
A Comparative Analysis of Water Governance, Water
Management, and Environmental Performance
in River Basins

Christian Knieper1 & Claudia Pahl-Wostl1

Received: 3 September 2015 /Accepted: 25 February 2016 /
Published online: 5 March 2016
# Springer Science+Business Media Dordrecht 2016

Abstract River ecosystems are facing a diversity of threats in many parts of the world. To
restore and preserve riverine environments, human societies have established water gover-
nance and management responses. However, the means by which a satisfactory environmental
state can be achieved in light of different regional contexts is still poorly understood. This
article explores whether or not good environmental performance can be achieved through
water governance and management in combination with further context factors. To this end,
we applied fuzzy set Qualitative Comparative Analysis to examine data on water governance,
water management, and environmental performance from a recent international study together
with context data on per capita income, corruption, hydro-climate, and use pressure from other
datasets. Results demonstrate that the combination of polycentric governance, high per capita
income, and low levels of corruption is sufficient for achieving good water management
practice. However, a good environmental state in river basins seems to primarily depend upon
the overall level of pressure from human use rather than the quality of water management. This
demonstrates that water governance and management should be seen as part of a broader
societal transformation towards sustainability that focusses on a reduction of pressures in river
basins instead of mitigating their impacts.

Keywords Polycentric water governance .Watermanagement . Fuzzy set Qualitative
Comparative Analysis (fsQCA) . River basins . Environmental state

Water Resour Manage (2016) 30:2161–2177
DOI 10.1007/s11269-016-1276-z

Electronic supplementary material The online version of this article (doi:10.1007/s11269-016-1276-z)
contains supplementary material, which is available to authorized users.

* Christian Knieper
cknieper@uos.de

1 Institute of Environmental Systems Research, Osnabrück University, 49069 Osnabrück, Germany

http://crossmark.crossref.org/dialog/?doi=10.1007/s11269-016-1276-z&domain=pdf
http://dx.doi.org/10.1007/s11269-016-1276-z


1 Introduction

Rivers provide diverse benefits to humans. But whereas societies benefit from rivers immea-
surably (Karr 1999), riverine ecosystems globally have been suffering from the growing
intensity of human use. Excessive use of water resources has resulted in a significantly reduced
capacity of freshwater ecosystems to sustain environmental services in many parts of the world
(Vörösmarty et al. 2005). According to Naiman and Dudgeon (2011), freshwater ecosystems
seem to be the most endangered ecosystems of the world. As pressures on water resources are
likely to intensify in the near future, freshwater ecosystems are expected to face further
deterioration at local and regional scales, with much of this being irreversible (Malmqvist
and Rundle 2002).

In light of multiple threats to rivers, human societies have established water management
provisions to protect water resources. Water management is an interdisciplinary, multi-sectorial
field (Grigg 2015). It encompasses the Bactivities of analyzing and monitoring, developing and
implementing measures to keep the state of a water resource within desirable bounds^ (Pahl-
Wostl et al. 2012: 25). This has led to improvements in some basins. For example, EEA (2015:
67) states that BEurope’s waters are much cleaner than they were 25 years ago^. Nevertheless,
Vörösmarty et al. (2010) reveal that river biodiversity remains highly threatened and criticize
wealthy countries for treating symptoms instead of addressing underlying causes. Gupta et al.
(2013: 2) doubt that water management can be effective in isolation, emphasizing that Bthe
drivers of water use and abuse are mostly external forces, over which water managers have
little, if any, control, whereas the environment within which they operate is influenced by
decisions that are made in other public, private, and civil sectors^. To address this challenge,
the concepts of Integrated Water Resources Management and the Water-Energy-Food Nexus
demand a better integration of water management and other societal sectors (Benson et al.
2015).

