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10. SOCIO-ECONOMIC DATA FOR RIVER BASIN MANAGEMENT

-Bernd Klauer, Jaroslav Mysiak, Katja Sigel

10.1 Introduction: The use of socio-economic data for river basin
management

The hydrological system is heavily affected by human actions. Men drink water, use
water for hygiene and for production of goods, use rivers for shipping, emit pollutants
into groundwater and surface water and so on. To manage water resources and river
basins means to purposefully influence the interaction between men and the natural
system. To this end information on the state and development of the natural resources is
needed as well as information about the socioeconomic context.

The problem of managing water resources and river basins is taken up in the social
sciences, particularly in economics, political sciences and planning sciences but
occasionally also in sociology and psychology. In this chapter we concentrate on the
economic view on river basin management and the related data. Economics has two
perspectives to look at economic systems and both apply to river basin management.
Firstly, economics deals with the analysis of the economic system of a society from a
macro perspective (e.g. with the analysis of markets, prices, interest rate, inflation,
employment, the interrelation between economic sectors, the overall performance of an
economy). Secondly, economics analyses individual behaviour and particular decisions
from a micro perspective (e.g. preferences, budget spending, costs and benefits,
incentives). Management of river basins per se is located at the micro level because the
question is how to make good decisions and particularly how to select appropriate
management measures.1 However, in order to make good management decisions the
impacts of management measures need to be forecasted and assessed. To this end general
information on macroeconomic characterisation of a river basin is needed. The WFD
explicitly asks for an economic analysis of the river basin. While the necessary
information for river basin management on the micro level is very much case specific, the
macroeconomic information is of general usefulness. Table 10.1 provides a short list of
macroeconomic data that certainly will be of interest for an overall characterisation of the
river basin with respect to socio-economics. Haase et al. (2004) proposed this list in the
context of the EU-Water Framework directive and its implementation in Germany. The
list is structured in three categories ‘population’, ‘general economic structure’ and ‘water
sector’. We will pick one variable from each of these categories for a deeper
investigation of the uncertainties involved (highlighted variables in Table 10.1).

                                                
1 The distinction between micro and macro economics does not necessarily refer to spatial scales.



HarmoniRiB June 2005  Guidelines for assessing data uncertainty

_________________________________________________________________________________
______

Klauer,Mysiak, Sigel, Socio-eonomic data 10-2

Table 10.1 Incomplete list of data for socioeconomic characterization of river basins according to
the EU Water Framework Directive (after Haase et al. 2004).

Category/Name Abbrevi
ation

Explanation Spatial
relation2

Unit

Population

Total population Tpop Number of inhabitants (including
foreigners) that have their
residence in the respective spatial
unite even if they are temporarily
absent.

Country, state,
district, river
basin

Number

Population trend PopT Change in total population Country, state,
district, river
basin

Number/
year1

Number of cities NC Number of cities with more than
10.000 citizens in the respective
administrative unit or river basin

State, river
basin

Number

Population density PD Population (resident persons) per
area

Country, state,
district, river
basin

Number/
km2

Number of households NH A household is an economic unit
that acts in a homogeneous way.
It comprises all persons that live
within a house and coordinate
their budget spending.

Country, state,
district, river
basin

Number

General economic structure

Gross value added GVA The gross value added is defined
as the value of all produced
commodities and services minus
the value of the intermediate
goods within a certain period of
time and a certain spatial unit.

Country, state,
river basin

€/year

Gross value added
per sector (e.g.
agriculture)

GVA-A Self explaining. An economic
sector

Country, state,
river basin

€/year

Gross national
product per capita

GNP/c Self explaining. Country, state,
river basin

€/year

Persons engaged per
economic sector

PE Number of employees working in
a certain economic sector

State, river
basin

Number

Unemployment rate UR Unemployed are persons that: are
older than 15, do not work but
actively look for labour. The
unemployment ratio relates
number of unemployed to the
number of occupied population
(including unemployed persons)

Country, state,
river basin

Ratio

Number of social SWR Self explaining Country, state, Number

                                                
2 In principle many spatial units could be used to relate the variables to. Here only the spatial units are
named that are particularly useful for river basin management.
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welfare recipients river basin

Tourism: available
guest beds

AGB Number of beds in hotels or
guest houses.

