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INTRODUCTION  
 
This study explores the links between the environment and competitiveness.  
To achieve this goal, the study considers different kinds of instruments for environmental policies. 
It also focuses on a particular policy area (water policies), to examine the theoretical 
relationship in a concrete case. It examines in depth the implementation of water policy 
instruments and the dynamics by which they influence the industry economic and competitive 
performance. In this respect, the main instruments for water resources management and protection 
considered in the study were: 1) pricing policies; 2) instruments to regulate point sources; 3) 
instruments to regulate water abstraction; 4) instrument to promote best environmental practice in 
industrial water use. 
 
In the following sections, the different steps of the study are traced out, focusing on the most 
relevant aspects and findings of each phase, as well as on the linkages between them, with the aim 
of illustrating how the findings of each phase informed the carrying out of the next steps, up to the 
translation of these findings into policy reccomendations, mostly focused on the opportunities to 
enhance or mitigate any impacts of the concerned water policies on competitiveness. 
 
The main steps are: 
 
1) A literature review on definitions and measurements of competitiveness and on the theories 
concerning the links between the environment and competitiveness (and on the related empirical 
studies) to understand the potential relationship and underpinning 
 
2) A general overview on the water policy framework in the geographical areas investigated by the 
study, in order to compare the main features and differences between them. 
 
3) Case Studies to provide detailed analysis, based on regional comparisons and specifying in 
depth the extent to which current policies affect selected industries in the considered areas. 
 
4) A benchmarking exercise aimed at assessing the different kinds of water policy measures that 
are applied and their effects on competitiveness in different countries. 
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1. THE LINKS BETWEEN ENVIRONMENT AND COMPETITIVENESS: MAIN 
RESULTS FROM THE LITERATURE REVIEW  
 
As a first step of the study, a literature review was carried out to provide a comprehensive and 
structured analytical framework of the different definitions and level of analysis of the concept of 
competitiveness, as well as of the key variables relating to the concept. The literature review 
described the different ways of defining and measuring competitiveness, synthesized the most 
recent knowledge on the relationship between environment and competitiveness, as well as it 
produced an in depth analysis of the most recent empirical studies. The research covers the broad 
literature but also has a focus on water and resource efficiency, to test out the general principles in a 
particular field.  
The main conclusions relevant to the next steps of the study are: 
 

1. The concept of competitiveness may be defined and analysed at different levels, each 
one measured by different variables:  
i) The level of the “entities” that are the actors on the competition “arena”: a single 

firm or plant; a cluster of firms (i.e. an industry, a sector, a branch or a local 
productive system, e.g. an industrial district); a territorial context (i.e. a country or a 
region). 

ii) The “dimension” of competitiveness, distinguishing at least three dimensions: 
International competitiveness; National competitiveness and Local competitiveness.  

iii) According to the key variables affecting competitiveness as well as the ways to 
measure them: macro level (territorial: international/national); meso level (cluster: 
sectoral/industry/district) and micro level (plant/firm). 

There needs to be a clear understanding that competitiveness issues differ between 
these different levels/dimensions (e.g. the firm level and the national level), and this 
distinction needs to be maintained when examining the implications of water policies 
and of other policies. What is good for competitiveness at one level can easily be bad 
for competitiveness at a different level, and vice versa. Almost every policy will harm the 
competitiveness of a cluster of firms, but this is likely to be to the benefit of firms elsewhere 
in the economy. Comparing the winners and losers is difficult, meaning that it is often hard 
to discern the overall impact of competitiveness at the national level.  

 
2. A comprehensive review of the main theoretical approaches on the link between 

environmental policies, environmental performance, competitiveness and economic 
success as well as on the most relevant and recent findings of empirical studies 
demonstrates that it is not possible to state that any theory has succeeded over the 
others, as no unique relationship between environmental policies and competitiveness has 
prevailed in literature or empirical studies so far. A number of methodological explanations 
have been brought forward, such as the lack of statistical data or its low quality. Various 
theoretical explanations have been developed too, such as the influence of different 
corporate strategies or a relatively small influence of environmental issues in industry (as 
only one factor among many others: costs of raw materials, costs of transports, etc.) on the 
economic success of firms. 
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3. With specific reference to the neoclassical perspective1, there is no substantial empirical 
evidence that high, or relatively high, environmental standards have a systematic 
negative impact on competitiveness at the macroeconomic or microeconomic level. Most 
studies show insignificant relationships between stringent environmental regulations and 
competitiveness, in the various ways they have been measured. 

 
4. With reference to the Porter hypothesis2, the review demonstrated and provided 

examples of the possibilities for “innovation offsets” and efficiency gains deriving from 
increased regulatory stringency, even among some of the most ‘energy and pollution – 
intensive’ sectors and firms. However, this conclusion itself depends on certain assumptions 
– most notably on the pace of technological change and the degree to which firms can tap 
into it, on existing inefficiencies among the affected firms and on efficiency in the design 
and use of the regulatory interventions.  

 
5. Many studies profess the correlation between environmental performance and 

economic performance, but it is still somewhat surprising that the “causation debate” 
has not been very active. Yet, the question of whether environmental performance drives 
economic competitiveness or vice versa has significant implications for business policy. 

 
6. Overall, the relationship between environmental policies, environmental performance 

and competitiveness may vary depending on the level at which the analysis is 
conducted (firm, sector/industry, country/region) and on the definitions of regulation 
and competitiveness being used. The relationship may also vary depending on the 
source of the regulation, its form and the environmental assets it is seeking to protect. 
The methods of assessing the relationship may also generate different estimates of the 
direction and strength of the effect of regulation on competitiveness. Two variables in 
particular have proved to be key in defining to what extent and under what conditions 
environmental regulation exerts adverse or positive effects on competitiveness: forms of 
regulation and responses by business.  
The form of regulation may be as important as its stringency in determining the nature of its 
relationship with competitiveness; though, there is little from the literature that helps define 
or capture the form of regulation, especially in terms of how it gives flexibility for business 
responses at the same time as it achieves its environmental objectives15. Still, recent studies 
support the idea and provide evidence that the key question is not “which instrument is 
best”, but “which mix of instruments is best”, both in terms of using marketbased 
instruments alongside other environmental measures such as regulations and in terms of 

                                                 
1 This term refers to the “traditionalist” view of neoclassical environmental economics. It argues that the purpose of 
environmental regulation is to correct negative externalities and that, consequently, environmental regulation – in 
internalising the costs of the negative externality – corrects a market failure, while burdening companies with additional 
costs. Firms complying with regulation (by increasing expenditures in environmental protection) face higher production 
costs and reduce the management time devoted to pursuing other tasks. This is deemed to have negative effects on the 
competitiveness at firm, sectoral and national level. 
2 This term refers to a theoretical approach opposed to the neoclassical perspective and mostly developed by M. Porter, 
stating that improved environmental performance is a potential source of competitive advantage, as it can lead to more 
efficient processes, improvements in productivity, lower costs of compliance and new market opportunities. According 
to this approach, environmental regulations are potentially beneficial to firms, as they give incentives to change their 
production routines (technological or process innovation) in a way that leads to compliance and reduced costs through 
decreased resource inputs or increased efficiency, or can even lead to new marketable products (the “Porter 
hypothesis”). 
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using them to meet environmental objectives in combination with other (e.g. economic and 
social) objectives. The relationship between environmental policies, environmental 
performance and competitiveness may also vary depending on the characteristics of the 
businesses and sectors concerned (e.g. market power may confer only to some businesses 
the ability to pass on any increased costs from regulation to the consumer). Taking account 
these factors in the methods of assessment may be critical in understanding the nature of the 
relationship between environmental regulation and competitiveness. 

 
7. Water policies, as other environmental policies focused on resources, aim at defining 

and implementing a “regime” for the use and protection of the water resource. This 
“regime” can have different focuses: it can limit access to the resource (e.g. quantitative 
limit values for abstraction) or make it subject to specific conditions (such as paying a tax or 
an environmental levy). Most of the water policies applied within the EU, as in the rest of 
the world, are based on the “Polluter-pays principle”. The other basic principle in water 
policy is the “precautionary principle”. Water policy instruments strongly differ in their 
specific designs between countries, although they follow the same general principles. 
Comparisons can therefore only be made considering the very specific differences. 

 
8. Economic literature analyses the effects of  water policies on competitiveness according 

to the theoretical approaches more in general developed to explore the effects of 
environmental policies on competitiveness: i) according to the structuralist approach, the 
extent and the negative/positive outcome of water policies effects on competitiveness 
depend to a large extent on: (1) how the affected companies (industries) finance abatement 
technologies (additional borrowing on capital markets, price increases, cuts in dividends, 
cost savings,…), and (2) market structures (price elasticity of demand, degree of exposure to 
international competition, …); ii) according to Porter’s Model, the effects of water policies 
could be rather different from what is often supposed; in particular, any loss of 
competitiveness will be short-lived in terms of lost output, with a longer term boost to 
output due to enhanced productivity effects; iii) according to the “Resource-Based View” 
approach, competitiveness of companies and industries depend on the quality and quantity 
of the resources available and by the ability of companies/industries to optimise their use. 

 
9. Empirical evidence can be drawn from several studies on the impacts of water policies 

on competitiveness: 
9.1 Considering the effect on markets and sector structures, emphasized by the 

“structuralist” approach, there is some evidence of impacts of water policies on 
competitiveness, especially relating to the case where the policy directly or indirectly 
increases the cost of water as a natural resource. A widespread idea is that both total cost 
and marginal cost is increasing in the stringency of a resource-targeted policy. In the 
case where the policy increases the cost of a resource, such as water, the impact depends 
on the significance of that resource as an input in the overall cost function. Many 
empirical studies emphasise that water represents only a small fraction of total 
production costs, with the exception of water-intensive sectors. When water policies 
(such as a tax) have a significant effect on production costs, some studies argue that this 
can produce a material impact on competitiveness in terms of growth performance. 

9.2 A higher level of consensus seems to be provided by existing studies on the Porter’s 
model. A number of studies have shown that many industrial sectors can be encouraged 
to improve the efficiency of production in the presence of a water policy measures (e.g. a 
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tax), with the result that this measure actually makes them more efficient and hence 
more profitable and competitive. In general terms, there seems to be a certain agreement 
among different studies that being subject to environmental policies enhances the 
competitive capabilities of an industry. 

9.3 Very little empirical evidence is available on the application of a Resource-Based View 
approach to the effects of water policies. The few studies carried out so far mostly refer 
to generic environmentally-oriented measures that are able to stimulate companies and 
sectors to improve their competitive assets in terms of resource availability and 
exploitation. 

 
 
1.1 Methodological approach for assessing competitiveness impacts of water policies 
 
This section describes the methodological approach adopted by the study for assessing the effects of 
environmental and water policies on competitiveness.  
 
As a first step of the study a literature review was carried out, establishing the analytical reference 
framework and a comprehensive and structured overview of the different definitions and level of 
analysis of the concept of competitiveness, as well as of the key variables relating to the concept. 
The key findings of the literature review – underlined in the previous section of the present Report – 
informed the next steps of the study, by providing a series of concerns and conclusions to take into 
account in order to properly address the issue of the links between the environment and 
competitiveness.  
 
Secondly, the aim was to apply these findings to water policies. This required consideration of 
pricing, point sources, abstraction, and integrated pollution prevention within the broader 
framework of the overall goals of water policy. This was done through a general overview of water 
policies as well as a comparison of water legislation and policies in place in the areas investigated 
by the study (USA, EU, Australia, Canada, China and Japan). As demonstrated by the literature 
review, different water policies and instruments may affect competitiveness differently according to 
the definition of competitiveness used. In particular, the impact can differ according to the  level at 
which the analysis is conducted (firm, sector/industry, country/region).  
 
Water policy instruments differ in their design, implementation and enforcement between countries, 
even when they follow the same principles (i.e. general principles, such as the polluter pays 
principle and full cost recovery). An effective assessment of water policies on competitiveness thus 
needed to be informed by a general overview of existing legislation and major trends in the EU, 
USA, Australia, Canada, Japan, and China. 
 
Once the institutional water policy frameworks were set out and compared, a more detailed and in-
depth analysis based on regional case studies was carried out, specifying more precisely the extent 
to which current water policies affect selected industries. Regions were selected according to their 
economic relevance, their climatic conditions, and their relevance for environmental and water 
policies3: Texas, Hessen (Rhine-Main-Neckar Basin, Germany), Po Basin (Italy), Andalucía 
(Spain), Shanghai (China), East Anglia (UK), Wisconsin (USA) and Ontario, as part of the Great 

                                                 
3 See Section 3 of the Report. 
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Lakes Basin (Canada). The selection of sectors within the regions was done according the following 
selection criteria: 
 

• Economic relevance for the regions; 
• Relevance for water policies and water intensity; 
• Data availability; 
• Comparison with other regions. 

 
As any evaluation and comparison of water policies in different areas around the world has to 
consider the existing hydrological, geographical, climatic, ecological and socioeconomic situation 
of each area investigated, these factors were analysed within the case studies, presenting the 
background against which water resources are managed in each region. 
 
The Regional Case Studies provided qualitative (descriptive) and quantitative (anedoctal, based on 
case studies) evidence on the effects of water policies on competitiveness. As the next step of the 
study, the benchmarking exercise was aimed at analysing if and how the relations between water 
policies and competitiveness identified within the case studies can be generalised for the industrial 
sectors investigated. The benchmarking exercise was therefore finalized to analyse if the effects 
identified in a qualitative way in the regional studies were supported by sectoral data at the national 
level. To this end, data relating to the selected sectors on competitiveness variables and factors 
identified within the literature review were collected.  
 
Finally, experience of water policies in the EU and in the rest of the world shows that different 
kinds of measures can mitigate the negative impacts and enhance the positive impacts of the 
policies on competitiveness. The findings of the case studies and the benchmarking exercise were 
translated into a number of policy conclusions.  
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2. GENERAL COMPARISON OF THE WATER POLICY FRAMEWORK IN THE 
GEOGRAPHICAL AREAS INVESTIGATED BY THE STUDY 
 
 
2.1 Introduction 
 
The general comparison of existing water legislation and major trends in the USA, Australia, 
Canada, Japan, China, Germany, Italy, Spain and UK covered the main framework legislation as 
well as the provision for general principles, such as the polluter pays principle and full cost 
recovery.  
 
Moreover, the analysis compared the environmental policy instruments adopted in the selected 
countries, as proposed in the Literature Review (Annex I): 

• Direct regulation (Command & Control); 
• Economic instruments (environmental duties, tradable emission permits); 
• Soft instruments (Voluntary instruments; Environmental Management Schemes; Public 

Participation). 
 
 
2.2 The water policy framework 
 
The selected countries share a number of challenges in water resource management: all are 
characterized by multi-jurisdictional and multi-level governance structures with often significant 
fragmentation; all rely on shared water resources between states for agricultural and industrial 
production; and all have influential agricultural interests that inevitably advocate strongly for that 
sector in policy formulation.  
 
