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1. INTRODUCTION

1.1 Background

The Mission of the UNEP office for the Harmonization of Environmental Measurement
is :

To enhance the capability and quality of information on the state of the
environment worldwide in order to improve the provision to policy making bodies,
international programmes, and to the scientific community, of the harmonised
information required for the sound management of environmental resources.

To exercise its mission, HEM is undertaking a number of activities such as:

- the harmonization of ongoing and planned programmes with regard to the collation
of information gathered by scientific investigations in different environmental sectors.

- investigation and matching of different classification systems in selected fields.

- compilation of inventories and indexes to environmental measurement activities, and
related information systems.

The HEM Office has been established as part of the UNEP Global Environmental
Monitoring System (GEMS). GEMS is, in turn, a key element of the U.N. system-wide
Earthwatch process. Located in Munich, the HEM Office is relatively new and is just
beginning to develop and exercise its mandate. One of the requirements for effective
harmonization is a basic knowledge of who is doing what (and where) with respect to the
collection, analysis and assessment of environmental information. To this end, HEM is
currently developing a computer information system called HEMIS. The design and
development of HEMIS has been assisted by an international Expert Group, and by
consultation with potential primary users and other interested parties around the world. The
identified user audience includes the general and specialised UN agencies, international
environmental agencies, development banks, bilateral aid agencies, national governments,
and national and international NGO's.

As a result of these consultations, a general design concept and scope for HEMIS has
been established as follows:

HEMIS is to be a high-level information system, that is it will contain generalised
information for planning and programme management, and for identifying the
sources of more detailed data. It will not contain detailed primary data, but rather,
information about data and thus, in that sense, HEMIS will be a "Metadatabase".

The initial scope will emphasize international relevance of the entries, and thus
exclude site specific data. HEM's recently printed "Survey of Environmental
Monitoring and Information Management Programmes" provides an indication of
the intended geographic and organizational scope.

Recognizing the need for simple and low cost access to HEMIS, designers are
recommending implementation on mid-range PC-DOS computers using, as much
as possible, widely available user friendly software. A prototype system, which
uses thesaurus based document retrieval, has been developed and is being tested.
It is felt that a multi-lingual thesaurus will be critical to effective user retrieval,
as well as being a harmonization tool in its own right.



While these basic concepts are agreed, a number of technical and functional options
exist, Further input was therefore sought from the user community, the results of which are
presented in this report. Full information on the background to HEM can be found in Keune
et al (1991) and in papers associated with the Expert Meetings, such <a Crain (1990).

1.2 Status

In response to the directions identified in earlier Expert Meetings, HEM elaborated a
design concept for HEMIS (Kampffmeyer, 1991) and developed a pilot demonstration
system, or prototype. This prototype used as sample data the "Survey of Environmental
Monitoring and Information Management Programmes of International Organizations"
(HEM, 1991) previously compiled by HEM. In the prototype, this data was keyworded at
a simple level and entered as text files. Addition materal was entered in scanned format (i.e.
images of the pages in the original document). Software used was a modification of an
existing proprietary product, "Hyparchiv" provided by HEM consultant Dr Ulrich
Kampffmeyer. The design and prototype were presented to the Expert Group Meeting of
October, 1991. At this point, there was general acceptance of the overall design concept as
outlined in 1.1, but some concern that user requirements should be better documented
before detailed systems development was undertaken. User requirements were identified in
general terms in some previous documents, such as the report of the first Expert Group
meeting (Crain and Keune, 1990), and in mission reports of HEM officials who consulted
with the agencies. The elaboration of user requirements in more detail is now appropriate
as HEMIS is at a critical decision point with respect to a number of different technical and
structural options.

1.3 Purpose of the Study

The purpose of this study was to define as much as possible, the functional
requirements of the potential main users of HEMIS. The resulting report is to be used as
a basis for a rapid decision on technical approaches to system development, planning of
schedule and costs, and to guide the system development and implementation process.

1.4 Nature of the Study

Conventionally, a "User Requirements" study follows a well-established process, often
employing quantitative and automated tools such as Entity-Relationship diagrams and
Computer Assisted Software Engineering or "CASE" tools. The conventional process
usually consists of:

1. Documentation of the current process.

2. Development of a "process model" for the new or revised process including
information on the nature and frequency of all transactions.

3. Definition of a detailed "data model", usually in the form of a formal entity-
relationship model which specifies relationship between data entities as well as all
attributes of these entities.

4. Verification of the data model and process model with users.



5. Compilation of detailed information on the data volumes and coding structure, often
maintained in a data dictionary.

The collection of formally structured requirements is usually sufficient for the detailed
design and development of the system, and in some cases for the development to be fully
automated, especially where the technical and operational environment is closely prescribed
(for example when adding some new query functions to an existing information system in
a relational database environment). For this conventional process to be successful all three
of the domains of data, functions and users must be narrow and well defined - for instance
the system serves the audit function of an insurance company; all users are in one
department, etc.

In the case of HEMIS, potential users are known only generally and speculatively. The
"data" for HEMIS is of a "meta" nature, and thus the definition of attributes and entity
relationships is itself data dependent. It is not at all easy to forecast what attributes will be
required to describe the entities, and it is anticipated that vocabulary and coding structures
for the attributes will evolve through time, supported by an open-ended thesaurus. In terms
of the retrieval functionality, while basic criteria can likely be defined based on user needs,
the ability to engage in ad-hoc exploration of the data, much of which may be in narrative
form, is clearly essential.

Many of the potential users of HEMIS are unaware that they may be users, and some
are unaware even of the existence of the HEM programme.

The result of all these factors is that the development of a formal data model or the use
of a strictly prescribed survey of users was not possible. Instead an adaptive semi-formal
approach was taken, as outlined in the following section. System development will be, by
necessity cyclical with periods of adjustment and enhancement following operational
experience which will refine the quantitative aspects of the user requirements.

2. SCOPE and APPROACH

2.1 Scope of the Study

The study was intended to determine the functional specifications for HEMIS from
a user perspective - that is - what does the system need to do? Beyond the scope was the
detailed system design - that is - how will the system accomplish these functions?

Emphasis is on the functional requirements for retrieval and information output to
users. In addition, attention was given to input functions, and to the possible cooperative
contribution of data and software which potential users might make, as many users may also
be "suppliers' of information to HEMIS.

The study focussed on making direct contact with a number of key international
agencies who were the most likely major users. The urgency of the study limited the amount
of information which could be obtained on the requirements of national and sub-national
agencies, individual researchers, small NGO's and private companies.



2.2 Methodology

The study methodology had three components - Documentary review; Structured
interviews and site visits; and a Survey questionnaire.

Documentary Review

A review was undertaken of the stated and implied user requirements as presented in
previous meetings and decisions. These documents included the original statement of the
Economic Summit of 1988, Background papers and reports of the Expert Group meetings
of July, 1990 and Oct., 1991, Mission Reports of Dr. H. Keune, Director of HEM, and
other HEM staff, notes from brain-storming meetings, and the HEM Programme Document.

Structured Interviews and Site Visits

A number of key individuals in institutions identified as primary users were interviewed
in-person at their work locations. While these interviews were structured with specific topic
areas for discussion, they were conducted in an adaptive way and allowed for the
involvement of staff members of the organization, demonstrations of software and work in
progress. Organizations consulted in this manner were:

UNEP, Harmonization of Environmental Measurement (HEM)
UNEP, Global Environmental Monitoring System (GEMS)
UNEP, Global Resource Information Database (GRID)
UNEP, Infoterra
World Conservation Monitoring Centre (WCMC)
GEMS Monitoring and Assessment Research Centre (MARC)
U. N. Educational, Scientific and Cultural Organization (UNESCO)
World Bank
International Council of Scientific Unions (ICSU)
ICSU Committee on Data for Science and Technology (CODATA)
International Oceanographic Commission (IOC)
Organization for Economic Co-operation and Development (OECD)
European Environment Agency Task Force (EEA-TF)
World Resources Institute (WRI)
World Data Centre A (WDC-A)
South Pacific Regional Environmental Programme (SPREP)
GSF-Research Centre for Environment and Health (GSF)

A complete list of key individuals interviewed and consulted is to be found in
Appendix I. In total 26 officials in 17 organizations were interviewed. Although the
approach varied with each situation, the principal areas of information sought were:

i. Functions of the organization with respect to environmental information use and
management

ii. Current sources of information about environmental information and associated
problems and successes

iii. State of knowledge of the HEM Programme and of plans for HEMIS

iv. Typical queries the organization might make of HEMIS



v. The functional ways by which they would like to receive and use HEMIS
information

vi. Areas in which the organization could potentially cooperate with HEM, in the
provision of information, software, inventories, thesauri or in cooperative development
and projects.