State, river
basin

Number

Water sector

Population connected
to public water supply

PCPWS Self explaining Country, state,
district, river
basin

Number

Population connected
to public sewage
system

PCPSS Self explaining Country, state,
district, river
basin

Number

Total fresh water
consumption

TFWC Self explaining Country, state,
district, river
basin

m3/year

Total waste water
production

TWWP Self explaining Country, state,
district, river
basin

m3/year

Public water supply
by origin

PWS Amount of water supplied by
public water supply system
distinguished by the origin of
water (groundwater, spring water,
bank filtrate, enriched
groundwater, lakes or dams,
rivers).

Country, state,
district, river
basin

m3/year

Length of sewage
system

LSS Self explaining State, river
basin

km

Water supply by
industry

WSI Amount of water supplied by
water works owned by industrial
companies

State, river
basin

m3/year

Water supply by
agriculture

WSA Amount of water supplied by
water works owned by businesses
of agricultural sector

State, river
basin

m3/year

From the category ‘population’ we take the variable ‘total population’, i.e. the number of
inhabitants that have their permanent residence in the respective spatial unit. Obviously
this variable is basic information for the socioeconomic characterisation of an area. Total
population is important also for the derivation of ‘per capita’-variables like ‘average
income per capita’, ‘state expenditure per capita’ or ‘gross national product per capita’.
Another reason for discussing this variable is that some typical problems with gathering
information on uncertainties can be explained here.

An important example for a variable from the category ‘general economic structure’ is
‘gross value added’. This variable is an indicator for the overall economic performance
of a region. It describes the surplus of produced goods in an economy per year, i.e. the
value of all produced goods minus the value of the goods used for the production of other
goods and for export. The method for calculating ‘gross value added’ is highly complex
and based on the economic theory of national accounting. We will use this variable to
explain some typical problems of assessing the uncertainty of variables from national
accounting like gross national product, gross domestic product, investments, and exports.
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We take the variable ‘population connected to public water supply’ as an example for the
category ‘water sector’. It is a key indicator for the development of the infrastructure of
the water sector. Our discussion of involved uncertainties applies also for the variable
‘population connected to public sewage system’ and other variables from that sector.

The uncertainty characterisation of the three variables is given in Table 10.2. A brief look
at this table learns that here is relatively little known with regard to uncertainty of socio-
economic data. And a lot of this lack of knowledge is due to a lack of standard methods to
assess a certain variable.

Table 10.2 Uncertainty categories for the variables considered in this Chapter.
Uncertainty
Category

Empirical
Uncertainty

Methodological
quality

Longevity of
Uncertainty
information

TPop D2 M3 I4/S3/O2 L0

GVA D2 M3 I4/S4/O1 L0

PCPWS D1 M2 I4/S4/O2 L0

The rest of the chapter is structured in two sections: Section 10.2 explains the selected
variables in detail and Section 10.3 summarises potentials and limits of gathering
information on the uncertainty about socioeconomic variables for characterising river
basins.

10.2 Uncertainty in socioeconomic data

10.2.1 Population

a) Importance and definition of the variable

Demographic development, often quoted as the main driving force behind water demand
and other pressures (IMPRESS, 2003), is crucial for understanding the dynamics of water
uses in the catchment, firstly, because urban water demand is a function of population
size, age structure and household statistics (number, mean size, etc.). Domestic water use,
covering all water uses by households, is an important source of water pollution and in
Mediterranean countries represents a significant share of water abstraction. Although in
many countries not being as serious issue to water resources as the industrial and
agricultural water uses, domestic water use can constitute over a half of the total urban
water consumption in many communities (Liu et al., 2003).