From the point of view of water quantity regulation, all countries have a long experience, except 
China and Canada. In the EU states, USA and Australia the definition of the water abstraction law 
was defined at the end of the 19th century. 
 
In terms of water rights, Canada, Japan, Germany, Italy, Spain and UK consider water resources as 
a “public good”. In China water is state-owned. In Canada, different legal doctrines exist: riparian 
rights, used in Ontario and eastern Canada, prior allocation in British Columbia (BC), Alberta, 
Saskatchewan and Manitoba, Civil Code used in Quebec, and inland waters used in the Northern 
Territories. Water management issues and powers are shared between the Federal Government and 
the Provinces. The Provinces have more power and jurisdiction than the Federal InstitutionsWater 
policy and law in the United States is significantly fragmented with the eastern states predominantly 
governed by the doctrine of riparian rights, while the western states have a system that treats water 
as a kind of private property or commodity, known as prior appropriation. There is a third system 
known as regulated riparianism which shares characteristics with the Australian legal system, 
whereby the withdrawal of water requires prior approval and the use of permits and licenses. 
 
Water quality regulation went through a period of strong development in the 1970s (see Table 2.1). 
But in the last 10 years, water policies introduced new concepts. In particular, the Water Framework 
Directive represents a major advance in water policy with three concepts included in European 
water legislation for the first time: the need to protect and improve the aquatic environment and its 
ecosystems (WFD - Article 1); the organization and regulation of water management at the level of 
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river basins (WFD - Article 3); and that the principle of recovery of the costs of water services, 
including environmental and resource costs, is taken into account (WFD - Article 9). 
 
The main elements of the Water Framework Directive are: 

• an ecological and holistic water status assessment approach 
• a strategy for elimination of pollution by dangerous substances; 
• the public information and consultation; 
• an economic analysis of water uses and measures 
• the use of economic instruments. 

 
The European Union, United Stated and Australia share a number of challenges in water resource 
management: 

• they are characterized by multi-jurisditonal and multi-level governance structure with often 
significant fragmentation; 

• they rely on shared water resources between states for agriculture and industrial production.  
 
An important difference is the type of policy instruments adopted. Unlike Australia, the WFD does 
not include a requirement to implement water trading.  MS are required to develop cost-effective 
programmes of measures to meet WFD objective of good ecological status. The WFD does include 
a specific requirement for MS to take account of the principle of recovery of the costs of water 
services, including environmental and resource costs, having regard to the economic analysis that 
must be conducted by MS and in accordance in particular with the polluter pays principle. 
 
Unlike in Australia and the EU, the United States has not developed a national framework for the 
water rights. Water policy and law in the United States is significantly fragmented with the eastern 
states predominantly governed by the doctrine of riparian rights4, while the western states have a 
system that treats water as a kind of private property or commodity, known as prior appropriation. 
There is a third system known as regulated riparianism which shares characteristics with the 
Australian legal system, whereby the withdrawal of water requires prior approval and the use of 
permits and licenses.  
 
There are, however, aspects of United States water policy that are very similar to those of Australia 
and the European Union. The use of financial incentives or economic instruments is extensive in the 
United States, and they are captured in federal and state agri-enviromental schemes such as the 
conservation programs in the United States Farm Bill, and vary in substance across the states.  
 
In relation to water quality, there is national legislation in the form of the Clean Water Act, 
although it is focused primarily on point-source pollution from industry and manufacturing. For 
non-point source pollution, such as that created by agriculture, the United States Congress 
instructed states to develop water management plans - states can use exclusively non-regulatory 
avenues such as technical assistance, education, training, and demonstration projects to implement 
the management plans. In American agri-environment policy, dual emphasis is placed on both 
economic incentives, and participatory approaches to problem-solving. 
 

                                                 
4 Riparian water right (or simply riparian right) is a system of allocating water among those who possess land about its 
source. It has its origins in English common law. Riparian rights exist in many countries with a common law heritage, 
such as Canada, Australia, and states in the eastern United States. 

 11



 

2.2.1 The institutional arrangements  
 
The territorial organization of the public supply varies considerably:  
 

• Australia, Canada and UK are characterized by a regional scale. Japan, Spain and USA 
adopt a municipal aggregation. In Germany, Italy and China public supply ranges in scale 
from municipal to regional. 

 
• The ownership of the water services is completely public in Canada, China, Italy and Spain. 

In Australia, UK, Germany and Japan the public and private ownership co-exist. In the UK, 
the water companies are private in England and Wales and public in Scotland and Northern 
Ireland. 

 
• The presence of the private sector is higher in the management of water supply than 

treatment. In China, Canada, Japan management is completely public. In UK the 
management is completely private. In the others the public and private co-exist. 

 
• The economic regulation is entrusted to independent agencies in the UK, USA and some 

Canadian Provinces. Elsewhere, it is for regional or central governments. Similarly, 
environmental regulation is delegated to independent agency in USA and UK, to regional or 
central government in the other cases. 

 
 
Table 2.2 – Institutional arrangements 
 Institutional arrangements 
 Public supply Ownership Management Economic regulation Environmental 

regulation 

Australia Regional Public/Private Public/Private Regional/Indipendent Regional govt 

Canada Regional Public Public Regional govt Regional govt 

China Regional/municipal Public Central govt Central govt Central govt 

Germany Inter-municipal/ 
Municipal/Regional Public/Private Public/Private Municipal/Regional Regional govt 

Italy Municipal/ Inter-
municipal Public Public/Private Central govt Central & 

Regional govt 

Japan Municipal Public/Private Public Central govt Central govt 

Spain Municipal Public Public/Private Central govt Central 
govt/Indipendent 

UK Regional Public/Private Public/Private Independent Independent 

USA Municipal Public/Private Public/Private Independent  Independent 

Sources: 
General Overviews (Final Report - Annex II & III);  
OECD, 1999, The Price of the water. Trends in OECD countries 
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2.3 The water policy instruments  
 
2.3.1. Direct regulation 
 
All selected countries have implemented a Command & Control approach in their water policies. 
The water quality regulation is always based on an Effluent Standard scheme (ES) and a Water 
Quality Status (WQS). Canada, Japan and USA have also adopted a Total Pollution Load 
Regulation (TPLR) (see Table 2.3) 
 
The introduction of the WQS approach constrains countries to tighten the ES where the water 
bodies don’t reach the quality status requested. In this case, there is at least a local effect on the 
competitiveness of firms., meaning by this that companies operating in a local context where a good 
water quality status is not achieved do have to comply with tighter effluent standards, consequently 
sustaining higher costs and, therefore, worsening their competitive performance. 
 
Table 2.3– Water quality control approach 

 Effuent Standards Water Quality Status Total Pollution Load 

Australia n.a. n.a. n.a. 

Canada x x x 

China x x  

Germany x x  

Italy x x  

Japan x x     x (a) 

Spain x x  

UK x x  

USA     x (b) x x 

Sources: 
General Overviews (Final Report - Annex II & III) 
Notes: 
(a)  This method is applied to water bodies in large closed public water bodies receiving large amount of effluent 
emitted from daily life and industry sectors, when environmental quality standards cannot be achieved just only by 
restriction of pollutant concentration. 
(b) The effluent standards are based on the pollution abatement BAT defined for each industrial sector. 
n.a.: not available 
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2.3.2 Tariffs and charges  
 
An industrial activity may, both in the case of sample and in discharge, pays a tariff and rely on 
“external” service (upper part of Figure 2.1), or “internalize” activities of water sample and effluent 
purification, paying sampling and discharging royalties (lower part of Figure 2.1).  
 
Industrial users are mostly self-supplied (this applies to wirtually all countries reviewd in our 
study): they draw water directly from wells, rivers, or lakes. Self-supplied firms cover generally the 
full (financial) costs of water withdrawals but typically have not internalized environmental costs.  
 
Figure 2.1 - Water management expenses for an industrial activity  

 
 
 
Tariffs 
 
The comparison of the tariffs of the water supply services in different countries is not always easy. 
A low tariff may be due to several factors. On the one hand, in some areas, water may be abundant, 
close to the use and with good quality. The costs are low and, consequently, the price may be low. 
On the other hand, the price may be low due to the fact that the users cover only a part of the costs 
and the remainder costs are covered by other methods (i.e. general taxation, etc.). The Table 2.4 
collects the national mean values of water and wastewater tariffs. However, these are still difficult 
to compare. Different countries may have cross-subsidisation between different industrial sectors or 
between, say, rural areas and cities. Different tariff structures (rising block tariffs etc or charges 
adjusted for returns of water) also make comparison difficult on a like-for-like basis. 
 
 
Table 2.4 – Water and wastewater tariffs (national mean values) 

 Water Services 
tariff Wastewater treatment tariff 

Australia 1,40 €/m³ 
(1999) n.a 

Canada 0,61 €/m³ 
(2006) n.a 
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China 0,12 €/m³ 
(2004) 

0,03 €/m³ 
(2005) 

Japan 1,7 €/m³ 
(2001) n.a 

Germany 1,85 €/m³ 
(2007) 

3 €/m3 
(2007) 

Italy 0,91 €/m³ 
(2006) 

0,45 €/m3 

(2006) 

Spain 0,75 €/m³  
(2006) 

0,38  €/m3 

(2001)  

UK 1,52 €/m³ 
(2006) n.a 

USA 0,53 €/m³ 
(2006) n.a 

Sources: General Overviews (Final Report - Annex II & III); National Case 
Studies (Final Report – Annex IV – XII); Massarutto (2003). 
Notes: 
n.a.: not available 

 
Charges 
 
In contrast to tariffs, which cover mostly the household water supply system, charges deal with 
direct abstractions and direct discharges, where the domestic water system is not always involved. 
Sewerage and sewage disposal and the pollution side of water use must be considered in addition to 
abstractions. 
 
An abstraction charge is the amount of money charged for the direct abstraction of water from 
ground or surface water. Abstraction charges exist in all countries and sectors (households, industry 
and agriculture) to a varying extent. They are most relevant though for industry and agriculture (see 
Table 2.5).  
 
These charges can have an explicit environmental purpose and the proceeds can therefore be turned 
over to environmental agencies or environmental funds. By enhancing these charges, cost recovery 
can be increased. Furthermore costs for the water supplier can be reduced due to demand responses 
by the users and reduction of leakage. 
 
Abstraction charges in England and Wales are based on the maximum quantity of water licensed for 
abstraction rather than the actual quantity abstracted. The charge rates are determined by the 
Environment Agency’s costs of monitoring and administering the abstraction license scheme; 
charges do not reflect environmental and resource costs. The abstraction charge accounts for around 
1% of total water supply and sewerage costs, and thus cannot be considered to affect the UK’s 
international competitiveness5. 
 
In Germany, the tariff structure differs depending on the intended use, such as public water supply, 
cooling or irrigation. Water-intensive industries, such as forestry and irrigation, routinely enjoy up 
to 90% lower tax rates7. 
                                                 
5 Speck S., 2005, Do European water abstraction taxes affects competitiveness?, Sustainable Development Briefing 
Note, Policy research Initiatve, Canada 
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Thus, the total costs of water account for a low share of total industrial turnover. Therefore, the risk 
of loss of competitiveness is negligible for all but the most water-intensive industries. 
 
Public authorities grant permits to allow firms to use water, but licensing fees in most places are 
generally not closely tied to the quantity of water abstracted and are not high enough to create an 
incentive for firms to use water more efficiently. Thus, it is often proposed to tax self-supplied 
firms, including municipal utilities – through what is often referred to as abstraction charges – in 
accordance with the quantity of water they use. 
 
A pollution charge is a charge on discharges which can be levied according to their quality. There 
are large differences in charging regimes applied in selected countries. The differences are in design 
of the schemes: coverage (pollutants), formula for calculating total tax burden, revenues (see Table 
2.5). In some cases the charge schemes are based on indirect parameters. Since there are difficulties 
in assessing diffuse pollution agriculture sector, the application of taxes is parametrised on the 
purchased quantities of pesticides and fertilisers.  
 
A study6 of water pricing and industrial competitiveness in Germany, Italy and Ireland showed a 
significant correlation of the costs of wastewater treatment with the number of initiatives to reduce 
water pollution. It also showed the absence of clear links between average productivity and costs, 
suggesting that low costs are not necessary to achieving international competitiveness. The study 
also showed that total waste water costs were around 1% and 0.44% of turnover, respectively, for 
the German and Italian firms.  
 
 
Table 2.5 – Water abstraction and wastewater discharge charges (national mean values) 

Water abstraction 
 

Agriculture Industry 

Wastewater 
discharge Notes 

Australia n.a n.a n.a  

Canada 2,48 €/ m³ 
(2007) n.a The value is referred to Ontario charges 

China n.a n.a n.a  

Japan n.a n.a n.a For abstraction charge: Flat charge for agriculture; mix 
charge  (fixed + volumetric) for industry 

Germany 0,02-0,05  €/m³ 
(2003) 

1,85 €/m³ 
(2007) 

36 €/m3 

(2007) 

The wastewater tax is levied on a damage unit7, applied to 
private and municipal dischargers 
Revenues are used for research and pollution abatement. 

Italy 0,04-0,07  €/m³ 
(2003) 

0,91 €/m³ 
(2006) (Fixed charge) For the effluent discharge is only requested an authorisation. 

Revenues are used to cover only administrative costs. 

Spain 0,1 €/m3 

(2002) 
1,1 €/m3 
(2002) n.a. Wastewater charge is based on pollution content calculated 

per population equivalent 

                                                 
6 D. Hitchens, 1999, The implications for competitiveness of environmental regulations for peripheral regions in the E.U., Omega Volume 27, Issue 1, February 
1999, Pages 101-114 
7 A damage unit represents either 50 kg of chemical oxygen demand (COD), 25 kg nitrogen, 3 kg phosphorus, 2 kg organic halogens, 20 g mercury, 100 g 

cadmium, 500 g chromium, 500 g nickel, 500 g lead, or 1,000 g zinc. 50 kg of COD translates into about 2.5 inhabitant equivalents (i.e.) 
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UK 0,01-0,03  €/m³ 
(2003) 

1,7 €/m3 

(2002) n.a 

Abstraction charge are based on the maximum quantity 
licensed for abstraction rather than the actual quantity 
abstracted 
Revenues are used to cover administrative costs of the 
Environment Agency. 

USA see note n.a n.a 
The water pricing is different in the US. i.e. In Texas the 
price reflects the real water scarcity: the price fluctuated, in 
the past years, between 10 and 60 $ per acre-foot. 

Sources: OECD (1999); Massarutto (2003); own analysis. 
n.a.: not available 
Charges for UK are those applied in England and Wales 

 
 
2.3.3 Cost Recovery   
 
The level of the cost recovery assumes greater importance. The analysis has been focused on the 
recovery level of financial costs. Environmental and resource costs are difficult to calculate and 
compare for a number of reasons, e.g. because a shared definition of these terms does not exist. 
 
