication.
It performs necessary liaison with other NOAA components
and with national and international contributors and users of
data and information. NCDC coordinates with other NESDIS
Centers and with centers outside of NOAA in areas of related
scientific and technical concern to achieve a useful degree of
homogeneity in services in the environmental sciences, and to
avoid duplication of effort

hrtp^/wwv/. srcc.lsu.edu/ucan.netAJCAN. html
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Figure 2. UCAN Data Query and Retrieval System
The broker parses the information request and formats it into
a standard request packet, sends a network request for
information to UCAN server computers, and waits for the
returned information to be passed back to the calling
application. All requests for information are transmitted via
the Internet The request is received and processed by serverside brokers at each RCC. Each RCC server queries a station
history and data element database, synchronized between the
RCCs, to determine if the requested data can be delivered.
The first server that can supply the requested information and
responds with an affirmative reply to the client-side broker
will be requested to send data to the client The server then
parses the information request structure and determines the
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appropriate data extraction/processing routine that is required
to supply the information. Data and/or information are then
extracted and passed back to the client, completing the
request.
The information request structure is a crucial element of this
system. It will, rypicaily, include the station(s) for which data
are needed, the beginning and ending date of the requested
information, a list of data elements or a standard product or
analyses for the station(s), units required for the returned data
or analysis, a format for the returned product, network and
process identifiers to identify where the information should
be delivered, and an organization identifier to allow for '
product fee assessment, if applicable.
The graphical interface used to generate the information
request structure utilizes WWW browsers such as NCSA
Mosaic, Netscape, or Microsoft Explorer. Vrt use of
commonly accepted and available network browsers gives
users a familiar interface schema and minimizes user interface
development.
The network transmission methodology utilizes the hypertext
transport protocol (hctp) included with the network browsers.
In addition, the project uses Inter-Language Unification (ILU)
tools which provide an interface between different computer
languages, address spaces, and operating systems. ILU also
provides methods for developing distributed computing
systems.
8.

PROGRESS AND IMPLEMENTATION

UCAN design and implementation are occurring in discrete
phases. Phase I (scheduled for implementation on January I,
1997) focuses on development of standardized regional
climate data archives at each RCC and providing the NRCS
with a set of netCDF files compatible with the Field Office
Computer System (FOCS) currently under installation
nationwide. Production of these files required development
of a relational fanhw management system (ORACLE and
EMPRESS RDBMS) to manage metadata, design of netCDF
file formats to archive station data, data ingestors to convert
NCDC formatted data into local netCDF archives, and
netCDF converters to provide the NRCS netCDF files from
RCC netCDF archives. Initially, these data archives include:
•

Summary of the Day (TD 3200),

•

Summary of the Month (TD 3220),

•

Monthly Normals (TD 9641 ), and

•

Hourly Precipitation (TD 3240).

http://www srcc.lsu.edu/ucan.net/UCAN.html

The metadata RDBMS required extensive manipulation of
NCDC station history files to correct inconsistencies in
station location, start/end dates, station names, and other
problems identified in the station histories. Full-text scans of
NCDC station data were performed to obtain metadata
histories of start/end dates for each variable and were added
to these metadata. An enhanced flagging scheme was
developed for station data that provides a more complete
description of data element quality and locally updated data
elements while maintaining backward compatibility to
original NCDC data archives.
These flags identify the source of near real-time data which
are not included in NCDC archives. The data source flags
keep track of data entered into the archive at each RCC and
include keypunched' data and digital data collected from the
Internet Data Distributionâ (IDD) system. These datasets are
managed, locally, in the native archive format of each RCC
but may be delivered to the WCC on CD-ROMs to satisfy
NRCS needs for climate data to feed natural resource
application programs.
Phase II focuses on the user interface, common data keys for
servicing information requests, and basic product generation.
Prototype client-side and server-side programs have been
implemented to test the feasibility and performance of WWW
browsers and http as a file transfer methodology. A
demonstration product that highlights phase II development
is scheduled for completion in late December, 1996. The
demonstration will utilize WWW browser "plug-in" programs
to generate client-side, county-level mapping, graphical
display to facilitate individual and regional station selection,
forms-based access to station metadata, and generation of
static and dynamic climatic products and analyses.
Subsequent UCAN project phases will concentrate on
development of additional datasets; climate data analyses
products and data summaries; front-end query and data
request input tools; and development and optimization of data
transport protocols.
9.

SUMMARY

The UCAN project represents a major step forward for the
RCCs and the NRCS in providing enhanced climate
information and services to the climate user community. It
integrates the regionalized climate data holdings of the RCCs
into a national data archive capable of providing seamless and
transparent access to climate data regardless of where the data
are located or how the data are locally managed and stored.
The UCAN system eliminates the need for the WCC to
maintain and archive an exhaustive climate database and
allows the WCC and NRCS to focus its resources on
developing applications for climate data for the USDA
climate user community.

ANNEX 4. pg. 9
First Symposium on Integrated Observing Systems

American Meteorological Society, Long Beach, California, February 2-7, 1997
The system has the potential for providing these networked
data services for an expanded community of users which will
include the U.S. Forest Service (USFS), Agricultural
Research Service (ARS), National Agricultural Statistical
Services (NASS), Economic Research Service (ERS), Federal
Crop Insurance (FCI) and many other USDA and non-USDA
agencies that use climate information.

Project Managers
Kevin Robbins, SRCC
Claudia Perot, NRCS/WCC
Design Team
Kelly Redmond (Chair) WRCC

The UCAN system uses commonly available user interface
tools (WWW browsers) and network transport protocols
(http), synchronized station and data inventory databases,
integration of existing and locally developed network
transport and data storage methodologies, and provides the
capability to integrate remotely accessed climate data directly
into application programs that require climate information.
The UCAN system has a broader potential to serve as a model
for integrated, networked, data archives in a wide variety of
scientific fields.
10. PROJECT PARTICIPANTS
The UCAN project incorporates the efforts of many people
within the RCCs, WCC, and NRCS. The major participants in
this project are:
Sponsor Body

Jay Grymes, SRCC
Keith Eggieston, NRCC
Milt Brown, SERCC
Steve Meyer, HPCC
Jim Angel, MCC
Phil Pasteris, NRCS/WCC
Jim Marron, NRCS/WCC
Software Development Team
Bill Noon (Chair), NRCC
David Wilensky, SRCC
Dave Barthel, SERCC
Greg McCurdy, WRCC
Carl lonquist, MCC

Dick Reinhardt, WRCC
Jim Hines, HPCC.
Warren Knapp, NRCC
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Discover NCSA
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ftp://parcftp.parc.xerox.com/pub/ilu/ilu.html November,
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http-//www. usda.gov/agcncy/oce/waob/jawtf November,
1996
National Climatic Data Center
http://www.ncdc.noaa.gov. November, 1996
National Drought Mitigation Center
http://enso.uni.edu/ndmc. November, 1996
NRCS Water and Climate Center
http://www.wcc.nrcs.usda.gov. November, 1996
Regional Climate Centers
http://www.ncdc.noaa.gOv/stateclimatologists.html#RCC
. November. 1996
The Common Gateway Interface
http://hoohoo.ncsa.uiuc.edu/doc3/cgi/overview.hanl
November, 1996
Unidata Internet Data Distribution
http://www.unidatiurar.edu/projects/idd/mdex.httnl
November, 1996
Unidata netCDF
httpj'/www.unidata.ucar.edu/pa(±ages/netcd£ruidex.hmil
November, 1996
Welcome to Netscape
http://home.netscape.com/ November, 1996
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Access to PMEL Data
Access to PMEL's oceanograohic and meteorological data is extended to researchers and the public for the purposes of promoting
scientific collaboration and furthenng public education.
On-line Data:
The EPIC system [public], [local only]
EPIC is a system developed at PMEL to store, select, display, and analyze large collections (at present, approximately 100 000)
hydrographie and time series océanographie in-situ (observational) data sets collected by PMEL as part of NOAA climate study
programs. All of the data stored in EPIC is available to researchers inside PMEL at their desktops (local PMEL EPIC), and
portions of the data are freely available to anyone outside PMEL (public web gateway to EPIC I
The Live Access server
The Live Access server was developed at PMEL to store, select, display, and visualize complex, large-scale, gridded data sets
primarily for the purposes of climate modeling. The Live Access server uses the FERRET analysis tool to create displays
selected from the long-term climatologies accessible through the server. Public access: Live Access to Climate Data.
PMEL-only access: TMAP climate-logical data collection
NOAAServer catalog
PMEL is participating in the NOAAServer project. Generally speaking, the project's purpose is to present a unified view of
NOAA's data and information holdings and provide access to these holdings by means of a distributed, web-based catalog.
PMEL hosts one of the NOAAServer servers: http://www.epic.noaa.gov/NOAAServer/.
Other Selected Points of Access to PMEL Data:
Data from the NOAA Ship Ka'imimoana
Display of ocean current/temperature/depth measurements from the TAO buoy closest to the current cruising location of the
NOAA research vessel KA'IMIMOANA.
TAP Buoy Data
This page <s rich with links to information about, as well as data from, the TAO buoy array which stretches across the equatorial
Pacific from Asia to South America. Look for TAP buoy data delivery. FTP access to buoy data, the realtime TAO buoy data
plots, the TAO time-series browser, as well as several significant Java-enabled displays of TAO data.
Florida Current Transport Data
Daily mean transport computed from voltage measurements oncables across the Florida Straits from Settlement Point Florida
and West Palm Beach Florida (1982 to 1996). Also transport computed from profiling measurements on cruises across the
Florida Straits by AOML during the same time period.
Preliminary WOCE P155 Cruise Cross Sections
Graphical display of CTD sections along 170-174*E south of New Zealand and along 170*77 from 67'S to 5'S
Data from the CoAxial Segment of the Juan de Fuca Ridge
Seafloor bathymetry from the Coaxial Segment off the Washington coast
Data from PMEL-JISAQ Trace Gas Program
Gas partiai pressures of carbon monoxide and methane in thte surface ocean and overlying atmosphere on eight cruises in the
Pacific and Indian Oceans bewtween 1987 and 1994

PMEL Home Page
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EPIC Description
PMEL has developed an extensive océanographie data management, display and analysis system, called EPIC. This system
specifically supports océanographie time series and hydrographie (CTD, XBT, bottle) data. The EPIC system was originally
developed for the VAX/VMS operating system. In this environment. EPIC is a complete system including a data selection module
and a suite of over 100 graphics display and analysis programs. System elements for data selection, data display, and data
analysis function as independent modules. The system is well documented, with a user manual and extensive on-line help. The
system is written in Fortran and C, and ail elements are supported for VAX/VMS computers.
We are also releasing EPIC for Unix. The Unix release includes the input/output library (callable from C and Fortran), a suite of
graphics programs for x-y plots and contour plots of hydrographie (profile) data and time series data, time series programs for
statistics, spectral analysis, and tidal analysis, an EPIC system manual, and Unix man-pages for on-line help. Additional Unix
software is being added continuously. Please sea the documentation in our EPIC anonymousftpdirectories or contact us directly,
for more information.
We are starting development of a graphical, point-and-dick interface for EPIC, so it can be run with a mouse in an X-windows
environment. In any case, either with or without the graphical interface, the programs can always be run from the Unix prompt, and
are always available for any user, to make a local copy, and local modifications. This structure is easy to support, very modular, and
very open. The point-and-dick interface will be external to the programs, so the programs are simply Fortran (or C) and easy for a
programmer/scientist to work with.
Click here to go to the EPIC Home Page
Click here to go to the PMEL Home Page
Nancy Soreida - nns@pm9l.noaa.gov
23 March 1995
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EPIC System Elements
The EPIC system elements are.
1.

Supported data file formats We use our own data file input/output library, which lets the application programmer work with
generic data file oDen ' "read" "write" statements. The actual data file manipulations are performed by a module called by
our i/O library, so the application programs never interact DIRECTLY with the data files. This i3 a very clean design, which
leaves the application programs independent of data file format. Our primary supported format is the Unidata netCDF
format, which allows random access to multi-dimensional data sets, and unlimited numbers of attributes (metadata or
"header" information) to be stored in the data file. Although it is a binary format, it is portable between VAX. Unix, MAC and
PC machines. This means a data file created on one of these platforms, can be read on any of the others. We may possibly
add suDoort for other data formats, such as the EOS/HDF format, in future. Our I/O library is callable from either Fortran or
C. We are collaborating with WHOI and others, to coordinate our implementations of the netCDF format, which is one of the
standards in the Ocean community. We have registered our implementation of the netCDF format with Unidata. EPS library
information is available via anonymous ftp. Our netCDF files are useable with many popular commercial software packages,
such as IDL. MexEPS MATLAB interticëlor netCDF and ASCII files or the USGS/WHOJ MATLAB interface, also
compatible with EPIC netCDF files, Spyglass, and PV wave, in addition to PPLUS and nccalc, the graphics package and
netCDF calculator used by the EPIC programs.

2.

A data base module PMEL EPIC uses the commercial Ingres data base, and we include the m SQL database, which is free
on the network for non-profit organizations. (Also we are also considering making several data selection modules possible in
the system). The data base module is used for the "data selection" process, in which a user tells the system he wants some
particular data type, eg, CTD data, in some geographic region and time region, and receives in return, a list of data files
meeting the selection criteria. This data base contains the attributes ("metadata" or "header" information); the data is only in
the file, the attnbutes are in the data file and also in tha data base. If you lack a data base, the remainder of the system will
work just fine. You will only lack the "data selection" capability, and you must construct the list of data files, for input to a
particular graphics or analysis program, by hand. Some institutions are using EPIC programs without the data base module,
but it is obviously nice to include it. The mSQL data base referred to above has been made part of the EPIC Unix
distribution.

3.

A graphics program. W e are using Plot Plus Scientific Graphics (PPLUS) - it's a nice, inexpensive, océanographie
graphics system, with publication quality output, modem X-windows. PostScript and GIF drivers, as well as support for some
older devices, such as Tektronix. It also includes support for netCDF format, and has a netCDF "calculator" linked with it.
The PPLUS graphics package costs $1,000 for à"l»fo rigenoo. To purchase PPLUS. contact Dr. Donald W. Denbo by postal
mail at PPLUS GRAPHICS. P.O. Box 4, Sequim, WA 98382. You can also reach him by phone (voice and FAX) at
360-452-2156 or on Internet at pplus@olympus.net. See references to EPIC related PPLUS information in anonymous ftp.

4.

A suite of data display and analysis programs. EPIC includes approximately fifty Unix programs, and more for
VAX/VMS, where the system originated. Conversion was simplified by the fact that the software is wnrten in standard
Fortran (originally) and C (more recently). Graphics can be made directly, using the PPLUS interactive command-line
interface, or they can be made with an EPIC program (so that the user doesn't have to learn the PPLUS graphics package
at all. they just answer a few questions about graphing parameters, and then get a graph.) See references to EPIC
information and software available via anonymous ftp. Unix man pages describe all the programs, and there are manuals for
ail system elements.

5.

An X/Motjf Graphical user interface is being developed for desktop access to EPIC data sets.

6.

Web access to data and information. This includes several general purpose EPIC Web utilities, and the EPIC Web
Browser for data selection and dynamically generated data plots and listings from the Web.

7.

The JAVA data selection utflllty provides highly interactive data access.

Cljck here to go to the EPIC Home Page
Click here to go to the PMEL Home Page
Nancy Sonside - nns@pm9l.n0aa.gov
15 July 1996
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EPIC Contacts and Credits
Contacts:
Donald W. Denbo -dwd@pmel.noaa.gov - 206-526-4487 (Co-lead)
Willa H. Zhu - willa@pmel.noaa.gov -206-526-6208 .
Dai C. McClurg~^dai@pme<.noaa.gov - 206-526-6785'
Nancy N. Soreidé~Mins@pmei.no"âa7qov - 206-526-6728 (Co-lead)
Email:
epic@pmel.noaa.gov
Address:
NOAA/Pacific Marine Environmental Laboratory
7600 Sand Point Way NE
Seattle. WA 98115 USA
Obtaining EPIC:
Click here for ftp sites for EPIC and EPIC toolkits (in anonymous ftp at ftp.pmel.noaa.gov in directory /epic).
How to use EPIC at PMEL

Credits:
Programmers and consultants who have contributed to EPIC system development include Robert Deloura, Donald Denbo
(Co-lead), Dave Kachel, Jean Lynch, Linda Mangum, Laura McCarty, Margie McCarty, Dai McClurg, Kristy McTaggert, Nazila
Merati. Nancy Soreide (Co-lead), Mark Renton, Sigrid Salo, Marie Schall, Mick Spillane, Tiffany Vanca, Willa Zhu, and Stefan
Zube.
Web utilities and software for data access on the Web by Oonaid W. Denbo, Dai McClurg, Nazila Merati, Mark Renton, Willa
Zhu and Stefan Zube.
EPIC Home Page I How to use EPIC at PMEL
epic@pmel.noaa. gov

ANNEX J

Use of Relational Database Management Systems
in Climatology
in WMO National Meteorological Services

In 1995 a questionnaire on the Relational DataBase Management Systems "RDBMS" used in
climatological services produced by Mr LEE from Australia and Mrs BENICHOU from
France, WMO rapporteurs on RDBMS was sent to WMO National Meteorological Services.
A general presentation of what is meant by a relational database management system was
attached to the questionnaire. The present report aims to present the analysis of the replies to
this questionnaire.

Françoise Bénichou - Météo-France
Daniel Lee - Australian Meteorological Service

February 1996
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1. General situation : "which N M S and what kind of R D B M S "
1.1 In climatological Services
It was noted that CLICOM databases were widely used by National Meteorological
Services. The characteristics of CLICOM are well known, and consequently this report will
concentrate on the other database types.
Of the 83 NMS who provided replies to the questionnaire (see Annex 1), 30 use a RDBMS in
their climatological service and these replies are the ones that are analysed in this report.
There were 30 countries who indicated that they used CLICOM, and these are not
included in the analyses. A further five countries (India, Lebanon, Namibia, Slovakia,
Iceland) have plans to introduce RDBMS in 1996, but they are not yet operational and were
not included. Four other countries (Hungary, Argentina, Colombia and Turkey) use both
CLICOM and some other RDBMS and have been included in the analyses.
Responses to the questionnaire from 5 countries contained inconsistencies and were difficult
to interpret. Hence some of the results must be considered as only approximate.
The accompanying diagram (Figure 1) shows the geographical distribution of the main types
of RDBMS in use. The three main types are Oracle, Informix and Empress (figure 2).
Nearly all of the RDBMS used in climatology run under Unix operating systems on mini or
mainframe computers. Only five countries taken into account in the analysis use personal
computer bases systems. These were :
• Madagascar
: access
- Germany
: Foxpro
- Azerbaijan
- New Zealand
: Oracle
- Turkey
: Informix
The distribution of the number of countries per operating system is :
24
-UNIX
1
-VMS (Vax)
i
- WINDOWS (PC>
i
- OS/400 (PC)
3
- DOS (PC)
1.2 In other Services
We note that there is a greater use of RDBMS in research or forecasting services than in
climatological services. In fact, 44 countries use RDBMS either in research or forecasting,
and the distribution of these is shown in figure 2.
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Within this report we will concentrate only on the 30 replies relating to RDBMS usage in
climatological services, and we will exclude the CLICOM users as described previously.

