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INTRODUCTION 

Environmental impact assessment (EIA) is the procedure that helps 
decision makers understand the environmental implications of their decisions. 
In an EIA, potential environmental impacts are identified and described 
enabling decision rankers to take thorn into account in the final decision on a 
proposed activity. The identification and assessment of the impacts require 
the careful selection and application of defined methods and usually begin at 
the earliest stage of proposal preparation, continue through the elaboration 
of mitigation measures, and include the implementation of the activity and the 
monitoring of its environmental impact?. Prediction is the process within EIA 
whereby the type and magnitude of environmental impacts likely to bo caused by 
a proposed activity are assessed. Owing to the growing Interest of the public 
in issues related to the protection of the environment, increased attention is 
being paid to the elaboration of effective methods for the prediction of the 
environmental impacts of a proposed activity. 

The prediction of environmental effects or impacts is an extremely 
important part of the EIA procedure and improvements in existing capabilities 
are needed, The prediction of environmental impacts, which requires careful 
selection and application of defined methods, is often not considered as an 
explicit step within the EIA procedure. Considerable attention is paid within 
environmental impact assessment and in handbooks on EIA to methods for 
identifying and evaluating environmental impacts. However, little attention 
is given to the issue of distribution of information on impact prediction 
methods. 

There is particular interest in comprehensive and systematic methods and 
techniques which would lead to a mitigation of impacts and to substantive 
alteration or redesign of facilities to minimize adverse impacts. 
Considerable efforts have been made by ECE member countries in elaborating 
standard methods and techniques for the prediction of environmental impacts. 
No one method has an overall applicability, nor is one method flexible enough 
to cover all situations. The choice of methods depends upon the specific 
needs of the user and on the type of activity. 

The quantitative or qualitative methods for the prediction of 
environmental impacts appear to be the two basic approaches for incorporating 
environmental concerns into the decision-making process. Some ECE member 
countries use the quantitative approach. This approach involves the 
quantitative measurement of all environmental impacts and their aggregation 
into a single number or a few numbers and assumes that environmental impacts 
can be accurately identified and quantified. Other ECE member countries 
prefer the qualitative approach because a satisfactory quantification of 
environmental impacts is difficult to achieve. Depending on the nature of the 
proposed activity and the environment likely to be affected, a combination of 
both quantitative and qualitative methods is used. 

Within environmental impact assessment, the accuracy of methods for the 
prediction of environmental impacts is of major importance while it provides 
for sound and well-balanced decision making. 

Pertinent and effective action to deal with the problems of environmental 
protection and the rational use of natural resources and sustainable 
development is only possible given objective methods and techniques for the 
prediction of environmental impact. Therefore, the Senior Advisers to ECE 
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Governments on Environmental and Water Problems, at their first session, 
decided to set up a task force, with the USSR as lead country, on methods and 
techniques for the prediction of environmental impacts in order to undertake a 
study to review and analyse existing methodological approaches and to 
elaborate recommendations to ECE Governments. 

The work of the task force was completed in 1990 and the resulting 
report, with all relevant background material, was approved by the Senior 
Advisers to ECE Governments on Environmental and Water Problems at their 
fourth session in February 1991 (ECE/ENVWA/18, paragraph 43). On that 
occasion, the Convention on Environmental Impact Assessment in a Transboundary 
Context (E/ECE/1250) was signed in Espoo (Finland) on 25 February I$9i. The 
Convention interalia, stipulates the rights and duties of Parties to carry 
out the assessment of environmental impacts at an early stage of planning for 
certain activities likely to cause significant adverse transboundary effects. 
The Senior Advisers, in adopting the recommendations to ECE Governments 
elaborated by the task force, also decided to take into account the adopted 
recommendations in the implementation of the Convention on Environmental 
Impact Assessment in a Transboundary Context. 

The present report reflects the situation, state of knowledge and 
experience through mid-1990 and is, in accordance with established practice, 
published under the sole responsibility of the secretariat. 
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RECOMMENDATIONS TO KCE GOVERNMENTS 
ON ENVIRONMENTAL IMPACT PREDICTION METHODS-/ 

Existing methods and techniques for the prediction of environmental 
impacts are a crucially important part of the environmental impact assessment 
(EIA) procedure. These methods and techniques are not widely available and 
not sufficiently used. Programmes to monitor and m Jel the circulation and 
impacts of pollutants in the environment for environmental prediction purposes 
are not sufficiently coordinated within different industrial sectors or in a 
transboundary context. With a view to promoting the use of effective and 
efficient environmental impact prediction methods, as well as to strengthening 
the usefulness of EIA, it is recommended that; 

1. Sustainable development should be the leading principle for all human 
activity. Prediction methods should be further developed and applied within 
the EIA process on such a temporal and spatial scale, and on such a variety of 
trophic levels, that sustainable development is assured. 

2. Methods and techniques for the prediction of environmental impacts for 
use in EIA in a transboundary context should be developed cooperatively by ECE 
member countries. 

3. Environmental prediction methods should be applied not only to projects 
but also, where practicable, to new policies, plans and programmes that can 
significantly affect the environment. 

4. Environmental information and the results of predictions of environmental 
impacts of human activity should be made public in order to avoid 
misunderstanding and to ensure constructive public participation. 

5. In order to improve the use of environmental predictions by decision 
makers, there should be more interaction between those who generate impact 
predictions and those who use the results in decision making. 

6. International cooperation in the development, standardization and 
application of environmental impact prediction methods should be enhanced, 
particularly in relation to large-scale environmental issues. 

7. EIA legislation should contain provisions to support efforts for the 
improvement of methods and techniques related to environmental prediction. 

8. Institutional and organizational arrangements within EIA legislation 
should be improved in order to ensure a more coordinated and integrated 
approach to the prediction of environmental impacts. 

9. In order to allow appropriate action to be taken, the analysis of data 
collected and the results of monitoring programmes should be published. 

*/ Adopted by the Senior Advisers to ECE Governments on Environmental and 
Water Problems at their fourth session in 1991 (ECE/ENVWA/18, paragraph 43). 
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10. The collection, storage and distribution of existing and future 
environmental baseline data on physical, chemical and ecological parameters 
necessary for the proper undertaking of impact prediction within EIA shouid be 
promoted and performed in a consistent manner. 

11. Routine data collection programmes are an essential prerequisite for 
improving impact prediction capabilities and should be developed at national 
and international levels, particularly in a transboundary context. These 
programmes should be developed for specific industries and for domestic and 
agricultural activities with potentially significant impacts. 

12. Depending on the type of activity and the local situation, routine 
monitoring data collection programmes should be multicompartmental (effluent, 
air, soil, sediment, water, biota). 

13. In order to be able to compare data reliably between sites and to 
establish shared databases, each monitoring parameter should be accompanied by 
a standard measurement procedure. 

14. Although the standardization of measurement procedures is an important 
objective, the overall monitoring programme content should be flexible in 
order to meet site-specific requirements. 

15. A standardized data management system should be developed for each 
monitoring programme and should contain quality-assurance/quality-control 
requirements. 

16. In environmental predictions, the identification and quantification of 
the sources of uncertainty should be an important step in the application of 
methods. The results of environmental predictions should indicate the margin 
of uncertainty involved. 

17. For many complex environmental problems, the prediction methods should 
take into account the interaction of various trophic levels and biotic/abiotic 
factors and be reliable and comprehensive. When possible, simple, quick and 
inexpensive methods should be preferred. 

18. Experience with methods related to the transfer of pollutants from one 
environmental compartment to another should be promoted in order to improve 
environmental prediction and EIA. Many environmental concerns, including 
those in a transboundary context, demonstrate the need for transcompartmental 
prediction methods. An intensive research effort should be undertaken to 
further clarify this topic. 

19. Prediction methods used within EIA should be validated and verified 
against reliable monitoring. 

20. The methods for the assessment and comparison of prediction results 
should be investigated. 

21. Critical environmental limits for identified pollutants are becoming an 
important part of impact prediction and decision-making processes. Where they 
do not exist, they should be developed and, depending on circumstances, 
combined with social, economic and other values to establish environmental 
quality standards and objectives at local, national and international levels. 
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22. For the further improvement of methods and techniques for the prediction 
of environmental impacts, an integrated approach to research, environmental 
monitoring, data assessment and prediction methods should be adopted. 

23. Soil and sediment processes play an important regulating role in the 
long-term fate of pollutants. More research should be devoted to the 
identification of rates and capacities of the major soil and sediment 
processes. 

24. Research related to methods and techniques? on the prediction of 
environmfntal impacts should be enhanced at national and international 
levels. In particular, an inventory of the key gaps and uncertainties should 
be prepared, after which priorities for further research could be selected. 
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ANALYSIS OF THE RESULTS 

Prediction methods relating to the circulation and impacts of pollutants 
have been applied in environmental impact assessment. In order to identify 
the wide range and scope of this kind of environmental prediction within the 
ECE region, and to make recommendations on the methods used, the task force 
analysed case-studies and relevant information provided by countries in reply 
to a questionnaire, The information collected was presented to a workshop 
which brought together the members of the task force and experts to discuss 
critical topics related to the use of prediction methods in the 
decision-making process. 

A. ANSWERS TO THE QUESTIONNAIRE 

The questionnaire's objective was: to review and analyse mechanisms used 
to improve and control the technical content of EIA documentation; to review 
the existing methods describing the circulation of pollutants between 
environmental compartments and their impacts (e.g. transportation/multimedia 
models); and to analyse the availability and compatibility of databases 
associated with environmental prediction methods. 

There were 15 questions dealing with, inter alia, the influence of EIA on 
decision making; identification of different types of environmental 
prediction; difficulties encountered in enhancing the use of EIA; 
information supply; improvement of the technical quality of EIAs and 
shortcomings in environmental prediction and suggestions for improvement. An 
analysis of the answers received from the eleven countries that provided 
relevant information in reply to the questionnaire is presented below. The 
questions and answers are given in Annex I. 

Legislation and cooperation 

The task force found that environmental prediction is considered to be a 
key element in environmental impact assessment. The influence of impact 
prediction on decision making and environmental management varied among ECE 
member countries. It is greatest in countries with EIA legislation and 
extensive experience in impact prediction, and minimal in countries where EIA 
has been introduced only recently. Sometimes predictions are not effectively 
used in the planning and decision-making process and are therefore not 
efficient. However, there is a trend towards improving predictions. 

An improved understanding of environmental issues that involve the 
transboundary transport of pollutants and those associated with industrial and 
other activities that are common to ECE member countries requires 
cooperation. This is an essential prerequisite to improving impact prediction 
and control capabilities. 

Respondents to the questionnaire indicated a strong interest in 
continuing cooperation on topics such as pollution of the North Sea, climate 
change, air pollutants, and issues associated with major industries such as 
pulp and paper mills. 
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Mechanisms for controlling the technical content and quality of EIA 
documentation 

The lack of information on measurement techniques for prediction methods 
and the lack of environmental data were often mentioned as major 
difficulties. The uncertainty involved in many prediction methods is so great 
that the results have little influence on decision making, Methods available 
for assessment and comparison of prediction results used in decision-making 
processes were also found to be inadequate. Several other observations were 
made including: (1) decision makers are distrusful of ecological models and 
forecasts; (2) if decision maker,? would make their needs more explicit it 
would stimulate the development of adequate prediction techniques; (3) the 
lack of experience with the application of environmental prediction methods 
within government agencies was considered a major difficulty, Therefore, 
research, workshops, conferences and case-studies, as well as information 
systems and training of planners and administrators were all considered to be 
important. In a number of cases it was observed that shortage of time, money 
and skilled resources hinder the use of prediction techniques. The 
environmental education of the public can stimulate a positive contribution to 
decision making. 

Several countries stressed the importance of the development and 
application of adequate methodology, the use of standardized prediction 
methods, the development and application of adequate legislation, and the 
importance of reviewing EIAs. Reviews can be conducted by government 
authorities, independent review committees, universities and institutes. In 
order to control the technical quality of EIA, the following steps within EIA 
procedures are used: scoping, requirements for the contents of an EIA, public 
participation, reviews by independent committees and interested parties, and 
post-project analysis. 

Available prediction methods 

Most countries describe their impact predictions in either qualitative 
(for example, expert judgment) or quantitative (mathematical) terms, In a 
number of cases, a combination of qualitative and quantitative prediction 
methods was used. Expert judgment was considered to be important, especially 
in the initial stage of EIA. 

For certain types of projects where there is a sound understanding of 
effective mitigation measures, quick and simple methods can be used. Other 
approaches to impact prediction include the simplification of complex models 
and the use of EIA checklists for assessing significant effects. Simple and 
quick predictions may, in some cases, depend on the development of a 
computerized environmental data bank which can be expensive to set up. Use is 
also made of prediction handbooks in which simple and complex methods are 
described. Simple methods are useful especially in the scoping phase of EIA 
and if resources are lacking, but oversimplification can create problems. 

A large number of gaps were identified, e.g. the lack of routine effects 
monitoring tools to determine the accuracy of environmental predictions. 
There can be inconsistencies in the approach to the monitoring of impacts 
typical for one type of project (e.g. pulp and paper mills). Some of these 
projects require standard prediction methods. 
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Gaps and problems were also observed in the execution of prediction 
methods in complex \amea nnrl •in thn prediction of long-term effects . 
Furthermore, several countries mentioned problems where transcompartmental 
effects of harmful substances were considered, There are also gaps in the 
ava i lab i l i ty of background information (systems). 

Some countries mentioned the following drawbacks: legis la t ion and 
organizational f a c i l i t i e s are not yet adequate for the execution of EIA; the 
lack of knowledge on the composition of complex emissions and on the effects 
of pollutants on the ecosystem; there is not enough information about the 
degradation of substances in soi l and about the properties of harmful 
substances; uncertainties about the large-scale behaviour of substances and 
the need to verify data; shortcomings in environmental education; close 
interre la t ionships between ecological and socio-economical factors. One 
country observed that decisions have to be made on the basis of available data 
and cannot be deferred u n t i l new techniques are developed. 

Many countries make attempts to develop and use one or another form of 
multl/transcompartmental methods. In th i s respect, the acidif icat ion problem 
i s mentioned in several instances as an example, where transfer of pol lutants 
from the atmosphere to so i l and to surface and ground waters have to be taken 
into account. Transcompartmental behaviour is very important in investigating 
the effects of various agrochemicals, the exchange of substances between water 
and sediments and the effects of pol lutants transfer between abiotic and 
b io t i c compartments. From the answers, i t i s c lear that the knowledge about 
the transfer of pollutants uetween environmental compartments is a 
prerequisi te both for environmental prediction and for environmental impact 
assessment. 

For many countries, the monitoring programmes for data collection are 
generally not suff icient to be used for environmental prediction and require 
supplementary studies, Several parameters that are important, par t icular ly 
for more deterministic prediction methods, do not belong t o national 
monitoring programmes. These programmes should be f lexible enough to deal 
with new problems. Time-related emission data, variables related to the s ta te 
of so i l s and to acidif icat ion, and multisectoral monitoring in general, are 
f ie lds where signif icant improvement is possible. 

Some countries s ta te tha t the previsions in the f ie ld of monitoring are 
able to cover the demand from the side of environmental predictions. Spatial 
resolution on the monitoring network was not seen a s a major problem in any 
country. On the contrary, one country considered that extrapolation is 
j u s t i f i ed when there are suff ic ient data. 

A number of countries expressed in te res t in the following areas: the 
development of transcompartmental methods; the establishment of background 
information systems; and a computerized expert system for impact prediction. 
Suggestions were made to develop routine diagnostic monitoring tools at the 
national and international levels so that high qual i ty , intercomparable 
databases can be developed and to publish studies on the development of the 
routine effects monitoring tools used in EIA. One country suggested making an 
inventory of gaps, to assign p r io r i ty to each item in the inventory and to 
develop a research plan. 

file:///amea
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Avaliability and, compatibility of databases 

The task force found that information on impact prediction methods i s not 
easily accessible or widely available among ECE countries. One exception is a 
series of handbooks on impact prediction in which impact prediction methods 
for a i r , water, s o i l , biota and human health are reviewed. 

The task force found that in some cases compatibility of information 
systems Was high because existing software packages were elaborated and 
software, symbols and codes were standardized. In other cases, steps towards 
compatibility are being taken. In one country, an information refe-ral centre 
ha? been set up which makes use of a national environmental thesaurus. In 
some countr ies , compatibility of information systems is needed. 

Most of the part icipating countries mentioned several sources of 
information on environmental prediction: ins t i tu t ions , reviews and other 
important references. As main sources of information, the task force found a 
great number of p o s s i b i l i t i e s such as: professional contacts; research 
i n s t i t u t e s ; reports; monitoring and survey data and inventories; 
standards; au thor i t i es ; handbooks; emission reports made by dischargers and 
inspectors of pollution and specific and ad hoc s tudies . Some countries 
mention various sources, l ike consultancies, author i t ies and references. 

The task force made a number of suggestions to improve access ib i l i ty : 
exchange of information between prediction experts and decision makers and 
among the prediction experts themselves; the importance of presenting 
information t o both experts and non-experts (non-experts in impact prediction 
usually a te the decisions makers). Information can be made more accessible by 
review of international l i t e ra tu re and international newsletters; publication 
of methods and research r e su l t s ; wider dis t r ibut ion of methods, documentation 
and manuals; use of standardized computer methods; exchange of information 
between Professionals; elaboration of handbooks on prediction; ins ta l l a t ion 
of a re fe r ra l centre for environmental information; cooperation between 
research groups; and inclusion of standardized data banks in an information 
network. 

B. CASE-STUDIES 

The individual case-studies varied considerably in s ize , technical and 
geographical dimensions, and environmental impacts. The case-studies provided 
by countries are described br ie f ly . The resul ts of the case-studies have been 
analysed and deta i ls can be found in Annex I I . 