Secondly, demographic development is important for understanding because demographic
data (especially the age structure) are closely related to a number of macroeconomic
characteristics such as national savings and investments, the inflation rate, gross domestic
product, growth rates, interest rates etc. Life-cycle theory says that people in mid-life are
net savers while young people are net borrowers and elderly people consume out of
accumulate wealth. Subsequently, age structure changes can, at least from a purely
theoretical viewpoint, be expected to be a major determinant of all aggregate
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macroeconomic relations (Lindh and Malmberg, 1998). Due to this crucial importance,
population change and its effect on macroeconomy are frequently featured by media (e.g.
Economist October 2nd, 2004) and popular-scientific journals (e.g. Nature – Tuljapurkar,
1997; Keilman, 2001).
Why the estimation of current population size is in European countries very consistent due
to reliable registry offices, the demographic future is uncertain3. In most industrialised
countries the official population forecasts include one central or base line variant which
is obtained by projection the observed trends in the fertility, mortality and migration.
Sometimes two or more variant are calculated that are considered by the forecasters as
different possible developments. These variants however have mostly no probability
distribution attached. In the recent years probabilistic forecasts have been published for
several countries (see de Beer and Alders, 1999). Three main types of probabilistic
forecasts may be found, namely these based on (i) time series extrapolation, (ii) analysis
of historical forecast errors, and (iii) expert judgement (see Keilman et al, 2002).

b) Method for measuring the variable
The demographic data are collected by statistical offices relatively infrequently, normally
once every 5 or 10 years. The census takes place only occasionally; instead the
population data are updated using data from registry offices. The adjustment of the
population is carried out according to following algorithm

population(T) =  population(T-1) ?  mortality(T) + fertility(T) ?  emigration(T) + imigration(T)

c) Uncertainty-category: D2. The variable varies in time as well as in space.
‘Population’ is a discrete variable while population density (number of inhabitants per
spatial unit) is a continuous variable.

d) Type of empirical uncertainty
Due to its importance, the estimates of the population size are in most industrialised
countries based on a total inquiry, rather than on a sample. The update, however, is
carried out at a specific date and the actual number of inhabitants between two updates
may thus actually differ from the reported one. Given an observed population size at a
certain moment, population forecasts can be made on the given assumptions about future
changes in fertility, mortality and migration. These assumptions refer often to age- and
sex-specific rates, which means that the uncertainty about the current population age- and
sex structure is projected into the forecast uncertainty. The statistical bureaus do not
provide any uncertainty estimate for the current population size and probabilistic
population forecasts. If any would be made, these would most likely be available at the
national scale only.

e) Sources of uncertainty

In demographic analysis the population size may be the subject of uncertainty analysis as
there is a variety of quantities which may be referred to (i.e. who are counted). Statistical
bureaux normally count inhabitants according to their main place of residence rather than

                                                
3 There is a vast literature on the probabilistic population forecast and surrounding uncertainty. Here this
topic is covered only informatively since forecasting goes beyond the data collection focused on in this
chapter.
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the inhabitants actually living in a local authority. Especially in the bigger cities with a
university where many students are registered under their second place of residence, the
actual number of inhabitants is understated. In addition, a high number of commuters
(different place of residence and place of work) represent another source of uncertainty.
People commute to work between local authorities, districts or even federal states.
Depending on the region, these migrations may account for quite large uncertainty,
especially when the demographic data is used as an input to predict the future water
supply demand.

A significant source of uncertainty in all socioeconomic information, and thus also by
population assessment, is the mismatch between the spatial units for which the population
is registered and forecast (administrative units) and the spatial units used for water
resource management (river basins and subbasins). Normally, the socioeconomic data are
assigned to statistical (NUTS4 units) or administrative (states, districts and
municipalities) spatial units often hierarchically organised. Other data are collected for
water supply and wastewater treatment areas, high-density population regions,
agricultural farms, etc. The requirement that data about individual statistical subjects
(citizens or enterprises) be treated confidentially often necessitates the publication of
only data aggregated on a higher level than that for which they were originally collected.
The sources of uncertainty faced when transforming socioeconomic data to hydrological
units encompass (i) uncertainty due to boundary imprecision in both river basins and
administrative units (topological uncertainty); (ii) uncertainty due to the assignment and
aggregation of socioeconomic data to administrative units (scaling effect); and, if
additional data (e.g. land cover/use data) are applied by the transformation, (iii)
classification uncertainty related to the precision of the land cover data sets applied; and
(iv) uncertainty due to imperfect relation between the socioeconomic information to be
transformed (e.g. population or population density) and the auxiliary information (e.g.
settlement area derived from land cover data set) (see Mysiak et al., 2004).