2. Station types and Data types managed by the climatological RDBMS

> Metadata
Only 17 of the 30 countries manage metadata. This management seems to be generally limited
as most countries have only one or two metadata tables. There are some notable exceptions :
Norway
Tunisia
France
Canada
USA

: 15 tables
: 9 tables
12 tables
100 tables
: 130 tables

At this stage we can assume that historical changes in metadata are not yet very well managed
as it is clear that such management is quite complex. •
Of the remaining 13 countries in the analysis, 9 plan to include metadata in their database
management systems.

> Station types
Keeping in mind that climate (or climatological) stations were defined as stations with daily
rainfall and/or temperature ot those stations which only report a few daily parameters, we can
consider the number of countries by different station-types :

Synoptic
29

Automatic Climate Radiation
22

30

20

Upper air Marine Radar
20

9

3

Satellite
4

With the exception of Turkey, which uses its RDBMS solely for climate data, all of the other
countries manage data from synoptic stations. Nearly all of the NMS (27 out of 30) manage
daily data from synoptic stations, 25 manage 3-Hourly (synoptic) data and 18 manage hourly
data. Three countries manage radar data in the climatological database : Austria, South-Africa
and Switzeland and four satellite data : Argentina, Costa rica, South Africa and Switzerland.
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3. Size of the databases
The largest database is operated by Canada with 500 Gbytes of on-line data. The table below
shows the ten largest databases sorted in decreasing size :

Country

Size in Giga bytes

Canada
USA
Australia
Austria
France
Switzerland
Sweden
New Zealand
Denmark
Norway

500
350
50
40
25
20
15
13
12
11

RDBMS
Oracle
Empress
Oracle
Sybase
Oracle
Empress

Mimer
Oracle
Ingres
Oracle

4. Structure of the databases
Our interest here is in the conventional climatological data, and excludes imagery such as
radar and satellite data. The distribution of the chosen structures is as follows (one country did
not provide information) :
-1

"Fully Normalised"

-24

"By Station" with one or several kinds of table for each kind of station

-2
"By Frequency of measurement" with all kind of station combined in the same table
for a specified frequency of measurement
•2

"By Station, year/month, parameter, days"

-2

"Combination" of the above possibilities

One country, Canada has chosen the "Full Normalised" structure. That means that each table
is composed of the following columns : location, time, parameter, value of parameter. This
type of structure leads to a very large database as for each climatological observation of many
parameters there will be as many rows as there are measured parameters. Consequently
Canada has developed a very large database, and we understand that they are reviewing this
choice and are developing plans to adopt a different structure.
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Most countries adopted a structure based on the type of observation recorded. In other words
all the parameters measured at the same time are gathered into the one table, regardless of the
station type. Hence in most of the databases we will find at least the following types of table :
- Daily type-table : station, date (with the precision of day), value of parameterl, value of
parameter 2, ... value of parameter n . The corresponding tables contain climatological
parameters measured once per day e.g extreme temperature, amount of daily precipitation,
amount of daily evaporation, extreme wind for a day, etc.
- Hourly type-table : station, date (with the precision of hour), value of parameterl, value of
parameter 2, ... value of parameter n. The corresponding tables contain climatological
parameters measured once per hour (or 3 hours) similar to the synoptic messages. 3-hourly
observations would fill 8 rows per day and hourly reports would fill 24 rows per day.
Countries which keep data at more frequent intervals than hourly (e.g. 10 minute or even
every minute) create other special tables .
We note that Austria, Australia and South Africa retain datafromboth synoptic and automatic
stations within the same tables. France does so for hourly data but not for daily data as it
retains a separate table which is limited to three parameters for daily data from climatological
stations (extreme temperature and daily rainfall).

5. Summarised tables
The figure below gives a general view of these 30 responses. The meaning of the
columns is the following :
ST_A : synoptic stations
ST_B : climatological stations
ST_C : automatic stations
ST_D : radiation stations
For each type of station thefrequencyof the acquisition is written down in these terms :
RT : real time acquisition
H3 :3-hourly acquisition
D : daily acquisition
M : monthly acquisition
When the columns 'RAD', 4 SAT\ 'UPA' and 'META' are filled up with *Y\ that means the
country manages respectively radar data, satellite data, upper air data and metadata in its
climatological database.
The structure of the database presented in the column 'STRUCT' may be :
- 'ST' : by station
- ' D P : by data-type
- 'F 1 : fully normalised
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1 Country

RDBMS

ST_A

ST_B

ST_C

ST_D

RAD SAT UPA MET
A

Argentina

[deafix

RT

D,M

D,M

Y

Australia

Oracle

H3

M

H3

Y

Austria

Sybase

RT

D,M

RT

M

M

Azerbaijan

D

Y

Y

Y

D

D

Y

Oracle

Colombia

Sisdhim

RT,M

M

Costa rica

Oracle

RT.H3

M

Denmark

Ingres

Finland

Oracle

RT.H3

H3.M

H3

France

Oracle

D

M

D

Germany

Foxpro

M

M

Hong Kong

Oracle

M

M

M

Y

Hungary

Oracle

D

M

D

Y

Ireland

Ingres

D

M

D

Korea

Informix

D

D

D

Lithuania

Foxpro

Madagascar

Access

M

M

Netherlands

Ingres

D

D

New Zealand

Oracle

D

Norway

Oracle

Y

H3,D

M
D

Y

ST

6

DT

50

DT

40

D

500

DT

1.5

Y

ST

12

Y

Y

ST

4.5

Y

Y

DT

25

Y

ST

1

ST

2

ST

2

ST

4.5

ST

2

Y

Y

ST
ST

0.7

Y

Y

ST

1.5

M

Y

Y

F

13

M

Y

Y

ST

11

ST

1

Y

ST

0.3

Y

D

6

Y

ST

10

Y

ST

15

Y

D/P

20

Y

ST

D

Slovenia

Oracle

RT

M

RT

RT,M

South-africa

Unify

RT.D

M

D

D

Spain

Adabas

D

D

D

D

Sweden

Mimer

D,M

M

DM

M

Switzerland

Empress

RT

RT

Y

Thailand

Informix

H3,M

M

Tunisia

Oracle

M

M

Turkey

Informix

M

Usa

Empress

D

F
ST

D

M
M

Gigabytes

Y

Y

M

SIZE

ST

Canada

Poland

Y

STRUC
T

Y

Y

Y

M

Y

Y
Y

Summarised table

ST

0.3

ST

0.7

ST

350
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6. Derived data in the climatological databases
24 NMS store derived data in their climatological databases. The following table gives
information about the type of these derived data.

Monthly

decadal

extreme

Total

20

5

15

with synoptic stations
with synoptic and climate stations
with only climate or agromet
stations

14
12
3

3
1
I

10 to 100

20 to 50

Type of derived data
Signet non défini.

Erreur!

normals

seasonnal

Number of countries

Number of years
Remarks

France
Colombie
Lithuanie
Netherlands
Slovenia

14 countries with
monthly values
12 countries with
daily values 4 countries with
other values

• 19

3

Germany
Ireland
Lithuanie
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7 . Data acquisition and controls

7.1 Frequency of acquisition bv station type
The following table presents the number of countries by class of types of acquiring data in the
databases.

Station-type ->
Synop

Climate

Auto

Radiation

Total

5

1

7

3

7

Other

Frequency 4>
Real Time

(Switzerland)

3- Hourly

1

4

(Austria,
Slovenia,
Switzerland)

4

3

(Finland)

Daily

10

8

12

8

14

Monthly

9

24

3

6

23

1

3

2

(Norway)

(Argentina,
Netherlands,No
rway)

(Germany,
Norway)

Other-time

7

Ships and
Upper-air : i
Norway
Switzerland
for rainfall
and
pheaologic

Double, acquisition :
Some countries make a double acquisition :
> Real time + Monthly :

- 1 (Argentina) for automatic station

> 3-Hourh ± Monthly :

- 1 (Thaïlande) for synoptic stations
-1 (Finlande) for climate stations

> Daily ± Monthly : I (Sweden) for synoptic stations
- 2 (Sweden, Argentina) for automatic stations
- 3 (Argentina, Costa Rica, Austria) for climate stations
- 2 (Thaïlanda, New Zealand) for radiation
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7.2 Transmission Methods

Real time or once per day acquisition is only possible if NMS acquire synoptic
messages or create their own message types to be transmitted by telecommunications. Most
countries indicated in their replies to the questionnaire that GTS or other messages were used
to acquire data in real-time or once per day. Five countries specified that they have defined
messages other than SYNOP for transmitting daily data (South Africa, Sweden, France, Spain
, Netherlands). Additionally, Finland indicated that it uses the GTS to collect data from
climatological stations.
For the acquisition of monthly data the most commonly used method is by floppy disk.

7.3 Automatic corrections while importing data
A few countries correct automatically data when importing them in the database. The results
are the following :
-

for synoptic stations
for automatic stations
for climate stations
for radiation stations

: 8 countries
: 4 countries
: 8 countries
: 8 countries

7.4 Quality codes and original data

Of the 30 countries in the analysis, 18 keep quality codes in the database. The questionnaire
was not precise enough to differentiate whethere there is a code for each parameter, or simply
for each row. The distribution of these countries is indicated in Figure....
Only one country, France retains original data as well as corrected data in the database.

7.5 Software used to import data
Most countries have developed their own programs in 3rd generation language procedures. 13
use Fortran langage and 12 use C langage. Some other methods are used, such as SQL,
generator of applications ... We have assumed that these other means concern single
acquisition rather than global acquisition.
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3 . Archiving data
8.1 Support
Data which are not kept on line are stored on different archiving support, namly
magnetic tape
mass_storage
disk
optical disk
optical band
cartridge
cassette
microfilm
paper

20
14
8
7
1
1
i
1
5

4 countries (Australia, Ireland, Norway and Switzerland) claim that access to these archives is
not easy. 14 NMS have developed a specific interface often written in Fortran (5 NMS) or C
(4NMS).
8.2 Storage format

11 countries have chosen an ascii format for their archives. Database format (corresponding
probably to the RDBMS exports (special binary) which are included in the most RDBMS)
appears 8 times. 2 countries seem to store just backup archives and 2 others have defined
special formats.

9. Distributed database

Distributed databases are not yet widespread, only 4 NMS have this kind of database :
- Canada and Switzerland with the same tables on different sites. Each site acquire data
corresponding to its regional area.
- USA and Korea with different databases on the different sites
Switzerland gives some additional informations : there will be a Central databank to
which all requests for data will be made. This central databank will be connected to a number
of 'Special Data Banks'. Each special data bank will have its own databank manager. Access
to the central databank and later to any special databank will only be possible on a guard and
logging facility. The different databanks (central and special) will be connected via internet.
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10. Costs
Near all the countries have at least two persons who are in charge of the administration
of the database. Canada which has a very large database needs even 4 persons for that work.
The development of the databases represents an important costas shown by the
following table :
SIZE Mbytes

Country

RDBMS

Argentina

Ideafîx

6 000

192

Australia

Oracle

50 000

240

Austria

Sybase

40 000

96

Canada

Oracle

500 000

108

Colombia

Sisdhim

1500

36

Costa rica

Oracle

Denmark

Ingres

12 000

120

Finland

Oracle

4 500

96

France

Oracle

25 000

144

Germany

Foxpro

1000

12

Hong Kong

Oracle

2 000

72

Korea

Informix

2 000

12

Netherlands

Ingres

1500

240

New Zealand Oracle

13 000

96

Norway

11 000

60

1050

252

800

108

Oracle

Poland
Slovenia

Oracle

PERSONJVIONTHS

48

South-africa Unify
«
Adabas
Spain

6 000

36

10 000

72

Sweden

Mimer

15 000

60

Switzerland

Empress

20 000

180

Tunisia

Oracle

800

140

Turkey

Informix

700

24

Usa

Empress

350 000

100

The costs of the equipment (material and software) for the implementation of the quite
large database (between 10 and 50 giga-bytes) has been around 1,5 and 3 US millions dollars.
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R • r O N S T D F R A T I O N S AND

R F C O M M A N D A T T O N S

1. Structure of a Relational Database for Climatological Data
1.1 General considerations
One of the major issues faced by all creators of a relational database is how to identify
in a unique manner, the records required in the database.
In the case of a climatological database, the questions that we wish to ask of the data
are quite different from those we would ask of a "synoptic meteorological" database. In a
4
synoptic meteorological' database the prime requirements are to group like meteorological
"messages" together, store them with unique identifiers relating to time and message type, and
to be able to retrieve them rapidly for passing to specific applications programs. This type of
requirement leads to grouped, coded and compressed data attached to a key which is basically
"When" and "What" for the "synoptic meteorological" database. That construct can be
described as "When", "What", and "Coded data". The analyses occur at some post-processing
stage, rather than in the relational database.
For the climatological database, the questions are quite different. We would like to compare
data with specific restrictions on the conditions reported. For example, we would like to know
the wind speed and direction whenever the temperature falls within a certain range and the
moisture (dew-point) is within another certain range. To do this we need to be able to access
the values in an uncoded form, and to be able to perform logical operations on the values in
each of the table/columns.
To perform these types of operations it is clear that we need to organise our data in a
structure which has three basic components. These are :
* Where
* When and
* What

1.2 « Where »
At first glance this appears to be quite simple. All we have to do is to agree on some
method of uniquely identifying the location to which the climatological observations refer.
Then to settle on a consistent time reference, and finally to place a value against a particular
element.
If we firstly consider the "Where" segment of the data. Under most circumstances we
would tend to use some form of combination of latitude, longitude and elevation (above Mean
Sea Level) to uniquely define a location on our planet. Then we have to consider the data
itself - Could we group the observations from a location that is very close to another ? What
do we mean by "Very close" ? Does a minor change in elevation affect the data ? What about
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keeping a set of details relating to the location identifier that will provide information on
historical changes (if they occur).
Most climatoiogical databases resort to using a unique number to identify each site for
which observations are kept. These often incorporate references to latitude and longitude, but
frequently are the successors to previously used numbering systems. In nearly all cases a
table is created to retain metadata relating to the location identifier. This table usually contains
basic information such as :
Unique identifier
Site name
Latitude
Longitude
Elevation
Commencement date
Closure date
and if required other tables may be related to this to provide historical information relating to
changes. ' Management information can be retained in further tables that use as their
identification the unique site identifier. Many countries have faced the management problem
with varying options and with variable success.

13 « When »
"When" is a little easier to agree upon. In the world of the 1990's, it is generally
accepted in the meteorological community that observations are taken according to UTC time
using the Gregorian calendar. That is a good starting point. However, we must consider other
time references in use. The Herajic date follows a different set of rules, so does the Judaic,
Chinese etc. This could lead to confusion in comparison of data across different time
references.
A more frequently faced question is the acceptance of UTC time rather than local
standard time. Local standard time is appropriate for some data, but there are complications if
further variations of "Summer Daylight Saving Time" is applied. As a basic recommendation
it is suggested that all climatoiogical data time references be made to UTC time.
1.4 « What »
"What" is also complicated. If we look at relational database theory, we would make a first
trial of a table with a single elemental value. That is we would build a fully normalised
database, with a large number of tables, each of which would have the general construct ofLocation
Time
Element identification
Element value
This structure provides a neat and clean concept. Then it becomes a matter of
practicality in operation. The theory of relational databases stresses that design should be
completely independent of operational constraints, and this is a most appropriate aim. A
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practical example will demonstrate that an understanding of the ways in which climatological
data are accessed and analysed will assist in overcoming two problems - volume and
efficiency.
If we assume we can create a table with the structure of (Location, Time, Element
identification, Element Value, Element Flag) as the simplest form of storing a series of data
values, and we compare it with an expanded version that utilises the location and time
segments of the record for a number of elements that are recorded concurrently, we arrive at a
construct like the following :
(Location, Time, Record Flag, Element 1 Value, Element 1 Flag, Element 2 Value,
Element 2 Flag, .. .., Element n Value, Element n Flag)
This construct has introduced new concepts. A record Flag has been introduced to
provide information about the general quality of the record - whether quality' control has been
performed or not - and individual element quality flags are associated with each of the n
elements recorded simultaneously. The final concept is that the column name identifies the
element, rather than including an element reference that would have had to refer to another
table. This is a case of normalising the data, then retreating a little. The consequences are
two-fold, in that the volume required to store the data can be demonstrated to be significantly
reduced as the number of concurrent elements increases, the space required for indexing
decreases significantly, and the access speed increases with the need for joining multiple
tables decreasing dramatically. (Note that the concept does not exclude the need for joins, but
that it does reduce the number of tables required to be joined in many analyses)

1.5 Duplication of data
Another principle of relational databases is that a piece of data should be stored within
the database in only one location. That is, duplication of information should be avoided. As a
principle this is an excellent aim. In practice, it is not always achievable.
As an example, in climatology, we frequently derive statistics on a "monthly" basis mean monthly temperatures, total evaporation for the month, etc. These values are mostly
derivable from daily values, but in some cases there are statistics in the archives that do not
have the original daily data available. Should such data be excluded from the database simply
because it is not available at the basic recording level ? If derived data are included in
separate tables in the database, the management of the information becomes more complex in
order to retain consistency. If a table of daily data is maintained, and a separate table of
derived monthly data is also maintained, we have to ensure that these are kept in
synchronisation. If a change occurs to a value in the daily table, we have to re-calculate the
monthly table. For climatological data this management is worth the effort, as it ensures that
data from earliest times can be incorporated with more recent data to extend the time series
significantly. Of course, it would be of more value to have all the relevant daily data in the
database. Even then it may be more efficient to retain the derived table if the access
requirements for derived statistics indicate less processing to update and maintain a table than
for deriving the statistics each time a request is generated.
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1.6 General types of tables
The generalised structure of a climatological database (using relational database structures)
can be summarised as follows
> Site Information Table :
Current and historical information relating to location, operation and management of the
networks for climatological observations. The key of this table is a unique site identification,
and this is used as a foreign key in many (but not all) of the other tables. If historical
information is retained within this table, the key would have to be extended to include some
time constraint for unique identification of row information.
> Surface Climate Data Tables :
Short period ~ minute, 10 minute, half-hourly, hourly, 3-hourlyetc.
In fact at any interval according to the precision of the date functions of the database.
Data are usually point values rather than statistical estimates. They are the basic data for
most climatological analyses.
> Daily
Data recorded at 24-hour intervals, usually some form of aggregate, central tendency,
extreme or variation for a particular element.
Elements represented here could include cumulative precipitation on a daily basis, daily
extremes of temperature, daily totals of evaporation, etc,
> Monthly
Data statistically derived from finer resolution tables.
These tables may contain statistics not derivablefromthe shorter time frame tables.
> Upper Air Data Tables :
These tables encompass pressure, height, temperature, moisture and wind conditions at
various levels throughout the atmosphere.
The requirement for different levels adds a third element to the "key" fields to create a key
which includes Location, Time and Pressure.
> Mobile platform Data Tables :
Meteorological reports from ships,floatingor moored buoys, and aeroplanes are included in
this group of tables. The complication here is the Location part of the key. As the platform
for the observations is mobile (by definition) we need to re-assess the requirements for the
unique identifiers for such tables. The key becomes :
Location : incorporating latitude, longitude and elevation (or pressure)
Time : UTC (as before).
Unique platform identifier : Examples are ship callsign, aeroplane identification etc.
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> Binary data Tables :
Some types of data are not really suited for relational databases in the climatological
sense, in that the data are retained as blobs (binary large objects). It is not possible to ask
questions of such data, apart from their unique keys, and mostly such data are passed to some
subsequent processing application for interpretation. Examples of this type of data are
precipitation intensity, BUFR coded data, satellite digitised data etc. Frequently theses data
are retained in alternative databases based on flat files, but with metadata in the relational
database to refer users to the appropriate storage and retrieval processes.
> Metadata :
In the creation and maintenance of a climatological relational database, it is an opportunity to
retain information, rather than simply data. Information encompasses a number of different
data tables that allow us to extract more than the simple numerical statistics relating to
climate. We can hold the information relating to sites - locations, observation techniques,
details of observers, observation programmes, instrumentation, administration details, etc.
Importantly, we can retain an historical record of changes in any or all of these supporting
tables. Such data are referred to as "metadata".