CANADA 

Guidelines for environmental effects monitoring a t pulp and paper mil ls 

Environmental monitoring programmes conducted a t pulp and paper mi l l s in 
Canada vary from non-existent to well developed. A consistent , systematic 
approach i s needed t o fully understand the environmental impacts associated 
with the industry. This is an essential step in improving impact prediction . 
capabil i t ies at new mil l s and in helping to ensure tha t appropriate pollution 
control measures are incorporated into mill design. 
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Monitoring guidelines have been developed to meet these needs. 
Government monitoring experts identified monitoring parameters and recommended 
standard methods of measurement for mill effluent receiving water, sediment 
and biota. They also recommended that these parameters and standard methods 
be evaluated at freshwater and marine mills prior to finalization. This was 
(done in 1988-89, The guidelines will be included in amendments to the 
National Fisheries Act: Pulp and Paper Regulations and will require operators 
to monitor the environmental impact of their operations every three years. 

Monitoring parameters for effluent, water, sediment and biota were chosen 
to provide a comprehensive, integrated assessment of impacts on the 
environment. The emphasis given to a particular compartment will vary, but 
each one should be represented in the monitoring programme at a specific 
mill. This comprehensive and integrated approach is needed to obtain a 
holistic evaluation of environmental impacts and their significance. A 
narrow, single compartment or a single-parameter approach is much less likely 
to be successful. 

An important aspect of the guidelines is the use of a standard protocol 
or procedure for each parameter. Without this, it is not possible to compare 
data between sites or to establish a shared database. Topics covered include: 
protocols for effluent characterization, plume delineation, sediment transport 
and deposition, sampling of water sediment and biota, toxicity tests (aquatic 
and sediment) and quality assurance/quality control. 

It is recognized that an effective monitoring programme for an industrial 
sector must be flexible and have parameters that can be applied on a 
site-specific basis due to local hydrology, manufacturing production and waste 
treatment processes and local environmental values (high versus low), etc. 
However, when a specific parameter is used, it is still necessary to have a 
standard method so that results can be compared between sites and over time. 
To meet these needs, the monitoring guidelines have been divided into two 
broad sections: for marine mills and for freshwater mills. These sections 
have been subdivided into a core programme consisting of parameters to be 
applied at all mills, and a site-specific programme consisting of parameters 
and standard methods that are chosen to meet site-specific requirements. 
Guideline flexibility is also achieved by requiring that the programme be 
periodically reviewed and updated to incorporate the latest information or 
monitoring parameters and standard methods. A federal/provincial/industry 
committee will achieve this goal. A critical component of the guidelines is 
the establishment of a data-management system. The system includes a 
combination of individual, regional and national databases for the collection 
and use of the information generated by monitoring programmes. The system 
will allow users to compare results from one site to another and over time and 
to address wide-scale environmental concerns such as: trends in environmental 
quality in the vicinity of pulp and paper mills at regional and national 
levels; effectiveness of mill improvements in protecting the environment; 
accuracy of impact predictions - local, regional and national perspectives; 
gaps in our understanding of environmental impacts, particularly with regard 
to the more exotic organic contaminants and leading to the development of 
directed research projects. 
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FINLAND 

Assessment of a l t e rna t ivesand consequences of a i r -pol lut ion control 

Acidification of aquatic and t e r r e s t r i a l ecosystems due to atmospheric 
deposition i s a well-recognized and widespread environmental problem in Europe 
and North America. The acidif icat ion process has adverse impacts on the flora 
and fauna of affected ecosystems. The main cause is a combination of acidi ty 
and secondary effects such as increased concentrations of toxic metals. 

In Finland, widespread acidif icat ion of surface waters, signs of so i l 
ac id i f ica t ion and po ten t ia l threat of adverse effects to fores ts , i n i t i a t ed a 
five-year research programme in 1985 to predict and analyse the seriousness 
and extent of the impacts of a i r pol lu tants , to predict the trends of the 
adverse impacts and to provide cost-eff icient ways to reduce and mitigate the 
environmental impacts of a i r pol lu tants . 

A comprehensive model system has been developed in order to provide an 
overview of the dynamics and spat ia l dimensions of the impacts of a i r 
pol lu tants in Finland. The Finnish Integrated Acidification Model (HAKOMA) 
consis ts of modules for emissions, emission abatement costs, atmospheric 
dispersion, transformation and deposition, and impacts on forest so i l s and 
lakes . The objectives of the modelling system are: 

(a) To obtain a quant i ta t ive description of the various factors and 
processes relevant to acidif icat ion; 

(b) To predict future development of emissions, deposition, and impacts 
on fores t so i l s and lakes , e.g. for the planning of emission c r i t e r i a and 
emission abatement s t ra teg ies ; 

(c) To col lect and present data relevant to ac id i f ica t ion in a form 
which i s informative and easy to use. 

The integrated acidif icat ion model was applied to demonstrate the use of 
a nationwide, multicompartment model for analysing and assessing a l ternat ive 
pol ic ies for controlling emissions of air pol lu tants . In t h i s case-study, the 
emissions and the environmental consequences of sulphur and nitrogen compounds 
were considered. Fairly detailed descript ions of sulphur and nitrogen 
emissions were compiled for the period 1950-2040. For sulphur compounds, the 
emissions were computed on the basis of fuel types. The deposition due to 
emissions in Finland and in nearby areas in the USSR was computed with a 
mesoscale dispersion model. The long-range t ransport and transboundary fluxes 
from other European countries to Finland was calculated by means of the 
Regional Acidification Information and Simulation model (RAINS) employing the 
resu l t s of the European Monitoring and Evaluation Programme (EMEP). For 
predicting the acidif icat ion of the environment due to deposition, a model 
called SMART was used. SMART includes mathematical descript ions of the key 
processes governing the acidif icat ion of so i l and surface water. 

The integrated model considers the effectiveness of pol lutant emission 
reductions in the following three s i tua t ions : 

(a) No controls ( theore t ica l case) as a reference for comparison; 

(b) Controls incorporated by the Finnish Government; 

(c) Maximum controls to assess the effects of the best available 
emission abatement measures. 
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Th© fiiultg QÎ âêÇQëiiim calculations shew that mv@ than half th§ 
sulphur deposition in Finland originates from foreign emissions. Therefore, 
in order to obtain considerable reductions in sulphur deposition in Pinlarid, 
abatement measures are needed outside of Finland also, 

Soil acidification is chosen here as the indicator of the effectiveness 
of each control option. The present pool of base cations in the forest soils, 
the change of whieh is being predicted, has been initiated for 1987 on the 
basis of measurements done on different types of forest soils. The spatial 
distribution of forest site types has been derived from a national inventory 
of forests. The impact on soil acidification demonstrates that the policy 
chosen has a fçreab influence on the state ol the eoïÏB, ÏÉ no controls were 
adopted for sulphur emissions, a dramatic acidification would occur in large 
areas of Finland, Eventually, the controls mandated by the Finnish Government 
would not be sufficient to stop the acidification of the environment, For 
this option, the most affected areas appear not only near emission sources but 
also in areas where the conditions are particularly unfavourable for 
neutralizing the acid inputs (sensitive to the effects of atmospheric 
deposition). The state of soil acidifications predicted in case of maximum 
abatements shows by far the lowest risk for adverse ecological effects. Only 
the most sensitive areas show a continuing acidification process, and thus, a 
significant risk for ecological impacts. 

NETHERLANDS 

Assessment of environmental consequences of the expansion of two e l e c t r i c i t y 
power plants with coal-fired units 

Since the 1980s, according to the Dutch National Elec t r ic i ty Plan, 
several existing power plants will be expanded with coal-fired units of 600 MW 
e lec t r i c power. Since the beginning of the 1960s and 1970s, mainly natural 
gas and fuel o i l have been used as fuel, In th i s case-study, the EIAs for two 
such expansions address a l l possible environmental impacts that might be of 
some significance. The EIAs contain sections on air quali ty, water quali ty, 
soi l quali ty (including ac id i f i ca t ion) , safety and the processing of residual 
material . Two EIAs on coal-fueled power plants were selected in order to 
identify ways in which impacts were predicted. 

The EIAs were studied to investigate how environmental prediction 
techniques were used in the cases selected. The prediction techniques 
considered were limited to those concerning the fate of pers is tent and toxic 
substances. Part icular at tent ion was devoted to the prediction of the 
transfer of pollutants between two environmental compartments and to the use 
of monitoring data. 

To predict a i r pollution, a Gaussian plume model was used. The models 
used were developed ear l ie r by a group of national experts. For SO21 NO2. 
dust, 36 elements in fly ash and 7 elements in the gaseous s t a t e , the annual 
averages and various percenti les of the frequency dis t r ibut ion of the 
concentrations were calculated. Polycyclic aromatic hydrocarbons were taken 
into consideration in only one of the two case-studies. To calculate water 
pollution, the water quali ty of the receiving water and the load from the 
discharges were taken into account (assuming complete mixing). 
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Dry deposition was calculated by multiplying ground-level concentrations 
by dry deposition velocities. Wet deposition was predicted with a model of 
which the parameters for rain out and wash out wore determined from 
measurements around one of the plants. Acid deposition was discussed 
separately. To this end, the depositions calculated were converted into acid 
equivalents, a quantity characterizing the amount of acid that can be formed 
in soil out of precursors. 

The two EIAs that deal with the extension of an existing power plant with 
a coal-fired unit of 600 MW electric power have been studied. These projects 
fit in the National Electricity Plan which describes how the expected pôUëv 
demand should be satisfied with existing and projected installations. The 
predictions on the fate of polluting substances concern mainly air pollution, 
water pollution and the deposition of pollutants from air to soil. Both 
reports have chapters on the environmental quality that existed before the new 
unit was constructed, on the consequences of and alternatives to the proposed 
activity and on the comparison of the effects of the alternatives. The 
differences between the two cases are mainly due to differences in the depth 
of treatment and in the number of alternatives that were taken into 
consideration. 

In both cases (both EIAs are at the project plan level) much use has been 
made of the results of an investigation into the environmental consequences of 
the reintroduction of coal for electricity generation in the 1980s. This 
investigation can be considered as a form of E1A at the policy plan level. 

The air-quality parameters were calculated with existing models that had 
been developed and extensively studied earlier, but not thoroughly verified. 
The research institute responsible for the calculations had expertise in 
research on the dispersion and conversion of pollution from power plant 
chimneys and could apply the models with an understanding of their limitations. 

Existing models to describe the near-field and the far-field dispersion 
and heat exchange of cooling water (one- and two-dimensional) were not 
applied. Attention was focused on the area where (Hemweg case) and the time 
during which (Amer case) a temperature rise of 3 K would be exceeded. A very 
simple heat exchange computation assuming complete mixing was used. This 
approach does not take near-field phenomena into account nor does it allow a 
consideration of the actual pattern of temperature rises. Because it was not 
expected that emissions of substances to surface water would cause large 
concentration changes or important ecological impacts, worst-case analyses 
were sufficient for some substances in which complete mixing and dilution were 
assumed to be the only process. For oxygen and ammonia the effect of 
temperature rise was taken into account. For chlorine, empirical information 
on the impact of chlorine discharges on biological variables was used. No 
computations were given for concentrations of heavy metals. 

The dry deposition of pollutants was calculated from the concentrations 
in the air by multiplying these by a deposition velocity; the wet deposition 
was calculated with a different model, but essentially in a similar way. 
Multicompartment models were not used. The assessment focused on the local 
impacts, although large-scale impacts are probably more important. 
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The EIAs have benefited greatly from earlier extensive projects in which 
measurements and model calculations of the contributions of coal-fired power 
plants were performed and in which the background concentrations in the 
country were extensively analysed. Although important changes in the 
background levels are likely to occur in the future, there were no attempts to 
speculate about the future levels. Instead, the concentrations measured were 
used directly. 

UNION OF SOVIET SOCIALIST REPUBLICS 

Monitoring and modelling the state of the environment in the Lake Baikal region 

Economic activities in the Baikal watershed basin are a potential threat 
to the environment. The main sources of environmental impacts are: 

(a) Construction of the Irkutsk dam on the Angara River; 
(b) Pollution of the environment; 
(c) Overexploitation of biological resources. 

The impacts were analysed at a regional level. Since the early 1970s, 
the monitoring programme for the Lake Baikal region has provided the principal 
source of information. Dynamic and statistical models, were used to describe 
and predict changes in *"he stat. of the environment (ambient air and 
précipita'i^n, waters f Lake Baikal and its tributaries, soils in the region 
and lake sediment). 

The c&se-study demonstrates the important role of the regional monitoring 
system as a main instrument for obtaining information, on a regular basis, on 
large-scale anthropogenic impacts on the air and precipitation, waters of the 
lake and its tributaries, soils, bottom depositions, water and terrestrial 
biological resources (e.g. fish, seal, forests). 

The systems of simulation and statistical mathematical models were 
developed on the basis of monitoring data. These models describe the 
pollution pattern in terms of concentrations of priority pollutants 
(hydrocarbons, heavy metals, pesticides, PCBs, sulphur compounds, etc.) in all 
main compartments of the regional environment. The system of models gives 
multivariant environmental predictions depending on the plans of economic 
development. 

The case-study was carried out to analyse and compare the environmental 
impacts associated with different regional economic development policies. It 
was used by the USSR State Planning Committee to prepare a Government document 
entitled: "General principles to guide economic development in the Lake Baikal 
region". The main idea in this document is ecologically sustainable 
development of the region. The case-study shows that creation of ecological 
standards (e.g. for the priority pollutants from the Baikal pulp and paper 
mill) should be based on the laboratory experiments and field (in situ) 
research. The case-study demonstrates the effectiveness of such an approach. 
The results of the case-study were used in making the proposals for the 
governmental bodies to relocate the mill from the lake. In accordance with 
the Government's decision, the Baikal pulp and paper mill will be reoriented 
towards a non-polluting industry by 1993. 
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C. EVALUATION 

From the results of the questionnaire and ease-studies, a number of areas 
were identified where methods and techniques for the prediction of 
environmental impacts could be improved in ECE countries. These areas 
include; (a) monitoring programmes; (b) prediction modelling; 
(c) international cooperation; and (d) legislation. 

It is now possible to have a more consistent and planned approach to 
designing and implementing environmental monitoring programmes for specific 
industrial, domestic and agricultural activities with significant impacts and 
which are common to ECE countries, particularly in a trm?boundary context. 
This will require the harmonization of existing monitoring programmes, 
including measurement procedures and parameters and data collection and 
management procedures, and is a prerequisite for improving impact prediction 
capabilities. In many cases it was found that national and regional pollution 
monitoring programmes, when combined with mathematical models, were useful in 
making impact predictions. 

The task force feels that in order to understand major international 
environmental concerns, nationally and internationally consistent impact 
prediction methods and models are required. These methods require a 
representative set of perameters, standard measurement procedures and 
databases. Impact ast^s-mencs/p-edictions at the project level ofter do not 
consider transboundary impacts. Cooperation is needed on the further 
development of methods and „echnJqv-)s for the prediction of environmental 
impacts in a transboundary context. 

In many cases, site-specific and area-specific standards for pollutants 
have not yet been defined, but are important in ensuring that impact 
prediction and monitoring results are taken into account in decision making 
and environmental management. 

The influence of impact prediction on decision making varied. It is 
greatest in countries with EIA legislation and extensive experience in impact 
prediction, and minimal in countries where EIA has been introduced only 
recently. Clearly, EIA legislation and the supporting infrastructure are 
important in assuring that impact prediction results are taken into account by 
decision makers. 

Although information on impact prediction methods is available, there was 
a unanimous call for more guidance and handbooks on these methods and on the 
development of standard methods, in particular in a transboundary context. A 
number of suggestions to improve the accessibility of information on impact 
prediction methods were made (e.g. the publication of methods and the exchange 
of information). 
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ANNEX I 

ANSWERS TO THE QUESTIONNAIRE 

Question 1. 

To what extent are environmental predictions (EPs) and environmental 
impact assessments (EIAs) made in your country before decisions are taken 
regarding new activities that might adversely affect the environment? Are the 
EPs and EIAs used in an effective manner to improve the decisions? 

Answers: 

„anada. EIAs are done on all major federal projects and have a 
significant influence on decision making. Public input via hearings is a 
significant influencing factor. For small- and medium-3ized federal projects, 
ËIAs are done, but their influence on decision making varies from agency to 
agency, 

Finland. EPs and EIAs are used relatively widely in the context of 
decision making. The actual extent, however, is difficult to define, since 
EPs and EIAs are only one source of information affecting the decisions. 
Economic constraints and human values often play a more important role. 
Inerefore, it is almost imnos'-ible to determine which information affected 
post the actual decisions taken. 

Federal Republic of Germany. Ecological forecasts and EIAs are 
increasingly being used in the preparatory work required before decisions are 
taken, not in the decision making itself. They are used certainly when 
dealing with large-scale projects with a complex, regional and/or long-term 
spectrum of activity. The area of application of EIAs is laid down in detail 
in the draft of an EIA law. Since other methods for forecasting future 
developments, e.g. technology assessments, have not yet been 
institutionalized, the scope of their use has not yet been officially 
defined. They are mostly used in the scientific field. 

German Democratic Republic. The first experience in considering 
requirements relating to environmental protection in the preparation of 
investment projects was in the 1950s. Granting investment credits 
(enterprises were obliged to finance their investments through credits to 
allow Government control) depended on expert opinions, i.e. related to the 
environmental impact, which had to be presented. Already in 1959 an expert 
opinion on investment projects had been prescribed by the "Ordinance on 
granting site permission". Depending on the criteria prescribed, about 40 
expert opinions, 24 thereof being relevant to environment, had to be delivered. 