10.2.2 General economic structure: Example ‘Gross value added’
a) Importance and definition of the variable. National accounting is the generic term for
applied economic theory and methods that aim at describing and reflecting the economic
cycle. In national accounting the flows between households, state and different economic
sectors (e.g. agriculture, forestry, various industries, service sectors, foreign countries)
are systematically gathered in accounting tables. These tables are used as a basis for the
calculation of different variables that are able to characterise the structure and state of an
economy. One of the most important variables in national accounting is the gross value
added (GVA). It is a variable for the economic performance and social conditions of a
certain region (a country, a state, another administrative unit or maybe a river basin). The
methodology for the calculation of GVA is closely related to that of gross national
product, gross domestic product, net national product, net domestic product, exports and
imports. Most of the discussion below holds also for other variables of national
accounting.

                                                
4 The NUTS Nomenclature of Territorial Units for Statistics (NUTS) was established for collecting
regional statistics for the EU.



HarmoniRiB June 2005  Guidelines for assessing data uncertainty

_________________________________________________________________________________
______

Klauer,Mysiak, Sigel, Socio-eonomic data 10-7

Gross value added is defined as the value of all produced commodities and services of an
economy5 within a certain period of time minus the value of the intermediate goods and
imports. Intermediate goods are goods that are used for the production of other goods
within an economy. The typical time period GVA refers to is a year. The methodology for
the calculation of GVA (and other variables of national accounting) is laid down in detail
by the European System for National Accounting (European Commission 1996). This
methodology is applied in the entire European Union. Much effort is invested in the data
collection and calculation of national accounting figures. A refined quality management is
applied. Indeed the statistical bureaus have specialised departments that are responsible
for national accounting. Some slight differences can be observed in the accuracy of the
application of the methodology by the national statistical bureaus across Europe (Janisch,
pers. com. 2004).

b) Method for measuring the variable. The method for measuring the GVA is highly
complex. In principle there are two ways to calculate the GVA (European Commission
1996, Nissen 2002, 105-108:

1. Calculation based on the origin of the produced good from labour and
entrepreneurship: GVA = entire production – intermediated production – imports

2. Calculation based on the usage of the produced goods for consumption and saving by
households and state as well as for export (minus import):
GVA = private consumption + state consumption + investments + exports – imports
             – value added taxes + subsidies (+ other small correction terms)

The statistical offices use both ways to compare and adjust the results in order to increase
the precision of the data. The difference between the two values of GVA is already a
measure for uncertainty. It is however hard to interpret. The statistical basis for the
calculation is very broad. It includes:

?  Mandatory statistical reports by industries and businesses (about number of turnovers,
employees, produced goods, used goods, investments, prices etc.)

?  Budget spending by the state

?  Data from the tax authorities

?  Data from social security organisations

?  Data from voluntary surveys about consumer behaviour (consumption patterns,
savings)

?  Data from registration offices

?  Data from micro census.

Almost all available economic primary data are somehow used for the calculations of
GVA.
                                                
5 An economy is a spatial unit with a more or less homogeneous economic structure. In general the
special unit is defined by administrative borders. However, it is in principle also possible to relate GVA
to river basins if the heterogeneity of the economic structure is not to extreme. For transnational river
basins heterogeneity probably becomes a problem.
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GVA and other variables of national accounting are most frequently used on the national
level. For regional economic politics and for river basin management GVA of smaller
spatial units like ‘Bundesländer’, districts and river basins are important. There are two
ways to get regional GVA-data: Firstly, top down by regionalizing data from the national
level using some regionalisation keys or, secondly, bottom up by a new calculation of the
GVA from the original data. In practise both ways are applied and combined by
adjustment calculations. If the degree of regionalisation is rising that inaccuracies are
increasing, too. One reason for this is the localisation of production (legal location of a
firm versus location of production).

c) Uncertainty-category: D1, that is, the variable varies in time as well as in space. The
unit of GVA is economic value (i.e. “money”) which is in principle a continuous variable
(although Eurocent is the smallest unit for “hardware money”).

d) Type of empirical uncertainty: Telephone interviews (Janisch, pers. com. 2004,
Fischer, pers. com. 2004) showed that no quantitative empirical information about
uncertainties of GVA is available form statistical offices. The big effort put in the
calculation of GVA and particular the exertions to avoid errors in the data leads to the
widespread opinion that the reliability of GVA and other figures of national accounting
are rather high. Any possibility for improving the quality of the data is actually applied so
that no comparison with gauging or calibration is possible. But qualitative information on
the remaining sources for uncertainties is available (Janisch, pers. com. 2004, Fischer
pers. com. 2004). The most important sources are described below.

