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Summary
Recently, recognition of the gap between information provided by available data and
that required for environmental management has brought focus to current monitoring
systems, databases, data validation and data use. Accordingly, major efforts have been
initiated at regional and international levels to improve the status of existing information
systems. The purpose of these efforts is to ensure that the data made available to users
are accurate and reliable.
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Data are transferred into information via a data management system that involves a
number of steps comprising data acquisition, processing and the eventual data analyses
for preparation of operational and design data. Each of these steps contributes to the
retrieval of the required information and has an impact on the quality of data collected
and processed. Thus, all of these steps must be efficient to maximize data utility and
reliability, meaning that quality controls (QC) should be realized at each step. In
particular, it is necessary that collected data are validated before they are disseminated
to users. The users themselves can apply a number of checks to test whether the data are
representative of the environment before they use them as a basis for their operational
and design decisions.
To comply with the requirements imposed on current information systems, this article
focuses on problems associated with data accuracy and reliability and discusses possible
means of validating available data. Shortcomings of current environmental data are
described within the framework of a data management system. Data validation is
considered within the scope of both the data processing activities and the user’s final
check for representativeness of data.

1. Introduction

Agenda 21 of UNCED (United Nations Conference on Environment and Development,
Rio de Janeiro, 1992) has officially stated the new outlook towards environmental
management, namely that the environment should be managed by an integrated
approach in respect of sustainability. It was further emphasized in Agenda 21 that
effective management relies essentially on reliable, accurate, and adequate information
on how the environment behaves under natural and man-made impacts. Chapter 40 of
Agenda 21 on Information for Decision-Making focuses particularly on informed
decision-making for environmental management and stresses the need to ensure that
decisions are based increasingly on sound information.
On the other hand, Agenda 21 and several other international documents and reports
have also recognized that current systems of information production, that is, data
management systems, do not fulfill the requirements of environmental management and
decision-making. In view of the rapidly growing environmental problems, it is often
found that our data management systems experience a declining trend at a time when
informational support is needed the most. There is a significant gap between
information needs on environment and information produced by current systems of data
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collection and management. The presence of this gap contradicts the nature of the
Information Age we live in.
Recognition of the gap between information provided by available data and that
required for environmental management has brought focus to current monitoring
systems, databases, data validation and data use. Accordingly, major efforts have been
initiated at regional and international levels to improve the status of existing information
systems. The purpose of these efforts is to ensure that the data made available to users
are accurate and reliable.
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Data are transferred into information via a data management system that involves a
number of steps comprising data acquisition, processing and the eventual data analyses
for preparation of operational and design data. Each of these steps contributes to the
retrieval of the required information and has an impact on the quality of data collected
and processed. Thus, all of these steps must be efficient to maximize data utility and
reliability, meaning that quality controls (QC) should be realized at each step. In
particular, it is necessary that collected data are validated before they are disseminated
to users. The users themselves can apply a number of checks to test whether the data are
representative of the environment before they use them as a basis for their operational
and design decisions.
Despite the above requirements, each step of a data management system is subject to
numerous uncertainties and difficulties so that shortcomings are often encountered in
available data. These shortcomings relate to the reliability, accuracy, completeness
(missing values), homogeneity, length of record and spatial extent of data. There are
often no measurements of sampling error indicated along with available data. In
particular, data validation is often poorly achieved. The result is that the eventual
information produced is of poor quality, imprecise and unreliable. Decisions based on
such information are prone to significant errors such that management of the
environment cannot be realized in an efficient and cost-effective manner.
To comply with the requirements imposed on current information systems, this article
focuses on problems associated with data accuracy and reliability and discusses possible
means of validating available data. Shortcomings of current environmental data are
described within the framework of a data management system. Data validation is
considered within the scope of both the data processing activities and the user’s final
check for representativeness of data.
2. Data Requirements for Environmental Management
2.1 Types of Data Needed
Substantial amounts of data already exist on various processes occurring in the natural
environment. However, the mode of adoption of integrated approaches for sustainable
development of the environment has certainly changed information expectations and,
hence, the types and the amounts of data needed. Now, more and different types of data
have to be collected to describe the status and trends of the ecosystem, natural
resources, pollution, and socioeconomic variables. As current environmental problems
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extend to freshwater (both surface and groundwater), land resources, coastal zones,
urban air, desertification, soil degradation, biodiversity, and other habitats, data are
required on all these media so that such problems can be assessed and managed.
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Considering freshwaters, conventional water resources information systems comprise
hydrological and meteorological data on such processes as precipitation (rainfall, snow),
river levels and flows, lake and reservoir levels, groundwater levels, sediment
concentrations and loads in rivers, evapotranspiration, and water quality (physical,
chemical, and bacteriological variables) of surface and groundwater. On the other hand,
freshwaters are now considered a part of the environmental continuum comprising air,
soil and water components that are interactive in complex ways. Thus, there is now a
need to collect data on the wider environment to include watershed characteristics such
as vegetation patterns, soil moisture, topography, climate, and aquifer characteristics.
Environmental data should include a wide variety of variables to provide information on
diffuse sources of pollutants, accidental spills, irrigation return flows, eutrophication of
lakes, status of estuarine and coastal ecosystems. Such data essentially reflect human
impact on the natural environment. In a similar vein, data are also needed to describe
water use by man, i.e., the volumes of water required for domestic, industrial and
agricultural use, and characteristics of rivers related to catchment area uses such as
recreation, navigation and fishery habitats.
It is clear from the above that the types of data required to produce information on the
environment are highly varied. In addition, these data should reflect the true nature of
the environment. Environmental processes are, by nature, heterogeneous, dynamic,
nonlinear and anisotropic. They are marked by spatial variability as well as temporal
variability. Accordingly, collected data should reflect these characteristics of the
environment along with the spatial and temporal variability of environmental processes
to be representative of nature.
2.2 Statistical Characteristics of Environmental Data