Survey Questionnaire

The intention of this component of the study was to obtain input from a broader base
than could be obtained from direct interview, and especially to include some national
agencies, NGO.s, bilateral aid agencies, etc. A brief questionnaire was dispatched to 107
organizations. These were mainly sent by facsimile and recipients were urged to provide a
rapid, even if incomplete, response. From the beginning it was forecast that this mode of
information gathering would be hit-and-miss and this has proved to be the case. At the time
of this writing only 23 responses had been received. In spite of background material
included with the questionnaire, some responses received were null - that is - an expression
of lack of sufficient knowledge of HEM to respond. Although not entirely unexpected, this
poor response probably reflects the ubiquity of such "surveys", and lack of resources of
agencies to respond to frequent requests.

Chapter 4 provides details of user requirements based both on the interviews and the
questionnaire responses. The questionnaire and a summary of the responses is given in
Appendix II. The requirements previously identified are outlined in Chapter 3, and are
largely based on the documentary review.

3. NEEDS PREVIOUSLY IDENTIFIED

A number of previous meetings and investigations have identified or implied user
requirements in various ways. These have been taken as a foundation for this study.

The HEM Office is the result of a series of progressive steps which began in 1985
when the Environmental Experts of the Technology Growth and Employment Working
Group of the Economic Summit met to consider how best to harmonize techniques and
practices of environmental measurement.The result was the "Final Report on Improvement
and Harmonization of Techniques and Practices of Environmental
Measurement." (GSF, 1987)

This led to recommendations of UNEP's 14th Governing Council towards taking
concrete action, including a meeting of experts in Munich in December 1987. This
eventually led to the formation of the HEM Office in the UNEP GEMS Programme, under
the Earthwatch umbrella. These formative steps presented some views on the requirements
of a HEM information system, such as:

"(to) bridge science and policy issues as well as the needs of developed and
developing countries".

" effectively utilize electronic information facilities and other information sources
to be easily in contact with other organizations dealing with worldwide
environmental issues."(GSF, 1987,pl 1).
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Key issues were identified in the same document, and these have implications for data
content requirements (paraphrased from GSF, 1987, pl5) :

- environmental indicators and early detection of global change

- atmospheric ozone depletion

- long range transport of air pollutants

- behaviour and effects of persistent chemicals

- behaviour of pollutants in soils and sediments

- supply of reference materials and archiving of environmental samples

- measurement of key parameters in global climate change

- pollutants in natural waters and effects on natural resources.

Reference was also made to "promoting scientific activities in areas which are not yet
under investigation" and the need to continue to expand and update the "Survey of
Environment-Related Monitoring Programmes of International Organizations".

More specific user requirements, both internally for HEM to achieve its goals, and for
external users have been defined as a result of the two Expert Meetings, two "Brain-
storming" meetings, and consultations of HEM staff. One such documentation of user
requirements of MARC is given in Appendix III.

The first Expert Meeting identified the user community as; (Crain and Keune, 1990,
p5)

1) The GEMS system, that is GEMS components, such as GEMS/Water,
GEMS/Atmosphere, and affiliated functions such as GRID, MARC and WCMC

2) The UN system, particularly those agencies active in environmental
measurements such as WMO, WHO, FAO, UNDP

3) International Scientific Organizations such as the ICSU family, IUCN, etc.

4) The general scientific community, including government agencies.

A preliminary list of retrieval keys for environmental databases was given as (Crain
and Keune, 1990, p.6):

Name of Database
Geographic Scope
Data Content Keywords
Date of Inception
Update Frequency
Measurement Techniques
Classification Standards
Accuracy/Quality Control
Level of Detail/ Geographic Referencing



Responsible Organization
Conditions of Access
Duration of Observation
Associated Personnel and Budget
Database Technology
Selected Significant Publications

The second expert Group Meeting refined the user community as follows :

1. The Earthwatch components including, GRID, INFOTERRA, IRPTC, and other
parts of GEMS like MARC and WCMC, and HEM itself.

2. The UN system: the rest of UNEP, WMO, WHO, FAO, UNDP, UNESCO, etc.
and other sponsors, such as USEPA, EEA, the Federal Government of Germany, etc.

3. International scientific organizations such as ICSU.

4. The international scientific and political communities, including especially
governments of developing countries.

Throughout this process the subject matter scope was continuously regarded as broad -
ie. encompassing health, population and socio-economic information and programmes. This

breadth of scope is necessitated by the formal mission of HEM as reflected in the HEM
Mission Statement and the Programme Document.

by:
The overall user requirements as outlined prior to this study are therefore characterized

1) The need for information exchange and communication.

2) A user community which is international or global in scope.

3) A subject matter scope which uses a broad interpretation of "environment".

4) HEMIS is to be a referral system or meta-database containing information about
the main category areas of
- environmental information and programmes
- environmental databases
- environmental measurement techniques, models, reference materials etc.

5) A good thesaurus is required to ensure effective integration of disparate
descriptions and to make retrieval effective.

4. REQUIREMENTS of PRIMARY USERS

In the first section of this Chapter, the internal requirements of HEM are organized
under five headings - Content, Input, Management, Retrieval and Output, and Compatibility
Requirements. Specific requirements are numbered sequentially for convenience of cross-
referencing in other parts of the document. Subsequent sections explore the requirements
of external users and are subdivided under the more appropriate headings relating to



Content, Retrieval, Access and Potential Cooperation. The final section summarizes
external user requirements in point form similar to the internal requirements.

4.1 Internal Requirements or HEM

The four stated objectives of HEM are:

- "to reach international agreement on harmonized measurement, analytical data
management, and assessment procedures for specific groups of variables, particularly
environmental sectors, starting with air quality."

- "to assist in the development of adequate national and international harmonized
analytical quality control and assurance procedures by providing information on and
access to standard reference materials."

- "to promote globally the integrated approach to environmental monitoring and
assessment allowing comparison of data from different areas through improved and
internationally accepted natural resource classifications."

- "to provide a global information system on programmes and activities dealing with
environmental data and their mode of operation, to be used by relevant national
authorities, international organizations and the scientific community for planning and
sound management of environmental resources."

ft
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These require HEM to pursue the following activities:

1) Coordination of Harmonization efforts within and outside the UN System, including
the provision of informed advice on methods and approaches.

2) Undertaking surveys and compiling indexes and reports on environmental data
collection programmes, measurement technology and methodology, classification
systems, models and reference materials currently in use.

3) Disseminating information in various formats and media on the above fields.

4) Conducting in-depth studies in selected areas of environmental information,
particularly seeking ways to integrate multi-sectoral information through harmonized
methods, classification systems and models.

These objectives and activities must be supported by HEMIS, and lead to the following
functional requirements:

Content Requirements

One summary of the content requirements for HEM internal purposes appears in the
HEM flyer :

" HEM will collate and disseminate information on environmental data, including
current environmental programs/projects, databases/information systems, models
and classification schemes "



The general scope of the content has been outlined in Chapter 3. and will not be
repeated here. It must be emphasized however that the active role of HEM to coordinate,
promote, assist and seek agreement on harmonization means that the information on who
is doing what in environmental measurement is key - that is, addresses of and information
on institutions and responsible contacts consistently cross-linked to the thematic activities,
classification systems, etc. is essential. As well, the information on models and classification
schemes, must include related reference materials.

HEM must be able to determine similarities and differences in approach in a highly
selective way. This reinforces requirements 4.1.4 and 4.1.10 below. It also implies the need
for the information to be consistently structured to ensure that the same basic information
is available in all cases and that the context is clear in free text so that false connections are
not made.

Input Requirements:

4.1.1
- to capture and input quantitative, qualitative and descriptive data on a range of
institutions, individuals, programme activities, etc. Typical input data would consist
of keywords, some numeric data (such as dates, programme costs) and free form
descriptive text. Typical entries would consist of approximately 30 keywords and coded
fields with up to 1000 words of text.

4.1.2
- to capture, convert, extract from and modify digital data files from other digital
sources and enter these into HEMIS. These digital sources of data are likely equal in
prominence to the manuscript sources of 4.1.1.

4.1.3
- to capture and enter images, such as diagrams of instruments and classification
systems and maps. This is seen as non-urgent but it is important to ensure that the
design enables this future hypermedia feature.

Data Management Requirements:

4.1.4
- to verify and edit input information through the comparison with allowable values and
controlled vocabulary, such as, a thesaurus. This facility is required as a "real-time"
on-screen feature.

4.1.5
- to access and search on-line external databases of relevance to HEM - including
bibliographic reference systems, databanks of standards, regulations, materials etc, and
national and regional sectoral data bases.