The level of the water price is generally lower than the “full cost recovery” tariff, as described in 
Table 2. In Germany and the UK the financial costs are generally fully covered in all sectors. In 
Spain the financial costs are fully covered only by industrial users.  
 
Still there is generally no full recovery of the cost of the damage caused by the pollution. However, 
these charges can be an important step towards the realisation of the Polluter Pays Principle. For 
example in Germany a scheme has been developed to explicitly provide incentives for users to 
improve the quality of their discharges. Certain conditions are agreed on and if they are not met, 
charges rise to a significant extent. 
 
Table 2.6 – Financial Costs Recovery 

Indicator 
 

Costs Recovery Level 
 

Sector Water Services Irrigation services Industry 

Australia n.a Min 60% O&M 
Max 100% O&M + CD n.a 

Canada 60-75% O&M; some provinces moving to full-
cost (O&M plus capital) recovery 100% O&M n.a 

China <100% O&M (national average) n.a n.a 

Japan 100% O&M + 50% of cap (water supply) and 
5% of cap (waste water treatments) 100% O&M + part of cap 100% O&M  

60% of cap 

USA n.a 
Min 100% O&M 

Max 100% O&M + Cap 
(17% totals costs) 

n.a 

UK 100% costs 100% full cost 100% 

Germany 100% costs 100% full cost 100% 

Italy 100% O&M 
50-75% Cap  

20-100% O&M 
10-80 % full cost n.a 
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Spain n.a 80-100% O&M 
10-80% full cost 100% 

Sources: OECD (1999); Massarutto (2003); own analysis. 

 
 
2.3.4 Water Markets 
 
Water markets are present in many of the selected countries in different ways. However the features 
of the markets (e.g. trading rules, etc) differ amongst the different countries: 
 

• In the USA, the water trading has been implemented in some western States, both for water 
quality and quantity (e.g. abstraction rights trading) issues;  

 
• In Australia, water trading markets are currently by planning frameworks. The largest is that 

for the Murray-Darling Basin. Within this framework it is currently possible, for example, 
for a Queensland irrigator to buy surface water from South Australia (though market factors 
make it more likely trade would shift water entitlements in the opposite direction). 

 
• In Canada, there is no national water policy that employs market forces to curb water 

pollution nor has any province instituted a province-wide water quality trading program. 
While all provinces have laws that allow for fines to be levied against polluters, none of 
these act as ‘polluter pay’ style economic instruments. The exception is Ontario which has 
recently instituted a formula-based set of fees for polluting surface waters. An interesting 
but isolated example of a locally-initiated water quality trading scheme is found in Ontario. 
The South Nation river watershed became the first pilot Total Phosphorus Management 
program in 1999. It is still the only Canadian experience with Water Quality Trading. 

 
• In Japan, in general, water trading is not allowed under the River Law. However, water 

trading between farmers inside Land Improvement District is not legally restricted. In the 
case of drought, limited irrigation water is reallocated flexibly in order to maximize 
agricultural production within the Land Improvement District. 

 
• In UK, the possibility of acquiring water abstraction rights is often to purchase existing 

rights from those who already have a licence to abstract water. In England and Wales, the 
trade has to be approved by the Environment Agency. For the trade to be carried out, the 
person holding the water abstraction licence has to make an application to reduce the 
amount of water that they are permitted to abstract. At the same time, the purchaser will has 
to submit an application applying for a new or varied licence to enable him to have 
additional rights equivalent to those surrendered by the Vendor. A water abstraction licence 
trade can only take place between two parties who are located within the same catchment or 
groundwater unit. Although the abstraction will not necessarily need to take place at the 
same point, there must be a hydrological link between the two abstraction points. Only 
limited such trading has yet taken place. 

 
• Spain has implemented smaller scale water trading schemes. Take for example, the 

Irrigation Subscribers Association of the Riudecanyes Reservoir (Catalunia) which has 
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traded water rights among its members for decades. It should also be noted that the 1985 
Water Law does not apply in the Canary Islands, where the ownership of water 
remains largely in private hands. Scarcity problems here have led to significant 
concerns about the “mining” of available groundwater resources. In this area, water 

markets are frequently used by farmers, municipalities, and resort owners. 
 

• In Italy, China and Germany the water trading is not officially applied; pilot experiences are 
in progress. 

 
 
2.3.5 Soft Instruments 
 
Soft instruments include voluntary industry agreements, communication and information measures 
as well as environmental management schemes.  
Regarding the public participation, in most counties, stakeholder information and consultation are 
implemented. In Germany there is also a direct involvement of stakeholder to manage pollution 
issues (e.g. the Emschergenossenschaft on the Emscher River) 
In the USA there are experiences there the management of water is delegated to uses (e.g. Henry’s 
Fork Watershed Council, Upper Clark Fork River basin Steering Committee, etc). 
 
Table 2.7 – Soft instruments 

 Public participation 

Australia Information, consultation 

Canada Information, consultation 

Germany Information, consultation, involvement 

Italy Information, consultation 

Japan Information, consultation 

Spain Information, consultation 

UK Information, consultation, involvement, 

USA Information, consultation, involvement, 
delegation 
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3. REGIONAL CASE STUDIES  
 
3.1 Objectives and applied Methodology 
 
3.1.1 Objectives of the case study 
 
The purpose of the case studies is to verify to what extent the theories on the links between 
environment and competitiveness apply in practice. The case studies give a geographic overview 
and an overview on the institutional and institutional settings. The case studies describe also the 
relevant sectors and qualitatively the effects of water policies on competitiveness. 
 
3.1.2 Selection of sectors and regions 
 
Regions were selected according to  

a) their economic relevance,  
b) their climatic conditions,  
c) and their relevance for environmental and water policies.  

 
a) The regions selected represent a certain economic power within the national 

economy with reference to employment and GDP.  
 

b) The case studies investigate whether climatic conditions (dry climate versus 
moderate climate) have different implications on water policies or on 
competitiveness. Therefore, the regions selected cover both dry regions as well as 
moderate climate regions. 

 
c) Regions were also selected according to their available water policy instruments, for 

example if they were introducing innovative water policies, for example water 
trading or quality trading. Regions which belong to transboundary basins were also 
included, in order to investigate whether international water policy agreements have 
an influence on competitiveness.  

 
It is necessary to underline that there can not be an “ideal choice” of regions and sectors especially 
as data availability and data quality are limited for some regions.  
 
The selection of sectors within the regions was done according the following selection criteria: 

• Economic relevance for the regions; 
• Relevance for water policies and water intensity; 
• Data availability; 
• Ability to compare the region and the selected sector with other regions this meant in 

practice that at least one other region and sector with similar climatic conditions should be 
chosen. 

 
Table 3.1 gives an overview on the selected regions and sectors: 
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Table 3.1: Overview of selected regions and sectors 

Regional Case studies Sector  

Region Chemical Pulp and Paper Agriculture Climate 

Texas (USA) x  x Dry climate 
Ontario (Canada) x x  Moderate climate 
Shanghai (China) x   Moderate climate 

Anglian Region (Eastern 
England, UK)   x Moderate climate 

Murray Darling Basin 
(Australia)   x Dry climate 

Andalucia (Spain)   x Dry climate 

Po Basin (Italy) x   Moderate-dry 
climate 

Main Basin (Germany) x   Moderate climate 
Wisconsin (USA)  x x Moderate climate 
 
 
3.1.3 Applied methodology 
The case studies are based on literature research, input by international experts especially for 
Ontario, Shanghai and Australia, analysis of public available data from private, non governmental 
and public sources, on industrial sector and firm reporting and on interviews conducted with 
selected international companies.  
 
The geographic description of the regions covers the following issues: 

- Available water resources; 
- Main water basins; 
- Climatic conditions; 
- Geographical situation (land cover, land use, population centers, etc.); 
- Ecological situation (Surface water quality, ground water quality, water abstractions, water 

uses). 
 
The socio-economic description of the regions covers the issues: 

- Population; 
- Regional productivity; 
- Main sector productivity; 
- Foreign investments; 
- Unemployment rate. 

 
The description of the institutional and regulative settings covers the following themes: 

- Description of the institutional settings (who is for what at which level responsible for water 
policies and their implementation and enforcement, what administration units exits on the 
regional context); 

- Description of the associative settings (role of associations, collective associations, 
consumer associations, industrial associations (and/or) others; 

- Public participation issues; 
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- Transboundary management issues, treaties, transboundary management boards, etc.; 
- River commissions and or others and their role. 

 
The description of the water policy framework and of the institutional settings covered in the ideal 
case the following issues: 

- Spectrum of policy actions that are available on the regional level; 
- Main laws and regulations with reference to the national overview, laws need only further 

explanation when they are not covered by the national overview; 
- Water rights within the regional context if they differ from the national one; 
- Discharge regulation; 
- Water abstraction regulation; 
- Emission standards (if they differ from the national one); 
- Technological standards (if they differ from the national one); 
- Water quality standards or River quality objectives (only if they are more stringent than 

compared to the national ones); 
- Enforcement and implementation issues (how is the level of enforcement, what instrument 

for enforcement exists on a regional level, permits, licenses, taxes, etc.); 
- Compliance  and transition issues; 
- Litigation issues (major relevant cases with impact on water policy on the regional level); 
- Role of voluntary instruments (EMAS, ISO, others); 
- Voluntary contracts; 
- Water pricing and water tariffs issues; 
- Water Quality Trading instruments. 

 
For the analysis of the sectors in the regions the following set of indicators has been considered:  

- Productivity performance of the sector; 
- Investment in the sector; 
- Expenditures in R & D, number of patents; 
- New plants or plants dislocations in the region; 
- Number and cases of litigations for the sector; 
- Compliance performance for the sector; 
- Water prices, tariff structures, tariff settings, taxes for the sector; 
- Other costs for pollution abatement; 
- Relevant BAT obligations for the sector or other specifications for the sector; 
- Relevant emission limits specific for the sector; 
- Relevant WQS or RQS for the sector; 
- Voluntary instruments for the sector; 
- Environmental performance of the sector.  

 
These indicators were choosen to measure the performance of a sector within a region and in order 
to have common parameters for comparison. Besides the economic performance of a sector, its 
environmental performance, its potential for innovation, its potential to create new jobs and the 
influence of water pricing structures on the sector itself were considered too.  
 
As highlighted by the literature review, the Porter Hypothesis states that high stricter environmental 
standards may create innovation processes within a sector, and therefore give competitive 
advantages for a sector within a region, with high standards. Therefore, besides classical economic 
indicators like GDP, other indicators like the number of newly registered patents and the investment 
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rates were chosen, thus aiming at verifying the hypothesis that highly innovative sectors should 
show a high number of newly registered patents.  
 
Data on compliance and litigation may give indications whether environmental and/or water 
policies are truly implemented within a region. There might be high standards within a region but 
implementation and enforcement might be week, and therefore the standards would have no 
influence on the environmental performance of a sector.  
 
In order to evaluate the effectiveness of different instruments within water policies (regulatory, 
voluntary or economic instruments), water prices and water use data give indications on the 
effectiveness of those instruments. In market theories, a rare good should have a high price. Thus, 
water prices in dry climate zones should be higher that in moderate climate zones and lead to an 
efficient water use. Indicators aimed at giving on the efficiency of water use within a sector and a 
region were included, in order to evaluate whether water availability has an influence on the 
performance of a sector we included indicators, which give indications on the efficiency of water 
use within a sector and a region.  
 
 
3.1.4 Data availability and quality of the data 
 
A limiting factor for the conduct of the case studies has been data availability.  
 
For Shanghai little data was available, so the study could not be completed to the desired depth. 
However, through data at the firm level from major companies operating in Shanghai, some 
analysis was possible. The data for Ontario was also particularly difficult to work with, owing to 
their heterogeneity (e.g.: indicators calculated in different non comparable ways).   
 
Water use data for other sectors and regions were also of variable quality for example: some data 
was only estimated; considerable margins of error; data series that could not be compared, as the 
methodology for data collection changed over the years. Therefore, data cannot easily be compared 
between the regions without having a closer look at the predominant production types within the 
regions.  
 
 
3.2. Comprehensive Overview of the Regional Case Studies8 
 
3.2.1 Rhine-Main-Neckar region withhin the German Federal State Hessen (Germany) 
 
The rivers Rhine-Main-Neckar region, in Hessen, belongs to one of the most industrialized regions, 
not only in Germany but also in Europe. Main industries are services and trade with the banking 
cluster in Frankfurt, the chemical sector with an important pharmaceutical industry, the automotive 
sector and machinery, metal processing and electro techniques. 
 
As for water prices, Hessen has among the highest prices in Germany. The main reasons behind that 
are the monopolistic structure of water suppliers, the often long distance supply, and the rather high 

                                                 
8 Full references can be found in the case studies listed in the Annex. 
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cost for purification and maintenance. High prices also reflect, to a certain amount, water scarcity in 
the region, due to the high population density but also to climatic conditions.  
As for water regulation, on the Land level, the Hessen Water Act describes the responsibilities set 
by the Federal Water Act (Hessisches Wassergesetz (HWG) 1990). From the Water Act important 
ordinances are derived, such as the indirect waste water ordinance (Verordnung über das Einleiten 
oder Einbringen von Abwasser mit gefährlichen Stoffen in öffentlichen Abwasseranlagen 
(Indirekteinleiterverordnung - VGS) 1992) and the ordinance on the self control of waster water 
treatment plants (Verordnung über die Eigenkontrolle von Abwasseranlagen 
(Abwassereigenkontrollverordnung - EKVO) 2000). The waste water charges act has been 
transposed into Hessen law by the regulatory act on the implementation of the waste water act 
(Hessisches Ausführungsgesetz zum Abwasserabgabengesetz (HABwAG) 1997), the administrative 
regulation on the surveillance of waste water treatment plants, and discharges into the surface 
waters of Hessen.  
 
It is the chemical industry which shows the highest water use in Hessen, mainly freshwater. Most of 
it derives from self abstraction and is used in recirculation systems, particularly for cooling 
processes. The water use factor, which is defined as the relation between the total amount of water 
used and the quantity of fresh water in the production unit was 3,5 in 2004 and 3,3 in 2001. The 
average water use factor for the overall manufacturing sector was 7,3 in 2004 and 5,7 in 2001. As 
for waste water, in Hessen, the average connection to waste water treatment plants is 99.4%, with 
the chemical sector accounting for most of the waste water discharges (86,34 % in 2001 and 87,4 % 
in 2004). As most of waste water is the result of cooling systems processes, it is directly discharged 
without further treatment.  
For chemical companies in Hessen water policy is not an issue for competitiveness. Exchange rates, 
world economic development, energy costs and the companies’ ability to have highly skilled and 
trained people are the predominant factors in the chemical companies’ views of competitiveness 
 
 
3.2.2 Ontario (Canada) 
 
The most important economic sector in Ontario is the tertiary one, followed by manufacturing. 
Within the manufacturing sector, Transportation and Equipment are the most relevant. Other 
important sectors are the Chemical one (the forth largest) and the Paper sector (the seventh largest). 
The Pulp and Paper sector is the largest water user within the manufacturing industries, while the 
Chemical sector (chemicals and petroleum and coal added) is the fourth largest user. The Chemical 
industry uses the largest amount for cooling purposes, while only a small amount is used for process 
water. As for the Paper sector, it uses the largest amount for process water, but also a quite large 
amount for cooling purposes. 
 