2

Volume

2.1 The problems
Every database is too small to hold its data. This appears to be a fact of life. Hence
effective and efficient design is essential to utilise the storage available. Inefficient storage on
unnecessarily large volumes can deter users from accessing the database, and therefore from
making use of the information therein.
The usage patterns for data should be analysed after the database has been operational for
some time, in order to see if specific tables can be placed off-line on storage such as optical
disk, cartridges, or other bulk media. When required data can be reloaded to table structures
on-line. The management of this approach requires a knowledge, or anticipation of data
usage, and is not appropriate where random instantaneous access is the normal.

2.2 Splitting tables
When data tables are retained "on-line" with direct access from within the database, there is a
question of whether all data of the same generic table structure should be held within a single
table. If recent data ( for example data from within the last year or perhaps two years) is held
on a single table for ease of routine updating, the question arises as to how frequently such
data should be transferred to tables that contain the historical data. In fact, this comes back to
whether, and if so how, the generic tables should be split. The options are numerous - by
instrument type (automatic sites versus manned sites), by regional data, by time, by single
station, by single year, or combinations of any or all of these. The penalty for splitting generic
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tables is the consequent requirement to "union" the tables for some analyses, and the
additional management procedures necessary. The advantages are frequently in the improved
response time for access and analysis.
If the quality control procedures are to be applied directly to the main database, there is merit
in splitting off the recent data from the historical data to allow the quality control to be
performed on an identifiable set of data.
2.3 Updating data
One alternative is to develop an approach which involves multiple databases as
components of the total database. This implies that the quality-controlled data archive tables
are held on a single large "read-only" database. Naturally someone would have to have the
ability to update that database, but such a facility can be strictly limited. In parallel with the
main data archive database, there would be a smaller quality control database.' Quality control
could be performed on this smaller database by copying data from the main archive,
performing whatever corrective, additive or deletion processes are required, and then
replacing the blocks of data on the main archive database. The procedures to ensure
synchronisation are a little complex, but quite easy to operate if one carefully chooses a
standard unit of data for quality control processing. Such a unit could be the complete data
from all data tables for a particular site/year/month. This unit of data can be regarded as of
sufficient size to allow for the derivation of statistics etc, and to be able to be deleted, or
replaced as a whole rather than in afragmentarysense.
An extension of the multiple database concept of the total corporate database is to provide
access databases for particular users or groups of users. Separate small databases can be
established with links to the main data archive database on a "read-only" basis. These small
access databases could be distributed throughout the user community and operate as regional
or sub-regional databases, with the direct access to the central archive, providing a distributed
databse. Depending on the policy of the owners of the corporate database, the extension to
completely de-centralised and distributed data archiving could be implemented. The possible
combinations are almost limitless, and depend only on the technology and management skills
available.

3

Access

The major problem faced by most climatoiogical services throughout the world is
access to the database. It is not all that difficult to design , develop, populate and maintain a
climatoiogical database. The main problem is how to extract information from the database,
and to have that process available to users who are not necessarily highly computer literate.
Basic accès to most RDBMS is by Structured Query Language (SQL) in some form or
other. SQL scripts with select statements restricted by "where" clauses or utilising group
functions are the most basic approach. This requires training and understanding on the part of
the user, and may be beyond the capabilities of many users who only require simple
information. In this context many climatoiogical database owners have very severe
restrictions as to who is permitted to use SQL for direct data access.
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As SQL is a non procedural language, the processing of conditions, and the handling
of arrays is limited. A procedural version of SQL requires more computer training and if one
requires to include database access in full programming languages, then it is a matter for the
programming specialists rather than the normal end-user.
More sophisticated access can be supplied by tailored forms or report programs that
have been developed either by the database software vendor, in-house or by a third party
software developer. Again these require some user education, but generally less than in the
case of SQL. Often the solutions here are costly, and almost invariably are not complete. Most
users will easily come up with questions that can not be answered through the developed
interfaces.
The development of graphical user interfaces, using object oriented method
programming to provide a "point and click" environment is one answer to the access problem.
However, this is not yet widespread, and not necessarily the complete answer.
In short, access is not a simple process. The recommended approach is to develop
user-friendly interfaces that allow unsophisticated users to access a range of standard analysis
packages by initiating simple menus and altering specified parameters. This has limitations,
but would satisfy well over 80 percent of most user requests.
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ANNEX : LIST OF REPLIED COIINT^n^

Algeria
Argentina
Australia
Austria
Azerbaijan
Belarus
Belize
Bosnia/Herzegovina
Brunei
Cameroon
Canada
Colombia
Costa Rica
Cyprus
Denmark
Dominican Republic
Egypt
Eritrea
Ethiopia
Finland
France
Germany
Greece
Hong Kong
Hungary
Iceland
India
Iraq
Ireland
Jamaica
Japan
Jordan
Kazakhstan
Korea (South)
Latvia
Lebanon
Lithuania
Macedonia
Madagascar
Malaysia
Maldives
Mauritius

Mexico
Moldova
Mongolia
Morocco
Namibia
Netherlands
New Zealand (NIWA)
Nigeria
Norway
Pakistan
Philippines
Poland
Portugal
Qatar
Russia
Rwanda
Santa Lucia (West Indies)
Saudi Arabia
Singapore
Slovakia
Slovenia
Solomon Islands
South Africa
Spain
Sudan
Sweden
Switzerland
Syria
Tanzania
Tchad
Thailand
Togo
Tunisia
Turkey
Uganda
Ukraine
United Arab Emirates
United States of America
Uzbekistan
Venezuela
Yugoslavia

ANNEX6
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Climate Data Base Management System
(CDBMS)
Overview
In recent years, there have been notable advances in the field of desktop computing.
There are now available more powerful "Data Base Management Systems* (DBMS) for
desktop computers.
The CLICOM experts met in Washington D.C. on 29-31 of August 1994 to discuss the
future version of CLICOM. In the meeting, NOAA announced that there was neither
intention to continue development of current version of CLICOM nor a new a substitute for
it It was also emphasized that the possible new software should be developed from
existing commercial products.
Many regional experts agreed that the current version of CLICOM 3.0 is not suitable for
the new operating systems (OS). Because of its close integration with DOS-operating
system, it is difficult to use it under other OS-environments. In the meeting, various experts
gave their opinion on the requirements for the new CDBMS.
This document contains some ideas about how a new CDBMS might be developed using
commercial software packages so that it meets with some, but not perhaps all the criteria
presented in the meeting. This document is intended to be only a base for the discussion
and presents the demonstration solution developed for the Toulouse meeting (May 1997).
This proposal is made on volunteer base. In this document CDBMS means scaled down
version of a data management system for desktop computer environment It includes the
idea of three-tier client/server model. The solution is based on Microsoft Windows NT ®
and Windows 95 <S> operating systems on Intel platform using Orade Relational DBMS
(RDBMS). It tries to define all the necessary parts of the system from developer's point of
view.
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Requirements for the CDBMS
In the expert meeting there were identified at least following requirements and
recommendations for the new CDBMS.
1 ) Making data easily accessible.
2) Link to the WMO Distributed Database System (IntBmet/Extranet communication).
3) Good user interface.
4) A comprehensive approach to the management of data and related information.
5) Data ingest should reflect sites approach to manage data.
6) Use of standardized metadata format
7) Training should be integral part of development
8) Need for different data formats.
9) CDBMS should not be static, rather, one that would continue to evolve over time.
10) The international co-ordination and distribution should be centralized.
11) Need for national and international data exchange.
12) Need to make metadata widely available.

These twelve points of requirements and recommendations of the meeting obligate that
the new version should be modular and dynamic in design. The recommended
communications capabilities received a notable amount of interest during the meeting.
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Proposed A r c h i t e c t u r e :

T h r e e - T i e r Client/Server M o d e l

Most Client/server applications built with fourth-generation language (4GL) tools in
production today were designed for two-tier architecture. They are partitioned into two
logical layers: the front-end and the back-end, which is explained in the table 1.

Taoto one: The Logical Layer» of a Two-Tiered ClentfSarver Architecture

TIER

CHARACTERISTICS

1. irontand

Graphical User Interface, SQL-cab, desktop applications, 4GLs

2. back-end

SQL database server, mujgaaMng OS

The logical layers and deployment is presented in the figure 1. This reflects true two-tier
model. It should be mentioned here that CLICOM 3.0 is a peer-to-peer solution. This
means that the server works as a file-server and does not do actual work, which is done at
the workstation (referred also as dient).
Figura 1: Two-Tîarad COantrSarvar ArchftocJura

Back-end

Prorrt-and

Client

Server

However, the two-tier model fails to provide adequate scalability (requirement # 9 and 4)
and ease of management For example, what happens when the SQL query in a user
application needs to be updated because a new column has been added to a database
table? This means that the user workstation (dient) application must be updated with the
new version of the front-end simultaneously with the database change.
For this reason, the three-tier model is more suitable for the new CDBMS. It is based on
the so-called service model. It modifies the role of traditional dient and server model
adding to it a new architectural component, 'business services' (table 2).
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Table two: The Logical Layers of a Three-Tiered Client/Server Architecture Approach
SERVICE TYPE

TIER

CHARACTERISTICS

RESPONSIBLE FOR

TOOLS

1. User services

Client applications

Graphical User Intel face

Presentation and
navigation

4 GLs. Desktop
appfcatlons (e.g. Excel.
Word or any apptcrton
with Visual Basic tor
AppBcatlons)

2. Business services

Business servers

Business object properties
and methods

Business policies,
rules and security

4 GLs, C<-+

3. Data services

Data servers

Raw data-based managers

Integrity of decision
naepenoemoaa

Databases, messaging
systems

In this model the business logic, which is buried in front-end code and back-end design is taken out of
the client and server. It is repositioned into so-called 'business objecf. For example: The quality control
process is traditionally shared between client and server RDBMS. Generally, the implementation of QC
in the RD8MS has been done by adopting the use of legacy code (e.g. Database triggers). In this
model, it can be a scaieable and dynamically modifiable business object of its own.
The model consists of three categories of services (figure 2):
1.

User services (Client-tier):
Provide the visual interface for presenting information and gathering data. They also secure the
business services needed to deliver the required business capabilities and integrate the user with
the application to perform a business process (data entry, QC, reports etc). These services are
identified with the user interface (GUI). They normally reside in an executable program located on
the dient workstation (e.g. Windows 95 platform).

2.

Business services (Application-tier):
These services are the bridge between Data services and User services. They respond to requests
from the user (orfromother business services) to execute a business task like for example QC.
When data needed reside on a data base server, business services secure the data services
needed to accomplish the business task or apply the business rule. This insulates the user from
direct interaction with the database. Because business rules, like validation rules, change more
frequently than the specific business tasks they support, they are ideal candidates for
encapsulating components that are physically separate from the application logic itself. This makes
it easier to update / add business rules and features without having to update a large number of
individual clients or servers.
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3 Data ser/ices (Server-tier):
These define, maintain, access and update data. They manage and satisfy business
services requests fcr data. They may be physically implemented in a particular Database
Management System or by a heterogeneous collection of databases that reside on
multiple platforms and combination of servers, mainframes and other sources.

Figure 2: The Implementation of Logical Layers of a Three-Tiered Client/Server
Architecture.

Client-tier

Application-tier

Server-tier

Following the model there can be identified different types of rules. The nies are needed
to emphasize the application logistics. Following rules, grouped in three categories, can be
identified for an application:
•

Presentation, Data Entry and Validation rules.

•

Derivation, Constraints and Workflow rules.

•

Data Model and Referential Rules
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The figure three shows their corresponding deployment in the proposed three-tiered
model. The proposed solution implements its rules in the VB From based application. The
ActiveX components, which encapsulates the business logistics implements the second
group of rules and RDBMS implements via triggers and data model the third group of
rules.

Figure 3: The Implementation of Rules of a Three-Tiered Client/Server Architecture.

Client-tier

Application-tier

Server-tier
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In order to facilitate the development and deployment the CDBMS the Application-tier is
implemented under the Microsoft Transaction Manager as shown in the figure four. The
Distributed Component Object Model (DCOM) over TCP/IP is used to distribute the
application logistics making it scalable. The SQL*Net over TCP/IP is used to connect
remote Data Services.

Figure 4: The Implementation of CDBMS with Microsoft transaction manager.

Client-tier

Application-tier

Server-tier

Data Server
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The benefits of the three-tier modei are: (Requirements # 1,2,9,11,12)
System enhancements are manageable.
Business servers can be shared between various users and applications.
The business objects/components and processes can be secured.
Users can create their own dient applications e.g. using Excel.
Distributed systems are possible.
ActiveX components can be used via Intra/Internet

The three-tier architecture is dependent on an agreed way 1er a process to communicate.
The communication media is OLE, which is a part of the Windows Open Systems
Architecture (WOSA). OLE is based upon the Component Object Model (COM), which is
industry standard, The inter-process communication of OLE is based on Ihe Remote
Procedure Call standard (RPC).
Using the model there can be identifiedfollowingbasic application and component
candidates*.
1.

Client application:
-Data ingest
- Quality Control
-Reports
- Station management

2.

Business services
- Data ingest processing
- QC processing
— Reporting
— Station Administration

3.

Data Services:
- Station Register
-Elements
—Observation types
- Daily observations (table/year)
-Synops
-Normals
-Statistics
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Application p r o g r a m m i n g m o d e l
The application programming model is based on the Open Database Comectivrty (ODBC)
using abstract layer called Remote Data Objects (RDO), which encapsulates the ODBC
layer offering easier programming model supported by Microsoft and other third party
vendors (figure five).
Ftgure five: Application programming model based on ODBC.

Appfîcatiorr
JDiyE M&WlM

The Driver Manager is integrated with the Win NT OS and the RDBMS software vendor
provides the Drivers. ODBC is industry standard and widely supported
The more detailed model how the ODBC works is presented n the figure six As it can be
seen in the figure six the programmer is insulated from the underlying complex data
; offering better understanding of the data access model of the RDBMS.
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Figure six: The breakdown of the ODBC programmin model.

APPLICATION

Calls ODBC API functions to submit SQL
statements and retrieve results
ODBC

DRIVER MANAGER
(ODBC.DLL)

DBMS Driver
(DLL)

Networking
SQL

Loads the ODBC driver for applications,
passes requests to driver and results to applicatk

Processes ODBC function calls,
submits SQL requests to a specific RDBMS and
results to an application

This layer requires a DBMS, like in this example,
Oracle's network component SQL'Net

Process request from the driver and
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The RDO is actually the application programming interface (API) to OOBC. Using it from a
Visual Basic application is much easier than direct ODBC programming. The figure seven
shows the two possible ways of programming, one with RDO and the other using directly
ODBC.

Figure seven: Using ODBC and RDO.

ODBC
Driver Manager

ODBC
Driver Manager

ODBC
Oracle SQL*Net
Driver

ODBC
Oracle SQL*Net
Driver
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The RDO is delivered with the visual Basic Enterprise Edition. It uses DCOM to offer the
deployment of the components and applications in networks.
DCOM is an object protocol that enables ActiveX components to communicate directly
with each other across a network. It is language neutral, so any language that produces
ActiveX components can also produce DCOM applications. Currently the choice is
comprised of Java, C-H-, C and Visual basic DCOM offers location Independence for the
deployment of the application. It is much cheaper than Common Object Request Broker
(CORBA) and not as compiicated as CORBA to program. Currently DCOM is available for
Win NT and WIN95 only, but Microsoft is porting it to UNIX Operating systems as well.
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Use of DCOM and COM from the programmer's point of view is easy, because they are
integrated to the Win NT and available for Win 95. DCOM is used to connect applications
and ActiveX components betweenremotemachines. COM is used to connect them inside
one machine as shown in figure eight
Figure 8: An Example of use of DCOM and COM. (Middle-tier = Business-tier with
Microsoft Transaction Server)
Client

Middle-tier

Back-end
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In the proposed model the application form the Client-tier accesses a ActiveX component
in the Business-tier, which in turn accesses the Data-tier in order to fulfill the client request
In the figure nine is a schematically presented the interaction relationship between MTS,
Operating System, ActiveX component Oracle and Inter/lntra/Extranet
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Figure 9: MTS and Integration with Win NT and ActiveX application components in
Business tier.

The tight integration of Internet Information Server with the Win NT Operating System
makes the application components (ActiveX) available for applications developed for the
Intra/lntemet/Extranets through scripting languages like JavaScript and VisualBasic Script
Microsoft Transaction Server (MTS) Programming Model has following notable benefits:
Applications are easier to develop and maintain. (Requirement #9)
Robust (Requirement #9)
Scaleable. (Requirement #9)
Suitable for Intemet/intranet solutions, (requirements #2, #11 and #12)
Higrvperforrnanca.
Composable solutions from ActiveX components. (Requirement #9)

ANNEX 6. pg. 14

Organizing d e v e l o p m e n t process
In three-tier architecture the logical partition in three different parts implies that the
application development process can be partitioned:
•

Distnbuted development in the Internet (Requirement #10).
The development process can be carried out in the Internet ActiveX components of
the business-tier are individual entities and a contributing country might do their
development at their site. The coordinated development center / beta centre can be
WMO's web site.

•

Who does what?
Interested contributors to the development process should be identified and trained to
use visual development tods if necessary.

•

What are the modules?
The basic components of a CDBMS should be investigated and agreed on.

The most important issue is to decide on the Database Schema. Before it the
development process can not be initialized.
For the development it is recommended to use Visual Basic, but also Java and C++ can
be considered.

Application components (ActiveX) can be distributed as MTS-packages and are easy to
administrate and install (Figure ten). A MTS package is a set of related components,
which run in a server process. It also defines the trust boundary of the application
components and function as a deployment unit

Figure 10: A MTS application package consists of many ActiveX components.

APPLICATION
(^J)
Station
Manager

Reports

OBS
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The distribution can be dene as demonstrated m the figure eleven. A distribution package
is a collection of ActiveX components and as mentioned before a unit of deployment. The
components m a oackage trust each other. A package is run m a same server process.
Figure 11 : Distribution of MTS packages.
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Package-2
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A package file descnbes all aspects of an MTS package It references the component
files, includes security information, roles and exposes interfaces of the ActiveX
components (Figure twelve). The installation into MTS is done via MTS Explorer and is an
easy task for the system administrator to upgrade the CDBMS-application.

Figure 12: A MTS package file.

Following steps are recommended to use when developing the new CDBMS using the
tnree-tier model:
1.

Identifying the requirements of the application — Conceptual Design.

2.

Mapping these requirements to abstract business objects (e.g. station maintenance)
and the services they must provide (such as updating information) — Logical Design.

3.

Mapping the business objects and their services to software components — Physical
Design.

4.

Deciding how the components will be distributed across the network — Deployment.
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Demonstration of Station Management application
During the meeting the Station Management application was demonstrated. It was
developed according to the three-tier model. During the demonstration all the tiers were on
the Pentium133 laptop. The demo can be run also in the distributed environment in
physically different machines over the network if necessary (scalability).
The object layer model of the demo application is described in the figure thirteen. The
client is a Windws95 or NT, Application -tier runs on Windows NT Server as well as
Orade RDBMS. Microsoft Transaction Server is installed under Win NT on the
Application-tier. The Data Services for the business objects (ActiveX) are implemented as
stored procedures (spJDeteteStation etc). The dient application is a Visual Basic forms
based program, which connects through DCOM to the business server object (An ActiveX
component made by Visual Basic called StationManager). The StationManager object
instance communicates with the Data services provided by the Data-Tier Server (Orade
RDBMS) using the RDO API layer and Orade's SQL*Net The Data-tier can work also on
any platform and operating system supported by Orade. Today the Client- and
Application-tiers can be implemented only on Microsoft compatible platforms.