4.1.6
- to update and maintain cross-linked address lists of organizations and individuals,
including the ability to create selective mailing lists and labels for the dissemination of
HEM information and surveys, and for quickly communicating with key contact
individuals. The abilities should include provision for telephone, facsimile and
electronic mail addresses.



4.1.7
- to easily communicate and transfer data to selected individuals and organizations in
a variety of formats.

4.1.8
- to define, modify, and add to data structures in HEMIS as requirements evolve.

4.1.9
- to control access and protect the integrity of the information.

Retrieval and Output Requirements:

4.1.10
- to sel ctively retrieve entire records or parts, based on any combination of keyword
or coded criteria, cross-qualified with text search criteria. An ease of performing such
searches is seen as important, including multilingual vocabulary assistance. These
retrievals must be available on-screen as well as in the form of a print-out or digital
file.

4.1.11
- to statistically analyze and cross-tabulate the database content to identify trends and
frequencies.

4.1.12
- "on-line" or on-screen capability to perform these retrievals as well as the ability to
conduct retrievals in batch mode.

4.1.13
- to produce the result of retrievals in digital formats suitable for desk-top publishing
of printed reports, surveys and summaries.

4.1.14
- to easily output digital disks of major portions of HEMIS data holdings in simple
generic formats suitable for high volume distribution to users world-wide.

Compatibility Requirements:

4.1.15
- HEMIS should be compatible as far as possible with major partners such as MARC,
WCMC, GRID, the EEA-TF and WRI. This adds strength to requirements 4.1.2,
4.1.5 and 4.1.7. Some pre-existing software used in these agencies which needs to be
taken into account includes Arc/INFO, R-Base, d-Base, Folio Views, ISIS, INGRES
and ORACLE.

4.1.16
- HEMIS should be compatible as far as possible with existing directory formats, such
as the "Standard Directory Interchange " (SDI) format of the NASA Master Directory,
the ESA "Prototype International Directory" and the format of the directories of the
EEA-TF.
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7 4.2 Needs of Earthwatch Elements

The relevant Earthwatch elements are GEMS-PAC, GRID-PAC, Infoterra-PAC,
WCMC and MARC. Of these GEMS, WCMC and MARC are the most likely to be major
users (as well as cooperating data suppliers), whereas Infoterra and GRID would have less
need for retrievals from HEMIS.

GEMS\PAC

GEMS have particular need for information on classification systems and related
reference materials. These areas are seen as valuable to the enhancement of national and
international capabilities to establish monitoring networks in a variety of fields.

Content Requirements:

Primarily the need is for information on classification systems, reference materials and
databases. The scope should include national programmes and databases.

Availability of current address of key contacts is important.

Retrieval Requirements:

The need is to know about existing standards and the basis for reported measurement
results. Information on databases would be useful, particularly to obtain information on
sectoral databases to determine which are useful time-series, and what the quality might be.

Retrievals of such information would not be frequent, e.g. less than once per month,
at the planning stages of projects. Both keyword and text searching is required. Consistent
keyword vocabulary and text structuring are important.

Typical queries:

- The Chinese are reporting data on < some theme > , what measurement methods and
standards do they use?

- Who has sectoral data base on <some theme > , which is a time-series covering at
least < X > years?

- What classification system is most frequently used for rangelands?

Access Method:

On-line access was seen as not required and not feasible from Nairobi.
Distribution of the data on magnetic disk was preferred.
Associated retrieval software would be useful but not necessary.

Areas of Potential Cooperation:

- Provision of information on GEMS databases, instrumentation, methods and
networks.

- Cooperation in vegetation and landuse classification.

11



MARC and WCMC

These agencies see the principal value of HEMIS in supporting their requirements for
locating sources of high quality data for assessment and analysis, for instance to support the
publication of the Environmental Data Report (MARC) or in monitoring protected areas
(WCMC).

Content Requirements:

Broad coverage of all identified HEMIS priority areas is important. MARC provided
some specifics as to required data content, with an emphasis on thematic area and quality
as retrieval criteria, and contact information as important to obtain. Also noted was the need
for national information. ( A comprehensive statement of needs was provided by MARC
earlier, and is included as Appendix III).

WCMC were less specific in their requirements but indicated strongly that the current
"Survey of Environmental Monitoring and Information Management Programmes of
International Organizations" was too general and vague to be useful.

Retrieval Requirements:

MARC staff have clearly identified some of their retrieval requirements as follows:

" to ask specific queries, for example what methodologies and procedures are
suitable/ recommended for the measurement of PCBs in marine mammals, that
is essentially use as a query-response service; we would contact you and request
that you search the system and return the answer;"

" to browse the system and review information on broader subject categories, e.g.
to review ongoing environmental monitoring programmes relevant to climate
change, or which organizations are engaged in research on climate change."

WCMC places additional emphasis on locating maps and other spatially referenced
material.

Typical queries:

- What on-going environmental programs are relevant to climate change?

- Who holds a digitized map of the world using the < name> vegetation classification
system?

- Who holds data on marine mammals?

- Who has "good" population data for the <geog. name> region?

Access Method:

Both institutions have strong data management capabilities and would prefer access via
a data disk in a format suitable for use through standard tools such as R-Base, and Folio-
Views. As well, printed compendia and reports were seen as useful. Image format
presentation was of little use, except with regard to mapped data.

Associated retrieval software is not necessary.
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Areas of Potential Cooperation:

MARC is currently developing a database (using R-Base) of information sources,
especially in water, air quality, climate, natural disasters, and health. Both the design and
eventual content will be available to HEM.

WCMC hold inventories of information on protected areas and related ecological
information. They have considerable experience in cataloguing and managing spatial
information (using Arc/View) in thematic areas such as vegetation, habitat, climate, and are
willing to share this experience with HEM. Currently under development is a "geographical
hierarchy" of potential use to HEM to control vocabulary and aid retrieval by geographic
keywords. The Centre also is willing to be a distribution centre for HEM data disks.

GRID and Infoterra

Although these two organizations are entirely seperate, and have very different
functions, they have similar requirements for HEMIS. Both forecast less direct use of
HEMIS, and more of a role in supplying information. GRID would have occasional use in
support of the quest for useful global and regional databases.

Content Requirements:

The principal need is for meta-information on databases, secondarily for programmes.
The ability to locate up-to-date contact names and information on data resolution, scale and
quality is vital. Little value is seen for image data except, possibly, for some maps.

Retrieval Requirements:

Retrieval would be aimed at identifying the contact individuals for sources of data to
fill gaps in existing holdings, or in preparation for a regional project. Search criteria would
most commonly be region and environmental theme. These requests would be infrequent.
The main need is for meta-information on databases rather than methods, models, etc.

Typical queries:

- What is being done in <geog. region > with regard to <some theme>?

- What digital data sets or maps exist to support the above work?

- What data exists at < scale > or better for < some country > ?

Access Method:

Preference is for access through a distributed disk without retrieval software.
Distribution of the thesaurus with the disk would be useful.

Areas of Potential Cooperation:

GRID are currently developing an inventory of digital spatial data holdings (imagery
and GIS data) of national, sub-national and regional agencies. This meta-data would cover
some of the database needs of HEMIS, but in more detail than required (at the sub-national
and data file level). This would be a very useful contribution to HEMIS and GRID have
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indicated willingness to cooperate to ensure compatibility of information content, and
keywording to the same thesaurus.

GRID have also developed prototype software based on d-Base for handling such meta-
data and have agreed to make this available to HEM and to invite HEM to participate in
development plans.

GRID-Arendal have developed an overview data model for a broadly based
environmental meta-information system with a development orientation. They are willing
to cooperate on software development and could see HEM1S filling some of their data
"blocks", such as for reference materials, models, and methods, and would be interested in
combining efforts on the identification and description of programmes and institutions.

Infoterra have considerable expertise in thesaurus building, although this is largely done
through ad-hoc expert groups. They expressed willingness to cooperate in extensions to the
current high level Infoterra Thesaurus, if some resources could be found. This agency also
distribute a printed index of "Environmental Information Sources" which is available to
HEM. This is largely a list of consultants and individuals in government and NGO's. Its
quality is variable, depending on the diligence of the contributing country or agency.

4.3 Needs of Other U.N. Agencies

The other non-Earthwatch agencies who are expected to be users of HEMIS include
UNESCO, IOC, FAO, WMO, WHO, UNEP-OCA/PAC, and UNSO. Some of these have
very advanced information systems and good knowledge of their own data sources and
needs. As a result these agencies will mainly be suppliers to HEMIS rather than users.
OCA\PAC and FAO provided surprisingly negative responses (to the questionnaire),
indicating no likely use of HEMIS. It is presumed that this reflects inadequate knowledge
of the intent of HEMIS and the use it would have in identifying data sources, and effective
measurement techniques for many of their programmes and projects.

