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Towards New Generation Environmental Information Services 

Leo Wanner1  

Abstract 
Current environmental information services still too often offer “raw” pollution figures in terms of tables and graphics 
– possibly accompanied by pointers to general background information on the nature of the pollution and its relevance 
to human health. However, we must be aware that, on the one hand, non-specialists are not able to assess and interpret 
raw figures, and, on the other hand, certain kinds of pollution (e.g., air pollution) have a highly differentiated impact on 
different individuals. Therefore, new generation environmental information services must make recourse to techniques 
of Artificial Intelligence and Computational Linguistics (such as interpretation and reasoning, natural language genera-
tion, etc.) to provide adequate information. In this paper, we focus, first of all, on the language aspect. We elaborate 
first on the requirements with respect to environmental information services and assess then the MARQUIS service in 
the light of these requirements. 

1. Introduction 
When talking about environmental information services, we still too often think of tables and graphics, 
with a possible reference to general background information on the nature of, for instance, the individual 
air pollutant substances and their relevance to human health. However, we must be aware that  
 
(i) non-specialists (in particular, general public, but also decision makers in politics and industry) are 

not able to assess and interpret “raw” pollutant concentrations in order to draw proper conclusions 
for their own behaviour, respectively decisions; 

(ii) the kind and amount of the information relevant to the information addressee tends to depend on 
his/her health, prior knowledge and cultural characteristics; often, it is essential to go beyond the 
mere pollutant concentrations; 

(iii) the mode in which the information is to be communicated depends on the nature of the data and, 
again, on the characteristics of the addressee; while tables and graphics may be adequate for spe-
cialists, text presentation is certainly more adequate for general public. 

 
New generation environmental information services must take these aspects into account in order to be 
adequate, i.e., to satisfy increasingly demanding users and to provide the national and regional authorities 
a means to comply with the European environmental legislation. More precisely, they must, firstly, consi-
der that the information cannot be uniform for all its users. As in the case of any information service, 
different types of potential addressees exist – with all consequences this implies with respect to need stu-
dies, user typology construction, etc. Secondly, they must incorporate models for assessment and interpre-
tation of raw environmental data. Such models can be conceived either as rule-based expert system shells 
or as machine learning applications. Thirdly they must integrate information production programs (natu-
ral language text generators, graphic generators, and table generators). “Off-the-shelf” production pro-
grams are available. However, they still require a considerable amount of work in that the document 
planning techniques must be adapted to the domain in question, linguistic resources (lexica and gram-
mars) must be extended to cover all linguistic constructions to be used while rendering the information to 
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the addressee, etc. In what follows, we elaborate on selected aspects of next generation environmental 
information services, focusing in particular on the role of Natural Language Processing (NLP). For illus-
tration, we draw upon the Multimodal Air Quality Information Service for General Public (MARQUIS) 
(Wagner, 2007).2 

2. The challenge of environmental information production 
Dynamic information services on which we focus here are of great importance for all environmental topi-
cs that change periodically sufficiently fast to make manual authoring tedious, repetitive and time-
consuming (see also Section 3). The topics involve, e.g., floods, forest fires, daily meteorological condi-
tions (in particular weather), and air quality – including pollutant substances and pollen. Especially the 
latter two call for an automation of the process of information production. In principle, the user can be 
interested in the state of affairs at the time of the inquiry, the state of affairs in the past, or in a forecast of 
the state of affairs. While for meteorological forecasting rather accurate models are already available, air 
quality forecasts still pose a challenge. However, the following threefold challenge is common to both 
topics: (a) how to derive content from raw data (in other words: how to turn raw numeric time-series into 
information); (b) how to tailor the content to the user, and (c) how to tailor the information presentation to 
the user and to the content that is to be communicated.  

For all three aspects of this challenge, a detailed user typology is a prerequisite. Additional primary 
topics are assessment and interpretation of raw data in the light of the user profiles and contextual settings 
and information generation. 