The rules under which management operates are established by water governance (Pahl-
Wostl et al. 2012), which Btakes into account the different actors and networks that help
formulate and implement water policy^ (ibid.: 25). The Global Water Partnership defines water
governance as Bthe range of political, social, economic and administrative systems that are in
place to develop and manage water resources, and the delivery of water services, at different
levels of society^ (Rogers and Hall 2003: 16). Evidence suggests that certain water governance
attributes, such as a polycentric architecture of the governance system, may contribute to the
reconciliation of human and environmental water needs (Pahl-Wostl et al. 2013). Bucknall
et al. (2006: 20) state that Bgood governance is an essential aspect of effective water resource
management^. Yet, previous research has provided little empirical evidence of the level of
success of different resource governance strategies based on comparative analyses of suffi-
ciently large, international samples of case studies (Kenward et al. 2011).

The European Twin2Go project has contributed to closing this research gap by performing
a comparative analysis of 29 case studies to identify links between water governance, the
societal and hydro-climatic context and measures of performance (Pahl-Wostl et al. 2012). The
study found governance and context factors that are conducive to climate change adaptation
and other performance measures, but it could not identify clear links between water gover-
nance characteristics and the state of the environment. In fact, it revealed that several river
basins with a rather good environmental state are located in areas with poor governance. This
observation was confirmed by the Transboundary Waters Assessment Programme (TWAP),
which found that river basins with a good ecosystem state also tend to exhibit limited

2162 C. Knieper, C. Pahl-Wostl



governance arrangements (de Sherbinin et al. forthcoming). This does not imply a causal link
between poor water governance and a good state of the environment. Instead, it reflects the
phenomenon that often both coincide in areas with few pressures on water resources. Conse-
quently, any study of potential relationships between water governance and the environmental
state of rivers requires an approach that is sensitive to the specific set of regional context
factors.

In this paper, we present a study that builds on the Twin2Go dataset. It explores potential
links between water governance and management and environmental performance in light of
different context factors.1 In doing so, we test two hypotheses:

1. Polycentric governance, in combination with further context factors, leads to good water
management practice.

2. Good water management, in combination with further context factors, is associated with a
good environmental state in river basins.

Drawing on an international dataset that is large enough for deriving general insights, our
comparative analysis adds context factors not included in the Twin2Go study. It applies a
methodological approach that allows identifying effects that only unfold if different factors
combine. This represents a novel contribution to water governance research.

This article is structured as follows. Section 2 presents the study’s methodology. Section 3
documents results of the analyses. In section 4, we discuss how far the hypotheses have been
verified or contradicted, outline implications for water governance research and policy, and
discuss one limitation of the analysis.

2 Methods

2.1 Methodological Approach

As the Twin2Go study has shown, a comparative analysis of potential relationships among
water governance, water management, and environmental performance must consider the
influence of context factors. In this respect, Qualitative Comparative Analysis (QCA)2 is an
appropriate methodological approach, because it addresses causal complexity. Causal com-
plexity acknowledges three basic traits of many real-world phenomena: (1) conjunctural
causation, i.e. the effect of a factor unfolds only in combination with other factors, (2)
equifinality, i.e. different paths can be associated with the same outcome, and (3) asymmetric
causation, i.e. the presence of a path leading to an outcome does not imply that the negated
path is associated with the negated outcome (Schneider and Wagemann 2012). QCA addresses
causal complexity by searching for conditions or combinations thereof that are necessary or
sufficient for an outcome of interest (Berg-Schlosser et al. 2009). Necessity refers to a
condition (set) that is always present when the outcome occurs, whereas sufficiency means

1 In this paper, factors denote real-world phenomena that are supposed to influence other phenomena of interest.
Indicators are measures describing such phenomena quantitatively or qualitatively. Conditions refer to indicators
in an assessment based on Qualitative Comparative Analysis that have been calibrated (see section 2.3). An
‘outcome’ denotes a condition to be explained through Qualitative Comparative Analysis.
2 Cf. Schneider and Wagemann (2012) for a comprehensive description of QCA.
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that the outcome is always present when a specific condition (set) occurs (Rihoux and Ragin
2009).