Information conveyed by data may be presented in the form of plots or tabulated data.
On the other hand, statistics are used to express the data in a summary form to describe
either the status or the changing conditions (trends) of an environmental process.
The statistical information that available data provide include:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

mean values (annual, monthly, seasonal or daily);
extreme values (maxima and minima) and selected percentiles;
measures of variability (standard deviation, variance or coefficient of variance);
continuous records such as flow hydrographs;
trends (spatial and/or temporal);
periodic fluctuations;
auto-correlation.

Each of above properties needs different data analysis techniques so that it can be
reliably described. Such techniques are further classified according to their suitability to
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the nature of available data. Some methodologies require regularly collected data;
whereas some can better adapt to sporadically (irregularly) observed data series.
Environmental processes may be analyzed as univariate series in the form of either time
series (as a function of time) or as line series (as a function of distance) when one of the
dimensions, time or space, is kept constant. However, information is often needed on
both the temporal and spatial distribution of such processes so that one has to consult to
multivariate analysis techniques for a full understanding of how they evolve over time
and space. In this sense, rainfall and runoff data are probably the least problematic as
they are regularly observed within a systematically operated network. Water quality
data, on the other hand, pose significant difficulties in multivariate analyses due to the
monitoring practice applied.
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2.3 The Use of Statistics in Environmental Assessment
2.3.1 Identification of Driving Forces

Driving forces provide the input to the watershed. The input can be natural, or manmade such as acid precipitation, both point source and non-point source, such as waste
discharge from an industry, city sewage water, agricultural pollution due to chemical
fertilization, etc. The data expressing the driving forces must be checked for quality,
trend, completeness, homogeneity or consistency. Frequently, there are gaps in the data,
and they must be filled in. Mass curves are used for checking the homogeneity or
consistency of data. Normal ratio method, inverse distance squared method, and
correlation method are among the methods for filling in missing values. Entropy method
is also used for this purpose. The data must also be checked for their errors,
representativeness, and sampling strategy. All data are not collected at the same
temporal frequency. Some are collected more frequently than others. The question then
arises: How to transform them to the same base frequency without undue loss of
information. Statistics help accomplish this objective. Statistical methods for trend
detection are employed if data occur with persistence.
2.3.2 Watershed System