2.1 User modelling 
User modelling is a well-known problem in Artificial Intelligence (e.g., Paris, 1993; Zukerman/Litman, 
2001). In the case of environmental information production, user modelling requires, on the one hand, 
empirical studies that identify the interests of the different types of users directly or indirectly affected by 
the environmental conditions, differences in cultural, language, etc. background and personal preferences, 
and, on the other hand, medical competence that allows for the identification of environmental conditions 
that affect specific types of users. The result must be a dedicated user model typology. 

A user model is thus indicative for the content that is of relevance to a given user and for the way this 
content is to be rendered into tables, graphics and wording. Given the highly diverse profiles of the poten-
tial users and thus the impracticality to capture all of their details in a necessarily restricted user typology, 
the option of an individualization of system predefined user models by the user him-/herself seems very 
desirable. Such individualization may concern in particular the kind content a user is interested in. User 
model individualization facilitates thus the realization of a collaborative content selection strategy, which 
assumes that the service assesses the content with respect to its relevance to the given addressee, but le-
aves the final decision which information is to be delivered to the addressee him-/herself. This is in con-
trast to the authoritative content selection strategy, which assumes that the service is the only authority to 
decide upon the content to be offered to a given user. However, in certain contexts, the communication of 
specific information is essential. That is, a service should realize a combination of the authoritative and 
collaborative strategies – with the authoritative strategy having priority over the collaborative one. For 
instance, if in the case of the communication of air quality information an alarm threshold of a pollutant 
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concentration is reached, the associated health warnings must be issued regardless of whether this option 
has been chosen by the user or not.3 

2.2 Assessment and interpretation of raw data 
The raw environmental data as measured by monitoring networks usually distributed over the geographi-
cal regions of interest require an assessment and interpretation with respect to: (i) expected state of affairs 
(e.g., level of air pollution, concentration of individual air pollution substances, weather conditions, etc.) 
in short term future, i.e., forecasting; (ii) relevance to the user of the state of affairs at the time of repor-
ting and in short term future. While forecast provision is generally recognized as a necessary service for 
the population,4 the elaboration on the state of affairs in terms the user can understand and the assessment 
of its relevance to the specific types of users from the corresponding user typology is still far from stan-
dard. The consequences could be observed when two years ago elderly citizens especially in France seve-
rely suffered from a heat wave due to insufficient information policies. Still, meteorological conditions 
are better assessed and communicated than air quality conditions; consider, for instance, the “Bio We-
ather” column in many newspapers, weather TV channels, etc. The assessment and interpretation of air 
quality conditions is in general much poorer. To be adequate, it must address at least the following topics 
(see also Nicklaß this volume) to derive content from the raw data: 

 
 projection of concrete concentrations of pollutant substances onto European and region-specific air 

quality indices, 
 health relevance of the observed or forecasted pollution for specific groups of users, 
 significant air pollution changes over a certain time period and exceedance of European and na-

tional thresholds, 
 justification of air quality conditions with meteorological conditions exploiting the correlations de-

rived from the assessment models or provided by specialists. 
 
Especially health relevance assessment is important since air pollution is to be viewed from distinct an-
gles for healthy people, people with respiratory diseases, people with weak heart conditions, joggers, etc. 

2.3 Generation of information 
Once the content has been derived from the raw data, it needs to be rendered into the appropriate form the 
addressees can comprehend. It is to be borne in mind that environmental information is communicated via 
different communication channels (printed media, mobile services such as SMS, MMS, WAP, telephone, 
TV, internet, email, etc.) using text, graphics and language as modi. The language mode is either written 
(in the case of the majority of the channels) or spoken (in the case of a telephone and a TV service). For 
meteorological information, the use of spoken language is much more common than for air quality infor-
mation. 

The generation and presentation of information from the content obtained by means of assessing the 
raw data consists of four stages: (1) selection of the content that is relevant to the user that solicited in-
formation; (2) planning of the presentation of the information in especially the textual mode; (3) actual 
generation of the information in terms of graphics, tables and text; (4) planning of the layout of the pre-
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sentation in case of written information. Bouayad-Agha/Wanner and Bohnet (both in this volume) elabo-
rate on stages (1) and (2) and (3), respectively. Given the primary relevance of natural language pro-
cessing (NLP) techniques for the aspect of the production of environmental information, we focus on it in 
the next section – before in Section 4 the air quality information service implemented in the MARQUIS-
project is evaluated. 