This regulation, which is comparable to a provision on ecological 
soundness testing, was repeatedly revised and is still applicable today as the 
"Ordinance on the siting of production forces". On this basis, in the 
framework of the site permission, the following competent authorities are 
involved : 

(a) The national environment inspectorate; 
(b) The national water-pollution control administration; 
(c) The national hygiene inspectorate; 
(d) The competent water management directions etc. 
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Today individual expert opinions have to be drawn up in accordance with 
the requirements provided by the Environmental Policy Act (the Environmental 
Protection Act of the GDR). In granting the site permission, which has to be 
done in the planning stage, requests for effective consideration of 
environmental impacts are also considered. Specific regulations apply to 
power stations and nuclear engineering plants. A legal regulation providing 
for a comprehensive interdisciplinary expert opinion on the ecological 
soundness of .investments projects, is under discussion. Requirements relating 
to environmental protection in product standardization is also gaining 
importance, 

It is also envisaged that ecologically sound products be specially 
marked, which is already done in some enterprises (e.g. in the Petrochemical 
Co-nbine Jn Swh'iedt for spray doses) though a regulation has not yet been 
formulated. 

The obligations to be assumed within the framework of site permission, 
based on effective legislation (in the GDR there are more than 300 legal 
regulations on environmental protection) contribute to sound decision making. 

The conduct shown by the local representatives, including the 
participation of social forces and organizations represented by the elected 
deputies from enterprises and residential districts in the procedure, is 
important. 

Determining whether investment projects are implemented in conformity 
with the design is also important. In addition to the national control 
authorities, social forces, such as honorary inspectors of the national 
environment inspectorates at the district councils, are competent. 

Hungary. The terms environmental predictions (EPs) and environmental 
impact assessments (EIAs) are to be defined. 

EIA is a method that describes the important consequences of a planned 
human activity (investments, projects, etc.) that aim to influence the 
decisions regarding the continuation of that activity. It has been 
obligatory since 1985 to perform for major national projects and special 
investments. Such assessments have already been prepared. The 
requirement to prepare EIAs will be extended to cover all kinds of 
investments which significantly affect the environment; 

EP is a method that predicts the environmental consequences on a given 
region when a certain situation is to be maintained, or that forecasts 
the expected conditions of the environment by assuming certain trends. 
Its main objective is to prepare measures and plans for the protection of 
the environment. 

Both methods have been used. The methodology for the undertaking of EIA 
and EP has been partially established (mainly for the essential principles) 
however, they are still being developed. The most important tool for further 
development is integrating practical experience into the methodology. 

Ireland. The Development Control System under the Planning and 
Development Acts requires an environmental assessment before decisions are 
taken on most new activities in the private sector. In particular, Section 25 
of the 1963 Act as amended, requires a formal written study of what effect, if 
any, proposed major developments of a specified type (Article 18 of 1977 
Regulations) would have on the local environment. Twenty such studies were 
received by the Planning Authorities in the five-year period 1983 to 1987. 
Article 28 of the 1977 Planning Regulations is also relevant. 
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Sinee 1 July 1988, the EC Directive on Environmental Impact Assessment 
has been applied. 

Water quality management plans, prepared in accordance with the 1977 
Water Pollution Act, incorporate methods for environmental prediction in 
relation to river catchments, lakes, bays and estuaries, Such plana have been 
prepared for most of the major catchments and for some of the major coastal 
inlets. 

Netherlands. EIA in the Netherlands is mandatory for a number of types 
of activities above certain thresholds for which the possibility of harmful 
impacts on the environment can be expected. ïhese types of activities are 
recorded in a register in a General Administrative Order, in which the related 
crucial decision-making processes and the size of the thresholds are 
recorded. Environmental effect prediction methods recorded in international 
literature are used. Dutch legislation aims at an effective use of EIA, 
including EP, in decision making. The effective use of EP in EIA is 
stimulated by a specially prepared series of handbooks on EP. Based on 
experience, it can be stated that EP and EIA are used effectively in decision 
making. By EIA, the optimalization in the supply of relevant information is 
pursued and the taking into consideration of the environment in decision 
making is improved. An evaluation of the effectiveness of EIA in decision 
making is being done. 

Portugal. Since the beginning of 1990, all new significant projects in 
Portugal, specified in the annex of the law, are required to have an 
environmental impact assessment prepared as part of the decision-making 
process. Before the publication of the law, several EIAs were prepared after 
the decision on the project was taken, which show that those decisions did not 
take into account the outcome of the EIAs. 

Union of Soviet Socialist Republics. The USSR has good perspectives of a 
large and effective use of EIAs and EPs. A draft national ecological 
programme with compulsory EIAs and EPs is under examination in the USSR 
Supreme Soviet. Now, EIAs are done only on the largest projects or when 
assessing situations in ecologically unfavourable regions. 

United Kingdom. All significant development projects require permission 
from a Minister, local authority or other competent authority. The procedures 
for considering applications for permission are designed to ensure that all 
material considerations are taken into account in the decision-making 
process. This includes environmental considerations to which the 
decision-making body's attention may be drawn by the applicant, by objectors 
or by experts consulted for the purpose. Formal environmental assessment is 
required for a wide range of projects which are likely to have significant 
environmental effects under the provisions of European Community Directive 
85/337, the implementation of which is complete. Environmental predictions 
are made, as appropriate, regarding decisions requiring environmental 
assessments and also other decisions. 

United States of America. All major federal actions significantly 
affecting the quality of the environment are required to have a formal 
environmental impact statement (EIS) prepared as part of the decision-making 
process. Approximately 500 draft and final EISs are prepared every year. If 
it is not immediately clear whether the proposed federal action will have a 
significant impact on the environment, an environmental assessment (EA) is 
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prepared to analyse the proposal in enough detail to determine if an EIS is 
required. More than 10,000 EAs arc proposed every year. A similar process is 
used by many states to analyse projects that are subject to state 
environmental requirements. Considering both the federal and state 
requirements, the majority of significant projects in the United States are 
subject to some environmental review. 

Question 2. 

What kinds of EPs and EIAs are used in your country? 

Answers: 

Canada. Qualitative (verbal-causal) models are used in most instances. 
Quantitative (mathematical) models are in limited use. They are most 
frequently used for offshore oil and gas drilling and production projects in 
order to plot likely spill trajectories. They are also used to plot pollutant 
plumes for new projects (such as pulp mills). In the case of pulp mills, a 
characterization of the pollutant plume is necessary prior to monitoring for 
environmental effects. In the case of offshore oil drilling and production 
projects, a knowledge of likely spill trajectories is needed in oil spill 
contingency plans. 

Finland. Both qualitative and quantitative methods are used. A review 
of the different methods has been published (Leskinen, 1987). 

Federal Republic of Germany. At present, there is no optimum 
environmental model or method for ecological forecasts or EIAs. Instead both 
qualitatively well-argued forecasts and quantitative projections are used, the 
latter based mostly on mathematical models. Furthermore, there are many cases 
in which both qualitative and quantitative approaches are applied jointly. 

German Democratic Republic. In the framework of drawing up expert, 
opinions on the ecological soundness of investment projects, qualitative, 
quantitative and semi-quantitative models are applied, depending on the level 
of decision making and the type of potential impact. 

Hungary. For both methods the applied models are mixed, but the 
verbal-causal models are predominant. Mathematical models are primarily used 
for the joint evaluation of uncertainty factors and various influences, as 
well as for the consideration of economic consequences. Naturally, 
quantitative calculations are also made for determining the state of various 
environmental features (e.g. hydrological estimations), but these 
calculations do not belong to the system of mathematical models. 

Ireland. A variety of predictions/assessments is used ranging from 
qualitative models at the ordinary development control level. Mathematical 
models are used for environmental prediction (water quality) on major 
estuaries and have also been applied to certain river sections. Additional 
models are under development. Air quality models have been applied to assess 
the suitability of existing monitoring networks and the impact on air quality 
of specific projects. The models are quantitative, but the overall management 
approach includes qualitative assessments. 



ECE/ENVWA/21 
page 21 
Annex I 

Netherlands. A number of quantitative prediction methods, especially 
regarding the air, water and soil compartments, is used regularly, But also a 
number of qualitative and mixed methods is in use. Quantitative models exist 
for many of the relevant environmental aspects especially regarding the 
emission and fate of substances in the environment. For major decisions, such 
models are usually applied and are accepted as the most appropriate methods. 
Expert judgment, often but not always based on experience with quantitative 
models, is important as well. Especially in the initial stage of assessment, 
when the potential problem areas are identified, the qualitative judgment of 
experts is essential. When existing models are not suitable or do not cover 
all aspects of the problem (as is the case in soil pollution problems), a 
mixed approach is used. 

Portugal. Most predictions are determined by qualitative models. These 
predictions are presented as technical papers prepared by specialists for each 
subject. Sometimes quantitative predictions using mathematical models for air 
and water quality, as well as for noise studies are used. Although most EIAs 
are qualitative, quantitative analyses have been done but not for all the 
subjects in the study. 

Union of Soviet Socialist Republics. All approaches to EIAs and EPs are 
currently elaborated. Qualitative methods based on expert assessments are 
progressing more slowly than others since they are often influenced by 
subjective opinions. Quantitative models are the most widely used for EPs and 
EIAs, especially for pollutant dynamics in abiotic environments (air, water, 
soil, precipitation, etc.). Further development of EIA and EP requires an 
accelerated elaboration of models intended to provide social and economic 
advice and at the same time take into account long-term ecological and 
climatic changes. 

United Kingdom. All three kinds of EPs and EIAs are used. 

United States of America. EAs and EIAs are of the "mixed" kind, and 
include predictive methodologies ranging from mathematical models to expert 
opinion. As elsewhere, there is more precision in the pollutant dispersion 
type of analysis than in the prediction of biological/ecological reaction to 
disturbances. 

Question 3. 

What are the main difficulties in increasing the use of EPs and EIAs in 
your country? 

Answers : 

Canada. Standard methods to predict contaminant dispersion patterns and 
assess impacts on the environment are available. Some difficulties in 
increasing their use are identified in a report entitled "Initial 
Environmental Assessment". 

Finland. The main difficulty in increasing the use of EIAs is the 
inadequate methodology available in dealing with non-monetary values in the 
decision-making process. Also, uncertainty involved in many prediction 
methods may be so high that not enough importance is given to some prediction 
methods in decision making. 
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FederalRepublic of Germany. The difficulties in extending the use of 
ecological projections are as follows: 

Inadequate database; 
Problems in constructing the models (simplification, aggregation); 
Absence of fixed objectives; 
Lack of experience of official bodies in the effective use of environment 
state forecasts; 
Distrust of decision makers towards ecological models and forecasts. 

German Democratic Republic. In accordance with legal regulations, the 
expenditure for expert opinions on investment projects is to be kept as low as 
possible. So far this expenditure has been determined by the investment 
volume and the expansion. Requiring expert opinions is partly a permissive 
provision. Proceeding from the principle that economy and ecology are one, 
both of the aspects should be considered in the framework of social 
prognosis. As an expert opinion on investment projects is closely connected 
with the assessment of their effectiveness in the GDR, notably the knowledge 
of their cause-effect relationship in the environment, e.g. of the possible 
damage, and increased expenditure for minimization of potential environmental 
pollution in various sectors (industry, infrastructure, agriculture and 
forestry, art, culture, buildings, etc.) should be made available. Political 
aspects are playing an increasing part in expert opinions, notably for expert 
opinions at regional and national levels. The methods to be adopted in 
drawing up expert opinions on ecological soundness are prescribed 
predominantly by legal regulations (standards, instructions of ministers, 
etc.). By reducing the expenditure of expert opinions on ecological soundness 
by using and simplifying computer-aided models on an increased scale, 
including elements of system analysis, an essential contribution can be made 
to a broader and more comprehensive use of environmental prognoses and expert 
opinions. An essential step towards achieving comprehensive, 
interdisciplinary expert opinions on ecological soundness was the 
establishment of the National Environment Inspectorate at the Ministry Of 
Environmental Protection and Water Management (1985). 

Hungary. 

No information network is available; 
There are substantial conflicts of interest in the economy; 
Lack of resources; 
Lack of an appropriate organizational system; 
Environmental problems are not treated seriously. 

Ireland. The large amounts of data needed to formulate and verify 
environmental predictions pose difficulties in circumstances where financial 
resources for such information gathering are limited. 

Netherlands. One of the main factors retaining the development of 
prediction methods is the lack of environmental data, particularly data which 
are necessary for calibration and validation of methods. There is also a need 
for more data on process parameters to be used in the formulations in 
mathematical models. Inadequate information plays an important role in the 
assessment of the toxic properties of substances for ecosystems. The fate of 
substances in the environment cannot always be correctly assessed because of 
the lack of essential data on physical/chemical properties. Developments in 
the field of the methodology of decijion making can stimulate the development 
of prediction techniques, because such developments may improve the defining 
of the output of required prediction techniques and may be helpful in 
identifying gaps. 
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Portugal, The main difficulties in implementing EPs and EIAs are due to 
lack of information that is needed to elaborate these studies and to use the 
mathematical models. In terms of methologies, Portugal would need the 
experience of other countries, making adjustments to local circumstances when 
necessary, 

Union of Soviet Socialist Republics. The USSR does not have an effective 
organizational structure to implement EIAs. Consequently, differences in 
ecological terms between different administrations, enterprises and citizens' 
organizations, and lack of environmental education often hinder the 
decision-making process. Modern equipment for accurate measurement of 
pollutant concentrations are often inadequate. Lack of standard EP methods 
makes it difficult to measure results and conclusions, thus it is difficult to 
develop unified computer-oriented information systems. 

United Kingdom The use of EIA and associated EPs is increasing 
significantly as a result of the implementation of ECE Directive 85/337 and of 
growing public concern about environmental matters. While shortage of 
information, inadequate methodology and shortage of skilled resources may be 
inhibiting the use of these techniques, there is also concern that excessively 
detailed information is being required when it is not necessary for reaching a 
sound decision. 

United States of America. A combination of inadequate methodology for 
biological/ecological impact predictions and time/cost pressure for decision 
making. 

Question 4. 

What is your appreciation of the effectiveness of environmental 
predictions in your country when planning and managing anthropogenic impacts? 

Answers: 

Canada. High, for major offshore oil development projects. 

Finland. The effectiveness is increasing, but still remains low. 

Federal Republic of Germany. The effectiveness of the use of 
environmental predictions varies from one sector of the environment to 
another, and largely depends on the purpose of the predictions. Forecasts 
have been relatively effective in public sector planning, for example in 
building roads, but are not yet well established in the private sector (trade 
and industry). When the EIA law enters into force, which will also apply to 
private sector planning, this situation could change rapidly. 

German Democratic Republic. The effectiveness of environmental prognoses 
and expert opinions is good and is already effective in the planning stage. 
In this connection the various levels of knowledge and development achieved in 
the various fields are important to the methods applied. 

Hungary. The effectiveness cannot be evaluated, as the methods have been 
in practice only recently and are not yet an integral part of planning. 

Ireland. When developed and verified, the techniques for environmental 
prediction (mathematical models) are considered to be very efficient in many 
instances. 
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Netherlands. High, in the case of EIA application, in the field of water 
quantity and quality modelling, and in a number of planning studies of the 
Dutch Rijkswaterstaat. An example is the Policy Analysis of Water Management 
for the Netherlands (the PAWN study), a broad study aiming at developing an 
updated national water management policy for 1990 through 1995. 

Portugal. EP methods have been used for a short time only and thus 
cannot yet be evaluated. 

Union of Soviet Socialist Republics. EP is not yet very effective but 
increasing understanding of its importance gives us hope that the conclusions 
and recommendations obtained will be applied (at least to major projects). 

United Kingdom. The effectiveness of environmental predictions varies 
from case to case. Major decisions, especially when preceded by a public 
inquiry or hearing, are generally accompanied by explanatory documentation 
which may include comments on the environmental information provided. 

United States of America. EAs/EIAs generally concentrate on non-human 
health issues because human health is dealt with through an extensive set of 
numerical standards which cannot be violated. The EAs/EIAs do deal with 
degradation of environmental quality (still above the standard) but do not 
relate that (in general) to human health impacts. Notable exceptions to this 
are analyses dealing with nuclear waste and pesticide issues, where additional 
human cancer risks are explicity calculated. 

Question 5. 

Are environmental predictions included in existing information systems? 

Answers: 

Canada. For offshore oil development projects they are combined with 
information on sensitive areas in order to develop oil spill contingency plans. 

Finland. Not at the moment. The priority within the elaboration of an 
information system for environmental data is put on databases. The prediction 
models assisting in decision making will be incorporated into the "National 
Environmental Data System" in the early 1990s. 

Federal Republic of Germany. In general, ecological forecasts have not 
yet been integrated into existing environmental information systems. 

German Democratic Republic. The results of environmental monitoring are 
recorded in the environmental protection data memory of the Ministry of 
Environmental Protection and Water Management. This is valid, amongst others, 
for: 

Meteorological data; 
Mission data; 
Results obtained in routine daily operations to calculate 
three-dimensional spreading; 
Results of monitoring of deposits; 
Hydrological data. 
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Hungary. No. 

Ireland. Environmental predictions for water-quality management plans 
are combined with other types of information (e.g., water-quality monitoring 
returns) in an overall information base (partly computerized). 

Netherlands. Prediction methods have been compiled in a series of 
handbooks on effects prediction. The series will contain, in addition to an 
introduction in Dutch and English, chapters on: air, surface water, soil 
(including groundwater), plants/animals ecosystems, radiation, human health, 
noise, risks and intercompartnental methods. The first six parts have already 
been published and the others have been drafted. The management of the series 
is entrusted to the National Reference Center for Environmental Information 
(CIMI) that is forming part of the National Institute of Public Health and 
Environmental Protection (RIVM). CIMI has automatized referral systems for 
information sources, Dutch databases on environmental information, literature 
(mainly Dutch) and terminology (a thesaurus). There is also an information 
system that has models which predict the impacts of accidental spills in 
rivers. 