Most of the water costs, both in the Paper and in the Chemical sector, is for treatment, while the 
second largest amount goes to operation and maintenances costs. The Pulp and Paper and the 
Chemical sector have, within the manufacturing sector, the lowest water efficiency rates. The 
Chemical sector shows the second largest total water intake, followed by the Pulp and Paper sector. 
The Paper sector treats the majority of the discharged water with a secondary or biological 
treatment. Advanced or tertiary treatment technologies are used to a less amount. The majority of 
the water for the chemical sector is discharged without treatment. Less water receives a secondary 
or tertiary treatment. Process water in the chemical sector in Ontario receives a secondary or 
biological treatment but no tertiary or advanced treatment technologies are used. 
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The environmental performance of the above mentioned sectors in Ontario is rather low based on a 
review of reports on industrial spills and environmental compliance. It seems that in the past firms 
in the concerned sector, but especially in Pulp and Paper, preferred to pay fines for environmental 
non-compliance rather than improve their environmental performance by the introduction of new 
techniques. The low water costs have led to low water use efficiency rates in the concerned sectors, 
even though improvements have been made.  
 
 
3.2.3 Wisconsin (USA) 
 
The dominating sector in Wisconsin is manufacturing. Fabricated metals and machineries are the 
leading sectors, followed by food products and paper industries. Furthermore, Wisconsin’s Pulp and 
Paper industry and Dairy industry have both great importance for the national economy.  As for 
water prices, they are significantly lower than the average water price in the United States. Thus, 
companies have little incentive to reduce water usage. In many industries, such as the Pulp and 
Paper, as well as in agriculture companies rely on their own source for water supply.  
 
The Wisconsin Constitution states that the State holds all navigable waters in trust for the public. 
The Wisconsin Department of Natural Resources (DNR) determines reasonable use on a case-by-
case basis. Another limitation to riparian private rights is to be find in public rights. Groundwater 
use by landowners is regulated since 1974. Since then, property owners are allowed to withdraw 
groundwater as they require, unless no unreasonable harm is caused to others (ibid.). Wisconsin 
regulations governing wastewater discharge are based on the federal Clean Water Act (CWA) and 
Water Quality Act (WQA). Waste water must be treated with the best treatment technology 
economically achievable, regardless of the condition of the receiving water (Wisconsin 
Environment, 2007, p. 4). Categorical limits are established for various industrial categories, such 
as pulp and paper, metal finishing, plastics molding and many others. For each industrial category, 
limits are established based upon what technology can achieve in pollution control. 
The Pulp and Paper sector in Wisconsin is the industrial sector that uses most of Wisconsin’s water 
resources and is one of the largest water polluters. The CWA had a clear effect on water use and 
pollution of the Pulp and Paper sector. Both have been considerably reduced in recent years, not 
only for Wisconsin but for the U.S. as a whole. 
 
 
3.2.4. Texas (USA) 
 
The State of Texas is one of the fastest growing and the second most populated one in the U.S.A 
(U.S. Census Bureau, 2001). Agriculturally, Texas leads the nation in producing cattle, cotton, and 
cottonseed. The manufacturing industry consists of diverse production sections such as chemicals 
and chemical products, petroleum, food and food products, transportation equipment, machinery, 
and primary and fabricated metals. Texas is the nation’s largest chemical producer, manufacturing 
14% of the US value of chemical output. The Gulf Coast complex of chemical plants and refineries 
is the largest petrochemical complex in the world, with more than 200 chemical plants. 
 
Surface water in Texas is owned by the State. A unified water permit systems was established to 
allocate surface water. Thus, the abstraction of water is regulated through the allocation of water 
permits and licenses. For groundwater the so called “rule of capture” allows the landowner to 
withdraw water under their property with little regard to other groundwater user unless water is 
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used beneficially and the water is not wasted. Groundwater use is, therefore, in parts not regulated, 
for it is assumed to be a private good. However, with the implementation of Groundwater 
Conservation Districts and the establishment of management plans uses are controlled and can be 
regulated. For the regulation of effluent discharge the Texas Pollution Discharge Elimination 
System is the main reference. For industrial pollution permits, technology based effluent limitations 
are established which are at least as stringent as Best Practical Control Technology Currently 
Available (BPT), Best Available Technology Economically Achievable (BAT), and Best 
Conventional Pollutant Control Technology (BCT) limitations. 
Water use efficiency is the major constrain for agricultural production and future development of 
the sector. The average water use per acre was 1, 54 acre-feet of water per acre in 2000, compared 
to 1, 45 acre-feet per acre in 1989 (Texas Environmental Profiles, 2008).  
The chemical industries and refineries have water intensive production processes and more efficient 
use of the resource is striven for and suggested by environmental agencies and non-governmental 
organizations (USGS, 2000; Texas Environmental Profiles, 2008). However, the major topic for 
those industries at the moment is energy costs and large programs to increase energy efficiency, 
while little reference is made to reduce water use (U.S. Department of Energy, 2007). Moreover, 
facilities are often located close to the Gulf Coast to have access to water resources and many 
companies have their own water supplies through company owned and not regulated wells.  
 
 
3.2.5 Po Basin (Italy) 
 
The river Po area is a strategic region for the Italian economy, with significant agriculture, 
livestock, industry and tourism. Among the industrial activities in the area, the most important are 
chemicals, engineering, textiles, paper and food production. All surface-water and groundwater, 
although not extracted from the ground, are public. Regions (meant as local authorities) manage the 
issue process of concessions of public water derivation. The Regions are responsible for the 
discharge of sewage. The Italian legislation, with Legislative Decree n. 152/1999, introduced a 
safeguarding approach to water bodies, based both on drain standard emissions and on the 
environmental state of water bodies. 
 
Chemical is the first Italian sector in number of exporting enterprises and fourth in exports value 
(with a market share increasing). Approximately 44% of local units is located in the Po Valley area. 
In 2007 the water consumption of companies following the Responsible Care Program, was 2.048 
million cubic meters. 77.2% of water for industrial uses comes from the sea and only the remaining 
22.8% from other sources (10.7% from wells, 10.5% from the river and only 1, 6% by aqueduct). 
The continuous improvement of the industrial processes and the increased efficiency in the 
management of the draining treatment are the two factors behibd the substantial reduction of 
emissions of pollutants in outbound water from the productive units of Companies following the 
Responsible Care Program. 
 
 
3.2.6 Andalucia (Spain) 
 
The economic development of Andalusia has induced an increase in the demand for water 
over time. The agricultural sector absorbs 90% of the available water resources due to the 
very large amount of irrigated land. Agroindustry is, by far, the first industrial sector. 
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Together with the agricultural activities, tourism has raised the demand for water to such 
an extent that the coastal areas are mostly irrigated with underground water. The legislative 
framework of water supply in Andalusia is defined essentially as compliance with the Directive 
2000/60/CE: the Real Decreto 1/2001 has approved the updated text of the Water Law. Referring to 
the autonomy level, it is to underline that the Household Water Supply Regulation in Andalusia, has 
introduced the obligation, for the involved organization, to administering a standard system for 
measurement and invoicing, as well as the definition of a control system. The charges and rates 
fixed in the Water Act have proven to be complicated to apply and difficult to collect as well as 
manifestly insufficient to cover the amortization costs of investment and the exploitation costs of 
the hydraulic systems. 
The competitiveness of Spanish large-scale irrigation crops (cereals, oil-bearing crops, industrial 
and animal fodder crops - together they account for 65% of total irrigated land) depends to a large 
extent on the low cost of water. If the cost of water were to increase substantially, they would not be 
able to compete with the crops of other countries. This would be particularly the case for irrigation 
crops with high-energy inputs. On the other hand, the environmental damages caused by the 
overexploitation of water sources and pollution have reached such a level that in any case, that the 
agriculture sector needs to improve and modernize the irrigation equipment and infrastructure. A 
modernization process was started within last years, and an increase of efficiency achieved 
(Consejeria de Medio Ambiente, 2007). 
 
 
3.2.7 The Southern Connected Murray Darling Basin (Australia)  
 
The main water use is for agriculture with relatively small amounts being taken for industrial and 
urban. Water rights in the Basin have been transformed, since 1993/94, from licences into formal 
entitlements to which volumetric allocations are made on a periodic basis. All use of water by 
irrigators, urban and industrial use is metered and all users are required not to use more than the 
amount allocated to them. Enforcement is strong and penalties severe. As a result irrigation has 
become much more competitive. 
 
For many years Australia has experienced a near continuous improvement in agricultural 
productivity. Australia’s irrigation industry has been responsible for much of Australian 
productivity growth in agriculture. Therefore, it seems reasonable to assume that the technological 
benefits of this approach are at least in part due to improvements in irrigation efficiency.  In 
Australia, the irrigation sector is responsible for around 25% of the gross value of agricultural 
production (ABS 2006). On a product by product basis and when corrected for the effects of water 
availability, the main reason for this general increase in productivity has been a continuous market-
driven search for and adoption of new, more productive technology. In addition to a competitive 
farm sector, in recent years Australia has also invested heavily in the modernisation of irrigation 
supply and delivery systems.  This includes the use of meters in the supply of irrigation water to 
virtually all farmers and, more recently, the introduction of total channel control systems and an 
incentive driven search for ways to reduce delivery losses. 
 
 
3.2.8 East Anglia (United Kingdom) 
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The Region includes the catchments of all rivers which drain to the sea between the southern shore 
of the Humber estuary and the northern shore of the Thames estuary. Nevertheless, the region is the 
driest in the country with around half the national average rainfall for England and Wales. 
The main economic sector in the Anglian Region is agriculture. Agriculture, overall, is an important 
water user. On a peak summer’s day, more water is abstracted for agricultural irrigation than by all 
the water companies combined for water supply purposes, with the demand concentrated in the 
driest years, in the driest catchments and when resources are most stressed. Agricultural 
consumption of water has doubled over the period 1979 
The Department for Environment, Food and Rural Affairs (Defra) has overall policy responsibility 
for water, covering areas such as water resources, the water industry, drinking water quality, water 
conservation, flood and coastal defence and inland waterways. The most visible regional sign of 
controls on discharges into water is the designation of protected water zones. Whether and how 
much water can be abstracted is determined by the Environment Agency (EA). A licence is required 
for those wishing to abstract water. Charges applied to abstracted water by the EA are some of the 
highest charges in the UK, higher than those charges levied by the EA in other regions. 
In terms of Regional competitiveness, agriculture contributes 2.1% of the regional GDP. With 
ancillary industries this rises to 4.2%. At a local level the contribution can be as high as 20%. Given 
the small impact on overall income that is made by water protection regulations on the agricultural 
sector in the Region, the impact of those Regulations on the competitiveness of the Region as a 
whole (via the agricultural sector) is considered to be very small. 
 
 
3.2.9 Shanghai (China) 
 
Shanghai is located in the Yangtze River Delta Plain. Despite the substantial surface water volume, 
Shanghai’s water resources are easily affected by the natural conditions of the Yangtze River and 
Tai Lake in neighbouring provinces. There is a high risk that Shanghai is in danger of running out 
of water supply unless careful water resources management is adopted. Compared with spectacular 
economic growth in Shanghai, there has been no equivalent achievement in water pollution control. 
The constant degradation of the water quality shows that the current facilities are insufficient in 
terms of treatment capacity. The total amount of water intake in Shanghai was about 12.02 billion 
m3 in 2006, while the total amount of water use was 11.1 billion m3 in the same year. The largest 
sector in terms of water use in the municipality is the power plant sector, consuming an amount of 
about 6.5 billion m3. The industrial sector consumed water resources for 1.32 billion m3 (11%), and 
domestic water users 1.17 billion m3 (9.8%). 
 
The Shanghai government has established its own legal framework for water resources, which is 
more consistent with local socio-economic circumstances than the national one. This environmental 
legislature has influenced a range of environmental protection programs, including the programs in 
water pollution control. Under the current Chinese national legal system, water rights have not been 
properly established. According to the Constitution, water resources belong to the state, and there 
has been no particular legal framework to mention individual or groups’ water rights in China.  
 
Shanghai has kept the unified water tariff system despite an increasing number of public private 
partnership projects in urban water supply and wastewater treatment projects over the last few 
years. The water tariff structure in Shanghai demonstrates that water tariffs are different depending 
upon sectors. Overall, domestic and industrial water users are charged less than commercial users. 
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In the chemical sector, one of the most relevant for Shanghai’s economy, competition of business is 
increasingly sharp, and the conflict between economic benefit and safety in production is increasing 
its intensity. Even though water regulations are comparable to European standards, enforcement and 
compliance are weak due to heavy corruption especially in Shanghai. International companies are 
submitted to stricter control and enforcement than Chinese owned companies.  
 
 
 4. BENCHMARKING EXERCISE  
 
The main objective of this step of the study is a comparison, based on a set of quantitative and 
qualitative indicators and on the results of the regional case studies, of the main variables relating to 
water policy and the effects on competitiveness. 
The indicators were selected on the basis of the results both of the literature review and the regional 
case studies. Annex A of the Report provides a summary of the overall analytical framework on the 
concept of competitiveness as well as on and the different ways to measure it. On such basis, a 
thorough research was carried out, in order in order to identify the available data from different 
sources. The outcome of the data research is summarised in Annex B of the Report. 
The main factors are the following: 
 

• Production value (or turnover) 
• Value added at factor costs 
• Total cost of production (supply of goods and services) 
• Expenditure/Investments in R&D 
• Water prices 
• Water purification tariffs 
• Quantity of water abstracted or withdrawn 
• Environmental expenditure (and/or investments) 
• Water-related environmental expenditures. 

 
 
In order to carry out the bechmarking exercise, a data collection activity has been carried out during 
the project, using different sources. Annex A to the present final report shows which of the above 
mentioned variables have been identified as avaialbe for the sectors and countries that have been 
involved in the study. Basing on the availability of these data, the following key aspects have been 
selected for our benchmarking exercise: 
 

• The resource productivity of water input; 
• The structure of input costs; 
• The incidence of wastewater management costs as a proportion of total costs. 

 
The analysis is therefore very limited by the scarce availability of data that are able to support the 
elaboration of more meaningful and detailed indicators. Nevertheless, some relevant considerations 
can be proposed based on the selected indicators. 
 
The benchmarking exercise carried is in two stages: 
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1. At the first stage, building on the information collected in the Regional case studies, we 
conducted a test based on national-based data and indicators. A national scope was adopted 
for the indicator selected (water productivity) as this was the level at which data availability 
was best. Additional explanatory indicators were also considered to enrich the 
benchmarking exercise (such as the incidence of water prices as a proportion of total 
production costs and the importance of water-related environmental expenditures, see below 
for the outcome of such consideration). 