For a variable closely related to GVA, the gross domestic product, there exist studies
about one type of error. The results from these studies may be related to the uncertainty of
GVA.

e) Sources of uncertainty: The definition of production is not clear cut. According to the
production concept of the European System of National Accounting (European
Commission 1996, 5) household production, that is production within a household that is
also consumed by its members (e.g. cleaning, cooking, housekeeping, childcare and care
for elder or ill household members), is not included. On the contrary, illegal production
like forbidden prostitution and production of drugs or the shadow economy, i.e. legal
production that is not or not fully registered by the tax authorities, is incorporated in the
production concept of the European System of National Accounting. Obviously the
official statistical surveys are unable to directly observe illegal production and the
shadow economy. It is well known that particularly in the construction industry the
proportion of this illegal production is considerable. The shadow economy is seen to be
the largest source of uncertainty for the calculation of all production of an economy and
thus also for the calculation of the GVA (Janisch, pers. com. 2004).

There are some estimates about the amount of shadow production (IAW 2003, Dell’Anno
and Schneider (2004). Schneider and his co-workers try to estimate the amount of the
shadow economy using different methods (Schneider und Enste 2000). Among others they
use surveys about defraudation of tax investigations of the hard cash circulation, and
demand for cash. The size of the shadow economy (measured in % of gross domestic
product) is estimated by Dell’Anno and Schneider (2004) ranging from 8.6 % in USA and
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9.5 % in Switzerland over 16.8 % in Germany, 17.9 % in Denmark up to 22.3 % in Spain
and 26.3 % in Italy for the years 2002/2003.6

These numbers can be taken as a hint for the size of error of GVA figures. But it should be
mentioned that these estimations are highly controversial, because there are doubts about
the reliability of methods for estimating the shadow economy.

There are other sources of uncertainty that are compared to the shadow economy of minor
importance. There is a lower bound for the size of a business to be included in official
statistics. Pending on the sector businesses with less than 10 or 20 employees are not
obliged to report their turnovers, investments, number of employees etc. to the statistical
office. So the neglected legal production of small businesses is another source of
uncertainty for national accounting.

Along the primal characterization of river basins required by the EU-WFD, value added
has been calculated for this spatial unit. In Germany the calculation is based on the figures
for districts. Districts that intersect with the borders of a river basin are counted
proportional to the area covered with buildings within the basin. A better way would be
to use for restructuring of GVA according to the populated area instead of covered area
(Janisch, pers. com. 2004). As already explained for the example of the variable
‘population’ changing the spatial relationship leads to further inaccuracies.

10.2.3 Water sector: Example ‘Population connected to public water supply’
a) Importance and definition of the variable. The variable ‘population connected to
public water supply’ (PCPWS) (see Table 10.1) is defined as the number of inhabitants
of a certain area being connected to the public water supply system. The PCPWS is an
important variable to describe the state of public water supply infrastructure, to identify
trends in water demand and to elaborate plans for the development of the water supply
system. The PCPWS can be related to the total population to get the ratio of population
connected to public water supply. The latter variable is used more frequently because it
is easier to interpret e.g. if one compares the state of the infrastructure of different
regions. However, the analysis of uncertainty for the ratio is more difficult than for
PCPWS because PCPWS is not mixed with uncertainty from total population.

As there could not be found any literature about uncertainty of PCPWS there was made a
small assessment about the procedure of data collection done by the ‘Bundesländer’ in
Germany on behalf of the Federal Statistical Office Germany. The information was
collected by telephone call and email in contact with the responsible authorities
(Falkowski, pers. com. 2004). Our study concentrates on Germany but the procedures of
data collection may differ among the particular European countries and thus also the
factors that influence uncertainty.

b) Method for measuring the variable. In Germany the collection of data is based on
questionnaires which are sent to all public bodies, private companies and institutions that
are operating water supply facilities. By law these institutions are obliged to submit
information for all of their facilities. Thus from this point of view the sampling of the data