QCA conceptualizes cases as combinations of conditions. In the original crisp-set variant,
each condition may be either present or absent (represented by a value of 1 or 0, respectively).
This study applies fuzzy set QCA (fsQCA), which allows conditions to be somewhere on a
scale between fully absent and fully present (represented by values between 0 and 1). We
chose fsQCA because many phenomena show gradual manifestations. An fsQCA-based
analysis of necessity assesses to which degree the values associated with the cases for a
particular condition are greater than or equal to the respective outcome value. In an fsQCA-
based evaluation of sufficiency, all cases are first assigned to ideal-typical combinations, so-
called configurations, by changing condition values lower than 0.5 to 0 and values larger than
0.5 to 1. Second, each configuration, the number of cases assigned to it, and consistency
measures (see section 2.5) are documented in a so-called truth table. The researcher defines
thresholds for consistency and the number of cases that determine whether each single
configuration can be regarded as sufficient for the outcome. Third, all configurations fitting
the criteria are merged into a solution term through logical minimization.3

Three kinds of solution terms exist in QCA: complex solution, most parsimonious solution,
and intermediate solution. The former is derived from a truth table without making assump-
tions about configurations not reaching the minimum number of cases, so-called logical
remainders (Schneider and Wagemann 2012). These are not included in logical minimization.
To generate the most parsimonious solution, the outcome values (0 or 1) of logical remainders
are determined in such a way that the resulting solution term comprises the lowest possible
number of conditions and logical operators (Ragin 1987, cited by Schneider and Wagemann
2012). To produce the intermediate solution, logical remainders used to generate the most
parsimonious solution are only considered in logical minimization if their inclusion does not
lead to the loss of conditions assumed by the researcher as plausible contributions to the
outcome (Ragin and Sonnett 2004, cited by Schneider and Wagemann 2012). In our study, we
regard the complex solution as decisive because it builds only on those configurations with
sufficient empirical evidence. Nevertheless, we also present the two other solution types to
show how analysis results change if assumptions are made about the outcomes of logical
remainders. To be treated as a logical remainder, a configuration must have no case with a
membership value above 0.5.

2.2 Data

Our analysis builds on the dataset from the Twin2Go study (Pahl-Wostl et al. 2012), which
comprises cases – domestic river basins and national parts of transboundary basins4 – in
Europe, Africa, Latin America, as well as Central, South, and Southeast Asia. Our analysis
excludes one Twin2Go case, Paute (Ecuador), because of missing data on water management
and environmental performance. The Rio Grande (USA) case was added using the Twin2Go

3 For example, if the configurations^A AND B^ and BA AND NOT B^ are sufficient for an outcome, they will
be merged into BA^, because in order to achieve the outcome it is irrelevant whether condition A is combined
with BB^ or BNOT B^.
4 The spatial focus of the Brahmaputra case is on the Indian state of Assam.
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questionnaire (cf. Pahl-Wostl and Lebel 2010, updated 2011). In total, the dataset consists of
29 cases.

To address the hypotheses, we adopted indicators from the Twin2Go dataset concerning
water governance, water management, and environmental performance (see section 2.2.1).
Furthermore, we adopted context indicators from further datasets after completion of a
literature review (see section 2.2.2).

2.2.1 Indicators on Governance, Management, and Environmental Performance

The original governance analysis (Pahl-Wostl et al. 2012; Pahl-Wostl et al. 2011, updated
2012) focused particularly on polycentric water governance, i.e. the presence of Bmultiple
centers of authority and distribution of power along with effective coordination structures^
(Pahl-Wostl and Knieper 2014: 140). Polycentric governance is considered to be a requirement
for integrated, adaptive water management (Pahl-Wostl 2007). Indeed, polycentricity proved to
be central for explaining the high performance of governance systems in general and with
respect to climate change adaptation in particular (Pahl-Wostl et al. 2012). We kept this
governance focus in our study. The following list shows all indicators from the Twin2Go
dataset that were adopted as conditions in our QCA analyses (numbers in parentheses reflect
indicator numbers in the Twin2Go questionnaire).