 
2. At the second stage, a benchmarking exercise is carried out on the basis of the quantitative 

and qualitative indications emerging from the regional case studies. This stage of the 
benchmarking study provided the most interesting evidence on which the policy 
recommendations are based. 

 30



 

 
4.1. Benchmarking at the national level 
 
Since the aim of the project was to assess the competitiveness impacts of environmental policy in 
relation to water management.  The benchmarking exercise focused firstly on a comparison of the 
competitive performance of specific sectors 
The indicator selected for this comparison has been the “water productivity”, i.e.: the water 
abstracted compared to the valued added created by a sector (or its opposite ratio: the value-added 
created per unit of water abstracted). 
 
The reasons for selecting this indicator are twofold: 
 

- value-added is the most appropriate variable to measure competitiveness, insofar as 
it reports the real value created by the activity created by a sector “at factor costs” 
(i.e.: subtracting by the production value the costs of intermediate goods and service 
that are acquired from the supply chain and, therefore, the value created by other 
auxiliary sectors). Where the value-added was not available, we used the production 
value. 

- water abstracted is a key variable to measure the “water intensity” of a sector, and so 
is an appropriate proxy for water consumption (use of the resource) and of the water 
discharge (pollution). In fact, that the water abstracted for most of the sectors is the 
most reliable estimation of the quantitiy of water discharged and also for 
environmental impact. 

 
Finally, it has to be clarified that the water abstraction is one of the few indicators that was able to 
be retrived for a significant number of sectors in the different countries.  It was not possible to 
collect data on other water-related variable (as demonstrated in the previous paragraphs). 
 
The selection of selectors where the effect of water policies on competitiveness was investigated 
(Chemical, Agriculture, and Pulp and paper) has been based on two main criteria: 
 

• Case studies criteria: we mainly focused on countries where the regions analyzed in the case 
studies are located; 

• Data availability: the scarcity of data on a specific issue as water use in defined sectors has 
forced us to extend our analysis to other countries having the same sector characteristics of 
countries on which data are not available. 

 
On this basis, an analysis was undertaken that compared the water productivity for industrial and 
agricultural sectors for all Countries involved in case studies analysis. It should be clarified that 
only the data on the industrial water productivity as a whole is available. 
 
The Industrial Water Productivity (IWP) is used to measure the economic importance of water for 
the industrial sector in the analysed countries: it is the ratio between the Industrial Value Added and 
the volume of water abstracted from the environment. It depends both on the “water intensity” of 
process and machinery used in a sector and on the structural framework of the water distribution 
system in a country and region. 
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The Water Recycling Ratio is the percentage of water used in the production cycle which derives 
from the recycling of water discharged by the same production cycle and purified (or used as it is). 
This obviously differs from abstraction because normally only a part of the abstracted water can be 
derived from recycling. Even in the cases of “closed loop” process, a part of the water used in the 
process is abstracted. 
 
Analyzing the data, three groups of efficiency can be distinguished: industrial sectors with a high 
level of water productivity (more than 50 US$/m3) as in Japan, industrial sectors with a medium 
level of water productivity as in UK, Australia, Germany, Italy and Spain, and sectors with a low 
level of water productivity as in Canada, US and China (Figure 4.1). 
 
 
Figure 4.1 - Industrial water productivity 
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Source: UNESCO (2006); General Overviews (Final report – Annex II & III) 
 
Based on the available data (see Figure 4.1), and as confirmed by the results of the regional case 
studies, the IWP seems to be correlated to the Water Recycling Ratio (for the countries for which 
this datum is available): the choice of increasing “water recycling”, i.e.: the rate of recycled water 
into the industrial processes, is generally a consequence of the need to reduce the pollution load of 
water discharged into water bodies. Another explanation for the high water productivity, to a lower 
degree, is the water-saving measures implemented by many secotrs in some countries. This is 
partially correlated to the water policies implemented in the different countries. For example, in the 
EU countries the level of the tariffs applied on water discharges have been a stimulus to increase the 
water productivity. The low level of water prices (and therefore the low impact of the cost of water 
on the production value), as demonstrated by the findings of our study (see in particular the regional 
case studies), on the opposite, are a weak stimulus to water productivity.  
In order to provide indications related to the two industrial sectors on which the present study is 
focused (chemical and pulp and paper), an additional analysis was undertaken based on a similar 
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variable. The variable is the “water use efficiency” (i.e.: litres of water used per euro of production 
value). 
 
First of all, we present the data for the chemical sector in countries where the data are available. The 
water consumption refers both to abstracted and water supplied indirectly. Moreover, the total value 
of production was used, in order to measure the efficiency in water use expressed as litres of 
water consumed for a unit of output (measured by its economic value). It was possible to 
retrieve comparable data only on the chemical sectors of the EU countries. In order to enable a 
wider comparison, we also included countries that were not specifically considered in the case 
studies of this report. Figure 4.2 summarizes the collected data.  
 
Figure 4.2 - Water use efficiency in chemical sector  

 
Source: Our elaboration on Eurostat data 
 
The first element that clearly emerges is that all national sectors show a strong improvement in 
water use efficiency over time. In particular, the chemical sectors in East European countries like 
Hungary and Poland have strongly improved their water use efficiency (-47% and -60%), mostly by 
reducing consumption. The reason is that in many accession countries, water prices were heavily 
subsidized before 1990, but there was a marked increase in prices during transition, resulting in 
lower water use. In these cases, water pricing policies proved to be effective because they were able 
to affect the production cost of the chemeical sector (a competitive condition), which subsequently 
led to an environmental improvement (lower water consumption to recover cost-competitiveness). 
In Hungary, for example, water prices increased 15-fold after subsidies were removed, which led to 
a reduction in water use during the 1990s of about 50 % (OECD).  
 
There is a different story for the Netherlands, whose improved efficiency does not depend on the 
reduction of total water consumption but on a better use of this input (ibidem). Referring to 
Germany and Spain (countries involved in the regional case studies), the water use efficiency 
indicator does not show a strong improvement, even if the absolute value is very low (it is important 
to underline that a comparison between the value of indicator can be biased by the different 
characteristics of the sector – i.e. the production technologies; production system, products).   
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The same indicator was analyzed for the pulp & paper sector. As for the chemical sector data 
availability is poor. Again, the water use efficiency is measured as a ratio between the water 
consumption and the total value of production.  
Figure 4.3 summarizes the trend of water use efficiency in the pulp & paper sector.  
 
Figure 4.3 - Water use efficiency in pulp &paper sector 
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A strong improvement in water use efficiency has been achieved in most countries. In particular, 
the pulp & paper sector in Spain and Hungary have strongly improved their water use efficiency (-
57% and -66%). The results are explained mostly by a reduction in the water consumed. Also in 
Germany the pulp and paper sector has strongly improved its efficiency in water use, registering a 
decrease of 30% in the value of the indicator. These results can be only partially considered as an 
outcome of policies that have been applied in the EU, focusing also on the water resources. In 
particular, we can state, as emerged from the regional case studies (see for example the Italian 
case), that this result can be connected with the application of the IPPC Directive, that for the paper 
sector imposes (or strongly suggests) the application of some BATs that would lead to water-saving 
(see the BREF Document for the paper industry, i.e. the BAT – Reference Document approved by 
the European Commission that identifies the Best Available Techniques for this sector). 
Considering the absolute value, there is a positive trend of water-use efficiency towards a value 
below 10 litres per euro of value of production. This trend exists in all countries, with the exception 
of the Scandinavian countries. This proves that water resource availability can affect the stimulus 
for water saving or recovery provided by policy measures. 
 
Finally, in order to provide a complete picture of the water productivity indicator, we also show an 
overview of the agricultural sector.  
 
The Irrigation Water Productivity (IrWP) is similar to the IWP used for industry: it is the ratio 
between the Gross Value Added for the agricultural sector and the volume of water abstracted from 
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the environment. The difference of this indicator is more limited as a range: from 2 US$/m3 in 
Australia to a maximum of about 37 US$/m3 in China (Figure 4.4). 
 
Figure 4.4 - Agricultural water productivity 
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Source: UNESCO (2006); General Overviews (Final report – Annex II & III) 
 
As for the industrial sector, so for agriculture we can also see how some countries like China, the 
UK and the USA are able to provide a higher value per litre of water abstracted. This is indirect 
evidence of the higher competitive performance of the agricultural sector in these countries in using 
water i.e.: they produce the same production value by using less water, this can be due to the fact 
their processes are more efficient and “productive” in using water and/or to price-competition. 
 
Finally, we extend the benchmarking exercise to two of the most relevant explanatory variables to 
explain the effect of water policies on competitiveness, both relating to water-induced costs. 
 
First of all, we deal with the price of water. Water pricing is a measure used to control or reduce 
water demand by different users. The EU Water Framework Directive requires Member States to 
ensure, by 2010, that water-pricing policies provide adequate incentives to use water resources 
efficiently and to take account of the principle of the recovery of the costs of water services. Most 
countries are progressing towards water pricing systems. Nonetheless, quantifying the effects of 
water pricing is complex due to the lack of reliable and comparable data, and the combined effects 
of other water demand measures (moreover, there is often no baseline for comparison). As for some 
of the previous indicators, we were able to retrive data only for the EU countries. Water charges are 
based on different policies, depending on the different availability of water resources (at national or 
regional level). This complexity relates to the different concepts included in water bills (tariff 
structures and charging methods), and to the different national water management systems. 
 
An additional indicator that we can use to estimate the weight of water policies on competitiveness 
is the expenditures of wastewater management, collected according to the Environmental Protection 
Expenditure Accounts (EPEA) standard. The data available, limited to EU countries investigated, 
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show that the impact of wastewater expenditures on the gross value added is very limited (Figure 
4.6)9.  
 
 
Figure 4.6 - Incidence of wastewater expenditures on gross value added of the industrial sector 
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Source: Eurostat, 2008. n.a.: not available 
 
Thus, the total costs of water account for a low share of total industrial turnover. Therefore, 
the risk of loss of competitiveness is negligible for all but the most water-intensive industries.  
 
A final and indirect confirmation of the scarce relevance of expenditures related to water 
management for industrial system comes from an indicator on the total public revenues from the 
application of related tax-bases (an indicator proposed by a joint dataset managed by OECD and the 
European Environmental Agency. Information for 1995 was used to prepare Figure 8 but, according 
to the EEA and the OECD, the main findings are still valid. 
Figure 4.7 shows estimates of how much revenue is raised on various environmentally relevant tax-
bases in all the OECD Member countries. It is important to note that evenues from fees and charges 
are not included. All the major revenues come from energy-related tax bases. This confirms the 
results of the regional case studies, indicating that the energy taxes are the only ones that could 
possibly affect competitiveness. Two types of tax-bases dominate the picture: motor fuels and 
motor vehicles, more than 90% of all the revenues from environmentally related taxes are raised on 
these sources.  
                                                 
9 Past studies of the water pricing and industrial competitiveness (Hitchens et al., 1998; Popovici, 2001; ECOTEC, 
1996) showed a significant correlation between the costs of freshwater and wastewater treatment with the number of 
initiatives to reduce water use and pollution. They also showed the absence of clear links between average productivity 
and costs, suggesting that low costs are not necessary to achieving international competitiveness. A study of the 
competitiveness of industry found that water-intensive industries, such as oxygenated water production, caustic soda 
and paper production, could be affected by an increase of the raw water price. Another study estimated the impact of 
full water supply cost recovery on different economic sectors in Cohesion Fund countries (Greece, Spain, Portugal and 
Ireland); full cost recovery would increase costs from 1.6 to 3.5% of the food and drink sector’s turnover, but only from 
1.1 to 1.4% for the pulp and paper industry, and from 0.3 to 0.4% for the chemical industry. 
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Very small revenues are raised on non-energy tax bases such as those related to waste or water. It 
has to be noted, though, that waste-related tax revenues increased in the very last year: OECD and 
EEA state that there has been some increase in the revenues related to waste management from 
1995 onwards. In a group of countries that levy taxes on the final handling of waste (Austria, Czech 
Republic, Denmark, Finland, Netherlands, Norway, Sweden and United Kingdom), the share of 
revenues from waste-related taxes in total revenue from environmentally related taxes increased 
from 0.7% in 1995 to 2.8% in 2005. Therefore, only “effluents to water” remains practically non-
influential on revenues and, consequently, on the industrial competitiveness. 
 
Figure 4.7: Revenues raised on different tax-bases in the EU 

 
 
 
 
4.2 Comparison of the Regional Case Studies  
 
The previous section shows, in spite of the lack of data, how some key variables are able to affect 
competitiveness.  
 
In this section, we carry out benchmarking at a qualitative level, based on the comparison of the 
regional case studies carried out in the project.  
 
We start, in section A, by comparing the “policy framework” identified in the different regions, so 
as to provide elements to understand the differences in the performance of the three analysed 
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sectors. The aim is to identify and isolate the factors that are able to influence the competitiveness 
of companies and sectors with reference to the water resource. 
 
In section B, we go more in depth by trying to conduct a benchmarking between the sectors 
analysed in the regional case studies. In order to carry out this comparison, we rely on the outcome 
of the previous activities of the project. 
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A) Comparison of the Regions 
 
4.2.1 The Legal frame  
 
For all regions analyzed - East Anglia (UK), Rhine-Main-Neckar Region in Hessen (Germany), 
Wisconsin (USA), Ontario as part of the Great Lakes Basin (Canada), Texas (USA), the Po Basin 
(Italy), Andalucía (Spain), the Southern Murray Darling (Australia) and Shanghai (China), a clear 
result emerged: National and regional legislation has introduced a public-law based legal 
structure as the basis for the water management. This means that public institutions are 
responsible for the management of the water resources and for the granting of water rights. In most 
of the investigated regions water is a “publicly owned good”. Private water rights have lost 
importance even in Texas, which is historically marked by the prior appropriation right. In order to 
address the needs of different users, environmental requirements included, it is generally accepted 
that water is a public good and that its use is restricted and underlies limitations. How water rights 
and water uses are administrated and organized considerably varies in the different regions.  
 
In dry regions, like Texas and the Murray Darling Basin, water markets for the allocation of 
water rights and redistribution of water have been established. In Andalucía, a voluntary 
transfer of water rights is possible, but there is no water market for rights. In regions where water is 
abundant – like Ontario and Wisconsin – and in regions where the doctrine that water is a public 
good has a tradition, like in Hessen, no water trade markets exist. In East Anglia water rights are 
tradable, but – as water demand is low, even though East Anglia is the driest region in Great Britain 
– there is no real water market established. In China and Shanghai water rights have not been really 
established and China seems to be just at the starting point to address water right issues in order to 
regulate transboundary and transprovincial management of water.  
 