Client- tier

Win 95 or Win NT

Application- tier

Win NT Server

Data- tier

Win NT Server
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THE FRENCH BDCLIM

Françoise Bénichou
Météo-France
42 avenue Coriolis, 31057 Toulouse
fax : 61 07 83 09, phone : 61 07 83 11
email : francoise.benichou@meteo.fr

1. INTRODUCTION
The Climatology and Databank National Service, located in Toulouse is in charge of the Bdclim,
the National Climatoiogical database managed by the Oracle relational database management
system (Oracle V7) under a unix operating system on a dedicated computer. The Bdclim intends
to manage on the one hand , conventional data from the 7 upper air sounding stations, the 168
synoptic stations, 900 automatic stations and 4000 climatoiogical stations (beheld by voluntary
people and measuring just extreme temperature and daily rainfall), and on the other hand
metadata such as station idents, the story of changes in position, data producers, type of stations
,frequencyof measurements and catalog of data. Radar and imagery data are not included in the
Bdclim, neither ship data.

The mostfrequentlyused data are on-line, that is to say :

-raw data
- data from the synoptic stations since 1949 ( daily and 3-hrly parameters)
- data from the long climatoiogical series ( 230000 years-stations)
- all data from the current year ( synoptic, automatic and climatoiogical stations)
- computed data
- monthly data (200 synoptic stations) since 1949
- decadal data (200 synoptic stations) since 1949
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normals 1951-1980 and 1961-1990
->

daily and monthly records (200 synoptic stations) since 1949

These data represent about 150 oracle tables and 25 Gbytes. The biggest table contains 14
millions rows for a size of 700 Mbytes.

2.

THE RELATIONAL TABLES

Five types of raw data tables have been defined :
- a dajlyjahi&for the daily observations of the synoptic or automatic stations including daily
radiation observations
- an hourly table for the hourly data of the synoptic or automatic stations .
- a sounding table for the upper-air sounding observations
- a climatological table for the daily rainfall or temperature data of the climatological station
- a precip table for the intervals of precipitation with constant intensity
Four main generic tables of computed data have been defined : monthly , decadal, record and
normals tables.

Forjhe sake of performance and physical spaces, all data of the same generic table structure
couldn't be held within a single table and consequently were split : for 'daily' and 'hourly'
generic table, data of all the type-stations (synoptic and automatic stations) of the current year are
retained in respectivly a recent daily table and a recent hourly table and the historical data are on
other tables. In fact, the hourly historical data are split into 7 tables, one table per each regional
center and the daily historical data which are less voluminous are retained in just one historical
daily table. The transfer 'recent data' to 'historical data' is done once a year in April.
The structure of the records is homogeneous for all types of tables . It is composed of :
station number, date of observation, list of parameters

Two oracle indexes have been created, one on the key of the relation ( station number + date), the
other one on the date.
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3.

THE ACQUISITION OF DATA

The acquisition of the hourly, daily and precip data is performed every day after the collection
of ascii files sent by the 7 regional centers through a private X25 network. Those of the
climatological data is similar but works just once a month. The use of floppy disks appears just
for the acquisition of the upper air sounding data, once a month. In all cases, the data loading is
assumed by fortran or C programs . The sql*forms application generator or SQL commands are
used to update or visualize data.

CoritxolsjDf data arejnade in the regional centers. These centers have the same database as the
BDCLIM, but are limited to the stations of the region and with a smaller length of time (just a
few months of data). They receive every day a special message, 'the Mescrq' jwith daily and
hourly data from the 'departmental' centers (there is one meteorological center in each french
administrative area called 'département') about the synoptic stations and the automatic stations.
After loading data from the Mescrq into the oracle database , temporal and spatial controls are
performed, the anomalies are sent to the 'départemental' centers which have to validate them.
The original data and the quality codes are kept in separate tables. In the end of the afternoon,
when the validations are received, some missing data are estimated, ascii files with all the data
of the day or previous corrected data are sent to the national center. The same procedure is done
every month with monthly data. The following figure shows the general acquisition.
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D : daily acquisition
M : monthly acquisition

4.

SECURITY ASPECTS WITH THE BDCLIM

The security of the access to the database is well assumed by Oracle : user and password - 3
levels of users : the lowest level just authorizes the select of data, the middle one allows to create
objects, the upper one has the database administrator grants. Limits of physical space have been
defined per each user. A limited group is allowed to update data. Limits of number of sessions,
CPU or I/O per session have been implemented.

For the recovering after a crash , Oracle stores automatically in real time in logfiles all the
changes which are made on the tables. For the Bdclim, these logfiles are put each evening on
a mass storage computer ( aconvex on unitree connected to mass-storage silos). Furthermore, a
save on exabyte of the unixfileswhich compose the entire database is done once a week. In case
of a crash, oracle restores a clear database with the save files and the logs.

5.

THE ADMINISTRATION OF THE BDCLIM

Two persons are fully busy with the BDCLIM administration to supervise physical space and to
keep performances at a high level, which means : a good initialisation of oracle parameters such
as size of data blocks, memory, logs , rollback segments,

a good definition of indexes and

a supervision of their use, an appropriate structure of the database ( number of files, size and
location of these files ). Some audits are sometimes necessary.
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6.

THE DATA ARCHIVE

The less used data do not yet remain on line in the BDCLIM, particularly data from automatic,
upper air or overseas stations. These data are storeo1 under ascii files compressed by the unix
compress on the convex mass storage computer . To make easier the import of data in the
Bdclim, it was decided to have one type of file per each type of table with a format like the
matching

table

with

the

fields

separated

by

a

semi-colon

numberstation;date;parameterl;parameter2; ...parametem". Spaces and unitree constraints led to
a definition of one file per station for the daily or hourly data and one file per station and per
year for upper air data.

To make this archive transparent to the user, a software has been developed with unix commands
and C programs, which demands to the user just to precise the type of table , the lists of stations
and parameters he wants and the information 'ascii file' or 'table'. In this latter case, an oracle
table will be created in the Bdclim, in the other case, an ascii file will be provided; The principe
of this software can be summed up as below :

- elaboration of a file of directions
- sending of this file to the convex
- activation of the retrieval of the tapes containing the necessary files
- extraction of the good stations and parameters .
- gathering the results on one file.
- sending the result file to the bdclim computer with redo logs
- in the case of a table request, loading data in the Bdclim ( using the sqlload oracle tool)

7. THE USE OF THE BDCLIM
The Bdclim is more and more used in internal through a client-server architecture : just
operational processing run directly on the server, the users applications run on unix work-stations
connected to the server by « sql*net •» network Oracle tool and equiped with graphical tools.
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Some classical outputs have been developped in C or Fortran langage. About 50 users are
simultaneously connected to the Bdclim server. The free use of SQL langage is until now given
to all the internal users.

An access to the Bdclim to external customers is possible through a special software developed
on PC under windows which offers an interface to generate requests to the database and to get
ascii results files (see figure below). A copy of the catalog of data has been put on the PC, it is
managed by the 'access' Microsoft database management system and is easily maintained. An
access to the Bdclim through Internet is not yet available.

PC windows

Unix computer

Oracle

local catalog of data

External user

Meteo-France
Random Access Interface

Consulting catalog
Sending requests
Getting results
Visualisation

Unix computer

Security controls
File server

Climatology
Bdclim

Processing
Extracting data
Attending
Customers
Costs calculation

Access Bdciim to external users
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8. THE BDCLIM IN THE FUTURE

With the use of RDBMS for the management of climatological data , development times have
been much reduced, security has been greatly improved, access and update data became much
easier. However the Bdclim is victim of its success : it is more and more used and consequently
the performances decrease. It is very difficult to maintain a high level of performances. SQL is
not always correcdy used, it requires training and understanding on the part of the user to take
advantage of oracle indexes. Moreover some tables are very large and sequential access become
very long.

In spite of these troubles, the Bdclim is planned to be enlarged : in 1997 the computer must be
replaced, the new disk space will be of 100 Gbytes so that no more climatological data will
remain outside the Bdclim. In the same time some tables will be reviewed and user-friendly
interfaces to access standard analysis packages will be developped during these 2 coming years.
SQL langage will be restricted to some developpers or administrators.
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CDM : M
• Third tier in 3-level operational hierarchy
- 110+ outstations with 12x5 + morning week-end service
- 7 Regional Centers with 24x7 service
- 1 National Center with 24x7 service
• At least 1 M-F representative in every 'département'
• All three fields
- Data Acquisition
- Forecasting
- Climatology
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Met-Departmental Center
Data Acquisition
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Local outsation observation
- Automatic/manual sensors/readings
- Raw data input and message coding system

Remote Departmental Observation
- Remote Automatic Stations queried through modem/phone line
- Navy Semaphores
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Met-Departmetital Center
Data Acquisition
Radio-Sonde Ballons
Snowfall
Precipitation/Radars
- ARAMIS Radar network

Wind profiler, telemetries
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Met-Departmental Center
Eoreeasting/Nowcasting
Nowcasting : present weather watch
- Graphical display of information/readings
- Printouts : charts & alphanumeric messages
Forecasting and Production
- Charting/drawing tools of num. model grid-fields
- Production is aimed at a limited geographical area
- Online services (including audio)
- Warning Bulletins
- Added value and/or specifically targeted production
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Met-Departmental Center
dimatology
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Maintain local DataBase
- Limited to departmental geographical area
- Manual/Automatic updates
- Numerous data value controls
- Data coherency with other tiers (regional/national ClimDB)
Climatology Production
- Stat, tools
- Graphical & charting tools
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Met-Departmental Center Information System
BkthoiMsMoimi
Drawbacks of current system
- One application = 1 PC
- Technological dead-end
- Non-standard LAN

i
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- Limited communication capabilities with other tiers
Needs
- User-friendliness, functionnality & robustness
- Evolution and easy integration of new features
- Data integrity and coherency
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MDC Information System
-: Goals
Build a common IS for all MDCs
Seamless data exchange between tiers
Do away with dedicated PC paradigm
Design with maximum flexibility in mind
Define framework for new applications

X

MDCIS
Proposal
• Define an architectural framework
- Client/Server
- Standard Ethernet LAN
- LAN/WAN integration through ISDN
- Use current satellite broadcasting system
• Adhere to de facto standards
- Protocols, Operating Systems, Dev. Tools
- Public network operators (France Telecom)
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MDCIS
Selecting Technology
Windows NT
- Windows NT Server
- Windows NT Workstation (client W/S)
Oracle RDBMS
- PL/SQL, SQL*NET
TCP/IP Network
Internet Messaging (SMTP/MIME/POP3)
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MDCIS
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Selecting Technology
Server : provides services
- File/print services, Data Access and Repository services
- Fax, E-mail, RETIM (receiveing end of Satellite
Broadcasting Link)
- Security, user authentication and configuration

g
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Client : runs applications

'

- Fore/Nowcasting, Climatology
- Production
- Admin/Management (budget, ressource planning, invoicing)
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MÇCIS
Selecting Technology
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IP Router
- End to End IP over Public WANs (ISDN & X25) for total LANAVAN
integration within M-F's IP network

Object Technology
- OOA Case Tool
- Reusable Components and C++ off-the-shelf libraries
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- Microsoft's ActiveX and COM

Development Tools
- MS-Visual C++ for server apps, business logic & data access
- MS-Visual Basic and/or Word
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MDC Mprrtiation System
Summary : local LAM
Glossary

CAOBS : Data acquisition (local
outstalion readings)
Irma : Data acq. (remote readings thru
telephone/modem)
Kisoque : PC running online Audiotei
Application
Poste Prévi : Forecasters' Workstation

RETIM

I

Poste Clim : Climatologists' W/S

RETIM : Satellite Met-Data Broadcasting
System
Routeur : IP router
RTC : telephone network
Serveur NT : WinNT Server
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MDC Information System
Summary ; a new WAN
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mmm
Glossary

Canal B : ISDN 64kbps Bchanncl
CDM : French Met Dcp. Center
CMIR : French Regional Met.
Center.
LAN : Local Area Network
LS : Leased line
RNIS : ISDN - Integrated
Service Data Network

X

SCEM : French National Met.
Center
XPAC : Transpac = French
Public X25 Network
X25 canal D ISDN D-Channel
link between ISDN public
network and X25 public
network (9600bps)
1007/4500/4700: various
CISCO router models
4700

fee»

4500

•wamt
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MDCIS
Issues : design & implementation
Multiple logical Data Bases on the server :
- Real-time DB (raw data, imagery, charts)
- Climatology DB (+ temporary recent readings DB)
- Management DB (assets and maintenance)
- others (SNMP events, etc..)
Single broadcasting sub-system
- Handles Fax, File Transfer, E-Mail and scheduled
WMO/ICAO code messaging

X
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MDCIS
Issues : design & implementation

FRANCE

Data acquisition sub-system
- Interfaces to existing front-ends and hides RT-DB schema

Job Scheduling sub-system
Event logging and error tracking sub-system
I
Support server-based as well as client-based document :
production
Selection of off-the-shelf components
- Spreadsheet, text editor, grapher

Use standard glue-logic (COM/ActiveX)
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MDCIS
Issues : Support
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Systems and User Management
Help-desk Support and escalation procedures
Network Management
Asset and Inventory Management
Maintenance crews
Backup and restore procedures
Training
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MDCIS
Raids : Forecasting/Nowcasting

Integrated Forecaster's application
Queries RT-DB and Clim. Stats
Supports all types of broadcasted data
- Alphanum
- Binary
- Imagery (Satellite, Radar, Lightning)
- Graphics & Charting of model grid data
Nowcasting
- Monitors data values in selected geographical zones
- Flagged data representation (blink, redden, play sound file)

X
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MDCIS
Fields : Climatology

FRANCE

• DB coherency between 3 tiers
- Synchronise remote DBs once a day with central DB
- Run correlation algorithms on level 1 computers
- Error detection and proposed corrective action
• Common implementation rules

g
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TO

- Client software sits on commmon data-access layer made of
C++ object libraries.
- Clim.DB queries are identical (through PL/SQL stored
procedures.)
- Work on common metadata schema underway
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Riélds : Climatology/Data flows
Glossary:

cut

CDM Client

CDM Server
RTDB

OLE Server
f

Backup
Local Rcatfcng Station

OLE Attfanaiion
OLE QiMri
Pkaccatag:
- Upfotca/lMCfte
. Coolrub
f tlrirfnHnai
_ iteaJag Statl—
Ma*ag'l_

C++BuriK*a
abjecte of

Delayed/not) daily

Z^i

Stored Procedure*

C++ Buanen abjecu
(atKcrvauunRTDau

DBTOOLS |A A

4^-A

DBTOOLS

1XDB

CUMDB

*

S-l
SQL'Net

CDU

CDM : Met. Departmental Center
CUMDB : Climatology Database
DBTOOLS : Ott the shelf C++ Library
GUI : Graphical User Interface
RTBD : Real-time Database (contains all real-time
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ANNEX 8

National Climate Archive at Environment Canada
(By Yves Durocher, CMS A, Chief Climate and Water Archives Division)
Data Model
•
•
•

Elemental (1 value per row)
Fully normalized at first
Then denormalized to use single key index
0 limitations of Oracle 7.0.x
0 Planning to renormalize with Oracle 7.3.3 (bit maps)

Economics
•
•

Running on workstations
0 Can use 100% CPU easily but usually I/O bound
Low price disk
0 MTBF = 10 years
0 It means
=> Out of 120 disks, 12 will break every year
^> Including thefirstyear after purchase
0 First few disk crashes : Recovery = 2-3 weeks
0 Now, can recover in 2-3 days
0 Back-ups =1.5 days (each of the 2 database servers)

Specifics
•
•
•
•
•
•

Platform = HP 9000/755 (2 of them)
Disk Space = 0.6/0.7 Terabytes
0 Half is used for indexes
Disk = 120 disk drives, (3.1 Gbytes and 9.1 Gbutes)
0 New disks will be 23 Gbytes
RAID = All data tables (but not the index files)
Disk Enclosures : New Hot Swappable
Interface = MDL

So Much to do - So little time (and now so few people to finish it)
•
•

•

Originally project schedule =15 months
=> Disconnected mainframe after 22 months
Program Review came immediately
0 Surplus staff were to stay 2 years before leaving
0 They left right away.
Finally, now we are seeing the proper solutions emerging
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•

The Big Transition
0 From
=> Host = IBM Compatible mainframe
=> Database = Model 204
=> Operating System = OS/MVS and the infamous JCL
0 To
^> Host = Network of servers
=> Database = Relational DBMS (Oracle 7)
=^ Operating System = UNDC

Major bad choices for user interfaces
•

Gui Builder = IDEO (previously known as Smartstar)

•

All user application development was based on IDEO.
0 IDEO and LDB turned out to be a costly mistake.
0 IDEO drawbacks :

•

=> Single row per network packet
=> No localfiles(except sequential files)
=> LDB unstable
IDEO will be replaced by :
0 PRO/C
0 Access-95 based applications
Access- based applications
•
0

•
•

ODBC Driver = Intersolv
So far, good decision

Mathematica was chosen for the Graphical portions of the applications.
Although afineproduct, there were some internal size limitations which prevented this
software for handling the size of datafilesneeded.