1. Water governance: Polycentricity (Pahl-Wostl and Knieper 2014)

& Integration of domestic water legislation (5)
& Distribution of functions, responsibilities and authority (6)
& Vertical coordination between government authorities (34)
& Horizontal coordination between government authorities (35)
& Involvement of local governments (36)
& Degree of centralization (40)
& Technical capacity and economies of scale (41)

2. Water management

& Response to water pollution incidents (93)
& Comprehensiveness of water quality monitoring (94)
& Presence of sound hydro-meteorological monitoring (95)
& Understanding of groundwater resources (96)

3. Environmental performance

& Aquatic biodiversity (87)
& Surface and groundwater quality (89)

2.2.2 Context Factors

We conducted a literature review to identify relevant context factors and operationalized these
factors based on geographic information system (GIS) datasets and international data
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collections. Where such data sources contained data for several years, we adopted the values
for 2010 because the Twin2Go data were collected in that year. We performed all GIS
operations with ArcGIS 10. Cases were delineated based on spatial datasets covering river
(sub-) basins [BHydroSHEDS^ provided by USGS (2013), BHYDRO1k^ provided by UNEP
(2006a)] and administrative borders [BAdministrative Boundaries - First Level (ESRI)^
provided by UNEP (2006b)]. For the Raidak catchment, we adopted a shapefile from the
European Brahmatwinn project, provided to Twin2Go. To receive more accurate spatial
delineations, we made manual corrections where appropriate. In the case of the Inner Niger
Delta, we delineated the whole case manually. GIS operations requiring equal-area property
were performed using the sinusoidal projection.

In this section, the context factors identified and their operationalization are described.
Many authors regard agriculture, especially intensive agriculture, as a key factor placing

pressure on water resources and related ecosystems (Vörösmarty et al. 2010; Revenga et al.
2000, 2005; UNEP 2006c; Harding et al. 1998). Wasson et al. (2010) state that various studies
found relationships between the intensity of agriculture or the proportion of agricultural land in
a river basin and biological indices. According to Allan (2004), many studies demonstrate that
agricultural land use is associated with a decline in habitat, water quality, and biological
assemblage, and some studies suggest that the impact of pasture farming is less than that of
intensive cultivation. To represent intensive cultivation we made use of BGlobal Land Cover
2000^ data (GVM and JRC 2004), a GIS dataset on land cover in 2000. We calculated the
spatial proportion of the land cover class BCultivated and managed areas^ for all cases.

The concentration of human population represents another relevant context factor.
Vörösmarty et al. (2010) find that aquatic biodiversity is particularly threatened in areas with
high settlement density. Urban centers have a disproportionate impact on rivers (Paul and
Meyer 2001, cited by Allan 2004). Based on a global analysis, Esty et al. (2005) conclude that
low population density is a critical factor shaping environmental performance in a broader
sense. To operationalize the concentration of human population, we derived population density
values from a GIS dataset by CIESIN et al. (2005), which provides the projected population in
2010.

The pressure on ecosystems also depends on economic development. Morse (2006) finds
that most pressure indicators underlying the Environmental Sustainability Index worsen with
increasing per capita income. Lawford et al. (2013) observe that experts perceive regional and
economic development as a main factor impacting water quality and quantity across various
river basins. According to the impair-then-repair concept, the deterioration of aquatic ecosys-
tems is a Bbyproduct of economic development^ (Vörösmarty et al. 2013: 543). To
operationalize economic development, we adopted the purchase-power-corrected Gross Na-
tional Income per capita at the country-level in 2010 as provided by the World Bank (2014).

Modified flow regimes can severely impair river ecosystems. Allan and Johnson (1997:
110) point out that Baltered hydrology is a particularly important and far-reaching indicator of
human interference with natural ecosystem function^. In a global assessment on transboundary
water bodies, UNEP (2006c) concludes that the anthropogenic modification of flow regimes
represents the most severe interference affecting freshwater ecosystems. Poff and Zimmerman
(2010) demonstrate in their comprehensive review that ecosystem responses to various types
of flow alteration are almost always negative. To operationalize flow regime modification, we
built on the indicator BEnvironmental Stress induced by Flow Regime Alterations^ (Flörke
et al. forthcoming). It measures the modification of monthly flow magnitudes and their
respective inter-annual variability during the period 1971–2000. For our study, the author of
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the indicator extended the original GIS dataset. This allowed us to calculate average flow
modification values.