When dealing with a watershed, soil, vegetation, land use, morphology and geology
must be known or specified. These characteristics influence pollutant transport and
storage within the watershed. A complicated specification of these characteristics is
their spatial variability. Statistics aid in characterizing this variability. Furthermore,
statistics help classify basins based on similarity and homogeneity measures. These
latter measures are useful when transposing results from one watershed to another.
Here, the correlation methods and kriging are helpful.
2.3.3 Observed Data
Once a monitoring network has produced some data, these data are analyzed for
information extraction. Using these data, the network design is checked for optimality.
In other words, if sampling frequencies in space and time are acceptable and are in
accord with the design objectives, and the cost of data collection is not prohibitively
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large, then the designed network is satisfactory. To that end, entropy and correlation
methods are employed. Other statistical measures, such as spectral methods and
information content, can also be used.
2.3.4 Selection of Methods
Statistics give criteria to check robustness of methods and then predicate the basis for
selection of suitable models. The criteria most frequently employed are bias, root-meansquare error, and coefficient of efficiency. The first two are added to define a robustness
criterion.
2.3.5 Modeling Techniques
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Environmental data are essential for environmental management as well as for model
building, calibration, verification and real-time application. Data requirements of
different models are, however, different since these models are intended for different
purposes. On the other hand, depending on the availability of the type and quality of
data, different types of models are developed. Thus, data and models are interdependent.

In practice, two criteria can be distinguished by which models and their data
requirements are identified: (1) spatial and temporal resolution, and (2) level of analysis.
Two broad categories of temporal resolution include continuous and discrete, and
those of spatial resolution include lumped and distributed (or spatially continuous)
types. The level of analysis is determined by the amount and resolution of the data
available (both quantity and quality) on one hand and by the purpose of the assessment
and availability of resources on the other.
3. Environmental Data Management
3.1 Need for Data Management

Data availability is not a sufficient condition to produce the required information about
environment. It is the utility or usefulness of data that contributes to production of
information. In the past, the primary concern was to conceive what available data
showed about prevailing conditions of the environment. The question nowadays is
whether the available data convey the expected information.
Data collection systems have indeed become sophisticated with new methods and
technologies. However, when it comes to utilizing collected data, no matter how
numerous they may be, one often finds that available samples fail to meet specific data
requirements foreseen for the solution of a certain problem. In this case, the data lack
utility and cannot be transferred into the required information. This is one of the reasons
why data systems must be managed; that is, data management is required to produce an
efficient information system where data utility is maximized.
Another aspect of the problem lies in cost considerations. Data collection and
dissemination are costly procedures; they require significant investments that have to be
amortized by versatile uses of data. Even in the developed countries, a data collection
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system has to be realized under the constraints of limited financial sources, sampling
and analysis facilities, and manpower. If the output of this system, or the data, do not
fulfill information expectations, the investment made on the system cannot be amortized
so that the result will inevitably be economic loss.
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Cost considerations do not only relate to costs of monitoring; they are also reflected in
the eventual decision-making process. If available data produce the required
information, decisions are made more accurately, and the smaller the chances are of
under-design and over-design. Proper decisions minimize economic losses and lead to
an overall increase in the benefit/cost ratio. Thus, a data collection system has to be
cost-effective and efficient to avoid economic losses both in the monitoring system
itself and in the eventual design based on the information produced by this system.

Figure 1. Basic steps in environmental data management.
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The transfer of data into information involves several activities in sequence as
summarized in Figure 1. Each of these activities contributes to retrieval of the required
information. Thus, all of these steps must be efficient to maximize data utility and
reliability. To respect the condition of cost-effectiveness, again each step has to be
economically optimized. Thus, these activities have to be managed to ensure the
efficiency and cost-effectiveness of the whole information system. At present, a further
requirement is imposed on data management systems, namely that they should be
evaluated via integrated approaches.
-
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