Portugal. There is no national information system which includes 
environmental predictions in a systematic manner. 

Union of Soviet Socialist Republics. In several important information 
systems (e.g. for regions of the Lake Baikal and Aral Sea) there are data 
blocks on EPS. 

United Kingdom. Environmental pr Mictions are included in existing 
information systems, wherever possible. 

United States of America. There are no national/state information 
systems which routinely include predicted future conditions. 

Question 6. 

How compatible are exist ing computer-oriented information systems? 

Answers: 

Canada. Highly compatible. Compatibility was obtained by adapting 
existing software packages in order to obtain ones that can display 
contaminant plume movement when wind, current and other variables are 
introduced. 

Finland. Compatibility within the National Environmental Data System is 
good. Standardization is being introduced into computer software, symbols and 
code tables. 

Federal Republic of Germany. Full compatibility between existing 
EDP-based information systems has not yet been achieved. Nevertheless, 
throughout the Federal Republic of Germany and, to a certain extent in the 
European Community, steps are being taken to ensure full compatability. Thus 
the data banks at the Federal Environmental Agency, for example, are already 
compatible with comparable data banks at other institutions in the Federation 
and the Lander. 
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German Democratic .Republic. The data ser ies mentioned in the answer to 
question 5 form the basis for computer-aided models of decision making, 
automatic mapping and other graphic evaluations. The compatibility of the 
environmental protection data memory of the Ministry of Environmental 
Protection and Water Management with the forecasting and decision-making model 
for environmental protection (PEMU), i s ensured. The emission data are 
updated annually and form the basis for the calculation of the 
three-dimensional spreading. The environmental protection data memory will be 
compatible with the data of the National Environment Inspectorate that will be 
elaborated a t the county level . Data transmission i s effected in off-line 
operation. The PEMU is run on 32 b i t computers adopting the VMS operational 
system (FORTRAN 77). I t will be possible to produce colour graphics. The 
FORST K 88 model can also be run on personal computers compatible with IBM-PC 
AT. The statements made in the PEMU may be also made for the ECE grid 
(16 x 16 km). 

Hungary. In a domestic operating system, compatibility may be 
interpreted only to the level of data connection (2nd layer, according to 
standard 150). No environmental information system operating with a network 
background i s available yet. The compatibility of information systems at a 
higher level will be increasingly in demand together with the increase of 
requirements towards the integrated evaluating methods, as allowed by the 
improvement of the data-processing infrastructure. 

Ireland. Compatibility i s reasonable. 

Netherlands. For access ib i l i ty and compatibility of environmental 
information systems, the aforementioned CIMI has been developed. CIMI 
contains profi les of hundreds of sources of environmental information in the 
Netherlands. The CIMI thesaurus has, and will have, a posi t ive influence on 
the compatibility of the information systems of these sources. 

Portugal. Environmental data systems are being implemented and a 
considerable effort is being made to assure compatibility. 

Union of Soviet Socia l is t Republics. Each administration, ins t i tu te and 
research group has i t s own information data banks but they are not 
interconnected. However, a common software and compatible computers make 
possible a confluence of data banks in a unique system; a regular information 
exchange i s operated between research groups. 

United Kingdom. Existing computerized information systems are often not 
compatible, too much information has to be transferred manually. 

United States of America. Very few national environmental data systems 
are able to exchange data in a compatible format or have consistent levels of 
quali ty assurance. 
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Qu§gt-ion 7, 

Briefly list methods for ecological prediction employed in your country 
as well as references for th«?i* practical use (who, when, where, what are 
results). 

Answerai 

Canada. Methods of ecological prediction (focusing on predicting 
contaminant movement in the aquatic environment) are available from Canadian 
consultants and Government staff, sources include: 

Robert R. Everltt, E§3A Environmental Social Systems Analysts Ltd., Box 
12155, 808 Nelson St., Vancouver, British Columbia. V6Z 2H2 
9.L. Ross. Environmental Research Ltd., 346 Frank St., Ottawa, Ontario. 
Ken Miekle, Environment Canada, Environmental Protection, River Road 
Laboratories, River Road, Ottawa, Ontario K1A1C8 
Dr. Martin Pomeroy, Environment Canada, Environmental Protection, 
Kapilano 100, Park Royal South, West Vancouver, B.C. V7T 1A2 (for 
information on pulp mill plume modelling). 

Finland. Models for environmental effects applied in Finland have been 
reviewed (Leskinen 1986). The references to this review list model 
applications for water courses, air pollutant transport and noise 
calculations. The practical use of the models in decision making is unknown. 
Model results certainly affect decisions, but the extent of their influence is 
impossible to determine (see the answer to question 1). 

Federal Republic of Germany. The main methods for predicting 
environmental impacts of developments are: 

Analyses and projections of ecological risks; 
Forecasts of ecological impacts; 
Various means of projecting different scenarios. 

Analyses and projections of ecological risks have been done mainly in the 
area of road planning. Through these analyses and projections, environmental 
changes that are likely to result from road traffic can be predicted and 
evaluated. An example of these methods is the 1987 environmental impact study 
of the A 26 motorway from Hamburg to Stade (Planungsburo Oekologie und Planung 
(Office for Ecological Planning, Hanover)). An example of forecasts of 
ecological impacts is the Dollarthafen study (published by ARSU (Oldenburg) 
and the Prognos Institute (Basle), 1984/85), which simulated various changes 
caused by anthropogenic pollution factors in the ecosystem of the Dollart 
estuary from now until the year 2000. 

German Democratic Republic. Various models are used to support decision 
making: 

(a) The forecast and decision-making model for environmental protection 
(PEMU). On the basis of the SO2 emissions indicated by volume and site, the 
PEMU allows, in addition to the calculation of the spread of harmful 
substances in the atmosphere depending on weather as well as the local and 
weather-dependent concentration and deposition, the determination of the 
effects on the terrestrial ecosystems, particularly the productivity and 
stability of forest stands (initially pine, later spruce and beech) and on 
agricultural acreage. By optimization calculation it is also possible, based 
on the productivity and stability parameters of forestry, to determine the 
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necessary minimum requirements for emission reduetion in forest areas, The 
nominal emission values determined on this basis to maintain the productivity 
and stability of forest stands in specific areas are used in a second 
optimization stage as a boundary condition (in addition to costs, time 
horizon, budget) to determine the optimum temporal priority of measures to be 
taken to control air pollution. The model has been developed in the Gorman 
Democratic Republic at the Central Institute of Cybernetics and Information 
Processing, in cooperation with the Centre of Environmental Formation and the 
Forestry Section of the Dresden University of Technology and other 
institutions. It shows decision makers how to use fuel-gas desulphurization 
optimally and to implement measures directed to an adaptation and 
stabilization in forestry. 

(b) CAD MINE is a computer-aided system to assist decision makers in 
creating water management strategies in mining areas. Taking into account the 
total expenses of society, the economy of mine dewatering and water supply of 
various users, the criteria relating to environmental protection (e.g. water 
quality), the coverage of the demand for water expressed in security for 
supply, etc., decisions relating to the following were analysed: (i) the 
distribution of water among mines, channels, old pits, groundwater and water 
users; (ii) addition of chemicals to mining water treatment plants; (iii) the 
course of former pits. This model wa3 applied for the first time in the Upper 
Lusatlan mining district. 

(c) In the national environment inspectorates at the county councils, 
models are used to calculate the 3-dimensional spread of air pollutants. 

(d) There are a number of programmes that evaluate the files of the 
environmental protection data memory. Maps can be drawn up with the aid of 
computers. 

(e) Various programmes to determine the priorities and order of 
implementing investment projects relating to environmental protection, which 
are based on economic and ecological criteria of decision making, are applied 
at the Centre of Environmental Formation and aim at using the available 
capacities and funds with the highest possible effect for environment as well 
as from the economic point of view. 

Hungary. Most environmental impact assessments prepared in Hungary 
include predictions regarding the expected state of living organisms. These 
predictions refer only to parts of the ecological system (e.g. stock of game), 
however a broader and more detailed investigation is required. The method of 
ecological investigation applicable for the selection of the sites of 
investments has been established. 

Ireland. A normal method for ecological prediction would be the 
establishment of baseline condition by professional surveys and prediction of 
impacts by professional judgement with reference to materials from 
computer-based literature searches. The extension of existing models to allow 
for ecological predictions (aquatic environment), with the support of field 
and laboratory experiments, is envisaged. 

Netherlands. For prediction used in the Netherlands and their 
application, see the above-mentioned series of handbooks. 
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Portugal. The EIAs presented do not include ecological pr§dictions 
because wo do not have the elements to implement the methods. There is no 
up-to-date ecological survey for the entire country. 

Union of Soviet Socialist Republics. Methods for: forecasting changes 
in abiotic environment pollution levels (Institute of Applied Geophysics, 
Laboratorv of Monitoring); forecasting global climatic and ecological changes 
(Laboratory of Monitoring, State Hydrological Institute, Main Geophysical 
Observatory, Computer Centre of the USSR Academy of Sciences); complex 
forecasting of the ecological state of large cities and regions (Institute of 
Applied Geophysics, Institute of Geography, Laboratory of Monitoring); 
regional ecology=economic forecasting (Laboratory of Monitoring). 

United Kingdom. Ecological prediction currently focuses on the 
generation and transport of pollutants and on the impact, in general terms, of 
those pollutants on the environment. However, the Nature Conservancy Council 
must be consulted about any proposed development project on land which is part 
of a designated Site of Special Scientific Interest (SSSI), as well as about 
any development requiring environmental assessment under the provisions 
implementing EC Directive 85/337. SSSIs include most significant habitat of 
rare and endangered species in the United Kingdom. In responding to such 
consultations, the Nature Conservancy Council will also seek to take account 
of all the physical effects of the proposed development on the features of the 
SSSI which require preservation. 

United States of America. A review of these methods has been undertaken 
in "Review of Ecological Risk Assessment Methods", November 1988. 

Question 8. 

What are the main sources of information for ecological predictions? 

Answers: 

Canada. Professional contacts and a variety of technical reports. 

Finland. Monitoring and survey data. 

Federal Republic of Germany. 

(a) Inventories of emissions and immissions; 

(b) Information on landscape types (e.g. mapping of biotopes, land 
use, functional mapping, soil conditions, geology and hydrology, morphology, 
etc.); 

(c) Legally binding and regulatory objectives and environmental 
standards. 

German Democratic Republic. Results obtained from environmental 
monitoring and environmental statistics, including, inter alia: 

(a) Biomonitoring; 
(b) Various measuring networks; 
(c) Deposit monitoring; 
(d) Calculation of the three-dimensional spread of air pollutants; 
(e) Area-wide results of remote sensing; 
(f) Specific analyses. 
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Hungary, 

(a) Databases on forests; 
(b) Records of game management units; 
(c) Surveys of individual sites; 
(d) Information regarding the botanical and zoological investigations 

and intervention plans for certain protected natural regions; 
(e) Agricultural statistics on cultivated plants and bred animals; 
(f) Data measuring network established in the biosphere reserves. 

Ireland. Routine monitoring activity provides some information for 
ecological predictions, but- special programme? of investigations in each case 
are usually necessary. 

Netherlands. National, regional, and local authorities, the CIMI, the 
expertise of the research institutes, our series of handbooks on effects 
prediction and international literature. 

Portugal. Monitoring and survey data of several government departments 
and technical reports. 

Union of Soviet Socialist Republics. The network of Goskomhydromet 
stations that perform environmental pollution monitoring (including stations 
of transboundary transfer control and biosphere reserves). Data obtained in 
complex expedition exploration in selected regions, according to special 
programmes. Surveys, technical reports and papers prepared by Soviet and 
foreign authors. 

United Kingdom. Reports by dischargers of pollutants, and by inspectors 
of pollution, material monitoring reports and specific ad hoc studies. 

United States of America. See "Review of Ecological Risk Assessment 
Methods", November, 1988. 

Question 9. 

What kinds of mechanisms/procedures/provisions are in use in your country 
for the improvement and monitoring of the technical quality of environmental 
impact assessment documentation? 

Answers: 

Canada. Published government reports, workshops and conferences to 
promote EIA follow-up; case-studies to evaluate new approaches. 

Federal Republic of Germany. The technical quality of the BIAS should be 
improved, particularly by an information and documentation system, which 
should be implemented by the Federal Environmental Agency and be made 
compatible with the information systems of the countries of the European 
Communities. Furthermore, within the framework of EDP-based topographical 
information systems, leading firms, such as ERSI (Kranzberg), have introduced 
training courses for planners and administrators. 

German Democratic Republic. The constant revision of standards for 
methods of drawing up expert opinions and for plant specifications and 
updating of environmental legislation contributes to improve the technical 
quality. In addition, continuous efforts are being made to improve the 
documentation on the results obtained in evaluating environmental data. 
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Hungary, The methodology for environmental prediction and environmental 
impact aaaasamant is Under preparation and includes establishing the complete 
mechanism of the process of impact assessment, determining relevant 
terminology, selecting projects and areas for the survey, assessing 
organizational background And requirements, establishing specific 
methodological proposals for executing various steps in environmental impact 
assessment, investigating the possibilities of encountering hazard factors and 
incorporating public opinion, establishing methods for evaluating the survey 
results, and determining the criteria for the evaluation, 

t_rjjljuid. Such studies are usually subject to prior assessment and 
comments from interested parties (e.g. water quality management plans). 

Netherlands. This question has been treated separately. 

Portugal. The Environmental Impact Assessment Law has been recently 
published, and specifies rules for the elaboration of each type of project, 

Union of Soviet Socialist Republics. The elaboration and standardization 
of EIAs in this country are under way. To improve EIA quality and utility we 
need to solve the problems mentioned in our answer to question 3. 

United Kingdom. The technical quality of environmental statements 
provided under environmental assessment procedures is considered by the 
decision-making body. In addition, the quality of the information provided is 
kept under review by the Government as well as by universities and research 
institutes. 

United States of America. There is no formal process for performing 
post-project audits to verify the prediction methods used. Ad hoc studies 
have been performed (Forecasts and Environmental Decision-making, P.J.Culhane, 
et al,, Westview Press, Soulder and London) and some interest is developing in 
making this an ongoing requirement for federal EIAs, 

Question 10. 

In a number of situations, the application of quick and simple prediction 
methods may be desirable. If this does apply to the situation in your 
country, how is this need met? Do you have any further comments? 

Answers: 

Canada. Quick prediction methods are often the result of extensive 
operational experience with certain project types and a sound knowledge of 
effective mitigative measures. For these project types (for example, oil and 
gas pipelines in western Canada) it is now possible to prepare generic 
environmental protection plans that anticipate most of the impacts likely to 
be encountered. 

Finland. Simplicity is often desireable because the model can be 
identified and tested more easily (sensitivity and uncertainty analyses). 
Complex models can be simplified by sensitivity analyses. 

Federal Republic of Germany. According to the requirements mentioned 
here, an assessment of environmental impacts of projects is only possible in 
the Federal Republic of Germany with an EIA checklist which can be drawn up by 
consultants. The Federal Environment Agency is elaborating a more 
sophisticated checklist. 
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German Democratic Republic. Supply of information can be simplified by: 
(a) using computer models as aids in decision making (all environment 
inspectorates dispose of respective computers), (b) file evaluation programmes 
and automatic mapping developed at the Centre of Environmental Formation and 
compatible with other mapping systems, (c) implementing on-line operation 
between the environmental protection data memory and other data processing and 
information centres, which is envisaged shortly. 

Hungary. A prerequisite for the application of inexpensive and quick 
prediction methods is the availability of a computerized information system 
that contains data relevant to the state of environmental features and of 
environmental values detailed for as small areas as possible. On this basis, 
the sensitivity of an area selected for a given development or construction 
could be modelled quickly to human activities. However, inexpensive and quick 
methods have to be applied on the basis of expensive information background, 
which is absolutely necessary. Simplified investigations for lesser problems 
can be performed. For example, a preliminary ecological study, which assesses 
the ecological state of the area through a data search of literature and a 
single investigation of that area, may be done within a short period 
(30 days). 

Ireland. A draft manual prepared by the governmental research institute 
"An Foras Forbartha" distinguishes between three 'levels' of analyses: low, 
medium and high. The 'low' level describes situations where quick, simple and 
inexpensive prediction methods would be appropriate. A simple dilution 
analyses based on low river flow data is used in many cases for water quality 
prediction of rivers. 

Netherlands. Quick, simple and inexpensive methods are included in our 
series "Handbooks on Effect Prediction". This kind of method can be useful in 
the scoping phase of EIA and if resources are lacking. However, one has to be 
careful not to oversimplify. Application is only sensible when it is certain 
that no processes other than the ones taken into account, play a role. An 
expert opinion is advisable. Development, promotion and application of simple 
methods as such that are not tested by experts may have unpredictible 
consequences. 

Portugal. The procedures used are based on qualitative methods, namely 
expert judgment. 

Union of Soviet Socialist Republics. Quick prediction methods for EIA 
are used for small standardized projects. Their effectiveness is uncertain. 

United Kingdom. In exercising their powers to determine which projects 
require EIA, Ministers are concerned to require full EIA only for those likely 
to have significant environmental effects. For other projects, 
decision-making procedures are intended to ensure that information about 
environmental effects is provided in a manner appropriate to each case. 

United States of America. Federal agencies use several approaches for 
making quick order-of-magnitude estimates of impacts. One method is to have 
pre-defined characteristics (based on past analyses) which could indicate that 
significant impacts would be probable. A second method is to use "worst" case 
conditions in models to determine whether significant impacts are even 
possible before spending time and resources on collecting detailed data. 
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Question 11. 