4.2.2 Institutional settings 
 
In all regions an institutional framework exists for water management issues. The institutional 
level at which resources are managed depends on the national share of powers between the region 
and the national government. In most cases the regions are responsible for the management and for 
the granting of permits.  
 
Generally, the Minister for environment or natural resources and their subordinated authorities have 
the overall responsibility for the management. In many countries non-governmental institutions 
have part of the responsibility (for example, responsibility for norms and hygiene). In all 
investigated regions, local authorities have the responsibility for drinking water and sanitation 
services. 
 
Concerning transboundary issues, legal frameworks and specific institutions to address 
transboundary issues exist in Texas, Wisconsin, Ontario and Hessen. Within those institutions, 
management plans concerning specific pollution issues or water abstraction issues have been 
established and the regions are in general responsible for their implementation. China has refused 
the establishment of transboundary institutions in the international discussion for a long time. 
Transboundary management did not advance though in the Great Lakes Region, as the Bush 
Administration refused all international agreements and treaties, which reduced the influence of the 
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International Great Lakes Commission during recent years, as a cause of the ideology of the Bush 
administration.  
 
4.2.3 Public participation 
 
Stakeholder forums or associations help guide the debate on water management issues. The 
strongest tradition of public participation exists in the U.S. where participation and the 'right to 
know' have a long history. As the national granted right has direct consequences on a regional level, 
there is in this respect no difference between Texas and Wisconsin. The right to know seems to be 
stronger than in the E.U., in general as well as in the investigated regions. For example, there is a 
free access to all the permits granted by EPA or free access to firm data from the national emission 
release register. The majority of this information is publicly available on the web. Concerning 
public participation and the right to know, Ontario is comparable with the E.U. In Northern 
America and in the EU a well established civil society exists. This civil society is engaged in water 
management issues and has been a considerable driving force for the improvement of 
environmental and water legislation. It seems that the better the communication with, for example, 
industry and civil society is, the better the environmental performance is and the fewer conflictual 
situations rise. Hessen gives quite a good example concerning this issue. In Shanghai civil society 
and associative settings are week, even though the rise of a well situated middle class has led to 
some civil society movements in Shanghai, which address also environmental issues. “As 
government downsizes further, citizens have greater responsibility for their own welfare, and more 
functions will be devolved to national and especially local social organizations, people will look 
more to the local provider of goods than the central party and state directives and regulations. This 
will become more important as the wealthy business class is given greater freedom over how they 
choose to dispose of their money.”10. 
 
4.2.4 Regulation, standards and other instruments 
 
All regions have established regulations and standards for qualitative and quantitative aspects of the 
water uses. Best Available Techniques (BAT) are applied in all investigated regions, but there exist 
differences in the standards (see comparison of the pulp and paper sector). For Texas, Wisconsin, 
Hessen and the Padua region, a combined approach with emission limits and water quality criteria is 
applied. For Ontario, only water quality criteria for specific water bodies exist. Still, for each firm, 
accordingly to the quality criteria, different limit exist. In Shanghai, the application of BAT has 
been limited mainly to international industrial investments in the new industrial parks around 
Shanghai.  
 
With the exception of Shanghai, in all regions voluntary instruments are in place in order to 
improve the environmental performance. Voluntary instruments are mostly available for the 
agricultural sector. 
 
4.2.5 Environmental and climate change issues 
 
All regions have faced and are facing considerable environmental problems. While in Ontario, 
Wisconsin, Texas, East Anglia, Po Basin and Hessen pollution from industrial sources has declined 
                                                 
10 Tony Saich Harward University, Negotiating the State: The Development of Social Organizations in China, p. 21 
Draft, March 1999.  
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during the last decades, pollution from agricultural sources in all regions remains a major problem. 
Other sources of pollution in most of the investigated regions are storm water overflows, diffuse 
pollution from traffic and pollution from municipal waste water treatment plants.  
 
Hessen had the best results in pollution reduction from industrial sources (for example AOX) during 
recent years. The reasons may be found in good compliance practices, incentives for practices – 
which go below BAT – and in a society, which is sensible for environmental issues. On the other 
hand, information on pollutants in North America is not available for all waters and regions. The net 
of available control and measurement stations is limited in relation of the huge surface of the 
countries and regions. Information systems on pollutant in the water basins are only at the starting 
point for Canada and the U.S. 
 
Regional information systems on water quality do not exist in Ontario, Wisconsin and Texas. 
Wisconsin and Ontario are concerned about persistent organic pollutant, especially for the Great 
Lakes Region. The removal of those pollutants from the sediments will remain one of the great and 
costly challenges for the future with concern to the Great Lakes Basin. Texas remains one of the 
most polluted regions in Northern America, due to the concentration of the petroleum refining 
industries.  
 
Environmental problems in China and Shanghai region have reached such a level that they endanger 
the further development of China and the Shanghai region as such, due to heavy air and water 
pollution problems, which have serious consequences on the availability of clean drinking water in 
the region. 
 
Hessen and Andalusia are concerned with the issue of heavily modified water ways, which sets 
limits to reach the goal of the WFD towards a good ecological status, as for example dams for 
hydroelectric power products form obstacles for the reintroductions of fish species.  
 
All regions will face consequences from climate change. Generally speaking, dry climate will get 
dryer and wet climates will get wetter11. Climate change issues will be of specific concern for the 
dry regions such as Texas, Andalusia and Australia, as they will further limit the available water 
resources. But they will also have effects on the other regions, as there is an increased risks for 
extreme whether events (droughts, heavy precipitation which causes flooding and flash floods, 
especially in the Mediterranean mountainous parts of the EU).  
Shanghai will be concerned with climbing sea levels.  
 
4.2.6 Economic development 
 
All regions have enjoyed economic growth during recent years. In Hessen, the economic growth 
rates have been the slowest, while the growth rates for Shanghai have been exceptional, as part of 
the boom of China. In Northern America and Europe, the service sector has become the most 
important sector. Agriculture is in all regions the sector with the smallest share of GDP of those 
regions. However, at least for Europe, it is the sector which receives the highest transfers from 
European or other state institutions.  
 
                                                 
11 (Richard Harding Impact of climate change on water cycle: global trends and challenges European Water Research 
Day, Zaragoza, Spain, 08 Sept 2008 http://webcast.ec.europa.eu/eutv/portal/archive.html?viewConference=4896 
retrieved 27th February 2009). 
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Economic growth in China in general, and specifically in Shanghai, has been driven by the 
economic liberalisation, state investments (in infrastructure as well as in research and development), 
population growth and a very export-oriented policy, for example for electronic devices and 
textiles. The growth rates in the U.S., and especially in Texas, have been driven by growth of 
population and tax reductions, but also by increasing state and private debt rates. Ontario’s 
industries have taken advantage from the growth in the U.S. 
 
The growth rates in Hessen are mainly due to export. Inner country demand did not rise, as income 
and wages in Germany did not raise or were even decreasing during the last years. Declining 
population rates are also limiting factor for a higher economic growth.  
 
In Italy, the Po area is a strategic region for the whole Italian economy, with significant agriculture, 
livestock, industry and tourism. Covering about 24% of the national territory, the Basin accounts for 
40% of the country’s GDP. Despite a growing outsourcing process, the Po River Basin remains a 
major industrial region in terms of Value Added to National GDP, Production and Employees. 
 
4.2.7 Other factors influencing the competitiveness between the regions 
 
Major factors which influence the competitiveness of the regions investigated are the availability of 
infrastructure, the availability of well-trained and well-educated personal, the support for research 
and development activities together with the cooperation with universities and other research 
institutions. It has been quite useful to build within a region competence clusters, in order to address 
specific demands. Education and Research activities will be crucial to maintain the competitiveness 
of a region. 
 
Demographic changes in the future will also have an influence on the economic and environmental 
performance of a region. Especially in Texas and China, positive demographic growth rates will 
further accentuate environmental problems and put stress on the availability of water resources . 
Hessen, on the contrary, will face in the future a decline in population, which could have positive 
benefits on the environment as pressures will decrease.  
 
Energy issues are in all regions the ‘issue number one’ in the environmental debate. The capacity to 
reduce energy use and to invent new technologies which will consume less energy will therefore be 
an important economic driver for the regions in the future. 
 
 
B) Comparison of the Sectors 
 
4.2.8 The agricultural sectors 
 
Firstly, it has to be underlined that there is practically no competition between the agricultural 
sectors of the different regions. They do not share the same markets, nor do they produce the same 
products12. The competition between farms within the same region is not relevant for the objective 

                                                 
12 There is nearly no direct competitions between the investigated regions, as products differ much and do not enter in 
direct competition (for example, Texas produces mainly cotton and corn for biofuel for the North American market, 
Andalusia produces melon, tomatoes, strawberries for the European market, Wisconsin’s dairy products are mainly for 
the U.S. market and the Wisconsin farms face already competition from more western U.S. states), or trade regulations 
limit considerably competitiveness (for example beef imports, wheat and corn). 
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of the study, as all farmers are submitted to the same environmental policy, but they differ in land 
use practices, products, farm size, and degree of mechanization. For intra sectoral competition 
within a region, the farm size and the degree of mechanization are the most relevant factors, as 
mechanization raises productivity and decreases personnel costs.  
 
With the exception of Australia, the agricultural sector is a heavily subsidized sector, with a wide 
range of export subsidies, import limitations, qualitative requirements, etc.  
 
As previously stated, all regions do face considerable environmental problems caused by 
agriculture. The regions have developed specific instruments in order to address those problems. 
For comparison, two moderate climate case studies (East Anglia and Wisconsin, which have both a 
strong diary production) and three dry to arid climate case studies (Texas, Andalucía, and the 
Murray Darling Basin) were selected. In all three dry climate case studies irrigation cultures are 
important for the agricultural sector. Irrigation enables agricultural products, where they would not 
be possible under the given climatic conditions (Andalusia and Murray Darling Basin, but also 
Texas); they raise yields and make farms less dependent from drought events and give a certain 
stability to income (no losses caused by drought). In all regions investigated, Wisconsin included, 
an increase in irrigation could be observed. For Wisconsin and East Anglia, irrigation practices are 
applied during drought events, in order to sustain the crops.  
 
4.2.8.1 Legal aspects 
In all investigated regions, there are regulations covering agricultural practices or water abstraction 
for agricultural uses. A kind of best available practices in agriculture has been introduced. Though, 
their implementation, with the exception of the Murray Darling Basin, is mainly on a voluntary 
basis, supported by numerous voluntary programs. Neither the full cost recovery principle nor the 
polluter’s pays principle has been applied in most of the regions investigated. Exceptions are the 
charges for water uses in East Anglia and the Murray Darling Basin, which apply the full cost 
recovery principle with concern to the financial water production costs and the costs for the 
maintenance of the services.   
 
4.2.8.2 Economic development 
In the dry and arid climate zones of Texas, Andalucía and Australia the GVA may vary 
considerably due to climatic conditions. But in all three case studies, long term trends for GVA are 
positive. In all regions the majority of farms are family run. There is also a general trend towards a 
reduction of employment and a decrease of farm numbers.  
 
The agricultural sector in Wisconsin, East Anglia and Wisconsin is strongly related to the food 
processing sector. 
 
4.2.8.3 Development of production costs 
The agricultural sector in all regions faced considerable rises in production costs over the last 
decade, mainly due to higher energy costs, which resulted in a rise of costs for fertilizers and 
energy, but also in a rise of costs for seeds. This increase in production costs was the reason for the 
reduction in farmer’s income in many of the regions, despite increasing productivity. Detailed and 
quantitative information on production costs is only available for Texas (see Texas case study, part 
agriculture). 
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In Texas, Wisconsin, Andalucía and the Murray Darling Basin, an increase in irrigation practices 
can be observed, while irrigation practices in East Anglia remained quite stable.  
 
4.2.8.4 Innovation aspects 
The most innovative region for the agricultural sector has been Australia, due to strong support for 
investments in new irrigation techniques, such us trickle irrigation. Although in Andalucía a 
modernization process has started, the innovation rate in the sector remains low, resulting in low 
water efficiency rates.  
 
Lack of innovation, especially in the Wisconsin dairy production, have led to a shift of production 
to more western States, which offer higher industrialized production processes with a higher 
mechanization degree. Also innovation in the Texas Agricultural sector is estimated to be rather 
low, with respect to the use rate of trickle irrigation in relation to more conventional irrigation 
techniques.  
 
4.2.8.5 Environmental issues 
In all regions agriculture is a major cause of pollution: nitrates, phosphates and pesticides in ground 
and surface water. In Texas, Andalucía and the Murray Darling Basin, agriculture is the main water 
user. Especially in Andalucía and in the Murray Darling Basin, dramatic environmental damages 
could be observed, due to the irrigation practices and over abstraction of water sources, resulting in 
an increased salinity within the rivers and in salt water intrusion from the sea to the aquifers. High 
nutrition loads have also considerable negative consequence for the marine ecosystems as the final 
recipients of the nutrient loads. 
 
Climate change will have considerable effects on agricultural, for example, increasing the risk of 
losses in yields either due to increased flooding or frequent droughts.  
 
4.2.8.6 Resource productivity 
Water use efficiency is the major constraint for agricultural production and future development of 
the sector in dry and arid regions. Water use efficiency rose in all dry and arid regions. The rise in 
efficiency was the highest in the Murray Darling basin. Concerning water use efficiency, no data 
are available for Wisconsin and East Anglia, the regions belonging to moderate climate. Irrigation 
in those countries has been installed to overcome eventual climatic drought conditions. During 
droughts irrigation amounts can rise considerably. 
 
4.2.8.7 Water pricing 
Expenditures for water in Texas are relatively high, and there exists a strong variability over the 
years. Water prices for irrigation use in the agricultural sector in Texas depend on the climatic 
conditions - in dry years prices for irrigation can triple. The agricultural sector in Texas is though 
exempted from paying water use fees.  
 
In Andalucía, the costs for water are rather low and do not cover the amortization cost of investment 
and of the exploitation cost of the hydraulic system. In fact, there is no real incentive in Andalucía 
to use water in an efficient way.  
 
In the Murray Darling Basin, water supply companies within irrigation districts collect a fixed fee in 
proportion to each users entitlement and a variable fee in proportion to the volume of water taken in 
any season. As water entitlements and allocations are tradable, the price of water is determined in 
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the market place. Two markets exist: a seasonal allocation market, known as a temporary market, 
and an entitlement market, known as the permanent market. As irrigators had control of the system 
they were themselves responsible to cut cost leading to a decrease of real total cost of supplying 
water to irrigators, even though charges for water rose.  
 
In Wisconsin, the use of water for irrigation purposes is free, and users do not pay a charge.  
 
In East Anglia there is an annual charge for the amount of water that an entity is authorized to 
abstract. This charge is calculated according to the Enviornment Agency’s Abstraction Charges 
Scheme. There are two types of charge:      
- application charge:  payable  by  everyone  applying  for  any  license  to  abstract  or  impound 

water, or for a variation to an existing license. The application charge is a fixed charge, although 
it may vary from year to year.   