(Further details can be received from the author.
Internet address: Yves.Durocher@ec.gc.ca)
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Australian Climatological Experience with Oracle RDBMS
D.M.Lee
May 1997
Toulouse
Introduction
This paper will describe the experiences encountered within
the Australian Bureau of Meteorology in developing and operating
a relational database system for its climatological data. The
design approach will be discussed as well as a minimal view of
the structure of the database. Access methods will be referred
to.
Design Approach
Prior to the operational introduction of the newly designed
Oracle based RDBMS in the Australian Bureau in 1994, the climate
data was retained on a series of flat files on magnetic tape.
Some of the more frequently used files were loaded onto disc for
direct access. However, there was no system for joining
information from the numerous separate files.
Another major shortcoming of the older system was the
proliferation of numbering systems to identify locations at which
observations were recorded. There were different numbers for
Synoptic data, Upper Wind data, Radiosonde Data and Precipitation
data. Extra numbers were also added and used to identify
radiation data. Such numbering systems led to confusion amongst
users.
In developing a replacement system, the main priorities
were to consolidate data to reduce duplication, to make access
easy, and to make combinations of different types of data into
single analysis more easy for the user.
In April 1992 a team of climatologists and Information
Technology specialists was given the task of designing,
developing, constructing, populating and operating a replacement
system to manage all of the climatological data for the
Australian Bureau of Meteorology. The team consisted of two
climatologists (each with extensive computer systems analyst
experience), one Systems Analyst (with long-term exposure to the
climatological management system then operating), one Data Base
Administrator (who received a "crash course" in climatology) and
one Programmer to prepare the necessary specialist translation
programs. The addition of a second Programmer at a later stage
of the project was made due to time constraints.
Each of the team members received training from Oracle in
SQL*Plus, PL/SQL, Forms, and Case. The DBA participated in a
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refresher course in DBA functions. In retrospect the use of Case
tools might be replaced by Developer 2000, however this suite of
software did not exist in 1994.
The conceptual design of the system, which became known as
ADAM (Australian Data Archive for Meteorology) proceeded in
parallel with the acquisition of the hardware and software.
Concepts were agreed upon after somewhat lengthy discussions
calling on the experience of all members of the project working
group. All decisions were recorded for later reference. It was
evident that the size of the project group was almost optimal,
neither too large, requiring extensive consultation, nor too
small which would reduce the expertise necessary. The hardware
selected was a Data General 520 system, and the software
originally used was Oracle Ver 6. The Oracle software was updated
to Ver 7 the week before operational use of the new system
commenced. Later hardware used Hewlett Packard series 9000
servers. The archive database resided on RAID associated with a
Hewlett Packard 9000.
Concepts of major significance included the basic structure
of the logical model. This could be described as "Where, When and
What". The Where refers to a single numbering system for site
location. This later was extended to allow for mobile sites such
as ships, buoys, aircraft etc. A single numbering system was
developed in a table structure which allowed reference to all of
the other numbering systems previously used, as well as providing
details of latitude, longitude, elevation above(below) Mean Sea
Level, commencement and concluding dates, observation type etc.
The When part of the structure was easily decided on as the
Gregorian calendar to whichever precision was necessary down to
the minute or second as appropriate. There were some problems
with local standard time and local applications of Daylight
Saving (Summer) time. A decision was taken to store hourly data
according to local standard time, but to include a hidden field
which contained the UTC time.
The What section was quickly agreed upon as containing
several essential elements. The first of which is a flag
indicating the level of quality control applied to the data held
within the table. This flag is present on each record of the
table. Secondly it was agreed that several elements which were
observed at the same time and location would be grouped together
in the table, instead of the single element per table approach.
For each element there is an associated quality level indicating
the confidence or otherwise in the recorded value. Finally a
comment field of up to 240 characters was included in the
structure of nearly all tables, to allow for additional
information if necessary. In most cases this field is left NULL
and does not take up space on the archive.
In retrospect, it appears that and additional field, for
management purposes, should be included. This field should be the
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date of last alteration to any column within the row. The
presence of such information would facilitate the provision to
clients of "updated" data since a previous provision of data.
All columns in all tables are in System International (SI)
units, with data being converted from the units used in
observation at the time of ingestion to the database. If users
require different units to be used on reports, then expressions
for conversion can be used in the appropriate SQL select
statements.

Contre!

Archive

Aceass

It was decided to use a multiple database approach for the
quality control processes and applications reporting system. The
main archive of data was held on RAID associated with one server.
The database on this server was accessible to all on a "readonly" basis, and to a select few authorised personnel (who had
responsibility for updating) on a "read/write/delete" basis. The
DBA had overall control with the dropping or creation facilities
for tables. The access by users was through a second Oracle
database residing on a separate server and linked to the archive
database. The link was a "read-only" link, ensuring integrity of
the archive. For quality control, the routine devised consisted
of extracting data from the archive database to a quality control
database, performing all corrective, additive or deletion
processes, and then copying that quality controlled data back to
the archive database. (See fig 1.) The remaining extra database
was a small separate development database which was also linked
to the archive.
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Structure of the database
Each of the databases described above were essentially the
same in structure. The differences were in content inside the

Surface Climate
. Hourly
. Daily
. Monthly

"\

Precipitation
. Daily
. Monthly

J

/ .Pluviometer

\

. Pluviograph
. Dataloggers

Stations
Upper Air

)

. Radiosonde
. Upper Wind
Aviation

Radiation

Marine Met Data
. Ships
. Buoys

Cyclones

1
J

CUMAT and CUMAT TEMP

tables. The generalised structure is shown in Figure 2.
Those tables that retained information relative to fixed
locations were able to be joined to the "Stations" table, and the
station number was part of each primary key. The date of the
observation made up the remainder of the primary key in most
cases. In the particular case of Upper Air data where the
altitude (or pressure) differentiated the location of the data,
the primary key consisted of the station number/ date and
pressure.
For the Marine Meteorological data, the key consisted of the
Callsign of the platform, latitude, longitude, and date/time.
In the case of the Cyclones table the key was the Cyclone name,
and date/time. There were particular problems associated with the
CLIMAT and CLIMAT TEMP tables as the only international
identification available is the WMO number for each site. This
tends to move around with time for some locations, and is not a
permanent unique location. The solution proposed in Australia
went somewhat against good RDBMS principles in that it contained
"unnecessary" duplication (or more precisely replication) of data
by retaining the name, latitude and longitude of the site in each
monthly record.
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Within the Surface Climate family of tables there are three
time definitions used to create different tables. The Hourly, or
even down to one minute, observations were grouped together.
These are typified by the SYNOP type of report, or the METAR
group. Daily data, such as 24 hour evaporation totals, maximum
and minium temperatures over a 24 hour period etc. formed a
second table. The third type was referred to as "Monthly" data.
In many cases such data are directly derivable from the hourly
or daily tables. The decision to retain a separate table for the
monthly data was taken on two grounds. Firstly there are many
pieces if monthly information obtainable form historic records,
for which the more detailed daily or hourly data no longer are
available or are not in computer compatible form in the database.
To avoid losing such valuable data a special table becomes
necessary. For recent data which can be derived form the daily
or hourly data, it is cost effective to derive the monthly
statistics once (or each time quality control affects any element
included in the summarised statistics) and to retain these along
with the historical data.
Particularly with the precipitation family of tables it is
useful to retain separate Daily and Monthly tables. Many requests
for precipitation information are for monthly data, and the size
of the tables warranted the Australian system retaining a Monthly
table.
Referring to Figure 2, the following volumes of data are
retained (as at March 1997) in ADAM.
Stations
22,032
Sfc_lnds
23,724,294
Sfc_days
10,636,501
Sfc_mos
636,202
Day_rains
241,146,721
Mo_rains
8,037,300
Pluvios
133,484
Uas
40,934,032
Sfc_ship_pbs
10,216,415
Estimates made during 1997 indicate extensive increases over
the next five years that will take the total size of the database
from the current 65 Gb to well over 350 Gb. This is due to the
increase in automation of surface sites, with the significant
increase in frequency of observations from generally 3 per day
to 48 per day. The addition of newer tables such as the METAR
data for Aviation will also affect volumes. Radiation data is not
yet included in ADAM as at 1997, but will be brought on-line
during 1998. Similarly the CLIMAT and CLIMAT TEMP tables will
come into operation during late 1997 or early 1998.
The large volumes of data, particularly in the Day_rains and
Sfc_lnds warrant splitting into smaller tables with the same
structure. These tables may be unioned to provide a complete
table of all data of that type for applications purposes. It
should be noted that with such large tables the careful use of
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indexed data is essential for efficiency of retrieval.
Data in the Day_rains and Sfc_lnds tables were split
according to the following rules.
1.
One table for all sites for all data after 1 Jan 1992
is retained. Into this table new data are automatically ingested
from
electronic
collection
systems
connected
to
the
analysis/prognosis systems.
2.
Separate tables on a "State" basis for data prior to
1 Jan 1992 are retained. Theses tables will not require frequent
updating, hence the packing can be more dense than that for the
recent data.
One of the problems encountered with the population of the
database was the length of time needed. The different formats of
data held in previous systems required translation programs to
the ingestion format required for Oracle. The opportunity to
perform quality control was taken, and this naturally produced
"error" lists. These errors required correction, and the process
ran well over the allocated time. The experience of the New
Zealand service in populating their database had been notified
to Australia, and it was thought that ample time had been allowed
in the plan. However, it took close to two years to populate the
ADAM database.
There are two principal forms of ingestion of data to ADAM.
Firstly there is the electronic data collection system from the
analysis/prognosis routines. Quality control is applied at the
time of ingestion. In fact, quality control procedures are in
operation all the way along the chain of data transfer from the
time of original observation right through to the final qc
procedures on the archive database. The second method of data
ingestion is through a series of Forms (Oracle Forms 3.0)
developed in-house in Australia. These rely on the document
format from which the observations are key-entered to ADAM.
Triggers
call on procedures to perform consistency
and
meteorological checks on the data as it is key-entered.
Subsequent quality control id performed using geographical
relational checks and time series checks.
Electronic updating of the database is performed at hourly
intervals (on the half hour), and manual key-entry is performed
continually into the quality control database, and updated on
daily, weekly or monthly basis as appropriate to the data type
and its usage. The complete database is backed-up on a weekly
basis (Saturday afternoon) and generally takes about 6 hours.
During this time access is unavailable.
Access
A decision was taken to limit access to ADAM to native SQL.
This is not the optimal solution, but was brought on the design
team when there was a major change in the time-line for the
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project. The change involved the removal of the old system some
18 months earlier than anticipated. The decision involved
concentration on construction and population of the database, and
the quality control routines taking precedence over access
systems. The development of a "user-friendly" access and
applications system commenced at the end of 1996, and is slowly
progressing.
In the meantime a large number of Australian Bureau
personnel learnt, with varying degrees of success, how to
construct SQL*Plus scripts and how to run these to access the
database. Many staff acquires skills in formatting output, and
in developing techniques that allowed effective and efficient
retrieval. A repository of scripts was available to all staff,
and extensive help was provided by a number of well trained
staff. While it may not be the most elegant method of access, it
was recognised as an extremely useful process whereby staff
learnt to understand how the database was constructed and how it
can be manipulated effectively.
Specialist staff have developed mapping routines that are
available to users as a "black-box" approach. These procedures
are widely used in the preparation of charts for publication on
the World Wide Web, and in official Bureau publications as well
as in routine quality control processes.
Plans are well developed, but not yet operational for
providing access via the Internet. Problems regarding security
and the "Fire-Wall" around the Bureau's systems are yet to be
resolved, as are charging systems. Decisions have not yet been
made on the volumes of data to be supplied to users. I.e. if a
user asks to download all the daily precipitation data for all
years for all of Australia (some 241 million records) it may not
be permitted. These sorts of questions are being considered by
many nations when making their climatological data available.
Conclusions
The design of a climatological database system is not a
simple matter. It would be beneficial to discuss such
developments with other countries that have been through the
process. The opportunity to pass on experiences, both good and
bad, should be encouraged by CCL.
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The German Database Management System
MIRAKEL
Johannes Behrendt
Deutscher Wetterdienst
Meteorologische Forschung und Entwicklung, Abteilung Klima und Umwelt
Frankfurter Str. 135
D - 63067 Offenbach
Tel: X49-69-8062-2955
Fax: X49-69-8062-2993
e-mail: jbehrendt@dwd.d400.de

Summary
The Deutscher Wetterdienst (DWD) as German National Meteorological Service has the
responsibility for the collection of the national climatological data. All relevant operational data including - as far as possible - historical data back to the last century have been
put on computer readable archives organized as time series. During the last few years
new data types such as data from automatic stations, numerical model fields and remote
sensing data with increasing data volumes are becoming more and more important for
climatological applications. Also the requirements for the availability of the data are
increasing rapidly. To meet these new challenges the existing operational file-orientated
data base system on a mainframe is being changed towards a modern data management
system in an open environment using relational database management systems (RDBMS)
and new communication technology such as internet/intranet interfaces.
This contribution focuses on the German climate data, the content of the archives and
the strategy to move these data into a relational database management system named
MIRAKEL. Special attention will be paid to the data and metadata modelling and to the
applications system of MIRAKEL.

The National Climate Database KLIDABA
The national climate database (KLIDABA) contains the climate data of Germany collected
from the station networks of the DWD. The KLIDABA contains data from about 4500
stations with different observation programs. The data are generated from different
station types: fully automatic stations, automatic stations with observers and stations
without any automatic data registration. The number of values being measured or
observed varies from up to 5 values at specialized stations (for example precipitation or
wind) to about 20 values at ordinary SYNOP stations. The station networks are characterized by the number of stations, the time interval between the observations and values
being observed:
•
•

about 10 upper air stations, 4 obs/day,
values of the WMO codes TEMP and PILOT
about 120 SYNOP stations, 24 obs/day,
values of the WMO code SYNOP
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about 600 climate stations, 3 obs/day,
values similar to SYNOP
about 4500 precipitation stations, 1 obs/day, precipitation (incl. snow)
about 120 soil temperature stations, 3 obs/day
about 100 - 200 stations in special networks, 24 obs/day,
values: wind, temperature, relative humidity, sunshine duration
about 100 automatic stations, 1 obs/10 minutes,
subset of SYNOP values

In addition to these observational data derived data are also stored, e.g. monthly values
(means, totals, extremes) and monthly means for 10 or 30 years (normals).
The operational collection of data on computer readable media - in the beginning punched cards - started in the 1950's. Historical data back to 1870 (monthly data even
back to 1767) were put as far as possible on computer readable media. The data archive
is still stored on a robot device for magnetic tapes (StorageTek), but is now being
migrated to the MIRAKEL database system. The volume adds up to about 25 Gb with
a yearly increase of about 3 Gb. The relatively large yearly increase is mainly caused by
data from modern automatic stations with a data density of 1 obs per 10 minutes.

The Database Management System MIRAKEL
Since 1995 at the DWD a project has been running to implement a relational data base
management system (RDBMS) for all meteorological data, named MIRAKEL (" Meteorologische informationen in einem RDBMS âblegen und komfortabel und gffektiv iesen"). The
project started with three major data bases and the related applications.
•
•
•

the metadata for the administration of stations and station networks
the national climate data of the KLIDABA
the global precipitation data of the GPCC (Global Precipitation Climatology Centre)

Additional data such as remote sensing data, numerical model fields or maritime data
will be integrated later. In the end we shall be able to handle the data used for the operational weather forecast in the same database system as the climatological data. The
DWD has decided to use the ORACLE RDBMS and the related ORACLE tools. The
MIRAKEL system will be implemented on a client/server environment with SGI servers
and clients using X 1 1 , WINDOWS NT and WINDOWS 3.11 as well.
The physical implementation of the database tables will reflect the requirements for the
accessibility of the data, which are different for present data, for often needed historical
time series and for very seldom needed data (e.g. old 10-minute-values from automatic
stations or historical remote sensing data). Allthough the data may be stored on direct
access devices or on offline devices as well, they are accessed transparently by the
same user interfaces.
All data of not only local interest will be stored in one central database. The distribution
of the data to the regional offices will be realized by replication of parts of the database.
A remote access to the central database is possible e.g. for delayed data corrections or
for special requests.

ANNEX 1 0 ,

p.3

The Data Model

r>

The entity relationship model (ER
model) for MIRAKEL may be divided
into two major parts: the data and the
metadata. The number of entities for
the metadata sums up to 101 and for
the data to 62. All entities may be
grouped into sets of entities which
belong together.

data model for data

surface
data

The model for the data (Fig. 1 ) consists
of entities for observations and for
derived data. The observations are
grouped into single level observations
such as surface data and multi level
observations such as upper air data
and soil temperatures. Entities for
derived data such as daily data, monthly data and normals complete the scheme. The data are identified by primary
keys containing:
stationjd
date/time
datasetjd
qualityjeveljd
codingjd

upper air data
soil temperatures

dally data
monthly data
statistical data

Fig 1 . «tat* modal for data

For some entities additional attributes
for the primary keys are needed:
•
level (for multi level data)
•
beginning and end of integration interval (for compiled values)
data model
for metadata
location
Instrumenta
xiaiiuni

^

.

surrounding
administration

ê

data )

station number

\

ob ttrva tl on p rog ram

station
datatet»

raportingprogram

\/
datasets

archive

c

K

description

I
I
I

The datasetjd identifies the dataset. The codingjd identifies differences in a dataset due to changes in the coding or in the rules
for the observation procedures.
With the introduction of a qualit y j e v e l j d it is possible to keep
data of different quality levels in
the data base, e.g. original and
corrected data. In addition to the
q u a l i t y j e v e l j d in the primary_key
each value in the table is accompanied by a quality byte reffering
to quality control results for the
related value.
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dataset description
- INFOCUMA
datacenters
# country_id
# centre_id
description

i

X

ÇT7

arrangmonts
# arrangmenMd
description'

X

data sots
# dataseMd
# category_id
area
resolution
period
volume
quaiitycontrol
description

datasat_
arrangmonts

i

datasot_
publications
m
publications
# publicationjd
author
title

The key entities for the metadata are
'station' and 'datasets' (Fig. 2). The
'dataset' is defined by characteristic
attributes for the selection of values,
the time interval between observations
and the data processing procedures.
Entity groups such as 'location', 'observer','instruments' or 'observation
program' contain information for the
description of the stations. The stationjd is unique for a special location.
The WMO-number or special national
numbers are administrated in the entity
'station_number'. The entity 'archive'
contains information on storage media and length of record available.

Up to now the dataset description in
the MIRAKEL metadata model does not
yet contain all information needed for a
rr\
dataset.
sufficient survey of the database conelements statistics
tents. Therefore the metadata model of
^
MIRAKEL will be expanded in order to
elements
statistics
describe
information on dataset des# element_id
# statistlcjd
description
criptions as administrated in the metadescription
data system INFOCLIMA at the WMO
Fig 1. dura odd for dctastt description (INFOCUMA)
CLICOM system. A proposal for the
INFOCLIMA datamodel as it will be
integrated into the MIRAKEL system is shown in Fig. 3.
dataset_
elements

Applications
In MIRAKEL the ORACLE tools are used as far as possible for the development of
applications (Fig. 4). The access to the MIRAKEL database is realized by applications
developed with DEVELOPER 2000 containing the modules FORMS, REPORTS and
GRAPHICS. The ORACLE tools DESIGNER 2000 (for the database design) and DISCOVERER 2000 (for data browsing and construction of SQL statements) are used as well.
Object-oriented approaches (e.g. with POWER OBJECTS) have not yet been applied. The
construction of dynamic HTML pages for the usage in an intranet/internet environment
will be supported by the next DEVELOPER 2000 release - at present this is only possible
by using PL/SQL-Packages. With dynamic HTML-pages an access to MIRAKEL data and
metadata via internet/intranet can easily be realized. In order to support the existing
climate applications, MIRAKEL will provide an interface for the existing sequential file
formats. The migration of the existing file orientated databases to MIRAKEL will be
performed by software using C and embedded SQL.
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The Status of MIRAKEL

MIRAKEL

In May 1997 the design and implementation of the system for the three pilot
databases were accomplished. The software for the migration into the database
tables is available.
By the end of 1997 at least the key databases for historical daily and hourly data
as well as for the present and often-used
metadata will be migrated. A software
system for the updating of MIRAKEL with
present data on a daily basis and the
maintainance of the metadata will be
operational. The design for the integration
of additional data (e.g. maritime data or
grid data) will be implemented.
The project MIRAKEL is scheduled for the
integration of all meteorological data of
the DWD. It is planned to accomplish the
integration of all these data including the
real-time data for the operational weather
forecast by the end of the century.

applications

WINDOWS
X11 / U N I X
WINDOWS NT
HTML - browser

DISCOVERER FORMS GRAPHICS REPORTS
VIEWS
ORACLE
RDBMS

• m b a d d e d sql / 3 G L

Fig 4. MIRAKEL applications
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CLIMATE DATA BASE MANAGEMENT SYSTEMS
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Lea Leskinen

ORACLE - Database in FMI, Finland
1.