The requirements detailed below largely derive from interviews with UNESCO and
IOC, but are believed to be representative of the needs of the similar specialized agencies.

UNESCO see HEMIS as a tool for supporting work in bio-diversity, monitoring of
Biosphere Reserves, characterising sites for long term biological research and related
scientific studies of terrestrial ecosystems.

IOC would seek HEMIS support in locating data sources and models on terrestrial
variables which normally do not reside in their own data bases.

Content Requirements:

The two primary categories of interest are databases and models (with classification
systems and reference materials ). These more specialized agencies tend to have good
inventories and knowledge of data and models within the speciality, but seek information
on related data sources and on models for integration.

Retrieval Requirements:

Principal retrievals would seek to identify sources for data on parameters needed for
major long term studies for large regions. The criteria of geographic region and theme
would dominate.
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The specialized U.N. agencies are typically very large and have many separate
specialized departments. Retrieval needs will arise from many individuals, thus with high
frequency, e.g. several times per day in an organization the size of UNESCO. A good
multilingual thesaurus is desirable.

Typical queries:

- Who is collecting information in Biosphere Reserves? (ie. a broad sub-inventory
retrieval of programmes and databases)

- What is a source of information on <some theme > in <geog region > ?

- For a < particular ocean region > how can we obtain information on <e.g. fresh
water input, sewage input, industrial chemicals, etc. > ?

- What models are used, by whom, suitable for analysts of <some process> (e.g.
oceanic ecosystems, dispersal of chemicals, algae growth, corrosion of metal) ?

Access Method:

Printed surveys and indexes are needed as well as digital disks, kept up-to-date. Many
would want to incorporate HEMIS data into existing systems, but smaller offices would
prefer to have some bundled retrieval software. There is no desire for on-line access or for
image data.

Areas of Potential Cooperation:

All of the specialized U.N. agencies hold considerable relevant environmental and
related data and other meta-data for their fields, in some cases (such as WMO) in highly
automated forms. Both UNESCO and IOC have indicated willingness to provide existing
inventories and to cooperate with HEM in obtaining suitable input to HEMIS. IOC, for
instance, coordinate many global and regional oceanic databases (held by contributing
countries) of importance to HEMIS.

Those with highly automated data systems such as WMO and WHO, can presumably
pass summary information directly to HEMIS in digital form.

OCA/PAC have identified an information system, "MARIS", developed by a Dutch
consulting firm for the Persian Gulf, as a potential tool for HEMIS. This system is a fairly
specialized marine resource GIS. Certainly its contents, methods, models and standards will
be important entries.

IOC drew attention to a very recent meeting of experts at the "Houston Ocean/Climate
Data Workshop", the proceedings of which may provide valuable summary input to HEMIS
on databases, models and classification systems for oceanic data.

4.4 Requirements of International Organizations

Within this category are the development banks, international scientific unions,
international NGO's, and policy think-tanks etc. Specifically consulted in this category were
the World Bank, World Resources Institute, CODATA, OECD, European Environment
Agency Task Force, and the World Data Centre 'A'. Reached by the questionnaire were
IGBP, EUREKA Project, ISO, IAEA, Eurotrac.
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Many of these organizations hold data and meta-data in selected thematic sectors or for
particular regions (e.g. OECD, EEA-TF). Principal uses for HEMIS would be for
augmenting existing inventories, locating applicable methods and models for major projects,
and in support of early phases of planning.

Content Requirements:

The general order of interest in the major HEMIS data categories is: ;

- Standards and reference materials
- Data bases
- Programmes and Institutions.

The development banks would like HEMIS to hold national level as well as
international programme information.

Ensuring that the information was up-to-date, especially for institutions, programmes
and individuals is very important.

Several suggested that a gowi cross-reference index to institutions and their sub- ,
components, and all acronyms would be valuable, in addition to a thesaurus. Availability
of a thesaurus in other than English was not considered important.

The inclusion of scanned image data was seen to be of questionable value and was
opposed as well on technical grounds - data volumes and transmission times would be too
high.

Retrieval Requirements:

With some exceptions, such as CODATA, these agencies are more specialized in the
sense of thematic scope, region or functions than the U.N. agencies. As a result, one major
class of retrieval requirement is based on highly specified criteria. The important criteria
are:

- geographic region or location
- specific environmental theme
- environmental medium (e.g. water, air, soil)

- programme activity (e.g. monitoring, data collection, planning).

These criteria would often be cross-qualified.

Typical queries:

- What national programme has good data and measurement methods for <some
theme> which would be applicable in <some region> for <some activity > .

- What environmental statistics are available for <some country > on <some
theme > ?

- Who holds data comparable to OECD for <some region > ?

- What measurement methods are appropriate for < some specific parameter > in
Europe, and who has reference materials to calibrate equipment?
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Another class of query is in support of general planning and assessment activities, and
for the compilation of integrated global reviews, such as done by WRI. Here the desired
retrieval is a major sub-set of full records based on general selection criteria - usually one
of:

- environmental theme
- environmental activity
- geographic region

Typical queries:

- What models are used for tropical forest assessment?
- Locate all the databases on < theme> related to < large geog. region > and provide
a disk of the output of the full entries.

- What institutions conduct programmes monitoring water quality?

Access Requirements:

Access preference is strongly for HEM to provide a regularly updated disk. Agencies
with sophisticated processing capability such as WRI need no retrieval software. There is
strong opposition to having the data closely coupled to one retrieval method or package.
Some see value in an added retrieval software facility.

Some concern was expressed that the use of CD-ROM as a distribution medium added
unnecessary cost and reduced flexibility.

Areas of Potential Cooperation:

WRI are planning to compile, jointly with World Bank, a "Guide to Key
Environmental Statistics", and are willing to make this available to HEM for keywording
and input into HEMIS. This would likely cover about 1/3 of the "databases" portion of
HEM1S.

The EEA-TF have developed an interesting operational prototype of a meta-information
and communication system surrounding the CORINE project database. HEM are invited to
participate in this assessment and could potentially adapt to HEMIS needs. Potential
cooperation is seen as well in thesaurus development and quality assurance procedures.

CODATA have provided their own CODATA Reference Database to HEM and would
cooperate on directory development and harmonization activities in areas of common
interest. CODATA has significant data on measurement, regulations and standards in a
broad range of scientific fields.

OECD are developing a database to support the OECD Compendium of environmental
statistics - this will be made available to HEM. OECD also have a more specialized
database on chemicals which may be of use for abstraction to HEMIS.

4.5 Needs of National and Bilateral Organizations.

The requirements of these organizations were not thoroughly investigated in this study,
for reasons of time. Discussion was held with several officials of Germany's GSF,
questionnaire responses were obtained from the Canadian Department of the Environment
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and from several university researchers, and informal discussions were held with an
Australian official familiar with bi-lateral programmes. This has provided thin but
representative information.

Content Requirements:

National and bilateral agencies have more interest in models and reference materials,
and in comparable national databases, than in international institutions, programmes and
databases. Required data content includes information on information systems, their target
audience, technology, size, etc., and on data quality and collection methodology.

Retrieval Requirements:

The primary concern is to obtain information on counterparts in other countries with
similar programs, and on regional databases and programmes. Common criteria for retrieval

- geographic area (often country)
- environmental theme or medium.

Typical queries:

- what models are other similar laboratories using for (e.g. dispersal of agricultural
chemicals in soil) ?

- what datasets by ecosystem or environmental medium are available for < country > ?
For these indicate the coverage (geographic), scale, period of record, purpose,
subjects, language.

- specify the reporting units used in the above

- identify data sets that are available for access in a PC environment using < specific
software package >

- for a given database, how can it be accessed ?

- what databases are updated by regular monitoring programmes - what parameters,
frequency, etc. ?

Access Requirements:

Several national organizations, especially in Europe, indicated interest in on-line
access. All would like distribution by disk of some form in a generic or word-processing
format.

Areas of Potential Cooperation:

Most national and bilateral organizations could likely be suppliers of information to
HEMIS on national and regional level databases, and on models and classification systems
which they have found useful in development projects. Of particular value would be
inventories of USAID (USA), SIDA (Sweden), NORAD (Norway), CIDA (Canada), ODA
(UK), and JICA (Japan).
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4.6 Summarized Functional Requirements External to HEM

This section summarises the functional requirements of agencies external to HEM
derived from the findings of Sections 4.2 to 4.5. This summary is given in point form
similar to Section 4.1.