                                                
6 Dell’Anno and Schneider (2004) contain time series from 1989 to 2003 of the size of the shadow
economy for 21 OECD countries.
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can be judged as complete. However, in some cases the water works themselves do not
have complete information about the number of the connected households (e.g. in
apartment houses) and particular the number of persons living in these households. In the
questionnaire is annotated that if necessary (if there exists no ‘hard’ data) the data has to
be estimated carefully.

c) Uncertainty-category: D2, that is, the variable varies in time as well as in space. Like
population the variable PCPWS constitutes a discrete unit.

d) Type of empirical uncertainty: A thorough internet and literature study did not reveal
any quantitative empirical information about uncertainties of PCPWS. Only qualitative
information on the sources for uncertainties could be gathered by telephone interviews as
described below.

e) Sources of uncertainty: The statistical office is checking the data against mavericks,
based on surveys of recent years and on pilot studies made in cooperation with
municipalities. In case of mavericks, the statistical office gets in contact with the
corresponding institution and tries to find out the reason. One consistency test is to
compare the investigated number of inhabitants connected to public water supply with a
separate enquiry about public and private water supply made on municipal level. In total
there should not be more than 100% of supplied/self-supplied inhabitants.

Problems may arise with the input of data in the software system due to programming
errors. Normally faulty input cannot be entered because the system is automatically
checking the data against implausible errors. In general it can be said that the statistical
office puts much effort in getting plausible, confidential data by checking and verifying
data throughout the collection process. But it can not be excluded that data is incorrect or
uncertain. Also important for the quality of data is the periodicity of update. In Germany
since 1998 the PCPWS is collected every three years.

As mentioned above one important source of uncertainty is the incomplete information of
the water supply companies about their ‘end users’. The customers of the water supplier
are for example in apartment houses not always identical with households. In some cases
the water supplier does not know how many households are living in the house and how
many persons are living in the households.

One general problem for the data collection of the PCPWS results from the fact that the
location of the water supplier and the supply area can spread over several administrative
units (municipalities, states/‘Länder’). If so, one has to decide if all connected inhabitants
of one water supplier should be counted to the administrative unit where the water
supplier is located (‘Standortprinzip’) or whether the first residence of the inhabitants
should be crucial for the count (‘Wohnortprinzip’). Depending on the selected principle,
the resulting PCPWS differs. The difference is higher if the considered region is smaller
and intersected administrative borders increase and if the water suppliers are bigger and
more branched. On the scale of German ‘Bundesländer’ many coordination activities and
corrections are necessary in order to diminish data errors resulting from exchange of
drinking water over borders.

The problem of data transformation from administrative units to catchment areas is
described under 10.2.1.
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10.3 Conclusions

For river basin management socio-economic data are of particular importance on the one
hand for the identification of significant pressures on ground- and surface water and on
the other hand for judging the impacts of river basin management measures on society.
The WFD explicitly asks for an economic analysis of the river basin as an information
base for both fields. In this chapter we described the uncertainty related to socioeconomic
data for the characterization of river basins. Out of the large variety we selected for each
of the categories ‘population’, ‘general economic structure’ and ‘water sector’ as typical
variables for a deeper discussion. Although the calculation methods are well established
no quantitative information of the uncertainties (ranges, uncertainty distributions) could be
found in the literature. This does not mean that there is no awareness of the uncertainties.
Our investigations showed that several sources for uncertainties for each variable are
well known. One could speculate whether the quantification of uncertainties is
theoretically or practically problematic or not profitable.

A common source of uncertainty for all socioeconomic data is the mismatch of
administrative units and river basins. Socio-economic data are generally collected for
administrative units. If the variables are related to river basins the figures need to be
recalculated.

In summary, it can be stated that the efforts to produce accurate economic data are
enormous but the knowledge and awareness of the remaining uncertainties is generally
little. Despite of the lack of knowledge and awareness about uncertainty in socio-
economic data and their sources we judge the consideration of these uncertainties in river
basin management as highly relevant. On the basis of our investigations and our
experience, we expect that it will be difficult to reach a meaningful quantification of many
of these uncertainties. Methods for the systematic collection of qualitative information on
uncertainties as well as strategies to deal with qualitative statements about uncertainties
are urgently needed.
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