INTRODUCTION

The development of a climate data base in the Finnish Meteorological Institute (FMI)
started when FMI received its first computer in 1970. The data base has taken its current form
during the years having its origin in ALGOL files followed by conversion to FORTRAN files
and in 1990 modification to ORACLE tables. The transformations have taken place in ten
years intervals.
The data base is part of an integrated computer network within FMI. New data is
collected directly from GTS and domestic telecommunication network. Data from nonreporting climatological and rainfall stations is added monthly by using SQL-forms.
The programs for quality control and correction of errors are run daily and the data
base is completed monthly. Access to the data is possible to all employees also in the
Regional Offices through the PC network. Anyhow, authorisation for data retrieval is needed in
the form of personal password.
The data are organised to tables by the type of observation. The main tables are for
station history information, synop observations, daily data, solar radiation and sounding data.
In addition complementary tables are available for normal values and some observational
statistics. Recently data from AWS stations had been added to the data base.
For data retrieval SQL-programs with data query forms are available for common
use. In addition VOYANT software is used for graphs.
2. DATABASE
The structure of the climate data base is shown in Figure 1. The climate data is
organised to tables according to the type of observation. The main tables are including station
information, daily data, synoptical observations, sounding data, solar radiation and normal
values. Only national data are included into the data base.
One table includes data for one year. The names of the tables are formed with an
indication to the respective year like DAILY_97. Within a table the data is organised according
to the observation station, date and time which all are indexed. The tables are linked to each
other by station identity code which is a four digit number indicating the location of the
observation station. The lowest numbers are given to the stations situated in the southwestern part of Finland and the numbers are growing towards east and north so that the
highest number codes are in north-east.
The observation TIME is standardised so that it is given in seconds in every table.
This gives the possibility to exact recording of the observation time. If observations from a
certain hour are required they are simply called by TIME/3600.
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The contents of the table for DAILY data is shown in Table 1. Observed maximum
and minimum temperatures are available at 06 and 18 UTC. The table includes also
observations on daily precipitation, mean temperature, sunshine duration and sums of
different radiation components. Total atmospheric ozone and daily sum of ultraviolet
irradiance have been added lately as new elements to the daily data table.
The SYNOP table includes typical synoptical observations made at every
three hour. It may include also precipitation in six hour intervals if recorded at the station.
The hourly values for the components of solar radiation and sunshine duration are
stored to their own table HRAD. Other hourly data like METAR observations are not in the
data base but entering of AWS observations has started in recent years.
Sounding data is stored in two tables (Table 2). The basic data like some ground level
weather observations and other information related to the sounding are stored to one table
(LUOTAUS). The other table LDAT includes the sounding data for different levels. The tables
are connected to each other through the variable SEQ_NO which is a unique number for each
sounding and it is also indexed.
The station history information is stored to the table SREG ( Table 3) and it includes
the type of the station, its location and contact information and some other typical station data.
Additional statistical information for synoptic and climate stations are gathered to a
table including recorded extreme values and their occurrence for different weather elements.
The normal values for periods 1931-1960 and 1961-1990 are available in their own table.

3.

DATA INPUT AND QUALITY CONTROL

Those observations which are available in GTS are entered directly to the data base
to the respective tables. An example of the procedure for SYNOP observations is given in
Figure 2. Automatic Weather Stations (AWS) are also sending their messages to SYNOP
table every three hour. Quality control program is run daily after 06 UTC observations. The
program gives report on errors and missing observations. An operator checks the report and
makes the corrections by using SQL-forms. After that the daily statistics and routines like
calculation of the forest fire index are run by utilising the information in the data base.
The data which is not available through GTS or other the national telecommunication
network is added to the data base monthly by using SQL-forms.
The data does not include flags as all data is considered to have gone through quality
control and manual checking if indicated.
4. DATA RETRIEVAL AND APPLICATIONS
For data retrieval some SQL-programs have been drawn for the most common
applications like monthly summaries or picking up time series. Users may call the programs
and choose the data they are interested through query forms. An example of a query and the
respective report are shown in Figure 3.
Commercial software package VOYANT is used for graphical presentations.
Examples of tailored graphs are given in Figures 4 - 6.

ANNEX 11, pg. 3

FIGURE 1.
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FIGURE 2.
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FIGURE 3. An example of SQL-Query form and monthly report on daily
observations.
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FIGURE 4. Monthly graph of daily observations produced from ORACLE
data base by using VOYANT software.
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FIGURE 5. Observed five day mean values for max. temperature, derived from
ORACLE data base by using VOYANT software. Respective normal
values are shown as probability curves (%).
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FIGURE 6.

«

Observed monthly temperature anomalies at synoptical
stations. The graph is tailored by using VOYANT software
with ORACLE database.
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TABLE 1. Description of the DAILY DATA table.

DAILY DATA
FINNISH METEOROLOGICAL INSTITUTE
ORACLE TABLES

Key Variable
Y
Y

LPNN
DAYX
RRDAY
GROUND06
RRCODE
SNOW06
SNOW18
TDAY
TMIN06
TMAX
TGMIN06
TMIN18
TMAX18
TMON
RRMON
DSUN
DGLOB
DDIF
DREFL
DBAL
IND_RRDAY
TOT_OZONE
UV CUMU
UV MAX
UV_MAX_TIME

Description

Type

Station-ID
Date
Daily precipitation
State of ground at 06 UTC
Precipitation code
Snow depth at 06 UTC
Snow depth at 18 UTC
Daily mean temperature
Minimum temperature at 06 UTC
Maximum temperature at 06 UTC
Minimum grass level temperature at 06 UTC
Minimum temperature at 18 UTC
Maximum temperature at 18 UTC
Monthly mean temperature
Monthly total precipitation
Daily sunshine duration
Daily sum of global radiation, normalised
Daily sum of diffuse radiation, normalised
Daily sum of reflected radiation, normalised
Daily sum of radiation balance, normalised
RRDAY reliability indicator
Total atmospheric ozone
Daily sum of UV-irradiance
Maximum UV irradiance of the day
Time when UV Max was observed

Number
Date
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Digits
4
4,1
1
3
3
3
3,1
3,1
3,1
3,1
3.1
3,1
3,1
5,1
3,1
5
5
5
5
1
3
4,2
4,1
4
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TABLE 2. Description of data tables for sounding data.

SOUNDING DATA TABLES
FINNISH METEOROLOGICAL INSTITUTE
ORACLE TA8LES

Key Variable
LPNN
Y WMON
Y SEQ_NO
Y DAYX
Y HOUR
CLOU
NH
CLOU
HH
CM
CH
W1CODE
WWCODE
VISI
PTEND
PRES
LP500
LP 100
LP30
LPTOP

Description
LUOTAUS (SOUNDING)
Staion-ID
WMO Number of the station
No of the soundinq (connoted to LDAT)
Day
Hour in seconds
Total cloudiness
Amount of the lowest clouds
Type of low clouds
Height of the lowest clouds
Type of middle clouds
Type of high clouds
Past weather code
Present weather
Visibility
Pressure tendency
Pressure change
Time when 500 HPA level was reached
Time when 100 HPA level was reached
Time when 30 HPA level was reached
Time when top of the sounding was reached

Type
Number
Number
Number
Date
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Digits
4
3
8

Key Variable
Y SEQ.NO
Y NO
LPRES
GPM
TEMP
HUM
WPRES
WIDD
WIMS
S1
S2
S3
S4
S5
S6

Description
LDAT
No of the sounding (see SOUNDING)
No of the level in sounding
Pressure of the level
Hight of the level in GPM
Temperature
Relative humidity
Water vapour pressure
Wind direction in degrees
Wind speed in m/s
Special level for temp and humidity, yes=1
Standard pressure level, yes=1
Special level for wind, yes=1
Tropopause, yes=1
Wind maximum, yes=1
Wind level, yes=1

Type
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number
Number

Digits
8
3
5,1
5
3,1
3
4.2
3
2

5
1
1
2
4
2
2
1
2
5
1
2
5
5
5
5
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TABLE 3. Description of the STATION REGISTER OATA
S R E G DATA

(METAOATA)

(METAOATA)

FINNISH METEOROLOGICAL INSTITUTE
ORACLE TABLES
Key Variable
Y

Description

SREG

Type

Digits

LPNN

Station-ID

Number

4

WMON

WMO number

Number

3

TYPE

Type of the station

Number

1

OBSE

Name of observer

Char

30

PLAC

Place of measurement

Char

40

ADRS

Address of the station

Char

40

TEL

Telephone number to the station

Char

15

DBASIN

Drainage basin

Number

2

CLIMDATE Date up to which climat, data are accepted

Date

RRDATE

Date up to which precip. data are accepted

Date

RADDATE

Date up to which radiation data are accepted

Date

SUNDATE

Date up to which sunshine data are accepted

Date

LAT

Latitude, degrees"!00 + minutes

Number

4

LON

Longitude, degrees* 100 + minutes

Number

4

GRLAT

Grid 27E coordinates of the stations, latitude

Number

5,1

GRLON

Grid 27E coordinates of the stations, longitude

Number

4,1

ELSTAT

Elevation of station from sea level

Number

4

GRAV

Gravity

Number

4,3

ELBARO

Elevation of the barometer from sea

Number

5,1

ELTERM

Elevation of thermometer from ground

Number

3,1

ELANEM

Elevation of anemometer from ground

Number

2

ELGAUG

Elevation of rain gauge from ground

Number

2,1

Number

2

ORGCOOE Organizational code
NEAR1

LPNN number of the nearest station

Number

4

NEAR2

LPNN number of the 2nd nearest station

Number

4

NEAR3

LPNN number of the 3rd nearest station

Number

4

NUMOBS

No of synoptic/climat. observations per day

Number

1

OBSTIME

Obs.time before the full hour

Number

2

BEGDATE

Beginninq date of operation of the station

Date

ENDDATE

Ending date of operation of the station

Date

DBDATE

The date since data are stored into the database

Date

OPCOOE

Operational code: 0=OK, 1=BREAKS, 2=NON-OPf Number

1

Number

2

TEMPREG Code for temperature reqion
SNOW1

Date of the 1st snow cover

Date

SNOW2

Date of the 2nd earliest snow cover

Date

SNOW3

Date of the 3rd earliest snow cover

Date

ANNEX 12

The UK Climate Database System
The presentation comprises two main sections:
the UK's use of relational database management systems in climatology;
data modelling of a climatological database.

1

The WMO Questionnaire

The UK did not send in a completed questionnaire in 1995 because the answers to many of the questions
were either unknown at that time or could be potentially misleading: we were in the middle of transferring
from one way of processing and storing climatological data to another.
We are now able to answer the questions and it may help delegates to understand how the new UK climate
database compares with Those in other countries.
1. What kind of RDBMS is used by the N M S ?
Microsoft Access is being used as a desktop database, both at Headquarters and at some outstations.
Computer Associates' CA-lDMS/DB_rel. 12 is being used on the IBM mainframe computer running the
MVS operating system for several databases, including the recently introduced Met Office Integrated Data
Archiving System (MIDASV
It was chosen for MIDAS because
it was already installed on the mainframe and the licence has no restriction on the number of
concurrent users;
the infrastructure for system administration was already in place;
rel. 12 supports SQL DML and DDL: a database may be defined as an SQL schema, (or as a
CODASYL schema), with data being added, read, modified and deleted using SQL;
Computer Associates could supply the necessary middle-ware for applications to use the ODBC API
for communicating with the database with bespoke and 'out of the box' software.
The design of MIDAS was implemented as a CODASYL schema that could be accessed through SQL; the
design is thought to be portable to another RDBMS if there were to be a business-based requirement for us
to do so - we have refrained almost completely from exploiting features that are specific to CA-IDMS/DB.
2. Station Types and Data Types managed by the climatological DBMS
Metadata

We currently have 23 tables of metadata, but this number will increase substantially as a

result of the Metadata Project currently in progress in the UK
Station Ty pes
Synoptic Automatic
214

Climate

41 semi

796

Radiation Upper Air
35

8

Marine

Radar

Satellite

520

-

-

68 fully
A fuller summary may be found in the Proceedings of the ECSN Workshop on Climate Systems,
Norrkôping, Sweden 8-9 May 1996
3. Size of the database
The database is expected to be store around 80 Gb of data - 25 Gb of Upper Air, 21 Gb of Marine and 35 Gb
of land surface data. The database started routinely ingesting land surface messages at the end of February,
1997 and during April grew by over 140 Mb. This rate will increase when we include Marine and Upper Air
data.
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4. Structure of the database
The structure is a consequence of extensive analysis and design work that used the Government-specified
Structured Systems Analysts and Design Methodology, (SSADM).
We treat the meteorological elements as functions of position and time alone.
Each record has to specify horizontal position; this is done by
latitude and longitude for mobile sources and by
identifier for stations.
For most data the vertical co-ordinate is implied by the reporting practice, but it has to be specified in
aerological and marine soundings and for soil temperatures.
Time has to be specified to the precision required for each data type; we always refer to the end-time for a
measurement and optionally refer to the duration if the measurement is over an extended period of time allowing, for instance, for accumulations of rainfall. Hourly data are stored separately from daily data.
Each table holds a group of meteorological elements, the groups being chosen so that records are fairly well
populated with values. (CA-IDMS/DB does not support nulls in its CODASYL schema so the space
compression possible with null fields in some commercial RDBMS's does not apply to MIDAS). The tables
are therefore partially normalised. The tables for land surface data are:
weather hourly
weather daily
wind mean
runway
rain sub-hourly
rain hourly
rain daily
temperature diurnal
radiation
extra radiation
sunshine hourly
Data from a given message may be stored in more than one database table, (components of the UK National
Climate Message are stored in six different tables); but each element is stored in only one table.
Data for all stations for the latest 3 years are stored in tables that are optimised for retrieval by date/time.
(We currently hold all data for 1995 and 1996 and are adding data for 1997.)
Archive tables hold all data that are more than 3 years old for groups of stations. These tables are optimised
for retrieval by station. We have divided the UK into 9 regions and there is an archive table for each region
and for each group of elements. (This approach may be reviewed if performance is found to be inadequate.)
The falling price of hard disk storage encourages us to hold as much data as is reasonable on-line and we are
in the middle of a disk enhancement procurement to allow us to hold much of the archival data permanently
on-line.
5. Summarised data
We do not store summarised data in MIDAS. They have to calculated as they are required.
6. Derived Data
The derived data that we store in MIDAS are
those provided in CLIMAT messages - both the monthly and normal values for land surface and
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upper air:
30-year average data computed by the UK for its stations. These data are very carefully screened and
much effort goes into ensuring that the data are reliable.
There is a large degree of overlap between these two sources of derived data so we have merged them into
the same tables, indicating in each record whether they are CLIMAT data or not.
The tables include measures of dispersion - s.d. where appropriate, and skewness and kurtosis for rainfall.
7. Data Acquisition and Controls
7.1 Frequency - each type of station (SYNOP. Climate, Automatic station, Radiation) provides data at
several frequencies varying between sub-hourly in the case of a few rainfall stations to monthly for climate
stations.
7.2 Transmission - a variety of methods is used. A large amount is received over telecommunications lines
through our message-switching computer; many stations provide paper-based returns while automatic
instruments may write data to floppy disk, solid state memory, magnetic cartridge, etc.. All are transcribed
to standard files before ingestion by MIDAS.
7.3 Automatic corrections while importing data- all data are subjected^ validation before being stored;
reports that fail validation are stored in a 'rejects' file for later human scrutiny. Immediately after data are
stored in MIDAS they are subjected to automatic Quality Control processes that produce reports of data that
are considered to be suspect. Changes to the data are made following human intervention.
7.4 Quality codes and Original Data - We use a 'version number' concept to manage the data:
version ' V records are those for which no corrections have (yet) been required; individual element
flags indicate what Quality Control has been performed on each element;
version ' 2 ' records are those in which at least one element has been altered as a result of Quality
Control action - the nature of the action is stored in a flag associated with each element;
version '0' records are those records for which a version '2' has been created - version ' 0 ' records
are those originally stored in MIDAS.
It is possible to have a version ' 2 ' record in the absence of a version '0' record if estimates have been made
when there was not an original measurement. Similarly, it is possible to relegate a record to version ' 0 ' if the
data are considered unreliable but we do not have a better value to substitute. We always retain the data
originally stored in MIDAS.
7.5 Software used to import data - this is always bespoke batch programs written in IBM FORTRAN. The
tasks run on the mainframe computer. (We have used native IDMS DML statements in these tasks because
CA-IDMS/DB does not support the embedding of SQL DML statements in FORTRAN source code; this
means that transfer of MIDAS to another RDBMS would require us to re-write sections of these programs.)
8. Archiving data
8.1 Support - As already mentioned, we archive much of the data on-line. Upper Air data are held on-line
for only 6 weeks before being archived on off-line cartridges for all time. Marine data for the world will be
archived mainly off-line. We intend storing a limited amount of international data on-line but for periods
that are dependent on the station: some stations will be for all time, others for perhaps only 5-10 years, the
details are being worked out at the moment.
The medium for archives off-line is magnetic cartridge. Access to these data is regrettably not transparent to
users; a restore stage will have to be invoked before the data can be used.
The on-line disks are routinely backed up and copies of the backups are held at a remote site to protect our
considerable investment in the acquiring and storage of the data.
8.2 Storage Format - data transferred to cartridge are in the format used by the UABRF utility that is used
to dump/restore data files; the data files are in native IDMS format.
9. Distributed Database
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MIDAS exists as a central facility; remote users have access in the same way as local users, using TCP/IP
protocol and ODBC.
10. Costs
Around 25 man-years were required to develop the database to its current form; another 1 man-year is
required to complete implementation of the design.
About 10 man-years were used to develop the Quality Control programs. It is not known how much effort
was required to develop end-user applications; a 'guesstimate' of around 4 man-years is suggested.

Data Modelling
The foundation of any ciimatoiogical database is the set of conceptual models:
the Logical Data Model (LDM) which comprises a set of data relations (or tables), their attributes
and how they associate together;
the Data Flow Model (DFM) which shows how data flows around the system, being modified by
processes and held in data stores; the inputs and outputs of the system are joined to external
entities; the elementary process descriptors include details of the events that cause the process to
be started; the data flows should include details of the volumes of data involved;
the Entity Life History (ELH) which shows how an instance of an entity is created, read, modified
and deleted in the system.
The set of three models together describe the required system. It is not surprising that analysts from different
nations have created very similar models to describe a ciimatoiogical database - the requirements are closely
similar.
Let us look at two specific areas of a climate database LDM - station identifiers and messages.

Station Identifiers
When we receive meteorological messages we can associate them with locations because
the messages contain explicit reference to a map reference, (latitude and longitude are coded in marine
SYNOP messages), or
because they contain an implicit reference contained in an identifier. This identifier is a 'short-hand'
notation usually associated with a reporting station.
Frequently it is assumed that the various identifiers used in the messages are attributes of a station. The
concept of identifiers needs closer examination.
Several types of message may share the same identification scheme: TEMP and land SYNOP messages use
the same WMO identifiers.
It is possible for two identifiers on the same scheme to refer to the same station: a station that is only partly
manned may use one WMO identifier in messages that include human inputs and another WMO
identifier in messages that are wholly automated. The different identifiers imply a difference in reporting
practice; this is also the case when two rainfall identifiers refer to the same station - one contains data
from the main instrument while the other refers, simultaneously, to a check gauge.
The identifier in one scheme may be identical to an identifier in another scheme, just as 'High Street'
requires 'Town' to refer to a road in the UK uniquely. We should always refer to identifier +• scheme.
It is possible for an identifier in one scheme to be co-located with an identifier in a different scheme, just as
'High Street' in a 'phone book may refer to the same location as a Post Code used for sorting and
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delivering mail.
An identifier may be re-used if a station closes, or if a nation re-assigns identifiers to its stations. Retrieval
of data by identifier could produce unexpected results.
The word 'scheme' used above implies some sort of commonality between stations that belong a scheme.
We shall from now on refer to the schemes as networks. The identifiers refer to nodes in the networks. The
commonality between nodes of a given network is the duty that the nodes perform. In particular, nodes in an
aviation-related network, (ICAO), will provide messages that meet aviation needs, while nodes in a climate
network will provide messages that relate to climate.
In modelling terms , a network comprises one or more nodes, each of which must refer to only one location
at a given time; each station hosts one or more nodes at a given time. This is depicted in the diagram below:
NETWORK

STATION

\

f

'

NODE

Fig. 1 The relationship between Network and Station

In this analysis stations are recognised as being able to generate several messages for a given network in
addition to providing several messages for different networks.
There remains an outstanding issue that is not handled in MIDAS: if a node changes slightly, either in
position or in exposure, in some networks it may still be regarded as the same node, while in other networks
the same change may cause the node to be regarded as a new one. This is complex because the same station
may host both kinds of node. The model should allow for this: the attributes of'node' should include 'from
date' and 'to date' as well as position. (The position does not have to be the same as that given for the station
because the station is now recognised as the place at which a weather observing duty is performed, rather
than the location of the relevant instrumentation.)