Content Requirements:

4.6.1
- The scope of the data should extend to the significant national databases, models,
programmes, etc

Content requirements are very broad with respect to environmental theme, including
the need to refer to industrial and socio-economic data. Some indication of the scope of the
data content is given in Appendix II as summarized from the questionnaire responses.
Requirements were equally strong for the three major categories of HEM1S:

1) Environmental databases and information systems

2) Organizations and institutions (and' their programmes) involved in
environmental measurement, data collection, monitoring and assessment

3) Equipment, methods, classification systems, and models used for environmental
measurement, analysis and assessment, and related standard reference materials.

4.6.2
- Information about the quality, resolution, purpose, methodology, etc. for programmes
and data is required, in order to assess the value of the information and reduce wasteful
referrals and data transfers.

Data Input Requirements:

4.6.3
- to extract from and incorporate meta-information from existing large data bases,
especially those held by UN agencies such as WMO and UNEP.

Data Management Requirements:

4.6.4
- to be able to adapt to and be compatible with vocabulary and thesaurus structures in
use in International Agencies

4.6.5
- to keep all data at a high level of accuracy and currency, especially for individual and
institutional contacts.

Retrieval and Output Requirements:

4.6.6
- on-line retrieval capability for quick queries, especially within Europe

4.6.7
- printed output reports in response to telephone or fax queries
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4.6.8
- digital disk output in a variety of "generic" formats suitable for use with standard
word-processing and/or data management software.

4.6.9
- availability of the thesaurus in digital form along with the information disk.

4.6.10
- ability to retrieve on complex cross-qualified criteria in a number of languages, thus
a requirement for extensive keywording and vocabulary control.

4.6.11
- output (digital) of major subsets based on general selection criteria

5. SUGGESTED FUNCTIONAL SPECIFICATION for HEMIS

5.1 Scope and Data Content

The scope of HEMIS should be governed by the boundaries of the general mandate of
HEM - that is, with an emphasis on global and international harmonization. The identified
requirements of users for national and sub-national level should not be ignored, but for a
manageable first cut the national entities which are included should be of major international
significance (for instance because of their exemplary models, methods or quality assurance
procedures). Such examples should be sought as much as possible in developing countries
where reported information is sparse. Apart from this selected national level information,
HEMIS should concentrate on referrals to major international programmes.

No clear priority for major content categories emerges from this study, except to note
that institutional and individual contacts were identified as a high priority by many, and
would form the basis of an effective referral system. HEM should make a clear
categorization of the planned data content, and set priorities according to HEM internal
needs and opportunity. Particular early attention should be paid to fields where considerable
systemization and logical partners already exist, for example:

Oceanography (IOC)
Atmosphere and climate (WMO)
Protected areas (WCMC, UNESCO)
Water and air quality (WHO, GEMS)
Chemicals (OECD, IOC, IRPTC, etc.)
European Environment (EEA-TF)

The requirement is for HEMIS to hold six primary data entities:

Institutions
Programmes
Methods (and Models)
Classification Systems
Databases

j Individuals
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A high level data model for these primary entities is shown in Fig. 1. Relationships are
identified as "1" to "1" or "1" to many ("M") in the general sense.These primary or top-
level entities encompass subordinate entities, for example sub-programmes or projects
owned by programmes, and reference materials owned by methods and models. Such
additional entities would be added in the next phase of analysis and development.

The diagram does not indicate attributes at this level. Based on the summary of user
requirements a suggested list of minimum coded or keyworded attributes for the principal
entities is given in the following. Some of these attributes are complex and will require
further breakdown. Again, this will be clearly indicated in the detailed design phase.
Attributes which require a detailed thesaurus or vocabulary control are indicated by "*".

ENTITY: Institution

Name
Abbreviation
Unique identifier
Address
*Location
•Environmental Theme
•Environmental Activity
•Geographic Scope
Dates
Contact Individual

ENTITY: Programme

Name
Abbreviation
Unique Identifier
Address
"Location
•Environmental Theme
•Environmental Activity
•Geographic Scope
Dates
Programme cost/size
Contact individual
Associated Institution

ENTITY: Database

Name
Abbreviation
Unique identifier
Address
•Environmental Theme
•Environmental Activity
•Frequency of time-series
•Geographic Scope
Dates
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Contact Individual
Associated Programme
•Quality Assurance Code
Size
Availability
*Format/Software
*Georeferencing
*Resolution/ Level of detail
*Hardware Technology

ENTITY: Individual

Name
Address
Unique Identifier
Associated Entities
*Role/ Relationship
*Environmental Theme
*Environmental Activity

ENTITY: Method/ Model

Name
Abbreviation
Unique identifier
Address
*Environmental Theme
*Environmental Activity
*Quality Assurance Code
*Geographic Scope
Dates
Contact Individual
Associated Programmes
Availability
*Format/Software
*Georeferencing
*Resolution/ Level of detail
*Hardware Technology
Associated Classification System
Associated Reference Materials

ENTITY: Classification System

Name
Abbreviation
Unique identifier
*Classification system type
*Environmental Theme
*Geographic Scope
Dates
Contact Individual
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Associated Programmes
*Resolution/ Levei of detail
Associated Reference Materials

NOTES:
The term "Environmental Theme" refers to the environmental content of the entity

including (possibly) the medium, process, sector etc, for instance as sub-divided in the
Infoterra Thesaurus.

The term "Environmental Activity" refers to the functions or purpose of the entity, for
instance, monitoring, research, data collection, resource management, long term planning,
etc.

The term "Dates" refers to the relevant critical dates or times associated with the
entity, for example, inception date, date of last update of database, end of time-series etc.

5.2 System Functions

Cross references to the Functional Requirements are given in parentheses.

Data Capture and Input:

5.2.1
- Interactive on-line data capture facility for key entry of coded/keyworded attributes,
quantitative data and text. Certain attribute fields must be assisted by thesaurus look-
up.
(4.1.1, 4.1.10)

5.2.2
- Ability to read and input data from foreign databases in a variety of media and
formats, including magnetic tape, diskettes and CD-ROM. Export formats of major
commercial databases should be readable.
(4.1.2, 4.1.5,4.1.6,4.6.1,4.6.3)

5.2.3
- Wide ranging ability to extract from and modify formats of data organized as simple
tables, text and more complex database formats.
(4.1.2,4.1.2,4.1.6,4.6.10)

Data Management:

5.2.4
- Edit and verify capability (both interactive and batch), including validation against
lists of allowable values, thesauri, and checks for "reasonableness" (e.g. for dates).
(4.1.4,4.1.10,4.6.5)

5.2.5
- Ability to define, modify and maintain complex database structures, including both
relational and hierarchical structures, linked to long text strings.
(4.1.4, 4.1.6, 4.1.8, 4.1.10, 4.6.10)
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5.2.6
- Security and access control to all files, allowing variable access and data
administration privileges.
(4.1.6,4.1.9,4.6.6)

5.2.7
- Ability to back-up and restore databases, and maintain multiple generations of back-
up.
(4.1.9)

5.2.8
- Telecommunication facilities which provide access to on-line databases for query and
bulk data transfer.
(4.1.5,4.1.7,4.6.6,4.6.7,4.6.8)

5.2.9
- Electronic mail and messaging.
(4.1.7.4.6.7)

5.2.10
- Transaction logging, and related statistical reporting of usage and user profiles.
(4.1.8, 4.1.9,4.1.11)

5.2.11
- Selective mailing list management, including ability to merge and cross-link mailing
lists derived from other sources with existing address and contact files.
(4.1.6,4.1.10,4.6.5,4.6.9)

5.2.12
- Thesaurus generation and maintenance capability, including statistical analysis of
terminology usage, multi-lingual linkages, synonym and abbreviation recognition and
substitution.
(4.1.4, 4.1.10, 4.1.11, 4.1.12, 4.6.4, 4.6.10)

5.2.13
- Ability to manage text files, including being able to convert to and from word
processing formats.
(4.1.1, 4.1.10,4.1.13,4.6.11)

5.2.14
- Ability to search and verify text against vocabulary control, structure, spelling, word
order, etc.
(4.1.1, 4.1.2,4.1.10,4.1.13)

5.2.15
- "Good" data management functions in general, such as disk utilization monitoring and
restructuring, system utilisation and tuning etc.
(4.1.5,4.1.6, 4.1.8,4.1.9,4.1.11)

Retrieval and Output:

5.2.16
- On-line query supporting full Boolean logic on all keywords. (Local access only is
required, dial-up facilities for external users is desirable) The principal retrieval criteria
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required are:
(4.1.10, 4.6.1, 4.6.2, 4.6.6)

Entity - selection by the name or abbreviation of a specific institution,
programme, individual, method or classification system.