3. The role of NLP in environmental information services 
In the contextual setting of environmental information services, NLP is first of all Natural Language Text 
Generation (NLG). Speech recognition and language analysis come into play in connection with a tele-
phone based service. However, we will ignore both tasks here for the sake of simplicity and focus on 
NLG. 

3.1 Why textual environmental information? 
In general, the use of NLG for the production of information is considered to make sense only if the in-
formation domain in question fulfils certain criteria (Reiter and Dale, 2000). These criteria imply that 
 

• the content changes periodically at a certain pace (or, at least often enough), which makes it neces-
sary to rewrite the offered information each time the content changes, 

• the text genre of the domain is monotonous and repetitive rather than creative and is thus for hu-
man writers more of a burden than literary work, 

• the variation and complexity of linguistic constructions common in the information on the domain 
can be handled by a machine. 

 
The environmental domain fully meets these criteria. Thus, the monitored environmental data (and thus 
the content derived from these data) potentially changes with each measurement (i.e., possibly as often as 
every 30 minutes); the assessment and interpretation of the monitored data (i.e., the content) may even 
differ between different users. The weather and air quality bulletins are tedious to write since they do not 
require any creativity from the writers. And, finally, both the variation and complexity of the linguistic 
constructions and the vocabulary of the environmental domain are limited. 

But it is not only these three standard criteria which call for the use of NLG in environmental informa-
tion services. Thus, as already argued above, environmental (and especially air quality) data need to be 
explained, tables and graphics need to be commented upon, and health related warnings need to be issued. 
In this context, it is important that the language in which the information is rendered be the language of 
the user. In other words, multilingual NLG is required. 

3.2 Why “full-fledged” text generation? 
Given that the need for automatic text generation is beyond any doubt, the way this generation is realized 
must be clarified. For some restricted applications, so-called “template-based” sentence generation suffi-
ces. A sentence template is a predefined, i.e., “canned”, sentence with empty slots that are to be filled wi-
th content that is modified dynamically. Consider, for illustration, the following template: 

1. The ozone concentration <development> <time-period>. 
where the slot ‘<development>’ can be filled, for instance, with one of the elements from the following 
verbal set: {fell, rose, remained stable} and the slot <time-period>’ can be filled with an element from the 
set {early morning, morning, noon, afternoon, evening, night}. Template-based sentence generation is 
straightforward and fast to implement. However, it is suitable only for very restricted scenarios in which a 
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limited number of sentence patterns suffices and different slot filler elements do not require a modifica-
tion of the templates in which they are used. Thus, the AutoText UIS-service (Bohnet et al., 2001), which 
delivers information on one single air pollutant, namely ozone, in the region of Baden-Württemberg, Ger-
many uses templates. However, as the authors of AutoText UIS report, already with a focus on ozone, 
template generation reaches its limits. That is, if one wants to cover all relevant pollutants of a region (see 
also Section 4 below) or provide a detailed weather report, more flexible generation techniques are ne-
eded. Such techniques involve two major processing stages: (1) the content and discourse structure plan-
ning stage, (2) the generation stage proper. In the literature, such techniques are often referred to as “full-
fledged” text generation. 
During the content and discourse structure planning stage (cf. also Bouayad-Agha/Wanner this volume), 
the content that is to be communicated to the user in question, the order in which the individual content 
chunks are to be communicated and the rhetorical strategy underlying this communication are determin-
ed. The result of this stage is a text plan that is further processed by the generation stage proper. 

The generation stage proper consists in the mapping (or transformation – depending on the linguistic 
theory on which generation is based) of the content elements included in the text plan onto surface (cf. 
also Bohnet this volume). The mapping/transformation may contain several intermediate steps – again, 
depending on the linguistic theory. It requires the availability of generation grammars and lexica. The ge-
neration grammars specify how exactly content elements are to be mapped onto linguistic structures, and, 
if needed, more abstract linguistic structures are mapped onto more surface-oriented linguistic structures. 
The lexica contain the lexical information on each lexical unit (= word in one specific sense) and possibly 
also the mapping between conceptual and/or semantic units and lexical units. 