Can you suggest ways and means to improve access to the literature on 
prediction methods and/or to institutes? 

Answers: 

Canida. Reviews of international literature, for example: 

A Selected Bibliography on the Fate and Effects of Oil Pollution Relevant 
to the Canadian Marine Environment, 1980. Environment Canada. 

Use of Effects Monitoring in Environmental Impact Assossment and 
Environmental Management, 1987. Environment Canada. 

Environmental impact assessments for major projects require a review and 
evaluation of relevant literature and development of oil spill scenarios, 
for example: Beaufort Sea oil and gas development and East coast oil and 
gas development. 

International newsletters, for example, Spill Technology Newsletter, 
Environment Canada. 

Finland. Wider distribution of methods, adequate documentation and user 
manuals. 

Federal Republic of Germany. Access to forecasting methods could be 
simplified by further improving access to technical information. 

German Democratic Republic. See the answer to question No. 10. 

Hungary. As in the Netherlands, every country taking part in the 
investigations should publish their results. 

Ireland. Greater exchange of information is needed among professionals 
involved in predictions, and between professionals and decision makers. 

Netherlands. Accessibility of prediction methods can be improved by the 
establishment of some kind of referral mechanism between supply and demand, 
for instance, CIMI and the series of handbooks on effect prediction. 

Union of Soviet Socialist Republics. Information on methods and 
experience in EIA is needed. This requires a timely publishing of 
corresponding materials, systematic cooperation between research groups 
(Soviet and foreign), data exchange and unifying data banks in a shared 
information network. 

United Kingdom. We are interested in the task force recommendations on 
improving accessibility to prediction methods. Much will depend on the 
effectiveness of the arrangements for exchanging information about 
environmental matters. There is a need for better mechanisms for adapting 
models developed as research tools for use as predictive tools for decision 
making. Such tools may have commercial value for which public authorities may 
have to be ready to pay. It must also be recalled that proposals which are 
likely to have significant environmental effects and decisions on whether such 
proposals should proceed, are often made by people who do not necessarily have 
expertise in assessing those effects. It is therefore important to ensure 
that environmental information is made accessible to non-experts as well as to 
environmental specialists. 
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United States of America. The best way is probably through 
conference/workshops within specific disciplines. Simple distribution of 
models is not recommended since it generally requires expertise in each given 
field to accurately apply predictive models to problems. 

Question 12. 

Are there important gaps in the field of environmental prediction and do 
you have suggestions for handling them? 

Answers: 

Canada. The two largest gaps are: 

(a) General lack of routine effects monitoring tools for use in EIA 
follow-up. These tools are needed to determine the accuracy of environmental 
predictions and ensure that they improve over time; 

(b) Inconsistent approaches to monitoring impacts that are typical of a 
project type, e.g. pulp mills. For example, if all mills use different 
approaches to monitor the fate and effect of dioxin in freshwater and marine 
environments, then it becomes difficult to improve upon the accuracy of impact 
predictions. Ideally, routine, diagnostic monitoring tools should be 
available at national and international levels so that high quality, 
intercomparable databases are developed and the accuracy of impact prediction 
is more likely to improve. Environmental protection includes promoting the 
development of routine effects monitoring tools through publications (the 
initial focus is on lethal and chronic toxicity tests) and case-studies. 

Finland. There are always many gaps in scientific knowledge. Every 
answer is followed by new questions. Gaps in knowledge are often identified 
and listed in scientific meetings and workshops. 

Federal Republic of Germany. Gaps in ecological forecasts exist 
particularly in: 

(a) Areas with complex, highly interrelated problems; 
(b) Long-term ecological impacts; 
(c) Fields where a close interrelation of ecological and socio-economic 

factors or variables exists. 

German Democratic Republic. The scope of the expert opinions should be 
extended. Thereby, economic and social criteria should be used on a larger 
scale which would require legal provisions and improved methods of system 
analysis so that the transcompartmental effects of harmful substances will be 
taken into account. 

Hungary. There are large gaps in the field of environmental prediction 
and environmental impact assessment (the reasons are detailed in the answer to 
question 3). The first and essential step of the solution would be to have 
legal provisions that integrate the two methods into the planning and 
decision-making phases. A background information system and organizational 
expert system should also be established without which the methods could be 
applied only in individual cases. 

Ireland. Verification data is often the major information gap, given for 
example, the enormous variability of many parameters and reaction rates in the 
environment. National and multinational programmes should help handle these. 
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Netherlands. In the annual reports of the Commission for EIA (The 
Commission for Review) the following gaps have been identified; 

(a) Quantitative relationships between traffic (emissions) and, 
respectively, disturbance by stench and ambient concentrations of NO and NO2 
in the surroundings. 

(b) Distribution throughout the environment of pollutants emitted by 
waste dump/refuse sites. 

Other gaps concern the composition of complex emissions and the effects 
of pollutants on ecosystems, the exchange of pollutants between compartments, 
the behaviour of pollutants in soil, the persistence of pollutants in soil and 
sediment and the biological and chemical degradation of substances. For many 
substances there is not much information on their properties. The prediction 
of large-scale behaviour of substances, usually beyond the scope of EIAs, 
deserves more attention. Solutions could include: (a) compilation of an 
inventory of gaps; (b) with a systematic approach, properties may be granted 
to the issues in the inventory; and (c) research could be encouraged 
(research programmes may be developed and researchers interested). 

Portugal. Exchange of pollutants between compartments, persistence of 
pollutants in soil and sediment; compatibility and validity of existing data. 

Union of Soviet Socialist Republics. The reasons for the many gaps are 
listed in the answer to question 3. 

United Kingdom. There are many important areas in which prediction 
techniques can be improved. This is a field in which research institutes are 
active. However, while more needs to be done to make decision makers aware of 
environmental predictions where they are available, policy decisions need to 
be made on the basis of available information and cannot be deferred while new 
techniques are developed. 

United States of America. The biggest problem is in the area of 
biological/ecological prediction. The Environmental Protection Agency (EPA) 
is currently working on improving "eco-risk" techniques. 

Question 13. 

Is your country making use of environmental prediction methods in the 
field of transfer of pollutants between environmental compartments? Can you 
list the types of cases in which they are used, the types of methods and their 
sources? 

Answers: 

Canada. Yes. See answers to previous questions. 

Finland. Yes. An example of a crucial multidisciplinary problem is 
acidification in which the flow of pollutants through the atmosphere to the 
soil and to groundwaters and surface waters, has to be taken into account. 

Federal Republic of Germany. The use of ecological forecasts for the 
transfer of pollutants from one environmental area to another is not 
stipulated, but this problem is dealt with in sophisticated environmental 
impact studies. 
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German Democratic Republic. A tranacompartmental behaviour of pollutants 
has been included in the PEMU and the groundwater model drawn up by the 
Institute of Water Management and the Dresden University of Technology is 
measuring the effects of various agrochemicals. 

Hungary. The knowledge about the transfer of pollutants between 
environmental compartments is a prerequisite both for environmental prediction 
and for environmental impact assessment. General information is available for 
the expected behaviour of pollutants occurring in every compartment. In-depth 
investigations are also under way for given cases for a detailed survey of 
interactions of environmental features. Erzsebet Novaky tries to provide an 
environmental prediction method partially using the results of the above 
investigations in her work entitled "Egy magyar kfirnyezetvedelmi modell 
kidolgozasanak tapasztalatai" (Experiences with establishing a Hungarian 
environmental protection model), Budapest, 1987. 

Ireland. Examples are limited, but include sediment/water exchange where 
"bell jar" measurements have been made with a view to providing information 
for environmental predictions. 

Netherlands. The transfer of pollutants between environmental 
compartments is taken into account in EIA3 when appropriate. There is no list 
for the types of cases in which this should be done. For each EIA, it is the 
responsibility of the proponent and the Review Commission to identify and 
describe the relevant aspects. Examples: 

(a) Deposition of air pollutants, e.g. combustion products, for 
acidifying components as well as for components such as heavy metals; 

(b) Exchange of substances between water and river bed. 

The class of typical multimedia models based on the fugacity concept, 
like those of MacKay, is applied infrequently because of the very coarse 
treatment of the spatial distribution of the pollutants within the 
compartments. Furthermore, the deposition of air pollutants is usually 
described in terms of deposition velocities and rain out and wash out 
coefficients that are experimentally determined. In our series on 
environmental prediction, the subject of multi-compartmental methods is 
discussed. 

Portugal. No. 

Union of Soviet Socialist Republics. The EP methods in this area have 
been elaborated by many research groups. The examples of their successful use 
are pollutant dynamics in the ecosystems of the Azov Sea and Lake Baikal. 
But, until now, these methods were elaborated mainly for aquatic (lacustrine) 
ecosystems. 

United Kingdom. Work in this area is under way. 

United States of America. EIAs/EAs do not in general reflect intermedia 
transfer issues. Analyses dealing with human health issues do analyse 
intermedia "pathway" travel of specific types of cancer-causing pollutants. 
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Question 14. 

Do the provisions in the fields of monitoring in your country conform to 
the requirements for environmental prediction? In what respect are these 
requirements met or not met? 

Answers: 

Canada. See answer to question 12. 

Finland. Not in all cases. New problem areas like acidification would 
require long series of measurements and observations of pollutants. 
Monitoring of these pollutants and parameters (and many Other pollutants) has 
to start when a new problem area is detected. 

Federal Republic of Germany. This may be answered in different ways, 
depending on whether the objective is a unisectoral or multisectoral 
environmental forecast or an emission- or impact-related one. In general, in 
the unisectoral field, monitoring is adequate for ecological forecasts. The 
period of monitoring is long enough to allow these systems to become the basis 
for ecological projections. Furthermore, it is possible to obtain information 
on the development of emissions in relation to the development of the 
corresponding emission source. Integrated approaches are less developed and 
in general, are still in the testing stage. They have been fully implemented 
in the major research areas of Berchtesgaden, Wadden Sea and Bornhoveder 
Seeplatte (Bornhoveder Lake district). 

German Democratic Republic. In general, the existing system of 
environmental monitoring and statistics is sufficient. It would be desirable 
if temporally graded emission data were available to investigate the 
cause-effect relationships, e.g. as to the formation and effects of 
photo-oxidants. 

Hungary. Monitoring systems are available for certain sectors of the 
environment but are not sufficient in many respects. One example is the 
investigation of surface water resources. Accurate data regarding the state 
of soils are not always accessible because they are not handled by the 
Ministry of Environmental Protection. There is no unified monitoring system 
which would supervise the environmental situation as a whole. 

Ireland. Monitoring programmes provide some input, but in most cases 
supplementary studies are needed. For deterministic models in particular, 
fluxes and exchange rates must be determined by special studies. 

Netherlands. Provisions in the field of monitoring meet, to a large 
extent, the requirements for environmental prediction. Based on the 
measurement results of the monitoring stations in a monitoring network, 
extrapolation to other Ideations is possible. For substances for which few 
stations or measurement results are available, extrapolation is not possible. 

Portugal. Systematic monitoring is still in an early stage of 
development, although monitoring programmes are being implemented, such as air 
pollution networks. 
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Union of Soviet Socialist .Republics, In principle, plans for the 
development of a monitoring network are sufficiently oriented to obtain data 
required for EPs. But monitoring network units are often supplied with 
outdated equipment which does not provide precise and adequate data needed for 
EP. 

United Kingdom. Monitoring programmes are being reviewed to keep a 
balance between demand-back monitoring and ongoing long-term monitoring. For 
example, the air pollution networks have been overhauled to provide specific 
networks to cover "hot spots" and background air pollution. 

United States of America. Yes. Predictive methods are used to design 
monitoring networks. However, most monitoring networks are designed on the 
basis of historical data. 

Question 15. 

Is there any interest in your country in international cooperation in the 
application of environmental impact prediction in important large-scale 
environmental issues? Can you give examples of such issues? 

Answers: 

Canada. Yes. In the case of pulp mills, Environment Canada staff have 
already visited Scandinavian countries and several Norwegian scientists 
presented papers at a conference on pulpmill impacts and impact monitoring at 
the University of Toronto. 

Finland. Yes. Important examples are air pollutants and climatic change. 

Federal Republic of Germany. The Federal Republic of Germany is very 
interested in closer international cooperation in the field of ecological 
forecasts and EIAs. This cooperation is already taking place at a bilateral 
level (e.g. between Germany and the Netherlands with regard to the problem of 
pollution in the North Sea), as well as at an international level, 
particularly through the European Community (EC) and the Organization for 
Economic Co-operation and Development (OECD). 

German Democratic Republic. The GDR has declared its readiness to take 
an active part in investigating and solving global and regional environmental 
problems, for example ozone research/and co-sponsoring of and participating in 
the EMEP. 

Hungary. Because of Hungary's geographical position, international 
cooperation in the field of environmental protection, especially within the 
Karpathian Basin is crucial. This objective was met when Hungary signed 
various international agreements dealing with the quality of air. The method 
of environmental impact assessment may also deal with projects having 
international effects. Cooperation should be established, which would allow 
the joint application of EIA for given issues. 

Ireland. There is an interest in issues of the transfer of pollutants 
via air and water routes. Possibilities for cooperation are being explored in 
the case of the Irish Sea. Ireland is taking part in the ongoing provision of 
emissions data on air pollutants to EC and OECD which can be used as input to 
long-range models. Since the scope of the task force study is restricted to 
the field of transport and distribution of pollutants, the approach in this 
country to developing water quality management plans, and possibly air quality 
management plans in the future, seems particularly relevant. 
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Nejlierlands. There is interest in international cooperation regarding a 
number of existing important large-scale environmental issues, such as: 

(a) The greenhouse effect; 
(b) The depletion of the atmospheric ozone layer; 
(c) Acid deposition; 
(d) The occurrence of radioactivity in the biosphere; 
(e) The distribution of toxic and harmful pollutants through the 

biosphere. 

Within this international cooperation, work on the scientific aspects in 
the field of physical and chemical processes is emphasized. However, this 
cooperation is not directed to application, for instance in environmental 
prediction (EP). More attention to EP would be worthwhile. Important 
large-scale effects can be caused by a number of relatively small emissions 
from many sources. In a number of cases, international cooperation might make 
it possible to alert the responsible governmental authorities about potential 
environmental problems, so that they can take the necessary steps for the 
protection of the environment. International cooperation should function so 
that it will prevent the occurrence of other environmental problems. 

Portugal. International cooperation in the following areas is of great 
interest to us: 

(a) Distribution of toxic and harmful pollutants through the biosphere; 
(b) Climate change; 
(c) Transboundary pollution. 

Union of Soviet Socialist Republics. Yes, cooperation is necessary in 
many areas: prediction of global climatic and ecological changes; adoption 
of international agreements; limitation of emissions of certain pollutants 
into the air; problems of transboundary pollution; exchange of experience 
with EIA and EP when solving serious regional problems. 

United Kingdom. The United Kingdom is an active participant in many 
international bodies which are considering major environmental issues, 
including relevant prediction techniques. Examples include the North Sea 
Conferences and the Convention on Long-range Transboundary Air Pollution. 

United States of America. Yes. Acid rain and global warming are prime 
examples. 
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ANNEX II 

CASE-STUDIES 

prepared by Canada, Finland, Netherlands, and the USSR 

GUIDELINES FOR ENVIRONMENTAL EFFECTS MONITORING AT 
PULP AND PAPER MILLS (CANADA) 

1. Introduction 

1.1 Background 

Environmental effects monitoring (EEM) provides an objective basis for 
demonstrating the effectiveness of mitigative measures and helps to identify 
areas where improvements are needed (Environment Canada, 1988)_/. EEM also 
allows government agencies to identify the need for changes in regulatory 
requirements. The emphasis of EEM programmes has frequently shifted in 
response to new priorities and emerging environmental issues. In the past, 
sampling sites and parameters were often changed with.little concern for 
spatial or temporal continuity of data. This lack of consistency was 
identified in a review of west coast pulp and paper mill monitoring programmes 
(Bernard et al, 1987) and led to a national, federal-provincial workshop 
(Bernard and Everitt, 1987). At this workshop, a more consistent approach to 
EEM was developed and later evaluated at mills discharging into the marine 
environment in Newfoundland (LeDrew et al. 1989) and British Columbia 
(Colodey, in preparation). Results of these two pilot studies were discussed 
at a national workshop (Environment Canada, 1989) and programmes were 
developed, and later evaluated, for two freshwater systems: the Fraser River 
in British Columbia (Dwernychuk, 1990) and the Saint Maurice River in Quebec. 
The two pilot freshwater studies were reviewed at a workshop in March 1990 
(Environment Canada, 1990) and, with the marine studies, led to the 
development of these guidelines. 

1.2 Objectives 

The environmental monitoring survey shall be conducted for the purpose of 
determining: 

(a) The effects of effluent on fish and fish habitat; 
(b) The extent that deleterious substances have damaged or are likely 

to damage fish and fish habitat; 
(c) The adequacy of any remedial action taken after any unauthorized 

deposit of a deleterious substance; 
(d) The adequacy of existing control requirements and the need for more 

stringent or site-specific measures. 

The guidelines and the monitoring requirements will be reviewed and 
revised as necessary to ensure that they meet the above-noted objectives. 

V For references see page 51. 
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1.3 Guideline application 

The guidelines apply to all pulp and paper mill§. They are intended for 
use by industry and their consultants, as well as by federal and provincial 
regulatory agencies involved in the determination of environmental effects of 
pulp and paper mills. 