Geography - selection by named geographic region or country.

Time - selection by reference to inception dates, time-series starfstop, frequency
of measurement and update, etc.

Environmental Theme - including sector, medium, process, etc.

Environmental Activity - functions or purpose of the entity.

Quality - Including resolution, scale, reporting unit of the data, or
presence/absence of QA.

5.2.17
- On-line retrieval based on full text search criteria with wild card facility. It must be
possible to cross qualify text criteria with keyword criteria.
(4.1.10,4.6.6,4.6.10)

5.2.18
- Report generation and formatting for both digital and printed output as a result of the
query.
(4.1.13,4.1.14,4.6.7)

5.2.19
- AH queries should be available in batch mode as well as interactive.
(4.1.10,4.1.12,4.6.7)

5.2.20
- Output generation in a form suitable for entry into desk top publishing software in
order to make camera-ready output for printing.
(4.1.13)

5.2.21
- Queries should be supported by thesaurus and look-up tables for selected attributes.
These should help to point to related and synonymous terms, and be available for at
least the following attributes:
(4.1.10,4.6.10)

- Environmental Theme
- Environmental Activity
- Geographic Region
- Database type
- Classification system type

5.2.22
- Selective retrieval of groups of entire records in a generic format suitable for mass
reproduction on diskette, possibly CD-ROM, for distribution to users.
(4.1.13,4.6.10,4.6.11)
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5.2.23
- Selective output of address lists and mailing lists.
(4.1.6,4.6.11)

5.2.24
- Ability to generate cross-tabulations and statistical summaries of database contents,
with presentation in graphic form, e.g. pie charts, histograms.
(4.1.11)

5.2.25
- Ability to automatically produce change transactions for the provision of updates to
distributed disks (ie. selection of only those records which have changed or been added
since a specified distribution output).
(4.1.7, 4.1.14,4.6.11)

5.2.2C
- Provision for distribution of simple retrieval software suitable for use with the
products of 5.2.22 on PC/DOS computer systems
(4.1.7 ,4.1.10, 4.1.14, 4.6.8, 4.6.10)

Some functions for future consideration:

- input, indexing and management of scanned binary images - e.g. diagrams, maps.
(4.1.7)

- ability to display and distribute the above.
(4.1.2,4.1.14)

- on-line access to central retrieval facility form anywhere in the world by advanced
telecommunications.
(4.1.10,4.1.12, 4.6.6)

- automated conversion of scanned printed text to word processing formats.
(4.1.1,4.6.5)

5.3 Volumes and Frequencies

Data Volumes:

The volume of data in the ultimate HEMIS database can only be estimated in a
speculative way. Based on the stated requirements and the previous experience of the "
Survey of Institutions" (HEM, 1991), some very rough estimates for the principal entities
are as follows:

INSTITUTION
Instances 1000
Address 25 words
Keywords 20
Text 250
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PROGRAMME

Instances
Address
Keywords
Text

DATABASE
Instances
Address
Keywords
Text

INDIVIDUAL
Instances
Address
Keywords
Text

2000
25 words
20

1000

1000
25 words
40

1000

3000
50 words
15
0

METHOD/MODEL
Instances 500
Address 25 words
Keywords 40
Text 2000

CLASSIFICATION SYSTEM
Instances 250
Address 25 words
Keywords 20
Text 2000

In total this would indicate a volume for HEMIS data (non-redundant) of approximately
50 mega-bytes, of which about 90% would be in textual form. Redundancy will be required
to form the needed linkages and to speed retrieval, so that a more realistic estimate would
be in the range of 75 to 100 Megabytes. It can be seen therefore that HEMIS will not be
an extremely large or unmanageable database. The inclusion (in future) of scanned image
data, would increase data storage requirements by orders of magnitude.

Transactions:

Transaction volumes are even harder to estimate from the available information. Once
HEMIS is loaded, on-line queries for internal HEM requirements are likely to be several
times per day, but not a massive load. The majority of retrievals by users would be from
their own local copies of the information. Indications are that these retrievals would vary
from a few per year to a few per day. Retrieval transactions therefore will create no
significant computer resource burden.

The heaviest transaction load will come from database building in HEM - key entry,
extraction from files and on-line sources, and related editing. The rough estimates of the
previous section indicate that 8000 table entries are required. If these are input over a year,
a transaction rate of about 40 per day is implied for these entries alone. Exploration,
management and editing will considerably increase this load. The central facility will
therefore need a multiple terminal/server configuration.
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5.4 Technology Implications

Although the principal intent of this study is to focus of functional requirements, not
technical design, there are several clear implications which derive directly from the findings
which should be mentioned.

The identified requirements imply the need for three principal software components:

- database management system with text handling capability
- telecommunications and messaging system
- thesaurus management system

It is unlikely that a single software package will be found to meet all these needs. It
will probably be necessary to integrate or "front-end" several packages to provide a
seamless image for HEMIS.

The forecast transaction load on the central facility, while not massive, suggests
"Workstation" technology and SQL compatible data bases, and more than minimum
telecommunications software/hardware.

Software to accompany the HEMIS distribution disk should be PC compatible for the
lowest level of machine, and need not be sophisticated. Whatever software is provided (or
recommended) should be uncoupled from the data, so that other analysis and retrieval tools
can be used easily if desired by users.
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APPENDIX I
LIST of INDIVIDUALS INTERVIEWED

Dr. Christian Averous
OECD
Paris, France

Prof. F. Beese
Institute for Soil Ecology
GSF Forschungszentrum
Munich, Germany

Dr. Christina Boelcke
Senior Programme Officer
UNEP/GEMS PAC
Nairobi, Kenya

Dr. Dan van Claasen
SPREP,
Australia

Dr. David Clark
World Data Centre A
Boulder, Colorado
USA

Prof. Oliver G. Cogles
Da Vinci Consulting
Belgium

Dr. Mark Collins
WCMC
Cambridge, UK

Dr. Harvey Croze
Director
UNEP/GRID PAC
Nairobi, Kenya

Dr. Phyllis Glaeser
Executive Secretary
CODATA Secretariat
Paris, France

Dr. M.D. Gwynne
Director
UNEP/GEMS PAC
Nairobi, Kenya

Dr. Malcolm Hadley
Ecology Division
UNESCO, Paris
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Dr. Ralph Hantschel
institute for Soil Ecology
GSF Forschungszentrum
Munich, Germany

Dr. Hartmut Keune
UNEP-HEM
Munich, Germany

Dr. W.-Y. Lee
Director
Infoterra
UNEP
Nairobi, Kenya

Jeff Maes
European Environment Agency Task Force
Brussels, Belgium

Dr. Michael Matthies
Project on the Potential Environmental Danger of Chemicals
(PUC)
GSF Forschungszentrum
Munich, Germany

Dr. John McComb
WCMC
Cambridge, UK

Dr. Michael Mill ward
Assistant Exec. Dir.
International Council of Scientific Unions (ICSU)
Paris, France

Dr. Glenn Morgan
Environment Specialist
Agriculture Div
Asia Technical Dept
The World Bank
Washington D.C., USA

Dr.A. Beatrice Murray
UNEP-HEM
Munich, Germany

Jonathan Parker
European Environment Agency Task Force
Brussels, Belgium

Dr. Peter Peterson
Director
Monitoring and Assessment Research Centre
Kings College London
London, UK
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Dr. Eric Rodenburg
World Resources Institute
Washington DC 20006, U.S.A.

Dr. David Stanners
European Environment Agency Task Force
Brussels, Belgium

Dr. Daniel Tunstall
World Resources Institute
Washington DC 20006, U.S.A.

Dr. Klaus Voight
Deputy Secretary
International Oceanographic Commission
Paris, France
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APPENDIX II
RESULTS of SURVEY QUESTIONNAIRE

1. Summary of Responses

TOTAL QUESTIONNAIRES DISTRIBUTED
TOTAL QUESTIONNAIRES RETURNED

107
37*

* This total reflects all responses received up to April 1, 1992. The summary which follows
is based on the 23 returns received before March 10,1992.

Question 1.
In what ways would the existence ofHEMIS assist your organization in achieving its

goals?

How HEMIS would help programme

No use
Improve Organizational awareness
Research
Inform the public
Planning
Monitoring and assessment
Development aid

TOTAL

Respondents

8
4
4
2
2
2
1

23

Question 2.a

Indicate a few typical questions you would ask ofHEMIS

See "Typical queries" in Chapter 4.

Question 2.b.
How often might you ask such questions?