Obviously, full-fledged generation is considerably more costly than template-based generation. Ho-
wever, its flexibility in the generation of coherent and cohesive textual information justifies the costs. 

4. MARQUIS: A Next Generation Service? 
The MARQUIS-service (Wanner 2007 and the contributions in this volume) has been built as a user-
tailored multilingual multimodal air quality information service. In this section, we want to explore to 
what extent MARQUIS meets the requirements imposed on advanced environmental information servi-
ces. 

MARQUIS provides information for five selected European regions with respect to all relevant air 
pollutant substances.  

4.1 User Modelling in MARQUIS 
MARQUIS uses a user typology that has been established as a result of a thorough empirical study carried 
out within all regions covered by MARQUIS;5 cf. Figure 1. Each user type is assigned a default user pro-
file which specifies the content elements to be rendered and the modi (text, graphic or table) in which 
each content element is to be rendered. The default profiles can be individualized by the user to a certain 
extent in that she/he can choose to receive more detailed or more general information than foreseen by the 
default in the preferred presentation mode (see Bouayad-Agha/Wanner this volume for more details). 

                                                      
5 About 100 individuals with different backgrounds were interviewed in each region. 
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Consultant/AQ-Technician: 

1. Medical professional  
2.1 Asthma specialist 
2.2 Specialist for other respiratory diseases 
2.3 Specialist for non-respiratory diseases 

2. Patient 
3.1 Asthma patient 
3.2 Patient- Other respiratory diseases 

3. General Public 
4.1 Printed Media Reader 
4.2 Television Viewer 
4.3 Mobile Phone User 
4.4 Internet User 

Figure 1: User profile typology in MARQUIS 

Although the above typology and the possibility of its individualization certainly stand for the most ad-
vanced realization of user modelling in the framework of environmental information services, there is still 
some room for further work in this area. Thus, the typology does not reflect such important user groups as 
people with weak heart conditions and people doing outdoor sports. Members of both groups might need 
more targeted and distinct information than members of the groups reflected in the typology.  

Recent studies in environmental medicine show that the influence of air pollution on the population is 
highly individual and can hardly be captured by generalized in terms of profiles.  To account for this fin-
ding, a radically different approach to user modelling must be taken. In principle, for each user, a profile 
must be built up that reflects his/her individual information needs. The individualization will concern first 
of all the increased relevance of specific pollutant substances and the pollutant concentration thresholds 
beyond which a pollutant becomes relevant to the user in question. However, such individualization 
would require a tremendous effort not only on the environmental service side, but also on the medical si-
de and is thus not realizable in the near future. Therefore, the goal in the field of user modelling for envi-
ronmental information services must be a maximally detailed (but empirically justified) user profile typo-
logy. MARQUIS shows the way how this can be done. 

4.2 Assessment and interpretation of raw data in MARQUIS 
MARQUIS’s assessment and interpretation module processes the raw data with respect to all topics listed 
in Section 2.2 above. 

The interpretation procedure is a multistage procedure. In each stage, one of the above topics (i)-(iv) is 
addressed. The first step in the assessment procedure is the computation of the regional AQ indices. The 
indices are computed for each region. That is, the index for Finland is computed not only for Finland, but 
also for the other regions covered in MARQUIS; the same applies to the indices of the other regions. This 
supports the cross-border view on air quality in a given region. The indices are computed hourly as well 
as for the whole day. This allows the service to provide air quality information of a specific time of the 
day as well as for the day as a time interval. 

The health relevance of a given pollution is determined by matching the measured concentrations or 
the index values with the concentration–health effect tables compiled, again, for each region.  