The intent of these guidelines is to provide guidance and consistency in 
the design of environmental effects monitoring programmes and collection and 
reporting of data, 

2. Monitoring guidelines 

2,% Content 

The Environmental Effects Monitoring Programme depicted in Figure 1 can 
be broken down into three interrelated activities: (a) background information 
associated with design of the monitoring programme', (b) the monitoring 
programme Itself; and (c) data management and reporting, 

(a) Design features: Details of all mill activities that could have an 
impact on the receiving environment need to be documented for both the design 
of the monitoring programme and subsequent interpretation of results. 
Included are updated information on process and treatment systems, production 
and flow rates, chemicals used, existing environmental information, habitat 
inventory, effluent plume delineation and, in certain instances, sediment 
transport and deposition, These are included as a requirement under the Core 
Components. 

This information is required before the Environmental Effects Monitoring 
Programme can be adequately designed for an individual mill. 

(b) EEM programme: The programme consists of a set of core components, 
all of which are required at all mills regardless of location or type of 
in-plant process or effluent treatment systems in place, and a list of 
site-specific components from which further monitoring requirements are 
selected based on mill processes, treatment and features of the receiving 
environment. 

(c) Data management and reporting: Data generated by the monitoring 
programmes should be reported in a consistent manner so that they can be 
transmitted to a regional/central database. 

2.2 Core components 

Core components for inclusion are given in Tables 1 and 2 for mills 
discharging to the marine/estuarine and freshwater environments, 
respectively. Included is the provision of background information for use in 
designing the EEM programme, as well as specified monitoring of effluent for 
parameters common to all mills and measurements of its effect on the receiving 
environment (water, sediment and biota). Also included are parameters used in 
interpreting other monitoring data. 
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Table 1 

Cere Monitoring Components: 
Mills Discharging into the Marine/Estuarine Environment 

Parameter 

Background 
information 

Mill activities impacting on the receiving environment 
Existing biological, chemical and physical data for the 

receiving environment 
Habitat inventory 
Effluent plume delineation 
Hydrology 
Sediment transport and deposition 
Chemicals used in mill operations and processing 

Effluent 
(final and 
bypasses-/) 

Total suspended solids 
Total dissolved solids 
Biochemical Oxygen Demand (BOD) 
Resin acids 
PH 
Temperature 
Total Organic Carbon (TOC) 
Total phenols 
Colour 
Flow 
Acute lethal/sublethal toxicity assessment (fish, 

invertebrate and bacterial testing) 
Genotoxicity testing 

Receiving 
environment 

Rater 
(effluent, 
leachate related 
and ambient) 

Dissolved oxygen concentration and saturation 
PH 
Temperature 
Salinity 
Colour 
Total suspended solids 
Total dissolved solids 

Sediment 
(ambient plus 
maintenance 
dredge and 
dump sites) 

Biota 

Particle size (sand, silt, clay photographic record) 
Sediment volatile residue 
Acute lethal toxicity tests 

Quantitative benthic invertebrate survey 
Fish population survey 
Intertidal photographic survey and quantitative shoreline 

community structure, including mapping 

1/Bypasses, any mill-related effluent not discharged via outfall. 
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Table 2 
Core Monitoring Components: 

Mills Discharging into the Freshwater Environment 

Parameter 

Background 
information 

Effluent 
(final and 
bypasses*^) 

Receiving 
environment 

Water 
(effluent, 
leachate related 
and ambient) 

Sediment 
(ambient plus 
maintenance 
dredge sites 
where applicable) 

Biota 

Mill activities having an impact on the receiving 
environment 
Existing biological, chemical and physical data for the 

receiving environment 
Habitat inventory 
Effluent plume delineation 
Sediment transport and deposition 
Cheaieals used in aill 6f>ei?ati6ns and processing 

Total suspended solids 
Total dissolved solids 
Biochemical Oxygen Demand (BOD) 
Resin acids 
pH 
Temperature 
Total Organic Carbon (TOC) 
Total phenols 
Colour 
Flow 
Dissolved sodium 
Acute lethal/sublethal toxicity assessment (fish, 

invertebrate and bacterial testing) 
Genotoxicity testing 

Dissolved oxygen concentration and saturation 
Temperature 
Specific conductance 
Colour 
Dissolved sodium 
PH 
Total suspended solids 
Total dissolved solids 
Total phenols 
Secchi depth (lake) 

Particle size (sand, silt, clay photographic record) 
Sediment volatile residue 
Acute lethal toxicity tests 

Quantitative benthic invertebrate survey 
Fish population survey 
Algae - quantitative survey 
- periphyton (river) - photographic survey 
- phytoplankton (lake) 

-'Bypasses, any mill-related effluent not discharged via outfall. 
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Table 3 
Site-Specific Monitoring Components: 

Mills Discharging into the Marine/Estuarlne Environment 

Parameter 

Effluent 
(final and 
bypasses V ) 

(AOX) Adsorbable Organic Halogens 
Chlorophenols 
Chloroguaiacols 
Chlorocatecols 
Chloroveritrols 
Chloroanisoles 
Chlorosyringols 
Chlorate 
Chloroform 
Chlorinated dioxins 
Chlorinated furans 
Unsaturated fatty acids 
Polycyclic Aromatic Hydrocarbons (PAH) 
Polychlorinated Biphenyls (PCB) 
Chronic sublethal/lethal toxicity assessment (fish, 
invertebrates, macroalgae) 

Total and faecal colifonn bacteria 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 

Receiving 
environment 

Rater 
(effluent 
leachate related 
and ambient) 

Total Organic Carbon (TOC) 
Adsorbable Organic Halogens (AOX) (1) 
Chlorophenols (1) 
Chloroguaiacols (1) 
Chlorocatecols (l) 
Chloroform (1) 
Chlorate (1) 
Trace Metals 
Total and faecal coliform bacteria 
Process-specific bacteria 
Chronic sublethal/lethal toxicity assessments (fish, 
invertebrates, macroalgae) 

In situ caged fish exposure (lethality, tainting, 
bioconcentration) 

Sediment 
(ambient plus 
maintenance 
dredge and 
dump sites) 

Chlorophenols (1) 
Chloroguaiacols (1) 
Chlorocatecols (1) 
Chloroveritrols (1) 
Chloroanisoles (1) 
Chlorosyringols (1) 
Chlorinated dioxins (1) 
Chlorinated furans (1) 
Extractable Organic Halogens (EOX) (1) 
Polycyclic Aromatic Hydrocarbons (PAH) 
Polychlorinated Biphenyls (PCB) 
Trace metals 
Fibre deposit mapping 
Sedimentation rate 
Sulphide ion 
Total and faecal coliform bacteria 
Chronic sediment toxicity tests 
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Table 3 (continued) 

Biota Physical 
(fish and - age (fish), weight, length 
invertebrates!!/) - morphological anomalies 

- photographic record 
- somatic index (fish) 
- reproductive state 

Tissues analyses (muscle, liver, bile, hepatopancreas) 
- resin acids 
- trace metals 
- lipids 
- glycogen 
- chlorophenols (1) 
- chloroguaiacols (1) 
- chlorocatecols (1) 
- chloroveritrols . (1) 
- chloroanisoles (1) 
- chlorosyringols (1) 
- chlorinated dioxins (1) 
- chlorinated furans (1) 

Histology/pathology 
- gill 
- liver 
Behavioural tests 
- preference/avoidance 
Phytoplankton bio-uptake, population studies 
Tainting 

.^Bypasses, any mill-related effluent not discharged via outfall. 

—/Recommended biota: flatfish, carb, shrimp, prawns and bivalves. 

(1) For mills with bleaching processes. 

Biota 
(fish and 
invertebrates!!/) 
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Table 4 
Site-Specific Monitoring Components: 

Mills Discharging into the Freshwater Environment 

Parameter 

Effluent 
(final and 
bypasses V ) 

Adsorbable Organic Halogens (AOX) 
Chlorophenols 
Chloroguaiacols 
Chlorocatecols 
Chlorofom 
Chlorate 
Chloroveritrols 
Chloroanisoles 
Chlorosyringols 
Chlorinated dioxins 
Chlorinated furans 
Unsaturated fatty acids 
Polycyclic Aromatic Hydrocarbons (PAH) 
Polychlorinated Biphenyls (PCB) 
Trace metals 
Total and faecal coliform bacteria 
Process-specific bacteria 
Chronic sublethal toxicity assessment (fish, 

invertebrates, algae) 

Receiving environment 

Water 
(effluent, 
leachate related 
and ambient) 

Sediment 
(ambient plus 
maintenance 
dredge sites 
where applicable) 

Velocity (river) 
Turbidity 
Dissolved chloride 
Adsorbable Organic Halogens (AOX) 
Chlorophenols 
Chloroguaiacols 
Chlorocatecols 
Chloroform 
Chlorate 
Resin acids 
Total and faecal coliform bacteria 
Process-specific bacteria 
Nutrients 
Chronic sublethal/lethal toxicity assessment (fish, 

invertebrates, algae) 
In situ caged fish exposure (lethality, tainting, 
bioconcentration) 

Extractable Organic Halogens (EOX) 
(suspended and bed sediments) 

Polycyclic Aromatic Hydrocarbons (PAH) 
Polychlorinated Biphenyls (PCB) 
Chlorophenols 
Chloroguaiacols 
Chlorocatecols 
Chloroveritrols 
Chloroanisoles 
Chlorosyringols 
Chlorinated dioxins 
Chlorinated furans 
Trace metals 
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Table 4 (continued) 

Fibre deposit mapping 
Sulphide ion 
Total and faecal coliform bacteria 
Chronic sediment toxicity tests 

Fish 
Physical 
- weight, length, age 
- morphological anomalies 
- photographic record 
- somatic index 
- reproductive state 

Tissue analyses (muscle, liver, bile) 
- resin/acids 
- trace metals 
- lipids 
- glycogen 
- chlorophenols (1) 
- chloroguaiacols (1) 
- chlorocatecols (1) 
- chloroveritrols (1) 
- chloroanisoles (1) 
- chlorosyringols (1) 
- chlorinated dioxins (1) 
- chlorinated furans (1) 

H is tology/pathology 
- gill 
- liver 

Tainting 
Behavioural tests 
- preference/avoidance 

Invertebrates (bottom fauna for rivers, zooplankton for 
lakes): 

Tissues analyses 

- resin acids 
- trace metals 
- lipids 
- glycogen 
- chlorophenols (1) 
- chloroguaiacols (1) 
- chlorocatecols (1) 
- chloroveritrols (1) 
- chloroanisoles (1) 
- chlorosyringols (1) 
- chlorinated dioxins (1) 
- chlorinated furans (1) 

^Bypasses, any mill-related effluent not discharged via outfall. 

(1) For mills with bleaching processes. 

Biota 
(fish, 
invertebrates) 
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The components given in Tables 1 and 2 are the basic requirements for 
monitoring at any pulp or paper mill. 

2.3 Site-specific components 

It is recognized that an effective EEM programme must have components 
that are site-specific, responding to variations in in-plant processes and 
treatment systems as well as to features of the receiving environment. A list 
of recommended components is provided in Tables 3 and 4 for milla discharging 
to the marine/estuarine and freshwater environments, respectively. Use of 
these tables will provide consistency in designing specific monitoring 
programmes and facilitate interpretation of the programme results. 

2.4 Recommended protocols 

An important aspect of environmental effects monitoring is the use of a 
common set of protocols for sample collection and analyses. Without these, it 
is not possible to compare data or to establish a shared database, as 
described in Section 3. 

Problems with continuity of data and trend analyses in changing protocols 
are recognized. Those responsible for monitoring will have to balance the 
benefits to be gained from using a common set of protocols and national and 
regional databases against maintaining their own data flow. Variations from 
the common sets of protocols should be clearly noted in the EEM report so that 
the data generated can be treated accordingly. 

Recommended protocols can be obtained at the following addresses: 

DIRECTOR 
Environmental Protection 
Environment Canada 
Pacific and Yukon Region 
224 West Esplanade 
North Vancouver, BC 
V7M 3H7 

DIRECTOR 
Environmental Protection 
Environment Canada 
Atlantic Region 
5th Floor, Queen Square 
45 Alderney Drive 
Dartmouth, Nova Scotia 
B2Y 2N6 

DIRECTOR 
Environmental Protection 
Environment Canada 
Ontario Region 
25 St, Clair Avenue East 
7th Floor 
Toronto, Ontario 
M4T 1M2 

DIRECTOR 
Environmental Protection 
Environment Canada 
Quebec Region 
1179 Bleurey Street 
Montreal, Quebec 
H3B 3H9 

DIRECTOR 
Environmental Protection 
Environment Canada 
Western and Northern Region 
Twin Atria No. 2 
Edmonton, Alberta 
T6B 2X3 
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2.5 Frequency 

The minimum frequencies with which the EEM programme will be undertaken 
are stipulated in Section 9 of the Pulp and Paper Regulations. Conditions may 
arise where more frequent monitoring of one or more parameters is required to 
adequately address the objectives of the EEM programme as listed in Section 
1.2 of the Guidelines. 

3. Data Management 

Data management criteria and protocols which ensure quality and 
consistency are critical components of the EEM programme. 

Regional and centralized databases will be established by Environment 
Canada to receive the data generated. Information on this data management 
programme, including a data management dictionary, formatting requirements and 
data management infrastructure (in each region and in Ottawa) can be obtained 
from Environment Canada, Environmental Protection Regional offices (for 
addresses see Section 2.4). 
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ASSESSMENT OF ALTERNATIVES AND CONSEQUENCES 
OF AIR POLLUTION CONTROL (FINLAND) 

1. Environmental concern 

The objectives of the five-year Finnish Acidification Research Programme 
(HAPRO) were defined in 1985 "... to research the cause-effect-relationships 
of air pollution and, on the basis of this, to: 

Find out how widespread the regional effects are in Finland; 
Research, if the damage is spreading; 
Find out what ecosystems are especially endangered; 
Estimate what measures would reduce in a cost effective manner the 
harmful effects caused by air pollution." 

Air pollutants, especially sulphur and nitrogen compounds, ozone and 
heavy metals are more abundant in Finland than the natural background 
suggests. In the so-called background areas located outside urban areas, 
considerably higher concentrations of sulphur dioxide and nitrogen oxides are 
measured compared with the concentrations of natural background. The 
concentrations, however, are not so high that they would have immediate 
effects on trees. The ozone concentrations are high on the average and 
comparable to those in the northwest areas of continental Europe. With 
indirect estimates, it has been concluded that individual trees sensitive to 
ozone can be damaged, but so far there is no practical evidence. 

The sulphur deposition decreases from the south of Finland to the north. 
The deposition values are higher in eastern than in western Lapland. Also, 
the deposition of nitrogen compounds, nitrate and ammonium decreases from the 
south to the north. Finland and the Soviet Union cause most of the sulphur 
and nitrogen deposition in Finland. In southern Finland, there is more 
deposition from Finnish sources than from Soviet sources, and vice versa in 
northern Finland. 

Forest soils in Finland are naturally acidic and therefore sensitive to 
acidification. In general, the deposition has not yet damaged forest soils. 
The nitrate concentrations in Finnish streams and lakes are still relatively 
low. As long as vegetation binds the nitrogen deposition, it is sulphur 
deposition that mainly causes acidification. 

2. Objectives and carrying out of the case-study 

The main objective of this study was to assess how different ecosystems 
would respond to acidification under various emission scenarios. The 
acidifying compounds included sulphur, nitrogen oxides and ammonia. These 
compounds were emitted as a result of various anthropogenic activities such as 
energy production, process industry, traffic and agriculture. The studies 
included the effects of emission control techniques as well as structural 
changes which may lead to emission reductions. Reduction strategies can be 
optimized on the basis of the cost-effectiveness of different abatement 
measures. Besides information on the effectiveness of different abatement 
strategies, the quantitative importance of various factors was estimated. The 
uncertainty of different sources was used to estimate the overall uncertainty 
of the results. 
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The r e s u l t s of t h i s work are based on the the Finnish In tegra ted 
Acid i f i ca t ion Model (acronym HAKOMA). The model has been developed in 
cooperat ion with IIASA in Aus t r i a , the Dutch research i n s t i t u t e s RIVM and 
STIBOKA and several Finnish research i n s t i t u t e s . The basic s t r u c t u r e of the 
computer model i s based on the European-wide RAINS model of IIASA. 

Emissions 

The sulphur emissions originate from fuels or sulphur content in 
industrial raw materials. N0X emissions come mostly from combustion 
processes, mainly from traffic and energy production. Dung from domestic 
animals and fertilizers are the main sources of ammonium emissions. 

The future development of emissions depends on human activities and 
production volumes, sulphur content of fuels and raw materials, techniques in 
the process industry, and reductions by cleaning the emissions or changing the 
burning process. 

For sulphur, future emissions can be estimated fairly well from the 
reduction measures applied. For nitrogen oxide, the emission factors and the 
introduction in the market of catalytic converters are causing uncertainty. 
Ammonium emissions are estimated from the number of domestic animals, 

Sulphur emission abatement costs have been estimated for the already 
committed reduction measures for the year 2000 as a target year. The 
emissions would drop to half with annual costs of several million Finnish 
marks. For nitrogen oxides, the costs are still under investigation. In the 
optimization module it is possible to set target loads for receptors in 
Finland and find the most effective way to achieve that goal with the least 
cost. 

Atmospheric transport and deposition 

The HAKOMA model uses simplified source-receptor matrices based on 
results of more complicated meteorological models. The matrices describe the 
mean annual deposition for every grid square in Finland due to unit emission. 
Separate matrices are used for mesoscale and long-range transport. The size 
of the grid square is approximately 14 by 14 kilometers. Mesoscale matrices 
are applied for Finland and the Soviet areas close to Finland. For the rest 
of Europe, the EMEP matrix for long-range transport is used. The mesoscale 
matrices for sulphur have been separately calculated for four climatological 
zones and three emission heights with a model developed by the Finnish 
Meteorological Institute. The mesoscale matrices for N0 X and NH3 have 
been derived from EMEP model calculations. 