- annual charge: the annual subsistence charge is payable by everyone who holds a license to 
abstract or impound water.     

 
For 2008/09, the application charge is £135. The annual charge is calculated from the following 
factors:     
- Volume – annual licensed volume (in ‘000 cubic meters);  
- Source – unsupported, supported or tidal; 
- Season – summer, winter or all year;    
- Loss – high, medium, low or very low; 
- Standard unit charge (SUC) – charge for the region in which the abstraction is authorised to be 

made;    
- Environmental Improvement unit charge (EUIC) - charge to recover the costs of compensation 

payments. 
 
4.2.8.8 Conclusions concerning the effects on competitiveness of the agricultural sector  
To repeat, it is difficult to assess the effects of water policies on the competitiveness of agriculture, 
as the influence of other policies (agricultural policies, trade policies, energy policies etc) 
dominates. For example support for bio fuels led to the extension of water intensive crops like corn 
in order to produce bio-fuel. In recent years, even shortages of corn could be observed, resulting in 
considerable raises of prices for basic nutrients (corn, wheat). What can be evaluated is if water 
policies have let to a considerable change in production patterns and methods.  
 
The instrument of water quality trading introduced in Wisconsin remained marginal. Even though 
water prices in Texas for irrigation experienced an increase, it did not necessarily lead to a change 
in production patterns, as water intensive crops like cotton and corn, generated the highest incomes 
for farmers due to subsidies. This suggests that different policies can work against each othr, rather 
than being complementary. 
 
The water policies in the Murray Darling basin raised the competitiveness of the agricultural sector 
in the Basin, even though farms had to close, as they could no longer pay the high prices. But it is 
an open question if those farms would not have been forced to shut down sooner or later, even 
without the application of the full cost recovery principle. Still, competitiveness in the agricultural 
sector depends mostly on other issues, like production methods, crops income, farm sizes, state 
subsidies, etc.  
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For Andalucía the lack of an efficient water policy, which applies the full cost recovery principle 
and the polluter’s pays principle puts the sector as such in peril due to water scarcity. Some of the 
proposed solution for addressing water scarcity for example inter basin transfer are highly 
conflictual and do not provide a solution to the environmental problems caused by inefficient water 
use in the region.  
 
Climate change, population growth (example for Texas, but also in world context), and raising 
competition between the sectors of a region (for example between domestic water use and 
agriculture in Texas and agricultural water use in competition to the tourist sector and domestic 
water demands in Andalusia) will be future limiting factors for agricultural production in dry 
climate regions.  
 
Quality issues are in moderate climate zones the main issue for the agricultural sector. Until now, 
water policies have not really been effective at reducing pollution from agricultural sources.  
 
The Murray Darling basin is an example of how to use water trading in order to increase efficiency 
within the agricultural sector. Water trading as an instrument does not work in isolation. The 
willingness of the authorities to effectively control the compliance (for example with regard to 
illegal water abstraction) is also relevant, as well as to give effective incentives for the introduction 
of water saving technologies in the agricultural sector.  
 
 
4.2.9 The chemical sectors 
 
The chemical sector has been analyzed for Texas, Ontario, Hessen, Shanghai and the Po Basin. The 
chemical sector shows generally a high variation in production. Production ranges from the water 
and energy intensive petroleum refining industry and the production of so called “steam crackers”, 
to new rising biotechnological production, which is less water intensive. It is therefore necessary to 
be quite cautious in comparing water use data from different regions for the sector as a whole, 
without looking at the predominant production types in the regions. Differences in efficiency might 
be only the cause of different production types.  
 
4.2.9.1 Legal aspects 
In all regions the chemical sector is subject to normative (for example ISO-Norms, norms for 
qualitative management, technical norms, etc.) and regulative measures and standards. In all regions 
the discharge of waste water is regulated and discharge limits are fixed for the industry. Discharges 
are subject to discharge permits in all regions. All regions have BAT defined, but differences in 
BAT do exist, especially for Ontario, where BAT seems to be outdated compared to the other 
regions. Environmental standards for the chemical industry in the U.S. have been lowered during 
the Bush administration, for example reporting duties for the industries have been weakened. 
 
4.2.9.2 Voluntary instruments 
Voluntary instruments for the chemical sector have been applied in Texas, Ontario and Hessen. 
Most of the voluntary instruments favor the implementation of an environmental management 
system. Those voluntary instruments are mainly dedicated to the introduction of environmental 
management systems. Firms, which have introduced such a system, can profit in less stringent 
control mechanisms or in a reduction of reporting duties.  
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4.2.9.3 Enforcement and compliance 
Considerable differences exist between the regions regarding enforcement and compliance. 
Enforcement and compliance issues concern, for example, the rate and the number of non-
compliance occurred over a specific period, the period of control visits and the period of reporting, 
and the introduction of enforcement measures, for example the manner how permits are issued, 
documented and renewed.  
 
The U.S. has in general a problem that permits are not renewed in time, because of resource 
constraints within the responsible authorities. Control activities also suffer from the same problem.  
 
In Ontario, compliance and control for the chemical sector has been improved due to repeated 
complaints by environmental associations with regards to the chemical sector in the Sarnia region. 
Another problem for Ontario is that most permits are still not available in electronic form. 
Concerning enforcement and compliance, Hessen has the best performance, even though also in 
Hessen the environmental administration suffered from cut backs in personal and budget.  
 
For Shanghai, enforcement and compliance are quite weak. Ciba and BASF have reported that the 
Chinese companies in Shanghai get notice of upcoming inspections, giving time to the companies to 
clean their system. According to CIBA and BASF, international companies in Shanghai generally 
though have regulations and control, which do not differ much from European standards.  
 
4.2.9.4 Industries self-reporting practices 
It has to be noted in general that for Northern America environmental reporting of the Industries is 
quite weak. There are rarely environmental reports made public which give information on the 
environmental performance. This fact is surprising for Ontario, as it has been the Canadian 
Chemical industry who first introduced the ‘Responsible Care Program’ within their sector. In 
Hessen and the Po Basin, companies publish frequently and on a regular basis environmental 
reports. In Hessen, as one of Europe’s most densely populated areas, the industry has a specific 
interest to be well implanted in the region and some firms even arranged voluntary environmental 
agreements with nature conservation organizations. There have been nearly no complaints on the 
chemical industry from environmental organizations in Hessen, compared to severe and funded 
complaints against the sector for Texas and Ontario.  
 
Environmental reporting on Shanghai is generally more than rare, and the industries do not publish 
environmental reports. 
 
4.2.9.5 Safety issues 
For Hessen, the goal of zero accidents within the ‘Responsible Care Program’ has been nearly 
reached. Hessen showed the best performance in this respect. The performance of the Texas and 
Ontario chemical industry lacks behind the self set goals. In China, a considerable rise of work 
accidents in the chemical industry has been reported. Those accidents are mainly the reason of 
human failures, caused by low education and insufficient training.  
 
4.2.9.6 Innovation, research and investments 
Innovation and research in Hessen and Ontario is much driven by the biotechnological sector as 
belonging to large parts to the chemical industry. The biotechnical sector is responsible for the 
increase in innovation concerning the chemical sector. Innovation in Texas remained stable during 

 47



 

the last years, while investments were decreasing for Texas industries. Environmental investments 
in Hessen decreased. They are now around 2.3%. Environmental investments for chemical 
enterprises in Italy were around 1.1%. Ontario showed a positive development in innovation and 
research for the chemical sector. For Shanghai no information is available 
 
4.2.9.7 Economic performance 
With the exception of Ontario, GDP increased in all regions. In China and Shanghai the chemical 
sector boomed, at faster rates than in Europe.  
 
While in Ontario closing of firms have been reported, the chemical industry in Hessen remained 
quite stable, with respect to production units, despite the fact that the chemical industry in Hessen 
encountered large restructuration and merging processes. Merging and restructuration has also been 
an issue for Texas, but no data are available, if this had any effect on the number of firms within the 
region. The number of firms in Shanghai increased due to the construction of several chemical 
industrial parks in the Shanghai region.  
 
4.2.9.8 Environmental performance 
According to the Toxic Release Inventory (TRI), discharges of TRI pollutants strongly increased in 
Texas. Pollution from the chemical sector in Texas has potential health effects on the population 
and is raising the cancer risk especially in the regions where the petroleum refining industry is 
concentrated.  
 
In Hessen, total waste water discharge increased slightly due to higher production rates. Firms in 
Hessen reported a constant decrease in pollution loads into the water, despite rises in production. In 
Hessen all discharged wasters receive a secondary treatment and 85% of the water received a 
biological treatment.  
 
Also for Italy a decrease in discharges and pollution loads was reported. There are no pollution data 
available for the chemical sector concerning releases into water.  
 
The Canadian TRI covers only releases into air. With the chemical industry associated health 
problems have been reported for the Sarnia regions. So are higher cancer rates among the 
population of the first nation people higher. The population is also concerned by effects on their 
reproduction, as there is a shift within the male/female ratio rata. 
 
For Shanghai no pollution data for the sector are available. According to BASF and CIBA reporting 
their factories show the same environmental performance as their European factories, as internal 
firm standards have be applied.  
 
4.2.9.9 Water use and water use intensity 
In Texas the water use of the chemical sector remained stable from 2000 to 2006. If the increase in 
production within this period is considered, water use intensity in Texas rose during the reporting 
period (see the case study report for details). For 2005, a water use intensity of 56,72 (m³/100$) was 
reported. For Hessen water use for the chemical industry remained stable. As production rose 
during the reporting period water use intensity was increasing. Hessen shows also quite a 
considerable recycling rate. The specific water use in Hessen was 4,6 m3/100 € for 2004. In other 
words, there are considerable differences in water intensity. 
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For Canada, an increase in the water use intensity for the chemical sector has been reported, but 
recycling rates in the sector are quite low.  
 
4.2.9.10 Water pricing issues 
It is quite difficult to assess the effects of water pricing on the chemical sector. There are 
indications that the rate of water prices has an effect on water consumption rates within the 
industry.  
 

- Hessen has the highest water prices and also the best water efficiency (for details see Hessen 
case study).  

 
- Water efficency in Texas has improved over the last 7 years. As water prices rose in Texas, 

there is a correlation between the amount of water used and the prices paid (for detail see 
Texas case study).  

 
- According to the Adenauer Stiftung, water prices in China are too low to stimulate water 

saving technologies or reasonable water use.  
 
4.2.9.11 Conclusions 
The evidence suggests that chemical production has been decoupled from water use. Thanks to 
efficency increases, less water was used in the industry, while production rose. It is evident that a 
higher production level does not necessarily result in higher water uses and important pollution, as 
the Hessen example proofs, when the involved sector is able to proportionally raise water 
efficiency. Ontario is the example where lax environmental regulations have not led, as can be 
expected, to an increase in competitiveness of the sector, i.e.: this is an indirect proof of the Porter’s 
hypothesis (tighter environmental regulation can improve competitiveness, laxer regulation can 
worsen it or leave it unchanged).  
 
Environmental policy can be a factor for innovation in the chemical sector. Support for research and 
development to strengthen innovation capacity of the sector also influence the competitiveness of 
the sector.  
In all regions, energy issues are the predominant issue for the chemical sector. High energy costs 
will initiate investments for new technologies for energy consumption reduction. But one has to be 
careful that pollution loads won’t be shifted from air emissions to water emissions. This could be a 
particular problem in Shanghai, which has a drinking water problem as a result of the pollution of 
its ancient drinking water reservoirs, and where health problems from environmental pollution 
constitute a serious threat for the population.  
 
 
4.2.10 The pulp and paper sectors 
 
Pulp and Paper industries in Ontario and Wisconsin have been investigated. In order to have a basis 
for comparison with Europe, a brief literature review on the pulp and paper sector in Finland was 
made, as an example of the European pulp and paper sector.  
 
4.2.10.1 Legal aspects 
In all regions, the pulp and paper sector is subject to normative and regulative measures and 
standards. In all regions the discharge of waste water is regulated and discharge limits are fixed for 
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the industry. Discharges are subject to discharge permits in all regions. All regions have BAT 
defined. But differences in BAT exist especially for Ontario, where BAT seems to be outdated 
compared to the other regions. Environmental standards for the pulp and paper industry in the U.S. 
have been lowered in recent years. 
Popp and Haffner (2008) presented in their OECD report a comparison on environmental regulation 
for the pulp and paper sector within the OECD countries. The analysis shows that in European 
Nordic countries the regulations for the pulp and paper sector concerning AOX are the most 
stringent. 
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Table 4.1 - Summary of key regulations (Popp und Hafner, 2008) 

 
 
4.2.10.2 Voluntary instruments 
Voluntary instruments for the pulp and paper sector exist for Wisconsin. They concern mainly the 
introduction of environmental management systems. For Wisconsin, voluntary agreements between 
the DNR (Department of Natural Resources) and the Wisconsin Paper Council exist covering 
aspects like energy use, pollution reduction and foresting practices.  
 
4.2.10.3 Enforcement and compliance 
The Pulp and Paper sector in Wisconsin and in Ontario have a relatively high percent of facilities 
with violations and enforcement actions compared to other sectors. 
 
4.2.10.4 Industries self reporting practices 
Europe seems to have the strongest self reporting for the Pulp and Paper sector weaker . By this it is 
meant that there are more firm reports publicly available with information on pulp and paper 
industries in the northern European countries (for example, from Finland excellent and detailed 
reports are available). 
 
4.2.10.5 Innovation, research and investments 
Capital spending in the pulp and paper sector in Wisconsin is significantly decreasing. Innovation 
rates are low. Environmental investments in the pulp and paper sector in Ontario remained stable 
during the last decade. 
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David Popp and Tamara Haffner investigated on the patent release in the pulp and paper sector 
within the OECD countries (Popp und Hafner, 2008). The Figure 4.8 below shows patents granted 
in each country to domestic inventors, sorted by the first priority year. What is most notable from 
this Figure is the role that perceived public pressure (in response to initial reports of dioxin in 
waterways) appears to have played in driving innovation with respect to ECF (Elementary Chlorine 
Free) and TCF (Total Chlorine Free) technologies. With the exception of Canada, every country 
experienced an increase in ECF and TCF patents that began after release of the Greenpeace report 
in 1987. While there was some regulation at this time, the initial regulations were not very strict. 
Sweden, the first country to pass stringent AOX guidelines, did so in 1992. While the US did 
announce plans for strict regulations that would declare TCF to be best available technology in 
1993, the lack of innovative response from US inventors after this announcement suggests that this 
initial proposal was not perceived as credible (this proposal was eventually withdrawn, and replaced 
by the weaker Cluster Rules in 1998) 
 

 
Figure 4.8 -  Patent trends in the OECD countries (Popp und Hafner 2008) 
 
 
4.2.10.6 Economic performance 
In Ontario and Wisconsin, the GDP of the pulp and paper sector decreased, while the economic 
performance of the pulp and paper sector in Europe increased until 2003 and since then is remaining 
stable. Closures of mills and losses in employment have both been reported for Wisconsin and 
Ontario.  
 