Frequency

Never or no answer
Less than once per month
Approx. once per month
Approx. once per week
Once per day or greater

TOTAL

Respondents

10
5
5
2
1

23

Question 3.

When obtaining information from HEMIS, would you prefer

a) On-line direct query access?

b) To receive a print-out as a result of a telephone or written query?

c) Obtain a data disk in some standard format for analysis using your own in-house
software?
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d) Obtain a data disk along with specific retrieval and analysis software for HEMIS I
Preference Respondents

a) 7
b) 7
c) 5
d) 6
TOTAL (respondents could indicate 25

more than one)

Question 4.

When HEMIS responds to your query, would you prefer

a) A specific response to the query in the form of "hard" data elements?

b) A file of retrieved text in a word processing format?.

c) Retrieved text in an "image "format - that is, text or diagrams which are visible to
read, but cannot be processed?

d) Printed material?

e) Referral to printed material available elsewhere?.

Preference

a)
b)
c)
d)
e)
TOTAL (respondents could indicate

more than one)

ResDondents

8
6
3
8
4
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Question 5.
Do you feel that a multi-lingual thesaurus would assist you in making queries?

YES
NO
No Answer

TOTAL

7
6
10
23

Question 6.
Do you have any specific suggestions on data content and key fields or parameters you

would frequently search?

A wide range of responses were provided typified by those listed below:

Country, political system, population growth, drinking water availability, nitrogen
pollution of water, precipitation, precipitation loads of nitrogen, acids, heavy metals
and toxic volatile organic carbons, emissions of different pollutants, long-term
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monitoring organizations, on-going long-term monitoring projects or similar research
projects, addresses, responsible persons, measuring parameters, variables, data
frequency, methods used for monitoring, emission reduction times

A profile of existing information systems giving : owner, targets/clients, platform,
size, field or sector etc.

Pollutants in different areas of Europe, standard methods of analysis for pollutants, air
quality standards

Information about precision and accuracy of the data

What? soils, landuse types
Where? coordinates and region names

Physical soil properties, precipitation statistics,river run-off, DTM's, remote sensing
data collections, vegetation cover

current level of environmental contaminants
Trends in levels
Measures taken to reduce food contamination

Marine pollution in tropical areas, soil resource information for the tropic, and sub-
tropical areas including classification, landuse, freshwater data in tropical islands.

Chemicals, levels/effects monitoring data, test methodology, environmental
transport/behaviour of chemicals

Accurate contact address, keep them updated!
Technology and market coverage capabilities
Regulations, standards

Question 7.
Please suggest any significant sources of information which might be of benefit to

HEMIS, including those in your own organization, and any other ways in which you could
cmperate.

Many useful suggestions were made, but this is difficult to summarize. Reference should
b; made to the individual response forms.
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2. Copy of Blank Questionnaire

BACKGROUND

The Mission of the UNEP of I ice for the Harmonization of Environmental Measurement is :

To enhance the capability and quality of information on the state of the environment
worldwide in order to improve the provision to policy making bodies, international
programmes, and to the scientific community, the harmonised information required for the
sound management of environmental resources.

The HEM Office in Munich is relatively new and is just beginning to develop and exercise its
mandate. One of the requirements for effective harmonization is a basic knowledge of who is doing
what (and where) with respect to the collection, analysis and assessment of environmental
information. To this end, HEM is currently developing a computer information system called
HEMIS. The design and development of HEMIS has been assisted by an international Expert Group,
and by consultation with potential primary users and other interested parties around the world. The
identified user audience includes the general and specialised UN agencies, international environmental
agencies, development banks, bilateral aid agencies, national governments, and national and
international NGO's.

As a result of these consultations, a general design concept and scope for HEMIS has been
established as follows:

- HEMIS is to be a high-level information system, that is, it will contain generalised information
for planning and progiamm management, and for identifying the sources of more detailed data. It
will not contain detailed primary data, but rather, information about data and thus, in that sense,
HEMIS will be a "Meladatabase".

The scope of the data content is:

1) Environmental databases and information systems

2) Organizations and institutions (and their programmes) involved in environmental
measurement, data collection, monitoring and assessment

3) Equipment, methods, classification systems, and models used for environmental
measurement, analysis and assessment, and related standard reference materials.

For all of the above main categories, minimum information would include full identification of
the source organization, contact people, availability, method of access, quality assurance procedures,
relevant dates, in addition to subject matter keywords or data fields to provide user access, selective
retrieval, and analysis.

The initial scope will emphasize international relevance of the entries, and thus exclude site
specific data. HEM's recently printed "Survey of Environmental Monitoring and information
Management Programmes" provides an indication of the intended geographic and organizational
scope.

- Recognizing the need for simple and low cost access to HEMIS, designers are recommending
implementation on mid-range PC-DOS computers using, as much as possible, widely available user
friendly software.

A prototype system has been developed and is being tested, which uses a thesaurus based
document retrieval system. It is felt that a multi-lingual thesaurus will be critical to effective user
retrieval, as well as being a harmonization tool in its own right.

While these basic concepts are agreed, a number of technical and functional options exist. As
a result it is now imperative to seek further input from the user community. To achieve mis. Prof.
Ian Crain of the University of Calgary, Canada, is conducting a study to review and elaborate the
user requirements. As one part of this study he is circulating the attached information survey. You
have been identified as a potential user of HEMIS, and we would very much like your views on how
best HEMIS could serve your information needs.
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A INFORMATION SURVEY of USER REQUIREMENTS
for

H.E.M.I.S.
An Information System in support of the Harmonization of

Environmental Measurement

Please Note: We realise that survey questionnaires are bothersome, and often require time
for completion which is not comparable to the possible benefits. For this reason this survey
is in the rorm of a basic minimum of open questions. We seek your opinions and we need
them quickly. A rapid but partial response is far preferable to a more complete but later
response. We therefore ask you to respond immediately please, preferably by Fax or
electronic mail. Your views are important to us.

Fax: +49-89-3187 3325
E-Mail UNEPHEM@GSF.DE

Postal address:
UNEP-HEM Office
c/oGSF
Ingolstadter Landstralte 1
D-8042 Neuherberg near Munich
Germany

1)
In what ways would the existence of HEMIS assist your organization in achieving its

goals?

2)
a) Indicate a few typical questions you would ask of HEMIS

b) How often might you ask such questions?
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3) When obtaining information from HEMIS, would you prefer

a) On-line direct querj access?

b) To receive a print-out as a result of a telephone or written query?

c) Obtain a data disk in soir* standard format for analysis using your own in-house
software?

d) Obtain a data disk along with specific retrieval and analysis software for HEMIS

(Please explain your preference)

4) When HEMIS responds to your query, would you prefer

a) A specific response to the query in the form of "hard" data elements?

b) A file of retrieved text in a word processing format?.

c) Retrieved text in an "image" format - that is, text or diagrams which are visible to
read, but cannot be processed?

d) Printed material?

e) Referral to printed material available elsewhere?.

(Perhaps you would prefer some combination of these modes. Please explain)

5) Do you feel that a multi-lingual thesaurus would assist you in making queries?
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6) Do you have any specific suggestions on data content and key fields or parameters you
would frequently search?

7) Please suggest any significant sources of information which might be of benefit to
HEMIS, including those in your own organization, and any other ways in which you could
cooperate .

8) Any other comments you wish to make.

MANY THANKS - VIELEN DANK
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APPENDIX III
USER REQUIREMENTS of MARC

The following statement of requirements was provided by Anne Willcocks of MARC,
previous to the Study, following a meeting with Dr. H. Keune. Although labelled "Initial
Views", it is sufficiently comprehensive and useful to be reproduced here in total.

Initial Views of GEMS MARC

Objectives of an Environmental Information System

We were all 'agreed that the primary function of the Information System should be to
improve awareness of what work was being done where, and by whom, in the field of
environmental monitoring and research. Greater awareness would, ideally, lead to improved
access to, and exchange of, environmental information, and also to improve use of existing
resources by avoiding duplication of effort. The system should also serve as a tool for
achieving a higher goal, i.e., an improvement in the usefulness (i.e., relevance to policy
makers and other users) and comparability of environmental information, particularly
environmental monitoring data in part by standardizing and harmonizing environmental
measurements.

Components of an Environmental Information System

We concur with the suggested principal components for the information system (as set out
in the HEM Project Document and draft proposal for the HEM Metadatabase/Information
System by Dr. Ulrich Kampffmeyer) so that the system can answer questions on:

- what routine environmental monitoring and related data gathering activities are
conducted where, and by whom (i.e. environmental monitoring programmes);
what available data and information do they generate, and in what format (i.e.,
data bases and information sources); what methods and classification systems are
used (i.e., standard methodologies, AQC procedures and data quality (includes
standard reference materials) and standard classification systems);

- what environment related research is being conducted where, and by whom
(i.e., major environmental research projects);

- what organizations/institutions are engaged in environmental activities; what
monitoring programmes and research projects are they involved in.