The depositions of sulphur, nitrogen oxides and ammonia all contribute to 
the potential acid load. The emission scenarios used apply to all emission 
sources considered: Finland, nearby Soviet areas, and the rest of Europe. 
They are the following: (a) no reductions; (b) current reduction plans; and 
(c) maximum feasible reductions. 
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Ecological impacts 

The impacts on forest soils are estimated with the soil acidification 
model (SMART). The model simulates the depletion of the base cation nutrient 
pool and the increase of soluble aluminium in soil solution. The main focus 
is in the top 50-cm profile of the fore3t soil where most of the tree roots 
lie. This homogenous compartment is assigned a total cation exchange capacity 
(CEC). A certain percentage of this compartment is filled with base cations 
(BC), Ca and Mg. Their ratio BC/CEC is the base saturation (BS), Sulphate 
and nitrate ions are assumed to flow through this profile. The model 
calculates the ion balance between cation exchange complex and soil solution 
as well as the dilution of soluble aluminium from clay minerals. The 
through-flow takes base cations away from the compartment. The main external 
ion fluxes are sulphate, nitrate and ammonia depositions. In addition, there 
is the net uptake of base cations and nitrogen in tree growth and their 
removal from the ecosystem via harvesting. The base cation deposition is a 
neutralizing flow from the atmosphere and the mineral weathering supplies base 
cations in the soil compartment. 

The deposition of acidifying compounds is taken directly from the 
deposition modules. Because of the filtering effect of trees, the deposition 
on forests is assumed to be two times higher than on open land. 

Base cation deposition emerges from natural sources and anthropogenic 
activities, e.g. fly ash from energy production and road dust. The amount of 
deposition is estimated from a nationwide network of stations measuring bulk 
deposition of different compounds. A sea-salt correction is made to the 
measured data. The bulk deposition is assumed to represent the external 
effective deposition to the forest ecosystem. The results are in accordance 
with EMEP measurement data for wet precipitation of base cations. As a 
significant part of the deposition is apparently coming from the oilshale 
burning in Estonia, it is assumed that this contribution will vanish by the 
year 2000 because of sulphur emission abatement measures. Other clearly 
anthropogenic contributions have been eliminated from the measurement data. 

The mineral weathering map is based on an empirical relationship from 
Swedish field experiments. The production of base cations is assumed to be 
linearly dependent on the sum of the total calcium and magnesium content in 
soil multiplied by the effective temperature sum. The resulting weathering 
rates coincide well with other estimates. However, the production in poor 
mineral soils is assumed to be lower because the soil texture is coarser, 
implying a smaller calcium and magnesium content and less surface area. 

Trees consume a large amount of nutrients and nitrogen from the soil. 
These nutrients accumulate in stem, bark, branches and needles. In normal 
harvesting practice, stem and bark are removed from the forest. The average 
net uptake of these nutrients is assumed to depend on the forest site type and 
the effective temperature sum. 

The base cation pool in forest soils is estimated from the forest site 
types. For mineral soils, there are data available from 60 measurement points 
covering southern and central Finland. The dependency between base cation 
content in soil and forest site type is evident. For peat land, the data were 
taken from another survey. In addition, only a profile of 20 cm was taken for 
peat soils because of its different properties from mineral soils. For the 
actual simulation, the Finnish forests were divided into three groups; rich 
and poor mineral soils and peat soils. Each group covers about one third of 
the total forest area. The geographical distribution of these three forest 
groups was derived from the national forest inventory. 
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According to some soil data tim§ series available from southern Sweden, 
the mathematical models, including SMART, can predict changes fairly well in a 
cation pool of forest soils. Also, some lake acidification simulations made 
with the SMART model have been able to reproduce the pH variations calculated 
from diatom analyses, The uncertainty of the soil acidification simulation 
results arises mainly from uncertain estimates of mineral weathering and base 
cation deposition. 

3. Results and conclusions 

Emissions causing acidification can be reduced in many ways, Different 
possibilities were estimated on the basis of cost-effectiveness and achievable 
results. The costs and effects of the reductions of sulphur emissions were 
compared with those of nitrogen emissions, Domestic reduction measures were 
compared with those taken abroad, The adequacy of the emission reductions was 
assessed by Comparing the deposition iuaps with critical load iuaps. Moreover, 
the scenarios were evaluated by comparing the soil acidification simulation 
results. 

Reducing sulphur emissions is much cheaper than reducing nitrogen 
emissions. However, reductions of nitrogen emissions can be considered 
successful, because without any measures the emissions would continue to grow 
rapidly. The sulphur emissions would remain on a lower level than in the 
1970s, even if no additional measures are taken. 

The sulphur deposition in Finland could be reduced drastically if 
reduction measures were taken at the same time in Finland, in the areas of the 
Soviet Union near Finland and in central Europe. The sulphur deposition in 
southwestern Finland comes mainly from Finland's own emissions and from those 
of central Europe. In the southeastern part of Finland, the situation is 
mainly governed by measures taken in Finland and the Soviet Union. The 
sulphur deposition in eastern Lapland would diminish to a very low level if 
emissions from the Kola peninsula could be reduced. 

The results of 50-year simulations for the three emission scenarios 
discussed earlier demonstrate that the effect of abatement measures can be 
clearly identified. The results also suggest that the effects of the 
acidification would not be evident until 10 or 20 years later, as soil 
acidification is a cumulative process. Only sulphur deposition has been taken 
into account in the acid load because the soils are assumed to be not yet 
saturated with nitrogen. The base saturation value of 5% has been selected as 
a criterion because the corresponding acidity/of the soil solution is assumed 
to imply an increased risk for forest damage. 

According to results of this case-study, stronger reduction policies than 
those being applied today would be necessary to prevent further 
acidification. It seems that direct control measures are not effective 
enough, and that structural changes have to be made. The structural changes, 
such as an increasing use of renewable energy sources and structural changes 
in the transportation sector, have other benefits as well, e.g. the improved 
effectiveness in the use of scarce natural resources. The results definitely 
demonstrate the importance of international cooperation and agreement in the 
prevention of acidification. 
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ASSESSMENT OF ENVIRONMENTAL CONSEQUENCES 
OF THE EXPANSION OF TWO ELECTRICAL POWER PLANTS 

WITH COAL-FIRED UNITS (NETHERLANDS) 

Two Environmental Impact statements (EISs) on the use of prediction 
methods have been analysed. Particular attention was given to 
multicompartments! methods and to monitoring aspects as was agreed upon in the 
first task force meeting. As the case-studies form a kind of review of the 
EISs, the subjects, objectives, method of execution and results have been 
considered together. 

1. Environmental concern 

The EIAs are indicated by "EIA Amer" and "EIA Hemweg", Both deal with 
the expansion of an (existing) power plant with a coal-fired unit, The 
projects fit in the National Electricity Plan, which describes how the 
expected future power demand should be satisfied with existing and projected 
installations. 

The EIA Amer deals with a new coal-fired heat-power conversion unit of 
600 MW electric power and 350 MW thermal energy, to be built on the terrain of 
the existing power plant Amer, located in Geertruidenberg. The EIA Hemweg 
deals with an extension of the power plant Hemweg, Amsterdam, with a 600 MW 
unit. 

In principle, the EISs address all possible environmental impacts that 
might be of some significance. The reports discuss air, water and soil 
quality (including acidification), noise, safety, waste materials and visual 
effects on the landscape. Both EIAs have chapters on the environmental 
quality existing before the construction of the new unit, on the consequences 
of the proposed activity and alternatives and the comparison of alternatives. 

2. Objectives, method of execution and results 

General 

The case-studies focus on predictions of the fate of substances in the 
environment. Two related cases have been used to compare the execution in 
such a situation. Each report deals with different alternatives. 

Emission of pollutants 

These were calculated partly from the composition of coal and other 
substances used and from process data, and some emissions were only 
estimated. For some alternatives, the possible processes to realise emission 
reductions were discussed and then, without choosing a particular process, a 
typical value for the attainable emission reduction was assumed. 

Noise 

In one EIS, noise is discussed in depth. 

Safety 

Safety was discussed briefly. 
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Landscapg and visualaspects 

These items were discussed from a qualitative point of view using photos 
from surrounding locations in which the contours of the proposed building and 
chimney had been drawn. 

Air pollution 

(a) Aspects discussed 

Guidelines for the EIAs on air pollution predictions are summarized below; 

The existing air quality, and, when significant, changes in the past and 
future; 

Emissions of SO2, N0X, CO, SO3, hydrocarbons, heavy metals, 
poiycyclic aromatic hydrocarbons (PAHs), halog&nated Carbon compounds and 
radioactive substances, including the influence of various process parameters 
on the emissions; 

The concentrations of these substances and also of NO2 and ozone in the 
surroundings; for the Amer case, isopleth maps for SO2 and NO2 are 
included; 

Smog formation and the influence of photochemical reactions; 
Fog formation; 
Odour. 

(b) Description of methods 

Dispersion of substances 

Gaussian plume models and related models, developed by a national working 
group, were used by the research institute of the Dutch electric companies 
(KEMA), a member of the working group, to calculate annual averages and 
percentiles. These models are recommended in the relevant General 
Administrative Orders of the Netherlands and are now incorporated in software 
to be used for the implementation of those orders. The recommended models 
were used after some minor changes were made. For SO2, NO2, dust, 36 
elements in fly ash and 7 elements in the gaseous state the annual averages 
and various percentiles of the frequency distribution of the concentrations 
were calculated. A discussion of organic compounds, in particular PAH, is 
given in one of the EIS's. Radioactivity caused by fly ash was briefly 
discussed; this radioactivity could be derived from the dispersion 
calculations. 

Fog, shadow 

The possibilities of fog and shadow formation due to the cooling tower 
plume were qualitatively discussed. Fog forming above the cooling water 
outlet was more likely than fog forming from the cooling tower. Earlier 
calculations of fog formation were used to assess the different formations. 

C02 

The effect of CO2 is discussed under gaps in knowledge. The CO2 
emissions of one plant constitute 0.014% of the total global emission by 
fossil fuel, and no countermeasures are to be expected within the next 25 
years, the economic lifetime of the power unit. 
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Water pollution 

(a) Aspects considered 

In coal=fir@d pow§r plants, water pollution concerns the discharge of 
cooling water and the emission of substances from several types of 
discharges. The guidelines call for the following issues to be discussed; 

Thermal pollution 

Required and available amounts of cooling waters; 
Temperature rises and their frequency of occurrence; 
Consequences of specific ways to avoid fouling (thermoshock); 

Discharges of substances 

Discharges of additives to cooling water: CI, FeSC^; 
Waste water from the gas desulphurization plant; 
Waste water from cleaning activities; 
Waste water from fireplaces and preheaters; 
Run-off and drainage water from coal and fly-ash depots; 
Deposition: atmospheric deposition of air discharges. 

(b) Description of the methods used 

Existing models to describe the near-field as well as the far-field 
dispersion and heat exchange of cooling water (one- and two-dimensional) were 
not applied. Attention was focused on the area where (Hemweg case) and the 
time during which (Amer case) a temperature rise of 3 K would be exceeded, 
using a very simple heat-exchange computation assuming complete mixing. This 
approach does not take near-field phenomena into account, nor does it allow a 
consideration of the actual pattern of temperature rises. As it was not 
expected that emissions of substances to surface water would cause large 
concentration changes or important ecological impacts, simple worst-case 
analyses were sufficient for some substances in which complete mixing and 
dilution were assumed to be the only process. For oxygen, BOD and ammonia the 
influence of temperature rise was taken into account. For chlorine, empirical 
information on the impact of chlorine discharges on biological variables was 
used. No computations were given for concentrations of heavy metals. 

Soil pollution 

(a) Aspects considered 

Aspects related to soil pollution in EIAs on coal-fired power plants deal 
with: 

Deposition of discharges into the air; 
Acidification; 
Soil pollution connected with the coal and fly-ash depots; 
Deposition of coal dust. 

(b) Description of the methods used 

Deposition of discharges into the air has already been described. 
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In both case-studies, acidification is considered in terms of the amount 
of acid deposition. Also the vulnerability of the soil types is described. 
In one case, no indication is given as to how the two types of data are 
related, and no conclusions are drawn, The other case showed the total amount 
and the Increase of the acid deposition, as well as the target levels of acid 
deposition for the vulnerable soil types considered. 

Owing to precaution measures taken, soil pollution from coal and fly ash 
depots is not expected. Deposition of coal dust is not expected to cause 
hoalth effects. This observation is based on a general study of impacts of 
coal depots, but does not show that the conclusions also apply in specific 
cases. 

Multicompartmentalaspects 

(a) Aspects to be considered 

In the guidelines for the EIAs, multicompartmental calculations were not 
mentioned as such. Acid deposition was mentioned as a form of soil pollution 
that should be considered. Furthermore, effects on sensitive objects (among 
them vegetation and cultural monuments) should be described and require a 
discussion of acid deposition. 

(b) Description of the methods used 

For the description of the deposition of air pollutants to the soil, two 
main processes are distinguished: dry deposition, which takes place when 
air-polluting particles or molecules hit the surface and do not diffuse back 
into the air; and wet deposition, which takes place when pollution is taken 
up in precipitation (rain, snow, etc.) and then transported back to the 
surface by precipitation. 

Dry deposition 

Dry deposition was derived from concentrations in the air. These 
concentrations were discused in the earlier paragraphs of the EISs on air 
pollution; they consist of the background contributions that had been derived 
from monitoring data, and the contributions by the power plant emissions that 
had been calculated by dispersion models. In these dispersion calculations a 
negligible loss by deposition had been assumed. Since this loss is rather 
small, it hardly affects the concentration and therefore this is a reasonable 
approximation. The dry deposition was then calculated by multiplying the 
concentration at ground level with dry deposition velocities. The dry 
deposition velocity is the ratio between the dry deposition flux towards the 
surface and the concentration; the deposition velocities of the acidifying 
components are essentially of an empirical nature. In the EIAs no attempt was 
made to take into account the influence of the variation of surface type 
(forest, meadows, etc.), 'although this can be significant. 

The dry deposition of coal dust was treated differently because the 
gravitational settling of such relatively coarse particles cannot be described 
in terms of a deposition velocity. No specific calculations were made, but 
the results of a recent project on coal dust dispersion were discussed and it 
was concluded that nuisance or health effects are not to be expected. 



ECE/ENVWA/21 
page 60 
Annex II 

Wet deposition 

The wet deposition was calculated for one EIS with a model of which the 
parameters for the two wet deposition processes of rain-out and wash-out were 
determined from a set of pilot measurements that had been made a few years 
earlier around one of the plants in question. In the other EIS, there were no 
new calculations; the calculations of the first EIS were used to calculate 
the deposition. 

Acid deposition 

The deposition of the acidifying substances (SO2. NO2, NO, HC1 and 
HF) was discussed separately. The depositions calculated were converted into 
acid equivalents, a quantity characterizing the amount of acid that can be 
formed in the 3oil from the precursors. 

Relationship between prediction calculations and monitoring 

In the EISs, monitoring data have been used in prediction in the 
following ways: 

(a) Previous data monitoring data used for the development of models 
and other estimation methods. 

In the Netherlands, natural gas is used on a very large scale to generate 
electric power. In the mid-1980s, a large research programme was conducted to 
quantify the consequences of reintroduction of coal. An important part of 
this programme concerned the environmental impacts of coal-fired power 
plants. This part contained various monitoring programmes, comprising 
continuous measurements on a routine basis as well as measuring campaigns. 
From the results of these investigations, it was decided to build new 
coal-fired power units. The EISs studied here benefitted from this programme. 

(b) Monitoring data for the description of the existing situation and 
the future background levels of pollution. 

Air pollution data 

Data from monitoring stations in the vicinity of the activities were used 
to describe the present environmental quality. For some compounds, the data 
from the national network could be used. For most substances, no such data 
were available. 

In the above-mentioned project on the consequences of reintroduction of 
coal, a project was carried out in which air samples were taken during a 
1-year period at five stations throughout the country. Only a set of samples 
of 74 days, selected according to the prevailing meteorological situation, 
were analysed chemically. From these concentration data, the frequency 
distributions over the whole year were derived using statistical methods. The 
air-quality parameters measured at the five stations could not, however, be 
considered as representative for the entire country. Therefore, calculations 
were made with a dispersion model in which the emissions of most source areas 
were adapted until the optimum distribution beween calculated and measured 
concentrations was obtained. Using these optimized emissions in the model, 
the concentration pattern for the whole country could be calculated. 
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As the measurements, taken on a limited number of days and locations, had 
been generalized in a previous project to annual concentration distributions 
over the entire country, the EISs could benefit from this considerable effort 
and a reliable estimate of the background concentrations could be made. Such 
efforts would no deubt have been too large to spend on individual EISs. 

In assessing the impacts of the new power generation units on the 
environment, the existing background concentrations were directly used. 
However, the future concentrations during the lifetime of the units proposed 
should have been used. This is a shortcoming in many EISs, because it would 
require too much effort to analyse the future development of the sources that 
cause the background levels (often many kinds of sources both in the 
Netherlands and neighbouring countries). Since the background concentrations 
for many components are of the same order of magnitude as the contribution of 
the activity itself, the background contribution can be very important in 
determining whether environmental standards will be exceeded. 

In addition, the contributions arising from a certain activity to 
environmental quality are not always independent of the background values and 
consequently the contribution may change when background levels change. The 
chemical conversion is often caused by reactions with background pollutants: 
in particular the conversion of NO into the more harmful NO2 depends on the 
background levels of NO2 and O3. Furthermore, the contributions of a 
single source to the percentiles of the frequency distribution of 
concentrations depend, in some cases, strongly on the background 
distribution. As a result, the actual increase of a percentile can have any 
value between zero and the value that would occur in the absence of background 
pollution. 