The hydro-climatic context matters as well. Grey and Sadoff (2007) point out that the natural
hydrology – in terms of absolute water availability, temporal variability, and spatial distribution –
is an outstanding factor for the achievement of water security for ecosystems and human beings.
Threats to water quality tend to be particularly severe in water-scarce areas due to the lower
capacity to dilute pollution (Revenga et al. 2000; Finlayson et al. 2005). To represent the hydro-
climatic context, we made use of two GIS datasets. To assess the degree of aridity, we calculated
average values of the Climate Moisture Index from a global GIS dataset provided by UNESCO
(n.d.). Average flow variability was calculated based on another GIS 5dataset: the coefficient of
variation of annual flow for the period 1971–2000 (with each water year beginning October 1
and ending September 30) taking into account human water use and dam management. This
dataset had been computed by the University of Kassel, using the global hydrological model
WaterGAP 2.2 [cf. Müller Schmied et al. (2014) for a documentation of WaterGAP 2.2].

We also searched for factors with an indirect effect on environmental performance through
their influence on the effectiveness of water management and governance. Morse (2006) finds
a negative relationship between corruption and environmental governance and management
response indicators. According to Welsch (2004), empirical evidence has suggested that
corruption is a major cause of environmental decline, even though he points out that the total
effect of corruption cannot be predicted. Esty et al. (2005) state that the absence of corruption
is one of the critical factors shaping environmental performance. To operationalize the extent
of corruption, we adopted country values of the Corruption Perceptions Index in 2010 from
Transparency International (2010).

Governance and management effectiveness is also influenced by per capita income. Morse
(2006) detects a positive relationship of average income with indicators for environmental
governance and management response. Welsch (2004) points out that a range of studies show a
negative relationship between income and pollution or an initial positive trend that turns into a
negative relationship at a certain point. He states that this reduction of pollution is frequently
interpreted as a response to requests by the population to improve the non-material standard of
living, which occur after reaching a certain level of prosperity. Grey and Sadoff (2007) argue
that a balance of investments in regulation and infrastructure is necessary for effective water
management. Infrastructure requires funding, which is easier to provide in high-income
countries. To operationalize income, we took the same dataset on Gross National Income
per capita as for economic development.

Table A1 in the Online Resource shows all indicator values prior to data calibration, which
is described in the following section.

2.3 Data Calibration

Data in an fsQCA-based assessment must be calibrated to fit in a data range from 0 to 1: For
each indicator, the researcher defines non-membership and full membership and then decides
how to assign values between these opposed states. Mathematical functions or classification
rules serve to transform original values to fsQCA values. As cases with a value of 0.5 for one
or more conditions cannot be assigned to a configuration (Ragin 2009), we ensured that this

5 Although the calculation required equal-area property, we did not transform the GIS dataset to the sinusoidal
projection because the dataset's projection (world cylindrical equal area) is an equal area projection as well.
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value was not assigned for any case. The calibration rules applied in our study reflect our
assessment of the degree to which the original values are closer to a completely favorable or
completely unfavorable manifestation of an indicator (represented by fsQCAvalues of 1 and 0,
respectively). Although we performed the calibration carefully, it is impossible to avoid some
degree of arbitrariness (Skaaning 2011) in this step. We acknowledge this issue by
documenting the calibration rules for governance, management, and performance indicators
in Table A2 of the Online Resource and those for context indicators in Table A3. Table A4 lists
the calibrated values for all conditions prior to aggregation, which we describe in the following
section.

2.4 Aggregation of Conditions

The number of conditions in a QCA analysis should be limited because a large number
increases the probability that a given configuration of conditions is not represented by cases or
cannot be interpreted meaningfully (Amenta and Poulsen 1994). We decided not to include
more than four conditions in each single analysis of sufficiency other than the outcome. With
four conditions and 29 cases all configurations can, at least theoretically, be represented by at
least one case. To reduce conditions, we aggregated conditions referring to a common topic,
such as water management. Aggregating conditions also increases the robustness with regard
to the Twin2Go indicators (Pahl-Wostl et al. 2012).