Messages
Each network has associated with it a set of messages that are used to convey the meteorological data. Each
node may only generate data for that set: a climate node can generate data for a National Climate Message
(NCM) but it cannot generate data for a land SYNOP message. To enforce this in the model we need the
following structure:
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Fig. 2 The Relationships between Network, Station and Message

It should be noted that we are referring to 'message' in preference to 'report'; the latter term has a specific
definition with respect to databases, so we are using an alternative word.

I have shown how data modelling can be applied to identifiers and messages. The same technique can be
applied to other areas of the model, such as meteorological elements and meta-data.
The benefit that the technique brings is a clear description of the associations between different entities in
the system that can be readily understood by both analyst and user.

ANNEX 13

Information from the meeting on CDBMS in Central Europe
Sândor Szalai
Hungarian Meteorological Service

Background
The development of a computer-based climatological database at the Hungarian Meteorological
Service (HMS) started in 1980. The hardware basis were computers made in Hungary. HMS
received CLICOM system from UK in 1992, in theframeworkof WMO Donation System. This
system is still operating. Different problems urged looking for RDBMS, asking for experiences
of other meteorological services and searching for possibilities in the Hungarian commercial
market. As a conclusion, we chose ORACLE system. Consequently, we had to face lots of
problems connected with hardware requirements, human resources and continuous software
development. The idea of co-operation and regular exchange of experience with countries in
similar situation in our region came naturally; the first meeting on database development in the
Central-European region was held in Budapest, on 17 December 1996.

Situation in the region
A short overview of the existing commercial softwares in the region:
CDBMS
GIS
Austria
Bulgaria
Croatia
Czech Republic
Slovakia
Slovenia
Hungary

Sybase
Oracle
Oracle
CLICOM (Oracle)
Ingres
Oracle
Oracle

Arc/Info
Arc/Info
Arc/Info
Arc/Info

Bulgaria, Croatia, Czech Republic, Slovakia and Hungary participated on the meeting from the
region. Representatives of France also joined the meeting, because Meteo France has been
working with Oracle for a long time and France has bilateral co-operation with several countries
in this region on database development.
The requirements of building an RDBMS are quite high. Some countries try to solve this
problem by the means of a commercial company, some of them rely on their own resources. It
seems that all these countries have large databases (long time series, dense network), therefore,
a well developed CDBMS is vital.

Databases
The participating countries try to built climatological database with inclusion of different
additional information, which are meteorological and agrometeorological (Bulgaria),
climatological, meteorological and marine (Croatia), climatological and meteorological
databases (Slovakia and Hungary)
Status of national databases (on 17/12/1996)
Bulgaria
The whole database structure has been built up by the end of 1992, then started the data
entering and processing. The software is Oracle, the hardware is PC.
Main functions of the meteorological database:
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1., Acquisition of meteorological information
2., Data storage (missing data control, data quality control, restore missing or incorrect data,
database backup)
3., Data operations (carrying out of standard requests, creating advanced tools for dialogue)
4., System management (control of the database state, data protection from unauthorized
access, old data archiving, step-by-step automation system functions)
Slovakia
Database (KMIS - Climatological and Meteorological Information System) resides on a
DECstation 5000/133 with 6 GB disk capacity. Database requires approximately 1.2 GB on the
disk, it contains 335 tables, 137 views.
Twenty data areas were created (e.g. climatological database -monthly report-, precipitation
database -monthly precipitation report-, soil temperatures, phenology, radiation data, etc.).
Among the user applications, basic applications for browsing and data searching were created as
well as for writing data in routine operation applying standard Ingres tools.
The main application is menu-like. Each menu has sub-menus according to the range of the
given data area. Users have access to data and they can browse or search data with various
search conditions. Standard Ingres tools are mostly used here.
For example, in the Climatological data part, users have access to daily and monthly data as they
are processed in monthly reports of certain stations.The primary climatological data are split
into 3 tables. Most of the stored data is after 1961. Daily derived data are stored in virtual tables.
Hungary
The database resides on a HP K200 server, 8 GB disc, 256 MB RAM, with PC-s for ORACLE
tools. The software is Oracle 7.3 with 8 concurrent users, developing tools are Oracle
Developer/2000 1.3, for 1 user Oracle Programmer/2000 and PROX, PRO FORTRAN
precompilers.
A three-year project for database building begun in 1996 with defined human and financial
requirements. The main purpose is to control, archive and make accessible all data measured
and observed in Hungary. Emphasis is placed on metadata, which occupy 15 tables.
Paralel extensive development in the observing network, installation of automatic weather and
climatic stations, frequent changes in observations and messages necessitate that most of the
database development is done at HMS.
The new system begins its experimental runs in 1997. During the next years, other types of
information (e.g. pictures, radioactivity, phenology, etc.) should also be included into the
system.
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CLIDATA
A climate data processing, control, information and archiving system
(tentative proposal)
Lubomir Coufal and Radim Tolasz, Czech Hydrometeorological Institute,
Prague, Czech Republic

1. Introduction
When processing climate data, CLICOM users face a number of difficulties, which
stand out even more in comparison with some other modern software products used
in parallel. The principal drawbacks, many of which were pointed out at the CLICOM
expert meeting held at Toulouse, France in 1997, include the fact that DataEase is
used in conjunction with COSORT as a generator of sorted sequence files derived
from each of the forms which serve as input files for calculations in its FORTRAN
part. The database is slow (mainly in generating data subsets and exporting into text
files), and a switch-over from working on current data to working on old (historical)
data requires a number of operations to be carried out with utmost care. Some input
data checks are not implemented (above all, the data entered in the first row of the
form cannot be compared against that in the previous form). The quality of graphics
is not very good, including the lack of fonts for non-English speaking countries. Data
can only be retrieved from the archival files by the same data blocks as were stored,
even when this may not be needed for a particular processing need. The upgrade of
individual components to higher-level versions requires a number of actions to be
taken. The programs contain errors (insufficient debugging), the latest list of which
was three pages long.
On the other hand, we should bear in mind that the CLICOM concept was very
advanced at the time of its development. Many of its analyses of data management
possess a high professional value and permanent validity. What is most important,
however, is that quite a number of National Meteorological Services (NMS) have
their data stored in CLICOM (the Czech service stores about 5 GB), that they have
to work with this data on a routine basis, and that the expert staff employ certain wellestablished working procedures which it is not desirable to change in principle. All of
this, plus some other circumstances, has led us to the conclusion that a new system
should be created around an up-to-date database system. Our considerations of
developing a new system have been accelerated by the introduction of automated
meteorological stations.

2. Oracle?
The decision that the Oracle Relational Database Management System (RDBMS)
would be used for developing a Climate Data Management System (CDMS) was
taken in the light of a report submitted by the Commission for Climatology (CCI)
rapporteurs, which indicates that this database product is used by the greater part of
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NMS. We would also support our case by arguing that Oracle is used at the Czech
Hydrometeorological Institute, although for managing hydrological data archives only
at present. Oracle's absolute hardware independence has made it possible to
minimise the CDMS development costs using its PC version. The CDMS under
development will be maintained in this environment pending the discontinuation of its
parallel running along with CLICOM, and additional modules to expand the current
specifications will be developed within it.
At the same time, to prevent any potential future problems, the decision was taken to
use exclusively the Oracle Developer 2000 to create the CDMS, thereby simplifying
the final product and making it less expensive.
The modern three-tier approach is incorporated directly in the analysis, its
importance or general validity will not be emphasised in any particular way.

3. Metadata
Through elementary procedures, CLICOM's approaches to these problems can be
improved substantially, and also simplified in many cases, while making use of all
the information it contains.
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Fig. 1 Description of the Lysa hora Station's Surroundings

ANNEX 14, pg. 3

3.1 Station geography
In step one, contents of the STN GEOGRAPHY form in DataEase can be used in
full. Our service's practical experience suggests that hydrological sorting can be
used to advantage as the secondary indicator, because it permits a considerably
more detailed structuring of the area than any verbal definition of the catchment
(however, this field has been retained in the new system for compatibility).
3.2 Station description
Geographical information, however detailed, do not suffice to describe a station fully,
and fail to describe adequately the particularities we may come across when
processing its observations. The influence of a station's particular surroundings on
its microclimate as well as the impact of the changes that may be caused by man's
activities or other circumstances need not be emphasised. For this reason, station
description includes its specific siting, the degree to which its surroundings have
been urbanised, vegetation, soil type (Fig. 1) and graphic information (maps on
different scales, sketches of the station's surroundings, contours of its skyline). All of
this information goes beyond the original CLICOM content.
3.3 Description of observations
Meteorological elements are measured or observed at stations at different intervals
(at different times). With the installation of automated stations, the frequency of
measurements is being normally increased up to 10 -15 minutes while observations
are usually made at intervals of 30 minutes or longer. For climatological purposes,
records are available merely once or twice a day. If we decide to keep the original
data sorting function based on the measurement and observation frequency,
problems will arise with the definition of elements for multiple observations per day.
We therefore assume that all the possible observation times (with an accuracy of
one minute) are defined and different observation programs are allocated to them.
3.4 Definition of elements
Definitions of elements are based on those of the instruments with the help of which
the observations are carried out, while allowing for the fact that the type and
accuracy of an instrument may not be identifiable today in the case of historical data.
If a list of meteorological elements is created, then each element is allocated to the
instrument used which makes it possible to record the elements measured by more
than one instrument at the station (with different results, naturally) - a very common
practice at observatories or during intercomparison measurements. In respect to the
elements observed and atmospheric phenomena, the observer himself is the
"instrument" in out concept. The above applies to directly observed elements while
for derived (calculated) elements additional information is attached from what
observation interval the particular variable is derived (e.g. 15-minute, hourly,
climatic).
Attached to the instrument definition is the relative elevation of its location (in a box,
on a mast, etc.) which permits clear allocation of instruments installed on a
meteorological mast at more than one level.
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3.5 Moving stations
Since some stations migrate due to the very nature of their operations
(meteorological vessels, drift buoys) their changing position has to be recorded. This
information has the format of meteorological information and is therefore recorded in
the daily data tables, see further in the text.
3.6 Definition of derived elements
The calculation of all derived elements relies on a number of equations; these do not
only include the daily, ten-day, monthly or other averages but also humidity
characteristics, evaporation and other quantities and factors. Also, daily averages
(and those derived from them) may not only be calculated in different ways but also
from a different number of readings taken during one day. At the same time,
calculation methods may change over the period of observation. For this reason, a
table containing this information has been created.

4. Data - basic tables
To minimise the number of tables and, in turn, the number of programs that access
them, the basic data (both measured and derived) is stored in only two types of
table.
4.1 Daily values table
All observations taken at regular time intervals are stored in the daily observations
table, i.e. no distinction is made between 15-minute, hourly, synoptic or daily climate
observations, or whether the values have been observed or derived. A part of the
observations may be made in UTC while the rest (for climatological purposes) in the
local solar time. This is reflected in the time schedule of observations to which the
stored data is related. As a basic (and sufficient) indicator, the table therefore only
contains the station identifier, the time when the information was obtained in the
YYYYMMDDHHmm format, and information on the element it contains (so-called
data model). Tied to the element is information on the instrument on which its value
was read or information that the value has been derived and how. Key information is
whether the data stored in the table has been verified or not (this applies to all of the
following tables). The above suggests that the database also contains unchecked
data stored in the same way. Then the relevant number of columns follow, containing
the data (depending on the number of days in a month) with two flags attached. The
first flag specifies more accurately the values of the data (e.g. non-measurable
precipitation total, snow dust, ice on the wet thermometer's wick), while the other
indicates data quality (dubious, estimated, derived). Either the monthly average or
the sum, depending on the nature of the data, will appear when viewing the table.
4.2 Monthly values table
All types of derived values are stored in the annual table whose outward appearance
is virtually the same as that of the daily values table. The only difference is that
instead of the YYYYMMDDHHmm string it contains an YYYYMM string followed by
information on the kind of data in the table (monthly, first to third decade, first to sixth
pentad). The number of columns is given by the number of months, and two flags are
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attached to the data again. Either the yearly average or the sum, depending on the
nature of the data, will appear when viewing the table.
4.3 Missing data
CLICOM does not have the capability of distinguishing between the reasons why
data is missing. Because of the fixed definition of the daily data form, it also includes
cases that can never occur (e.g. 31 November) among such reasons. Our concept
tries to distinguish the following cases of missing data:
• the observation was not carried out despite having been planned;
• the observation was not planned for the whole month at the time in question;
• the value could not be obtained for objective reasons (data is replaced by
slashes, /, in SYNOP observations);
• no cause existed to record it (e.g. the non-existence of ail 8-led groups in the
SYNOP report when the total amount of clouds equalled zero);
• there was not need to expand the already created information any further (e.g. the
non-existence of the second or other 8 groups in the SYNOP report);
• not listed because of the nature of code design (e.g. CAVOK in the METAR
report).
There appears to be a need to distinguish between the above options. Most of the
cases listed concern elements for which there is no logical reason to calculate their
averages/sums. On the contrary, the frequency of their occurrence is often
monitored, not infrequently in relation to other quantities. In all instances of such
processing, the absence of a monitored variable has to be judged against the above
alternatives (e.g. when processing flight weather). This is the reason for coding the
missing values in different ways, based on the assumption that a value stored in the
database may require more possibilities than offered by the code number.
4.4 Working tables
The same tables as the above are used for storing intermediate results of climate
data processing. If, for instance, we wish to store an estimate of stratification types derived with the help of indirect aerology methods - as a basis for parametrising
wind rose calculations, the daily values table will be the target one while the element
code is defined during the calculation as only temporarily valid; upon completion of
the processing, the table contents is deleted unless the conclusion is made that the
result needs to be stored definitively as a derived value.

5. Data - other tables
The broad and varied range of climate data will not, unfortunately, do with the two
basic tables. That is why the following complementary tables have been designed;
their number can be extended as need be.
5.1 Upper-air sounding tables
The format is identical with CLICOM, however, a greater flexibility has been built into
this table for determining humidity parameters, not merely the dew point depression.
Also, the directly the dew point value can be used, and/or relative air humidity at a
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given level or particular point. Both particular point as well as values at each level
can be stored. The table contains information on the station, time in the well-known
format, ground-level observations at the beginning of the probe's ascent, and
information for each of the levels.
5.2 Tables of the occurrence, duration and intensity of meteorological
phenomena
Mainly in respect to historical data, but also climate observation stations and, in line
with the national usage, precipitation gauging stations, the notes on how weather
has been developing contain a large amount of information. This also applies to
synoptic observations where, because of the coding rules applicable to the hierarchy
of the course and status of weather, many pieces of information are overridden.
Therefore a table has been designed, containing all information on atmospheric
phenomena: the type of phenomenon, the beginning and end of its occurrence in
hours and minutes, its intensity, and, possibly, its distance from the station. The
table also contains a reference to the station and information on the date, YYMMDD.
The phenomenon is encoded in the table using a two-character abbreviation, but it
appears as a pictogram based on the International Cloud Atlas when viewing the
table. This table can fully replace notes like "a day with ..." while providing a whole
range of additional information (Fig. 2).
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5.3 Table of rare occurrences
An example of when this table is used is the occurrence of clouds below the
mountain station's level as used in SYNOP reports. These values do not normally
occur but there can be quite a number of them at certain times. It would obviously be
a waste of disk capacity if a standard table were devoted to such information. In
such cases, then, only information on the station, time in the well-known format, the
serial number of the group recorded, and finally the value itself are recorded.
5.4 Table of phenological values
Phenological data have (usually) the nature of yearly data; each piece of information
on each phenological characteristics usually contains three dates: beginning of the
onset, average onset and general onset of a particular phenological phase. It is
beyond the scope of this study to provide any general outline of the cultivated crops,
fruit-tree species or wild plants (phenoindicators) or their phenological phases.
5.5 Picture data archiving
A modern database system is capable of archiving picture information such as
satellite imagery or output from meteorological radar. The information can be
archived selectively, i.e. only when it is meaningful in meteorological terms; also,
satellite data archiving would mainly be carried on by large NMS. This information is
not checked after storing.

6. Mandatory products
The key mission of a climate database system is to accommodate, check and store
climate data and make it available as needed. This, however, does not imply that a
database system should consistently avoid its processing. Derived data is one of the
basic products. Our concept considers such products to be mandatory which are
either required for CDMS operation proper and/or constitute recommended outputs
under the Guide for Climatological Practices and/or constitute, or can be expected to
become shortly, the standard products of international exchange.
6.1 Table of basic statistical characteristics
Its concept is similar to CLICOM's STN ELEMENT EXTREMES form since like this
form, it serves for statistical (static, i.e. within one station) verification of climate data.
However, unlike the CLICOM form, it is not calculated automatically for all the
meteorological elements archived but merely for a predefined selection of such
elements (possibly including derived elements) for which the calculation is
meaningful, and is calculated separately for each time. It moreover contains some
extra information, above all the change against the predefined preceding and
following observation time of the same meteorological element, such change being
defined by the average value, the maximum value and standard deviation, while the
value of the change against the same time on the previous/next day is expressed not
only by the maximum value but also the average value and standard deviation. It is
not the best time today to assess whether standard deviation is the optimum criterion
for cases of all averages and mean differences whose distribution fails to
approximate the Gaussian distribution (e.g. relative air humidity).
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6.2 Table of relations between variables
In some cases, a good reference criterion is the relationship between elements, or
the likelihood of their simultaneous occurrence, and possibly the relation between
the values of two elements. This basically involves bi-variate processing expressed
in relative values, where the cases when the probability is very low are marked as
dubious.
6.3 Table of normals
After removing the error from annual values, the CLICOM procedure can be kept,
and possibly expanded to include the processing of daily value frequencies. In
addition to the commonly used identifications, the table contains ail the required
information (element, instrument, nature of derivation).
6.4 Other output
The database is capable of producing outputs which are not tabulated but list the
information required from, say, a given station, such as a CLIMAT report or output
for the World Precipitation Data Centre.

7. Other products
The authors of this study await the third edition of the Guide to Climatological
Practices which is expected to be helpful in defining more precisely the other
products on the existence of which the CDMS functionality does not depend. For this
reason, only a few examples are described below.
7.1 Wind rose
The processing of wind conditions should be parametrised by the number of the
directions used, the groups of velocities that can be freely defined, the seasons and
measurement times, and finally the contents of the working tables. The output is
tabulated or graphic (in the form of a line or polar chart).
7.2 Bi-variate distribution
The CLICOM approach can be applied, with a greater flexibility in selecting the
length (and number) of intervals.