Water pollution data 

The existing water quality has been described using data from the routine 
measurements performed by the Ministry of Transport and Public Works. The 
existing water quality has been compared with the water-quality standards. 
For data on the flow through the North Sea Channel, the results of 
computations for several hydrological conditions and the model for national 
water distribution have been used. For the EIA Amer, the flow patterns of the 
Meuse River have been analysed according to the frequency of occurrence of 
flows. Autonomous developments (changes in background levels) have not been 
taken into account. 

(c) Data obtained after implementation of the activity 

An important but often expensive way to assess and improve the quality of 
EIA is to measure the predicted environmental quality after implementation of 
the activity, through the undertaking of post-project analysis (PPA). PPA can 
sometimes be used for model verification and improvement. However, in many 
cases it is not possible -to verify predictions. When the background 
contributions are large it is difficult to distinguish the contribution of the 
activity to the measured values. Furthermore, in EIAs, worst-case estimates 
are often sufficient to conclude that significant effects are not expected. 
Comparison of actual values with the worst-case estimates generally cannot be 
used for model verification. The PPA has been discussed more extensively in a 
previous ECE activity. (Post-project analysis in environmental impact 
assessment, Environmental Series, No.3). 
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3. Some conclusions 

Monitoring data: The EIS's benefited from earlier extensive projects in 
which measurements and model calculations of the contributions of coal-fired 
power plants were performed and in which the background concentrations in the 
country were extensively analysed. Although important changes in the 
background levels are likely to occur in the future, it was not attempted to 
speculate about the future levels. Instead, the concentrations measured were 
used directly. 

Multi- or transcompartmental methods: Such methods have not been used. 
Dry, wet and acid deposition have been calculated by means of one-way flux 
descriptions, which were deemed more reliable than existing transcompartmental 
methods. 

The assessments of environmental impacts are usually limited to effects 
that occur in the region. However, for many compounds, e.g. acidifying 
substances, the effect per molecule is not different at remote locations. The 
total environmental damage at large distances, though small per unit of area, 
may then be much larger than the local damage. This aspect, though difficult 
to address, deserves more attention in EIAs. 

Monitoring data have been used in the development of prediction methods 
and for the description of the existing and future baseline concentrations and 
depositions. 
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MONITORING AND MODELLING THE STATE OF THE 
ENVIRONMENT IN THE LAKE BAIKAL REGION (USSR) 

Environmental concern 

Lake Baikal lies across the eastern end of the Siberian plain, 1 mile 
deep and 400 miles long and is surrounded by mountains a mile high. It is the 
largest freshwater lake in the world, containing one fifth of the planet's 
liquid freshwater. Since it is extremely oligotrophia (nutrient-poor), there 
is very little plankton and Baikal's waters are therefore remarkably clear: a 
white Secchi disc can be seen 40 metres below the surface. In spite of the 
lack of plankton, the Lake Baikal region supports a rich wildlife, and as it 
has been geologically isolated for 25-30 million years, three quarters of its 
more than 2000 animal species are endemic (found nowhere else in the world). 

The major impacts of economic activity upon the status of Lake Baikal are 
due to: 

The Irkutsk dam on the Angara River; 

Industrial complexes of Ulan-Ude; the Selenguinsk pulp plant; cities, 
as well as agriculture in the Selenga River catchment area; 

Baikalsk pulp and paper plant (BPPP) on the Lake Baikal shore; 

A section of the Transsiberian Railway which runs along the southern 
shore (Slyudyanka, Babushkin, etc.); 

A section of the Baikal-Amur Railway at the northern end of the lake 
(Severobaikalsk, Nizhneangarsk); 

Floating cargos of timber; 

Industrial complexes of Irkutsk, Angarsk, Cheremkhovo and other cities of 
the Angara River region; 

• Human impacts on the lake ecosystems other than industrial and 
agricultural pollution; removing biological resources, recreation, tourism, 
introduction of alien species; 

Interregional and global atmospheric transport of pollutants. 

This list shows that almost all bring pollutants into the atmosphere over 
the lake, and into its water or its tributaries. Some kinds of economic 
activities (forest cutting, ploughing of soil, recreation) lead indirectly to 
a man-made increase of pollutants in natural waters, or alter the natural 
environment (soil erosion, forest fires, etc.) which could influence water 
resources and water quality in the Baikal tributaries; therefore economic 
activities are also to be studied as the possible sources of detrimental 
effects to Lake Baikal water quality. Several zones of local man-made impact 
and ecological concern can be identified such as the shallow waters near the 
Selenga River delta, waters which are affected by the Baikalsk pulp and paper 
mill, the northwest tip adjoining the Baikal and Amur Railway. 
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The long-range transport of pollutants by atmospheric fluxes from the 
Angarsk and Irkutsk industrial complexes is a major source of human impact on 
the Baikal hydrochetnical characteristics. The common man-made impact on the 
lake has increased in recent years. Further economic development in the 
Baikal basin may threaten the ecosystem. 

Objectives and performance of the case-study 

Preventing negative changes in the environmental situation of the lake 
may be ensured by the implementation of measures that considerably decrease 
local pollution sources and by the undertaking of an interdisciplinary study 
of all kinds of economic activity in its catchment basin and on adjoining 
areas as possible sources of pollution through atmospheric transport, etc. 
The Baikal catchment area should be given a special legal status which limits 
economic activity. 

The human impacts on Lake Baikal and its catchment area, taking account 
of local, regional and global factors, were reported in studies undertaken by 
B.I. Dybowsky, A.V. Voznessensky, G.Yu. Vereshchaguin, M.M. Kozhov. 

The USSR State Committee for Hydrometeorology (Hydromet) has established 
a monitoring system for recording, analysing and assessing information. This 
service employs the Hydromet network and collaborates with several 
institutions of the USSR Academy of Sciences, USSR State Committees for Public 
Education, and for Nature Conservation and others. They provide information 
on a regular basis on pollution levels of surface waters, air and 
precipitation - both in zones of direct impact and in areas which are used for 
background monitoring and which are predominant in the Baikal region. 

Hydrochemical, hydrological and hydrobiological characteristics of the 
lake and its major tributaries are recorded at 205 stations, from water 
samples taken at five different levels and in four hydrological and 
hydrobiological seasons intrinsic to the lake. The water-quality 
characteristics include data on contents of oxygen, light- and hard-oxidable 
organic substances, biogenic matters, mineral and suspended substances, oil 
products, micro-elements (including some heavy metals), and pesticides. 

The control of airborne pollutants includes records of the chemical 
composition of wet and dry depositions. Every year, in March and April, 
throughout the vast area around Lake Baikal, snow samples are collected by 
helicopter teams and samples of water of the lake and its tributaries are 
taken. 

Every year in August a research programme, KOMPLEKS, studies the 
hydrochemical characteristics and pollution of abiotic and biotic components 
of the environment in a huge area of the northern part of Lake Baikal. 

Since 1982, there is a station for background monitoring which is part of 
the USSR-wide special network in Barguzin State Zapovednik (Nature Reserve). 
It provides records of priority pollutant contents (lead, cadmium, mercury, 
arsenic, chloro-organic pesticides, benzepyrene) in air, soil, plants, surface 
waters and precipitation. 

Additionally, members of the scientific expeditions of the Natural 
Environment and Climate Monitoring Laboratory carry out field studies in 
Barguzin and (South) Baikal zapovedniks, and recently in the Baikal - Lena 
zapovednik. The programme gathers samples of water and precipitation, soils 
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and plants, etc. Since 1989, the programme includes sampling of timber cores 
for a dendroclimatological analysis which allows to distinguish the impacts of 
climatic and man-made factors on the growth of Siberian stone pine, silver fir 
and other trees. 

Within the framework of the monitoring system, several complementary 
studies are also performed to provide some specific information after 1 or 
2 years of observation. For example, in 1986-1988, pollution of the 
surface-air layer over different sites of the lake by aerosol particles under 
different meteorological conditions was recorded by ship expeditions with a 
photo-electronic laser cnalyser. Data were obtained on typical spectra and 
concentrations of particles and were stored in a computer data bank. 

A portable drift-spectrometre is used during helicopter, terrestrial and 
ship expeditions in order to identify impacts of industry under different 
meteorological conditions. 

Information obtained by the monitoring system is also used for modelling, 
assessment and forecasting of pollution of natural environment compartments. 

Long-standing experience in modelling and complex assessment of data is 
accumulated in the Limnological Institute, Siberian Division of the USSR 
Academy of Sciences, and Natural Environment and Climate Monitoring 
Laboratory. The Computing Centre of the Siberian Division of the USSR Academy 
of Sciences has elaborated two- and three-dimensional models for atmospheric 
transport of pollutants entering the Baikal region from outside for possible 
detailed description of ongoing processes. 

Results and conclusions 

Since the adoption of the Governmental Decree "on measures for providing 
for the conservation and wise use of natural resources of the Lake Baikal 
catchment basin in 1987-1995", April 13, 1987, the following changes in this 
region's environment status have occurred. 

Fluctuations of water discharge of the Selenga River have caused 
considerable changes in the influx of sulphates into Lake Baikal. During the 
last two years, the influx of oil products into the lake has decreased, 
because their concentrations in the Selenga River before reaching the lake 
went down, far under the maximum allowable concentration. 

At the same time in the Selenga water catchment, the discharge of a 
series of pollutants (suspended and mineral matters, oils) has decreased by 30 
to 40 per cent. 

The impact of the Selenga River on Lake Baikal may be on about 1500 
sq.km. For shallow waters near the Selenga River delta, as compared with 
background sites, unusually high (up to 150 per cent) contents of sulphates 
and ammonia azote seem specific; concentrations of suspended matter (up to 
5 times) of oil products and phenols are also high. 

The composition of species of fauna is essentially poor in these shallow 
waters; size and weight indexes of commercially valuable fish species are 
reduced, and there are many cases where the spawn of gobs perished. 
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In 1987-1989 the discharge of chemicals coming from the Baikalsk pulp and 
paper plant into Lake Baikal has decreased. The total discharge in 1989 was 
77,000,000 cubic metres i.e. 0,6 per cent less than in 1988. The volume (in 
tonnes) in 1986 and 1988 of mineral matters was: 48,000 and 35,200; 
hard-oxidable organic matter, 4,700 and 3,000; suspended matter, 596 and 
240; methyl-sulphuric compounds, 9,100 and 7,300. 

The rate of change in water composition remained at the level of the 
previous year*. 6 per cent. The most frequently found components were 
chlorides (32 per cent) and the sum of mineral matters. The discharge of 
sulphur-containing compounds increased by 40 per cent, light- and 
hard-oxidable organic matter by 18 and 14 per cent, respectively. The 
specific water consumption remained stable: 362 cubic metres per tonne of 
cellulose. The decrease of the discharge was found for phenols, sulphates, 
suspended mineral matter at 7 to 0.5 per cent. 

A certain improvement of the lake water quality was seen in the area of 
the discharge point of the BPPP sewage. The area where in 1987 the 
phytoplankton was affected by pollution, has been reduced 2.5 times, and for 
zooplankton 1.5 times. As for the area of bottom sediment pollution around 
the BPPP discharge point, there were no changes in 1988-1989. The polluted 
zone of the lake bottom, according to chemical and microbiological data, is 
still about 20 sq.km. 

Notwithstanding the decrease of maximum concentrations, the water quality 
on the control line of the lake (100 m from deep discharge point) does not 
meet the established norms. 

The total emission of harmful substances into the atmosphere over Lake 
Baikal has decreased from 29,300 tonnes in 1986 to 19,500 tonnes in 1988. But 
the emission of specific matter is still substantially above the maximum 
allowable values: in 1989 methylmercaptane concentrations higher than allowed 
were often registered in the air. 

In 90 per cent of the lake, contents of oil products in water have 
decreased in recent years. A steady decrease of oil pollution is reported for 
the northern Baikal water surface. Nevertheless, near shores, average oil 
concentrations still exceed maximum allowed values, up to 2 or 3 times: 
contents of phenols are also 4 to 5 times higher than allowed. 

Emissions from industrial enterprises of Angarsk, Irkutsk and Baikalsk 
were reduced in 1986-1988, and a visible reduction (2 to 3 times for some 
ingredients) of chemical releases into the atmosphere is observed in the areas 
near BPPP, Angarsk and Irkutsk. 

In accordance with of the above-mentioned Government Decree, the 
transport of timber by lake had been re-oriented towards ships and barges, 
which excludes washing out of chemicals and rotting of wood lost at the raft 
floating. In 1988, 63,000 cubic metres of timber (more than 10 per cent of 
raft floating) were transported by ship. 

Thus, although positive changes of water quality have been reported in 
the last two years, the status of the Lake's ecosystem is not sound. 
Therefore, additional conservation measures should be taken, including change 
of the BPPP production profile, improvement of the ecological health in the 
Selenga River catchment basin, and reduction of harmful atmospheric emissions. 
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The monitoring system provides necessary information which forms the 
basis for modelling development to obtain the balance of pollutants and to 
predict the state of the lake. 

Anthropogenic pollutants entering the environment are involved in global 
cycles, which is reflected in a change in the cycles of these substances, even 
in clean regions. 

The system of mathematical balance simulation models of the distribution 
and circulation of inorganic pollutants (of a number of heavy metals and 
pesticides), included in the priority list for integrated background 
monitoring, has been developed for the Lake Baikal basin. It includes the 
following blocks (modules); (1) database, inventory and classification of 
regional sources emitting the above-mentioned substances into the atmosphere, 
natural waters and soils; (2) estimation of the atmospheric transport, 
fallout and depositions on the underlying surface; (3) release from the 
soil; (4) transport by water runoffs - tributaries of Lake Baikal; 
(5) transport by currents, and balance in Lake Baikal; (6) prediction. 

This system of models has been used for the analysis and estimation of 
the current state of Lake Baikal and long-term prediction of possible changes 
for 25 to 30 years. Now there are computerized databases on environmental 
pollution and on concentrations of substances in environmental compartments 
including Baikal waters. Analysis of the spatial-temporal series of 
observations in the period 1965-1984 has shown that the hydrochemical 
situation of the lake as a whole remains in its natural state; the content of 
heavy metals and pesticides in the water of the lake is extremely low, which 
characterizes their global background level, and is mainly explained by 
historically formed geochemical conditions of the basin (for metals) or 
large-scale interregional and global atmospheric transport (for pesticides). 

Balance and prediction estimates by a specially elaborated mathematical 
model of the atmospheric transport have shown that neither a considerable 
increase of heavy metals nor significant reduction of DDT and its metabolite 
content in the water of Lake Baikal are to be expected in the next two or 
three decades, in spite of the global rise of heavy metals in the atmosphere 
and a decrease of global DDT which also affects the lake. 

The elaborated models have enabled us to improve existing programmes and 
systems of observation, in particular, to substantiate the large-scale network 
of sampling and analysis of snow, and to develop a programme for integrated 
surveys of the state of Lake Baikal. From 1981, these studies have been 
included in the routine network observations within the monitoring system of 
Lake Baikal. 

The case-study was used to analyse different regional economic 
development policies. It was used by the USSR State Planning Committee to 
formulate a recent government document on "General principles to guide 
economic development in the Lake Baikal region". 
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Annex I I I 

WORKING METHOD OF THE TASK FORCE 

At their first session (February-March 1988) the Senior Advisers to ECE 
Governments on Environmental and Water Problems decided to undertake a project 
on methods and techniques for the prediction of environmental impacts. This 
project has been carried out by a task force with the USSR as lead country. 
The task force has been working with the participation of Canada; Finland; 
German Democratic Republic; Germany, Federal Republic of; Hungary; 
Ireland; Netherlands; Portugal; Sweden; Union of Soviet Socialist 
Republics; United Kingdom and United States of America. The following ECE 
member countries also provided case-studies: Canada; Finland; Netherlands; 
and USSR. During the three-year period of its work, the task force met three 
times alternatively in Geneva and at Lake Baikal (USSR). At the first meeting 
of the task force, it was realized that pertinent and effective action to deal 
with the problems of environmental protection and the rational use of natural 
resources is only possible given objective methods and techniques for the 
prediction of environmental impacts. Accordingly, it was considered important 
to review and analyse existing methodological approaches. 

It was decided to concentrate on the methods and techniques related to 
the circulation and effects of pollutants in the environment and intermedia 
interactions. The task force decided upon the following objectives and goals; 

(a) Review and analyse mechanisms used to improve or control the 
technical content of EIA documentation; 

(b) Review existing methods describing the circulation and 
transportation of pollutants from one compartment of the environment to 
another and their impacts (e.g. transportation/multimedia models); 

(c) Analysis of the relationship between environmental models and 
databases; 

(d) Elaboration of recommendations for the improvement of methodology 
of environmental prediction and management of environmental impacts. 

It was also decided that the main method of work for the task force would 
incluue the review and analysis of information obtained through answers to a 
questionnaire and through case-studies. 

The second meeting of the task force was held in Geneva. The answers to 
the questionnaire were discussed and a first draft of the final report, 
including conclusions and recommendations was elaborated. Case-studies from 
Canada, Finland, Netherlands and the USSR were presented. 

The third meeting of the task force took place at Lake Baikal (USSR) in 
September 1990. This meeting was held in conjunction with a workshop where 
specialists discussed ways and means to improve methods and techniques for the 
prediction of environmental impacts and thus provided an input to the work of 
the task force and discussed how to present the report to the Senior Advisers. 

The task force was of the opinion that environmental prediction relates 
to the process of elaborating information on the environmental impacts of a 
specific activity. Environmental prediction is a very important part of 
environmental impact assessment but it is also understood that environmental 
prediction can be undertaken without being part of a formal EIA procedure. 