4.2.10.7 Environmental performance 
Pulp and Paper mill effluents have been of particular concern. Especially chlorinated organic 
compounds, such as dioxins and furans, have been in the focus. Elevated levels of chlorinated 
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organic were found in the sediments of the river. As a result of the ban of chlorine bleaching 
process, AOX pollution loads have decreased considerably in all regions concerned by the study. 
Discharges reductions for the pulp and paper sector were achieved in all regions.  
 
4.2.10.8 Water use and water use intensity 
Water use in the pulp and paper sector for all processes has been reduced according to data 
available for Canada. For Wisconsin only estimation exits, but presumably water use declined also 
in the U.S. pulp and paper sector as an effect of the Clean Water Act and the Cluster Rule.  
 
4.2.10.9 Water pricing issues 
As both Wisconsin and Ontario are water abundant regions, water pricing is of no concern of the 
pulp and paper sector. The paper industries in those regions abstract their water by themselves and 
pay only the cost for the production of their own water. Water prices in Ontario are among the 
lowest prices in the world, resulting in high consumption rates. In Ontario recently a water charge 
has been introduced but, according to Renzetti13, this charge is too low to lead to a significant 
reduction of water uses (see Ontario Case Study for further details).  
 
4.2.10.10 Conclusions 
The pulp and paper sector can be seen as a sector demonstrating the Porter hypothesis in practice. It 
can be clearly demonstrated that environmental policies and water policy can be a driving force for 
innovation and increased competition. On the other hand, Ontario and Wisconsin have seen their 
competitiveness decline as the pulp and paper sector in those regions most reluctant to introduce 
modern technologies and to shift towards a TCF production. Even though environmental standards 
are much higher in the Nordic European countries, the performance of the pulp and paper industry 
in Europe compared to Northern America is better. These findings are confirmed by a report for the 
EC DG Environment, from Kuik O., (2006). The author states that consumer pressure may lead to 
changes in technologies used and therefore to reduced environmental pollution. Kuik further states 
that the main drivers of environmental innovations in the pulp and paper industry in the recent pas 
have been competition for new products, cost considerations and market demand. Efforts in 
innovation are intensified by an industry when environmental policies and regulations – 
implemented either unilaterally or at the EU level – are becoming stricter so that the industry can 
maintain its competitiveness in an international market.  
 
Water costs are not being identified as one of the major costs items of the pulp and paper industry in 
contrast to the energy/electricity cost, although the pulp and paper sector is characterized as water 
intensive industry. Water costs represent less than 4 percent of total manufacturing costs according 
to CEPI, despite the fact that high amounts of water are used in the sector (Confederation of 
European Paper Industry). 

                                                 
13 Personal information, December 2008.  
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5. POLICY CONCLUSIONS 
 
1. Water pricing policies and full-cost recovery of water services may in theory have an 
impact on competitiveness. An impact of environmental water policy on industry competitiveness 
might arise (i) because water-related costs grow and (ii) because it becomes increasingly difficult to 
have access to the required water quantities and/or to adequate wastewater disposal capacity. The 
impact of water policy on competitiveness depends on (i) the cost of self-supply or (ii) the cost of 
water services or finally (iii) the cost of alternative actions for compensating reduced water 
availability (eg technical change; relocation).  
 
2. Overall, evidence collected in the case studies does not suggest that water policy has had a 
material effect on industry competitiveness, at least as far as developed countries are concerned. 
This general statement may be reversed in specific cases and for specific sectors in specific 
circumstances. This conclusion depends on (i) the overall limited weight of water-related costs on 
the value added; (ii) the fact that the economic impact of water policies has been largely smoothed, 
since water and sewerage services have usually been partially subsidized; (iii) industries with the 
highest likelihood of being affected in the short term have benefited from fundamental 
technological change leading to cleaner technologies. Our data cannot provide any evidence of a 
fourth (iv) possible explanation, namely the relocation of most polluting activities to developing 
countries with less stringent requirements. Overall, it appears that water supply costs are far less 
important, in terms of impact on industrial competitiveness, than sewerage and effluent treatment, 
and the opposite for agriculture. 
 
3. Environmental water policy has been an incremental policy, so industry has been able to 
adapt to it over time. Basically, its time span can be traced along a period of 30-40 years; this has 
allowed for a smooth impact on industry. This statement might provide a useful lesson for the 
future: an appropriate timing of water quality improvement might enable the achievement of 
substantial improvements without affecting competitiveness. 
 
4. However, the cost of supplying water may affect location decisions, but not because of the 
influence of water policy on costs. Water supply costs may be relevant (not because water is 
scarce, but rather because it is difficult and costly to manage); it seems likely from the industrial 
and agricultural choices observed that location choices followed natural availability, particularly in 
the case of industry. For most of the case studies analyzed herein, self supply of water is the norm, 
either from surface water or from groundwater, and supply costs are quite negligible. Moreover, 
there is also evidence that overall industrial water demand has been decreasing, as a result of 
strategies aimed at implementing cleaner technologies and energy saving. Water saving is not – in 
general – the most important driver, but is a side-effect of other strategies; effluent treatment cost 
saving and avoidance of waste are probably the most important ones. Since water use per unit of 
value added decreases in many industries, this also contributes to reduce the overall importance of 
water-related costs, compensating the cost increase due to tighter environmental constraints. 
 
5. Full-cost recovery in water pricing will reduce demand for water, but may need to be 
combined with other instruments. The cost of water services represents an incentive to water 
saving and more efficient water use, but by itself does does not necessarily lead to more sustainable 
use. In water stressed contexts, water pricing may lead to the phasing out of low water productivity 
uses, but this will not necessarily lead to water demand falling below the sustainability threshold 
unless scarcity is properly priced in, which is difficult.  
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6. For wastewater treatment, the most important choice is made in the initial phase, when 
substantial investment has to be made. Subsequent adaptations and extensions of facilities have a 
far lower impact. Especially if the first-time capital has been provided or at least co-financed by the 
state, this impact can be substantially absorbed. Evidence from the case studies seems to suggest 
that if the introduction of environmental constraints to effluent discharges is accompanied by 
measures that dilute the impact of new investment over time, their capacity to adapt to increasing 
water and sewerage costs has been almost total. In general, water services – both for water supply 
and sewerage – are capital intensive businesses, with very long time schedules for depreciating 
investments.  
 
7. Development of cleaner technologies seems have been substantial, especially in the 
industries that are more likely to be vulnerable to water-related costs, such as paper and 
chemistry. In both cases, again, wastewater pollution is the main problem, rather than water supply. 
In the long run, cleaner technologies have allowed for substantially reduced pollution loads and 
have limited wastewater treatment costs. More demanding water quality targets can be still 
achieved, provided that the impact of wastewater treatment costs is scheduled in a way that allows 
industry enough time to respond. So, where new water policies entail excessive costs in specific 
cases, a convenient timeline for investment or full-cost recovery needs to be allowed. 
 
8. Although water is an important input, it is less evident that industrial or agricultural water 
use is a major source of environmental impact in the same way in all locations.  
Environmental costs and scarcity costs do not seem to be affected by absolute water quantity, in the 
sense that the same volume of use may or may not represent an impact depending on local 
circumstances. Therefore, it seems that using indicators such as water productivity, water quantity 
per unit of input and virtual water consumption can be misleading and does not allow meaningful 
comparisons. The impacts of the water requirement in a water rich context is completely different to 
those in a water stressed context.  
 
9. The evidence from case studies does not suggest that water supply cost has been a major 
problem affecting industry competitiveness. The cost of industrial water supply is a negligible 
fraction of the value added. Industrial facilities, as well as irrigation, have been developed when 
water resources were available, even if the cost of water supply infrastructure may have been 
largely subsidized by the government. What seems more important, is the effect of water scarcity on 
those sectors in which either (i) water demand has been adapted in the past to a context of 
abundance or (ii) continuous growth of demand has created a situation of water stress. Both industry 
and irrigation demand is highly elastic before location has been decided and productive investments 
have been made; it becomes less elastic once facilities are in place and investment costs are sunk. 
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ANNEX A 
 
Existing literature provides a wide range of variables to capture the concept of competitiveness at 
macro, meso and micro level. The following table provides a summary of the overall analytical 
framework established on the concept of competitiveness as well as on and the different ways to 
measure it. 

 

MEASUREMENTS OF COMPETITIVENESS – SUMMARY TABLE 

Level of 
Analysis 

Measure of Competitiveness
(Driver vs Performance) Indicator References 

Growth rate of real GNP Jorgenson and Wilcoxen (1990) 

Level and growth of GDP 
and GNP Jorgenson (1991) 

Prosperity/Standard of living 
(Performance) 

GDP per capita; 
GDP per capita adjusted for 
purchasing power 

World Economic Forum (2007) 
Esty and Porter (2001) 

Net Export 

Depperu (2006)  
Mulatu, Florax, Witaghen (2004) 
Rose (1997) 
Feenstra and Rose (1997) 

International Trade 
(Performance) 

International trade flows  Mulatu et al. (2001) 

M
A

C
R

O
 

In
te

rn
at

io
na

l /
 N

at
io

na
l 

Productivity 
(Driver) Productivity growth  Jaffe et al. (1995) 

Market Performance  
(Performance) Market share  Peterson (2003)  

Financial  Performance 
(Performance) 

Earnings Before Interest, 
Tax, Depreciation and 
Amortisation (EBITDA) 

Carbon Trust Paper (2004) 

International Trade 
(Performance) Net Export OECD (2003) 

Investment flows OECD (2003) 
Leonard (1984;1988) Investment 

(Driver) Direct foreign investment  Blazejcack (1993) 

Productivity 
(Driver) 

Total Factor Productivity 
(TFP) 

Jaffe and Palmer (1996)  
Lanoie, Patry, Lajeunesse (2001) 

Innovation 
(Driver) 

R&D expenditure and 
Patent applications Jaffe and Palmer (1997) 

Localisation  
Peterson (2003) 
Fortis (2000) 
Zoboli (1999)  

Cost of transport  O’Sullivan (1984) 

M
E

SO
 

Se
ct

or
 / 

In
du

st
ry

 

Resource endowement (Driver) 

Proximity 
Iraldo (2002) 
Dicken and Lloyd (1997) 
Krugman and Obstfeld (1995) 
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Turnovers  Dofour et al. (2007) 
Levy (1995) 

Market growth Gray and Shadbegian (1993) 

Market share  Gray and Shadbegian (1993) 
Import or Export 
Performance (e.g. net 
exports) 

Cagatay, Koska and Mihci (2004) 

Market Performance  
(Performance) 

Firm’s or plant’s survival 
over time on the market Levinson (1995) 

Return on Equity (ROE) and 
Return on Assets (ROA) 

Bragdon and Marlin (1972) 
Russo and Fouts (1994) 
Coeck and Verbeke (1997) 

Return on Sales Levy (1995) 
Economic Performance 
(Performance) 

Net Income Freedman and Jaggi (1992) 
Brannlund et al. (1995) 

Cash Flow (Equity and 
Assets) Freedman and Jaggi (1992) 

Financial Performance 
(Performance) 

Return on Investment (ROI) SQW (2006) 

Estimated Cost Function  Gollop and Roberts (1983) 
Sims and Smith (1983) 

Efficiency (Performance) Ability to distribute costs of 
compliance Helland and Matsuno (2003) 

R&D Expenditure Jaffe and Palmer (1997) 
Innovation 
(Driver) 

Patent Applications  
Brunnermeier and Cohen (2003) 
Landjouw and Mody (1996)   
Popp (2003) 

Output  SQW (2006) 

Estimated Profit Function Alpay et al. (2002)  
Total Factor Productivity 
(TFP) Berman and Bui (2001) 

Labour Productivity SQW (2006) 

Productivity 
(Driver) 

Plant location or locational 
decisions  Levinson (1995) 

Localisation  
Peterson (2003) 
Fortis (2000) 
Zoboli (1999) 

Cost of transport  O’Sullivan (1984) 

M
IC

R
O

 

Fi
rm

  /
 P

la
nt

  

Resource endowement (Driver) 

Proximity 
Iraldo (2002) 
Dicken and Lloyd (1997)  
Krugman and Obstfeld (1995) 

 

 58



 

ANNEX B 
 
Considering the list of key indicators selected on the basis of the literature review as important to 
explain the relationship between water policies and competitiveness, we carried out a thorough 
research in order to identify the available data from different sources (see bibliographical 
references). 
The outcome of the data research is summarised in the following table. The table reports, for each 
Country interested by the study and for each sectors focused by our regional case studies, what kind 
of data we have been able to retrieve at the national level. The available data are marked in green 
colour, all the other data are not available. 
 

 AGRICOLTURE INDUSTRY CHEMICAL PULP AND 
PAPER 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn)  

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

SPAIN 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn)  

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

ITALY 

Environmental 
expenditure (and/or 

Environmental 
expenditure (and/or 

Environmental 
expenditure (and/or 

Environmental 
expenditure (and/or 
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investments) investments) investments) investments) 
Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

GERMANY 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn)  

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

UK 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

USA 

Total cost of 
production (supply of 

Total cost of 
production (supply 

Total cost of 
production (supply of 

Total cost of 
production (supply of 
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goods and services) of goods and 
services) 

goods and services) goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn)  

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover)  

Production value (or 
turnover)  

Value added at factor 
costs 
 

Value added at 
factor costs  
 

Value added at factor 
costs  

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn  

Quantity of water 
abstracted or 
withdrawn 

Quantity of water 
abstracted or 
withdrawn  

Quantity of water 
abstracted or 
withdrawn   

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

CANADA 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures  

Water-related 
environmental 
expenditures  

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs  
 

Value added at factor 
costs  
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

CHINA 

Environmental Environmental Environmental Environmental 
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expenditure (and/or 
investments) 

expenditure (and/or 
investments) 

expenditure (and/or 
investments) 

expenditure (and/or 
investments) 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Production value (or 
turnover) 

Production value 
(or turnover) 

Production value (or 
turnover) 

Production value (or 
turnover) 

Value added at factor 
costs 
 

Value added at 
factor costs 
 

Value added at factor 
costs 
 

Value added at factor 
costs 
 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply 
of goods and 
services) 

Total cost of 
production (supply of 
goods and services) 

Total cost of 
production (supply of 
goods and services) 

Expenditure/Investm
ents in R&D 

Expenditure/Invest
ments in R&D 

Expenditure/Investm
ents in R&D 

Expenditure/Investm
ents in R&D 

Water prices Water prices Water prices Water prices 
Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Water purification 
tariffs 

Quantity of water 
abstracted or 
withdrawn)  

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Quantity of water 
abstracted or 
withdrawn) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

Environmental 
expenditure (and/or 
investments) 

AUSTRALIA 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 

Water-related 
environmental 
expenditures 
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