8. Data input
Over time, ever greater volumes of data should enter the CDMS via
telecommunication lines. Manual keying in of data will be limited to primarily
historical data and that obtained from volunteer stations and sent by post, and
possibly the data which has been distorted/lost during transmission.
8.1 General data input
For these purposes, the table to be used as a "view table" by the user will be
employed. Immediately after storing in the table, the data is transferred to a
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corresponding database table with the information that it is unchecked. This implies
that a view of the table on screen will contain identification of the station, year,
month and sometimes the day in the header line. The first column contains the
date/hour, column headers contain element definitions in the same sequence as the
paper form from which the data has been keyed in. The shortest possible interval of
measurements on which data will be procured is expected to be 30 minutes while the
longest one (merely in respect to historical data) is one month.
8.2 Specialised data input
This can be regarded as involving data input into special tables (see Section 5), with
the rules and principles for entering the data remaining unchanged in comparison
with the above method.
8.3 Checking input data completeness
Whether entered from a telecommunications environment or manually typed, in all
cases a list of data completeness is automatically generated as the difference
against the scope planned, based on the information on observations.

9. Data checks
Data checks are based on the data stored in mandatory product tables and are
carried out on data no longer contained in the original paper forms.
9.1 Data check at stations
This check can be made immediately upon completing data entry. It can be run to
advantage for elements with continuous fields (e.g. air temperature). Unlike
CLICOM, this check has been extended to include the data in the first row of the
paper form and covers relations between columns (elements) and rows (times or
days) to a broader extent (combinations of multiple elements in a row, combinations
of different columns in rows). The checking options are evident from the contents of
mandatory product tables. This type of check also includes that of the probe's ascent
(especially for historical data) and phenological data closely related to the calendar,
i.e. the serial number of a particular day in a year.
9.2 Regional check
Virtually all elements can be checked in regional terms, and for some (e.g.
occurrence of atmospheric phenomena) it is the only practicable way. This type of
check is better applied with standardised values if permitted by the nature of the
meteorological element in question. On the other hand, absolute values work better
for, say, precipitation. The elements are tracked in chronological sequence, which
also holds for atmospheric phenomena. The user can choose between a bar or
column display of an element, in which a different colour is allotted to each station,
or display on a background map; here the values can be written as digits or their
interval is indicated by different colours like in CLICOM. For more detailed detection,
the system zooms, always while recording the absolute values, or the screen shows
numerical information on the surrounding stations and the previous and following
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observation times. The number of elements processed in a regional check is not
restricted.

10. Import of custom digital data
No difference is made whether the data is checked or not, unchecked data just do
not have the validation flag. Along with any import of data, a description of the
observation and a description of the elements are either generated or checked. It is
not ruled out that imported files will not contain all the necessary information when
station, observation or element descriptions are being imported; in such a case a list
of information which needs to be supplied is generated.
10.1 Data import from text files
A program for importing data stored in text files is developed on a case-by-case
basis, to reflect the internal arrangement of files. In this way, data can also be
imported from a different environment (e.g. spreadsheets) through the text export
function.
10.2 Data import from other databases (spreadsheets)
This option is mentioned here for the sake of completeness only, as more detailed
information is not available. The best approach appears to be the use of general
programs for data conversion.
10.3 Data import from CUCOM
This is regarded as the mainstay import program because the new system should
relate to CUCOM in all respects. Certain checks need to be made when importing
data, for, as has turned out during a control run, CLICOM is not capable of ensuring
absolute internal consistency of information. At the same time (or at least in the
nearest possible step) the information which is not derived error-free in CLICOM
(e.g. calculation of yearly normals) need to be corrected/re-calculated. Data import
from paper forms is not envisaged.

11. Connection with other software products, networking
On its own, CDMS cannot be powerful enough to meet all the potential requirements
its users, or their customers, may place on it. Its links to other software products
must therefore be put in place. Such other products may include, in particular, MS
Office, statistical programs (e.g. SPSS), Geographical Information Systems (e.g.
ArcView) and many others. The links are not taken to be universal ones; quite the
contrary, each service will adjust them to its own requirements and previous working
procedures.
Future networking as envisaged in our service is apparent from the scheme.
Internet/intranet links as well as those to CLICOM will be required, at least during
their simultaneous operation and for data transmission. A special feature is perhaps
the archival files of original forms (results of observations) stored on WORM disks.
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Proposed Hardware Architecture
CLIDATA
(Oracle Server)

GIS
(UNIX Server)
(MS Office
Surfer
Grapher
SPSS)

INTERNET
(WEB Server)

Archives

kz^S

r=s
CLICOM

Fig. 3 Proposed Hardware Architecture

12. Internationalisation
Provided the operating system and Oracle are disseminated in the respective
national version, the distributed system can be adjusted during installation so that its
individual parts (texts) are replaced in a single operation. Otherwise, difficulties with
the character set used may occur.

13. Conclusion
Pending the completion of tests on the beta version of the product described herein,
the authors consider this analysis to be a merely tentative one because they assume
it is bound to be changed in the process of software development. As the system
evolves, new or updated products will certainly appear on the market, which may
influence the original concept. The same applies to hardware development.
The authors are indebted to their colleagues who more than once helped by advice
or critical comment. They wish to express special gratitude to Ostrava-based ATACO
Ltd. staff who have, at a high level of professionally, undertaken the experimental
programming effort conducive to the testing of the procedures described in this
paper.

ANNEX 15

Database Access/Interrogation via the World Wide Web
(by Valerie J . GERARD)
Expert Meeting to Review and Assess a Prototype for Future Climate Data
Management Systems (CDMS),
Toulouse, France, 12-16 May 1997

Many existing databases have been designed using commercial relational database
management systems (RDBMSs) licenced to allow up to so many simultaneous users.
The World Climate Programme (WCP) department of the World Meteorological
Organisation uses one such commercial system to develop databases. Users, with
different levels of access (read only, write etc.), log in to one of the databases,
designed using the system, to look for information, to update/add/delete information,
etc. In order to be able to do searches and sorts, procedures in a database query
language need to have been written and made available to the users as menu items or
the users need to learn the query language.
One such WCP database is the Climate Data Information Referral Service - INFOCLIMA
- a service for the collection and dissemination of information on the existence and
availablity of climate data in the world. To make INFOCLIMA widely available it is
planned to develop a pseudo-database INFOCLIMA on the WORLD WIDE WEB.
To this end, procedures are being written in the database query language to generate
ASCII files with the necessary HTML (Hyper Text Markup Language) codes and links.
The files, produced in this way, will represent the various database tables (forms) and
the HTML links will represent the relationships. In other words, a set of WEB pages
(HTML files) will be produced which will represent the INFOCLIMA database on the
WEB (Figure 1 shows part of the proposed structure). The hypertext links will allow the
user to move between the various pages (see figure 2 for an example of an INFOCLIMA
centre page). The advantages of such a representation of the database is that it is
available to all users that have access to the WORLD WIDE WEB. No logon or licensing
is required as the users are not accessing an actual database. The disadvantages are
that ail database updates require the corresponding WEB pages to be regenerated (i.e.
the pages are static not dynamic). Also, for databases with lots of relationships the
linking becomes very cumbersome. Users will only be able to follow the paths for
which hypertext links have been built in. There will not be the full search flexibility of
the actual database. To improve the search flexibility for users, a customised form on
the WEB could be designed to let users specify search criteria via input fields and see
the results. This has to be carefully thought out, however, as ill-defined user requests
(using combinations of logical operators "and", "or", "not", etc.) may generate an
impractible amount of output.
There is currently on the market commercial WEB Server software. These systems may
now include integration with databases and dealing with user requests as well as
general WEB server management tools. End-to-end security may also be provided at
the client (user), at the WEB Server and through a firewall to a RDBMS database, which
is being updated regularly (dynamic not static). Client requests are translated and
dispatched to the database using SQL (structured query language). This type of system
is clearly the way forward in the future for databases that need to be made widely
available. Therefore the best solution, today, when choosing commercial RDBMS
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software is to choose a company that also offers WEB Server software even if, for
economy reasons, only RDBMS commercial software is being bought to start with. At
a later point, if the Web Server software is obtained, the databases that have been
developed can be used with it. Given the implications of commercial Web Server
software in terms of cost and server possibilities, the selection will usually be made for
the whole organisation and be made by the Information Technology (IT) section of the
organisation. When considering the choice of WEB Server software, the IT section
would also be concerned with its possibilities for databases developed in-house and
should give guidance to the departments on which RDBMS software to use to develop
databases (unlike in the past, where several different commercial RDBMSs might be
used by different departments).

PROPOSED INFOCLIMA ON THE WORLD WIDE WEB
INFOCLIMA

8 DATA CATEGORIES

General description,
definition

-)f

and index files
105 centres
34 centres

/catj

/cat_h

wamm
wmmm

/cat_g
/cat_f

49 centres

/cat_d

163 historical & proxy data sets
135 hydrological data sets

|71 atmospheric composition data sets
29 cryosphere data sets
175 marine & ocean data sets

23 centres

124 radiation data sets

46 centres

443 climatological (surface) data sets

45 centres

180 upper-air data sets

302 c e n t r e s in 120 c o u n t r i e s

T O T A L = 1 2 1 8 data sets
I ds1 JIB html

cen190b.html
cen102a.hlml

d(0006.hlml

Data set description files

2 - w a y links b e t w e e n d a t a c e n t r e
descriptions & descriptions
o f t h e d a t a s e t s they h o l d
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INFOCLIMA DATA CENTRE: 629A
Deutscher Wetterdienst, Zentralamt Offenbach
Frankfurter Str. 135
D-63004 Offenbach am Main
Germany

Germany

+49 69 8062 0
+49 69 8062 2993
4152817 OFDW D
roesner@k2b3.za-offenbach.dwd.d4
http://www.dwd.de/re
http://www.dwd.de/research/klis/lkis.html

PHONE
FAX
TELEX
EMAIL
URL
URL

Last updated: 24/03/94

The following data sets are held by centre 629A:
Cat Area IDHo. TITLE
A
A
A
A
A
A
A
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B
B

001
001
001
002
002
016
629
001
016
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629
629

* » A
B
C
D

UPPER-AIR DATA - GLOBAL
SATELLITE METEOROLOGICAL DATA - GLOBAL
GRID POINT ANALYSIS - GLOBAL
GRID-POINT ANALYSIS - NORTHERN HEMISPHERE (1966-1992)
GRID POINT ANALYSIS - NORTHERN HEMISPHERE (1980-CURRENT)
GRID POINT ANALYSIS - EUROPE AND NORTH ATLANTIC OCEAN
UPPER-AIR DATA - GERMANY
SURFACE CLIMATOLOGICAL DATA - GLOBAL
CLIMATOLOGICAL DATA OF EUROPE
SYNOP DATA - GERMANY
CLIMATOLOGICAL DATA - GERMANY
5 MINUTE VALUES OF PRECIPITATION - GERMANY
WIND DATA - GERMANY
SUNSHINE DURATION DATA - GERMANY
PRECIPITATION DATA - GERMANY
GERMAN METEOROLOGICAL YEARBOOK
CLIMATE ATLAS - GERMANY
MONTHLY CLIMATE REPORT - GERMANY
200 YEARS METEOROLOGICAL OBSERVATIONS AT HOHENPEISSENBERG - GERMANY
THE CLIMATE OF THE FEDERAL REPUBLIC OF GERMANY
CLIMATE OF SELECTED PLACES IN THE FEDERAL REPUBLIC OF GERMANY
TEMPERATURE AND HUMIDITY - GERMANY
TEN MINUTE DATA BY AUTOMATIC STATIONS - GERMANY
SOIL TEMPERATURES - GERMANY
CLIMATOLOGICAL DATABASE (KLIDABA) - GERMANY
CLIMATE ATLAS - HESSEN, GERMANY
CLIMATE ATLAS - NORDRHEIN-WESTFALEN, GERMANY
CLIMATE ATLAS - GERMANY (EAST)
CLIMATIC DATA - GERMANY (EAST)

upper-air data
surface climatological data
radiation data - surface
maritime and ocean data

F
G
H
J

cryosphere data
atmospheric composition data
hydrological data
historical and proxy data

flNFOCLlMA Home Pagel fWMO REGION VI - EUROPEI

Figure 2

REPORTS PUBLISHED IN THE WORLD CLIMATE DATA PROGRAMME (WCDP)/
WORLD CLIMATE DATA AND MONITORING PROGRAMME (WCDMP) SERIES
WCDP-1

WMO REGION III/IV TRAINING SEMINAR ON CLIMATE DATA MANAGEMENT
AND USER SERVICES, Barbados, 22-26 September 1986 and Panama, 29 September 3 October 1986 (Available in English and Spanish)

WCDP-2

REPORT OF THE INTERNATIONAL PLANNING MEETING ON CLIMATE SYSTEM
MONITORING, Washington D.C. USA, 14-18 December 1987

WCDP-3

GUIDELINES ON THE QUALITY CONTROL OF DATA FROM THE WORLD
RADIOMETRIC NETWORK (Prepared by the World Radiation Data Centre, Voeikov
Main Geophysical Observatory, Leningrad, 1987)

WCDP-4

INPUT FORMAT GUIDELINES FOR WORLD RADIOMETRIC NETWORK DATA
(Prepared by the World Radiation Data Centre, Voeikov Main Geophysical Observatory,
Leningrad, 1987)

WCDP-5

INFOCLIMA CATALOGUE OF CLIMATE SYSTEM DATA SETS, 1989 edition

WCDP-6

CLICOM PROJECT (Climate Data Management System), April 1989 (updated issue of
WCP-119)

WCDP-7

STATISTICS ON REGIONAL NETWORKS OF CLIMATOLOGICAL STATIONS (Based
on the INFOCLIMA World Inventory). VOLUME II: WMO REGION I - AFRICA

WCDP-8

INFOCLIMA CATALOGUE OF CLIMATE SYSTEM DATA SETS - HYDROLOGICAL
DATA EXTRACT. (April 1989)

WCDP-9

REPORT OF MEETING OF CLICOM EXPERTS, Paris, 11-15 September 1989.
(Available in English and French)

WCDP-10

CALCULATION OF MONTHLY AND ANNUAL 30-YEAR STANDARD NORMALS
(Prepared by a meeting of experts, Washington D . C , USA, March 1989)

WCDP-11

REPORT OF THE EXPERT GROUP ON GLOBAL BASELINE DATASETS, Asheville,
USA, 22-26 January 1990

WCDP-12

REPORT OF THE MEETING ON HISTORICAL ARCHIVAL SURVEY FOR CLIMATE
HISTORY, Paris, 21-22 February 1990

WCDP-13

REPORT OF THE MEETING OF EXPERTS ON CLIMATE CHANGE DETECTION
PROJECT, Niagara-on-the-Lake, Canada, 26-30 November 1990

Note:

Following the change of the name of the World Climate Data Programme (WCDP) to
World Climate Data and Monitoring Programme (WCDMP) by the Eleventh WMO
Congress (May 1991), the subsequent reports in this series will be published as WCDMP
reports, the numbering being continued from No. 13 (the last "WCDP" report).

WCDMP-14

REPORT OF THE CCI WORKING GROUP ON CLIMATE CHANGE DETECTION,
Geneva, 21-25 October 1991

WCDMP-15

REPORT OF THE CCI EXPERTS MEETING ON CLIMAT CODE ADAPTATION,
Geneva, 5-6 November 1991

WCDMP-16

REPORT OF THE CCI EXPERTS MEETING ON TRACKING AND TRANSMISSION
OF CLIMATE SYSTEM MONITORING INFORMATION, Geneva, 7-8 November 1991

WCDMP-17

REPORT OF THE FIRST SESSION OF THE ADVISORY COMMITTEE ON CLIMATE
APPLICATIONS AND DATA (ACCAD), Geneva, 19-20 November 1991 (also appears as
WCASP-No. 18)

WCDMP-18

CCL WORKING GROUP ON CLIMATE DATA, Geneva, 11-15 November 1991

WCDMP-19

REPORT OF THE SECOND CLICOM EXPERTS MEETING, Washington, D.C., 1822 May 1992

WCDMP-20

REPORT ON THE INFORMAL PLANNING MEETING ON STATISTICAL
PROCEDURES FOR CLIMATE CHANGE DETECTION, Toronto, 25 June, 1992

WCDMP-21

FINAL REPORT OF THE CCI WORKING GROUP ON CLIMATE DATA AND ITS
RAPPORTEURS (November 1992)

WCDMP-22

REPORT OF THE SECOND SESSION OF THE ADVISORY COMMITTEE ON
CLIMATE APPLICATIONS AND DATA (ACCAD), Geneva, 16-17 November 1992 (also
appears as WCASP-22)

WCDMP-23

REPORT OF THE EXPERTS MEETING ON REFERENCE CLIMATOLOGICAL
STATIONS (RCS) AND NATIONAL CLIMATE DATA CATALOGUES (NCC),
Offenbach am Main, Germany, 25-27 August 1992)

WCDMP-24

REPORT OF THE TENTH SESSION OF THE ADVISORY WORKING GROUP OF THE
COMMISSION FOR CLIMATOLOGY (Geneva, 20-22 September 1995) (also appears as
WCASP-34)

WCDMP-25

REPORT OF THE FIFTH SESSION OF THE ADVISORY COMMITTEE ON CLIMATE
APPLICATIONS AND DATA (ACCAD) (Geneva, 26 September 1995) (also appears as
WCASP-35)

WCDMP-26

REPORT ON THE STATUS OF THE ARCHIVAL CLIMATE HISTORY SURVEY
(ARCHISS) PROJECT (Prepared by Mr M: Baker, October 1996)

WCDMP-27

SUMMARY REPORT OF THE MEETING OF THE THIRD SESSION OF THE CCL
WORKING GROUP ON CLIMATE CHANGE DETECTION, (Geneva, 26 February - 1
March 1996)

WCDMP-28

SUMMARY NOTES AND RECOMMENDATIONS FOR CC1-XII FROM MEETINGS
CONVENED TO PREPARE FOR PUBLISHING THE FIFTH AND SIXTH GLOBAL
CLIMATE SYSTEM REVIEWS AND FOR A PUBLICATION ON THE CLIMATE OF
THE 20TH CENTURY (July 1997)

WCDMP-29

CLIMATE CHANGE DETECTION REPORT - REPORTS FOR CC1-XII FROM
RAPPORTEURS THAT RELATE TO CLIMATE CHANGE DETECTION (July 1997)

WCDMP-30

SUMMARY NOTES AND RECOMMENDATIONS ASSEMBLED FOR CC1-XII FROM
RECENT ACTIVITIES CONCERNING CLIMATE DATA MANAGEMENT (July 1997)

WCDMP-31

REPORTS FOR CC1-XII FROM RAPPORTEURS THAT RELATE TO CLIMATE DATA
MANAGEMENT (July 1997)

WCDMP-32

PROGRESS REPORTS TO CCI ON STATISTICAL METHODS (Prepared by Mr
Christian-Dietrich Schônwiese, July 1997)

WCDMP-33

MEETING OF THE CCI WORKING GROUP ON CLIMATE DATA (Geneva, 30 January
- 3 February 1995)

WCDMP-34

EXPERT MEETING TO REVIEW AND ASSESS THE ORACLE-BASED PROTOTYPE
FOR FUTURE CLIMATE DATABASE MANAGEMENT SYSTEM (CDMS) (Toulouse,
France, 12-16 May 1997)

WCDMP-35

REPORT OF THE ELEVENTH SESSION OF THE ADVISORY WORKING GROUP OF
THE COMMISSION FOR CLIMATOLOGY (Mauritius, 9-14 February 1998) (also appears
as WCASP-47)