As potential users we would envisage making use of the system in the following ways:

- to ask specific queries, for example what methodologies and procedures are
suitable/recommended for the measurement of PCBs in marine mammals, that is
essentially use as a query-response service; we would contact you and request mat
you search the system and return the answer;

- to browse and review information on broader subject categories, e.g. to review
ongoing environmental monitoring programmes relevant to climate change or
which organizations are engaged in research on climate change. For this type of
requirement, some form of hard copy directory would be useful. Despite our so-
called modern computer age, I sometimes still prefer to scan through a printed
report rather that browse through records on the screen
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- less tiring on the eyes and more transportable! In other cases it would be helpful to
have components of the Information System, e.g. an inventory of
Institutions/Organizations on diskette with appropriate software to facilitate searching
by keywords.

A few more detailed comments on possible requirements for specific components of the
information system are outlined below, together with some suggestions for additional topic
areas which could be incorporated in the system:

a) With regard to an inventory of institutions/organizations working in the field of the
environment, the following pieces of information are considered most valuable:

- name (and acronym);
- address, telephone and FAX numbers
- main area of work
- maj ir outputs (e.g., publications); and
- address/contact name for further information ( if different from above).

It would be useful to cover both international and national organizations, i.e.,
government departments, NGOs and universities. However, the task then becomes vast
and, to some extent, is already served by UNEP's INFOTERRA who publish a
directory of Environmental Expertise that is linked by geographical region (country)
and subject area.

b) In the case of environmental monitoring and related data gathering activities, again
both international and national coverage would be helpful. This type of information
could usefully be searched by geographic coverage and subject area, maybe even
pollutant and environmental media (air,soil,water).

c) On techniques and methodologies for environmental measurement, it would be useful
to extend the information base beyond what the standard methods are, where to buy
the instruments and what standard methods/classifications to use, to include such
information as:

the potential pitfalls and shortcomings of various methods, and

are there any conditions under which a particular method is not suitable, e.g.
extreme heat or cold.

Moreover, problems of data comparability between different methods and classification
schemes is an area that is receiving attention but has not yet received adequate
attention, particularly at the global level. More than the actual analytical techniques
there are also factors such as sample treatment and storage, sampling regimes and
positioning of sampling points that need to be considered. Perhaps the Information
System could include a bibliography of publications dealing with environmental
monitoring programme design.

Furthermore, techniques for data assessment could be given consideration and possibly
included. These include, cost-benefit analyses, EIA, risk assessment and, more
recently, "cradle-to-grave" environmental auditing systems.

Finally, two comments of a more practical nature. Firstly, in order to progress on
development of the Information System as much use as possible should be made of existing
sources/directories (obvious point!). Secondly, some priorities should be established - in our
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view it would be desirable to get some of the more basic elements of the Information system
or a "prototype" up and running so that a "visible" end-product can be tested on potential
users. Presumably the system can be designed so that greater levels of detail and more
"tiers" of information can be added at a later date.
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APPENDIX IV
Minutes from HEMIS User Meeting

April 2, 1992

The meeting started at 9.00 at the UNEP-HEM office at GSF, Neuherberg near Munich.

Present at the meeting were:

Dr. Z. D. Kalensky, FAO,
Mr. M.-H. Cornaert, European Environmental Agency Task Force (EEA-TF),
Dr. D.A. Hastings, World Data Center-A/NOAA,
Dr. K. Bronsvelt, International Institute for Aerospace Survey and Earth Science (ITC),
Dr. G. Helbig, German Federal Ministry for Research and Technology (BN.FT),
Dr. A. B. Murray, UNEP-HEM,
Prof. I. K. Crain, Orbis Institute,
Dr. H. Keune, UNEP-HEM,
Mr. H. Benking, Expert Consult,
Mr. A. Theisen, UNEP-HEM.

In a short introduction the Director of UNEP-HEM, Dr. Hartmut Keune, reminded
participants that they were representative of various groups of HEMIS users, that is,
specialized UN agencies, international organizations, national research and environmental
management institutions, and inter-governmental bodies. It was intentional to keep the
group small in order to allow open a»id frank round-table discussion. Nevertheless, it was
considered unfortunate that all of the other UNEP Ear*hwatch groups were unable to
participate because of prior commitments or budget restrict ons.

Professor Crain gave a summary presentation of the findings of his User Requirements
Report. The presentation emphasized the unusual nature of the requirements study as the
scope and domain of the information system were so wide. In total, 17 organizations were
consulted directly, and many others through a survey questionnaire. The requirements were
tabulated in the report and interpreted into a functional specification for HEMIS.

In the discussion which followed, the users commented on the findings and suggested some
changes and clarifications. In general there was agreement with the report and only some
minor amendments were suggested as additions. In particular:

• Bronsvelt suggested adding an entity in the Data Model to represent pollutant/sources

• -H. Cornaert suggested that it is important to be able to make geographic searches not
only on administrative areas, but also on natural or ecological zones. River basins
were cited as an example of an important search criterion for retrieval of
environmental information.

• A. Hastings suggested that a hotline for helping external users is important and that the
system should provide information for data owners on how they can distribute their
data.

General discussion identified the need for maps to be integrated in the searching process to
aid the user. There was discussion on which and how areas should be selectable by user
interaction and whether existing software could be used. NOAAs "GEOVIEW" was
mentioned as a possible public domain system which might be of use.
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The importance of and problems associated with the recording of "quality of data" were
underlined. NOAA, for example, employ a quality scale from 1-10 for datasels and do the
rating themselves.

The users agreed on the priorities of concentrating on institutions and programmes first. It
was agreed that in order for HEM to have a tangible result in a short period with respect to
databases, a region should be selected for concentration. One suggestion was made to
develop a pilot or "showcase" for the HEMIS by concentrating first on the limited area of
the "black triangle" in Eastern Europe.

The second half of the discussion concerned possible data exchange between HEMIS and
other information systems and meta-databases and how the users could contribute data to
HEMIS through some sort of informal network. Again the users were very positive. The
representatives from EEA-TF and WDC-A/NOAA indicated willingness to provide
extensive support both in delivering useful data and in developing the information system.
In particular:

M.-H. Comaert felt that the EEA-TF system CDS can become the "European
window" for HEM, gathering the same info (at least) on a European level as needed
by HEM at the global level, and providing it to the HEMIS. He saw three main
working areas for EEA-TF in which HEM will have an interest and could participate:

• further work on a environmental thesaurus (structuring the MDS);

• iproving the software for the user interfaces for the input system and the
external users;

• have HEM test the functions of the future European Environmental Network
through the prototype network ow being established.

D. A. Hastings had several suggestions for future cooperation:

• NOAA could provide to HEM subsets of their Master Directory in the Directory
Interchange Format (DDF),

• they could also provide any subset of the NASA Master Directory.

• in addition they hold some hardcopy directories of datasets which might be
of value to HEM,

• they could be a cooperating "HEMIS node",

• they could help HEM with CD-ROM prototyping when/if this becomes an
option,

• they could provide a summary of their knowledge and experience with useful
public domain software,

• they could be helpful in further developing their own software, GEOVIEW,
if HEM decides to use it.

The meeting reconvened at the ISY exhibition where the prototype information systems of
both HEM and EEA-TF were demonstrated to the users. Informal discussion over coffee
followed.



The discussion indicated that both prototype systems have certain important advantages and
disadvantages with respect to fulfilling the HEMIS user requirements. In particular:

• The main advantages of the HEMIS prototype/design proposal are the thesaurus
handling capabilities, including creation and maintenance (requirements 5.2.1, 5.2.12
and 5.2.21 in the report), the scanning input capability (the first two points in the
"Functions for future consideration" in the report) and the hyper-link capability.

• The main advantages of the EEA-TF CDS prototype are the free-text search capability
(requirement 5.2.17), the communication capability for on-line connection to the
central database and any other database hosts (5.2.8 and point 3 in the "Functions for
future consideration"), the map graphics to aid retrieval (as identified at the User
Meeting), and the e-mail capability (5.2.9).

In addition it would be desirable to have some means of performing statistical functions
(5.2.24) and support for a full relational data structure (5.2.5). These and several other
required functions are not fulfilled at present by either of the prototypes.

It was concluded that the User Requirements Report, augmented by the comments of the
User Meeting, constituted a solid basis for proceeding to designing HEMIS, with possible
implementation through combining the best features of both prototypes and other existing
software.
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