As not every measured index value or pollutant concentration is important or interesting for the users, 
in the second step of the assessment procedure, very important points (VIPs) within the daily distribution 
curve are identified. Standard VIPs are daily and local maxima, respectively minima. In addition, the first 
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value of the day and the current value is a VIP. To determine the VIPs, a standard mathematical curve 
discussion is carried out. In order to avoid the identification of small (and thus irrelevant) local maxi-
ma/minima, certain smoothing strategies are applied.  

National and European thresholds for the different pollutants are considered. To allow different region 
specific reports, the exceedance of these thresholds are provided in two ways. First, the threshold type and 
the start and end time of the exceedance are given, and, second, the degree of exceedance is provided in 
absolute and relative numbers. 

An important feature of the MARQUIS-service is the availability of plausible explanations for meas-
ured and forecasted air pollutant concentrations. The correlation between air quality and meteorological 
conditions is the most important source for such explanations. A comprehensive range of potential corre-
lations has been studied. The most relevant meteorological conditions include wind speed and direction, 
temperature, global radiation, precipitation, pressure difference between reference locations, relative hu-
midity. External conditions such as day of the week (i.e., traffic), number of days since the last significant 
precipitation, etc. are also considered. 

The work on content derivation from raw data within the MARQUIS-service constitutes pioneering 
work in this area. Its limitations lie rather in the user typology according to which the assessment is done 
and in the implementation, which is less modular than desired, than in the theoretical conception. 

4.3 Generation of information in MARQUIS 
In MARQUIS, a full-fledge text generator is applied. As pointed out above, full-fledged generation con-
sists of document planning and generation proper. 

MARQUIS’s document planning module (Bouayad-Agha/Wanner this volume) involves, roughly spe-
aking, two submodules: the submodule for content selection and the submodule for the determination of 
the discourse structure of the textual information to be generated. The content selection task consists ma-
inly in the retrieval of the content relevant to the user in question according to his/her (individualized) 
profile from the content structure produced by the assessment and interpretation module on the one hand, 
and the choice of the information presentation mode (text, table, or graphic) for identified content chunks 
on the other hand. The discourse structure determination task consists in the derivation of the rhetorical 
relations between content elements and construction of a connected discourse graph from the content 
elements-rhetorical relation triples (which form elementary branches of the graph). For the repertoire and 
interpretation of the nature of rhetorical relations, MARQUIS draws upon the Rhetorical Structure Theory 
(Mann/Thompson, 1988). 

MARQUIS’s multimodal generation module consists of three submodules: a table generation submod-
ule, a graphics generation submodule and text generation submodule – with the latter being the most de-
manding one (Bohnet this volume). For its realization, the MATE-generator is used (Bohnet, 2006). 
MATE is a graph transducer based generator that is based on the multi-stratal Meaning-Text linguistic 
model (Mel’uk, 1988). Six strata are relevant in the context of MARQUIS: conceptual, semantic, deep-
syntactic, surface-syntactic, topological, and surface-morphological strata. Generation consists in map-
ping an input conceptual structure retrieved from the text plan provided by the document planning module 
to the surface-morphological structure (= text) via the structures of the intermediate strata listed above. 
The mapping of the structures between two adjacent strata is realized by a distinct language-specific 
grammar. In order to generate information in a specific language, thus five grammars and the correspon-
ding lexica must be developed. To facilitate the work of non-linguists, MATE offers a grammar deve-
lopment environment with a debugger, grammar inspector, interactive editors, etc. (Bohnet et al., 2000). 
Within MARQUIS, grammars for eight languages have been developed: Catalan, English, French, Fin-
nish, German, Polish, Portuguese, and Spanish. For the organization of the grammatical resources is de-
scribed, see (Lareau/Wanner, 2007). 
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A topic not targeted in depth in MARQUIS in connection with information generation is layout plan-
ning: how to place the information generated by the different modi adequately in order to guide the reader 
through the document. 

5. Conclusions 
Advanced environmental information services must contain modules for interpretation of the data, i.e., 
their conversion into content, document planning and information generation. The MARQUIS-service is 
certainly one of the first services that account for these requirements – despite some limitations that need 
to be solved in order to make it a truly next generation information service. 
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