We aggregated all underlying conditions for water management (MNGT), polycentric
governance (POLY), environmental performance (ENV), use pressure (USE), and hydro-
climatic context (HYDRO), respectively. Following Langhans et al. (2014), we added the
arithmetic mean and the minimum of related conditions and divided the sum by two. The
condition derived from Twin2Go indicator 93 received a double weight in the calculation
of the arithmetic mean component of the MNGT aggregation because we regard the
capacity to cope with pollution incidents as a particularly important aspect of water
management. Regarding the POLY aggregation, we first calculated arithmetic means for
the sub-dimensions distribution of power (based on the conditions derived from Twin2Go
indicators 6, 40, and 41, with indicator 40 being double-weighted), vertical coordination
(based on the conditions derived from indicators 34 and 36), and horizontal coordination
(based on the conditions derived from indicators 5 and 35). This corresponds with the
procedure applied by Pahl-Wostl and Knieper (2014). We then merged these sub-
dimensions according to the procedure described above to calculate an overall POLY
value. The interim step became necessary to avoid a dominance of low values for the
POLY aggregation, which would otherwise have occurred since most of the cases have a
value of 0 for at least one condition.

The values of all aggregations and the calibrated values for per capita income (GNI) and
corruption (CORR) make up the dataset for the fsQCA assessment. Table A5 in the Online
Resource documents the dataset.

2.5 Measures of Fit

To assess whether single conditions or combinations are necessary or sufficient for an
outcome, we calculated measures of fit. Two types of measures exist. Consistency assesses
the degree to which a condition (set) X is necessary or sufficient for an outcome Y. Coverage
indicates the empirical relevance of a condition (set) identified as necessary or sufficient.
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2.5.1 Necessity

An fsQCA assessment of necessity investigates the extent to which the membership in a
condition X is larger or equal to the respective membership in the outcome Y across all cases.
This can be calculated through the consistency measure for necessity (Ragin 2006):

Consistency Y i≤X ið Þ ¼ ∑ min X i; Y ið Þð Þ=∑ Y ið Þ

We followed Skaaning (2011), who recommends a high consistency threshold, such as 0.9,
in the analysis of necessary conditions.

It may happen that a condition necessary for an outcome also tends to occur when the
outcome is absent. According to Ragin (2006), such a necessary condition has little relevance.
To determine the degree of relevance of a necessary condition, he proposes the following
coverage measure:

Coverage Y i≤ X ið Þ ¼
X

min X i; Y ið Þð Þ=
X

X ið Þ

2.5.2 Sufficiency

Regarding sufficiency, an fsQCA assessment investigates the extent to which the membership
in a condition (set) X is smaller or equal to the respective membership in the outcome Yacross
all cases. This is evaluated through the consistency measure for sufficiency (Ragin 2006):

Consistency X i≤ Y ið Þ ¼
X

min X i; Y ið Þð Þ=
X

X ið Þ

As a threshold value of 0.8 or higher is commonly recommended (Ragin 2009), we adopted
0.8 as consistency threshold for sufficiency.

Cooper and Glaesser (2011) point to a weakness of this consistency measure. Cases with
low membership values can lead to the paradoxical situation that it indicates sufficiency both
for the outcome Y and its negation ~Y. As an alternative measure, they suggest the Propor-
tional Reduction of Inconsistency (PRI) consistency, which is calculated as follows (Schneider
and Wagemann 2012):

PRI Consistency ¼ ∑ min X i; Y ið Þð Þ–∑ min X i; Y i;eY i

� �� �h i .
∑ X ið Þ–∑ min X i; Y i;eY i

� �� �h i

No established PRI consistency threshold exists so far. We followed Pahl-Wostl and
Knieper (2014), who apply a threshold of 0.7.

The empirical importance of a sufficient condition (set) can be assessed by expressing how
much of the total outcome it covers (Schneider and Wagemann 2012). To this end, Ragin
(2006) suggests the following coverage measure for sufficiency:

Coverage X i≤Y ið Þ ¼
X

min X i; Y ið Þð Þ=
X

Y ið Þ

Having documented the measures of fit, we now describe the models that will be tested to
examine the hypotheses presented in the introduction.
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2.6 Models to be Tested

We tested for each single condition and its negationwhether it is necessary for the outcome.We also
performed two analyses of sufficiency. First, we tested whether good management practice results
from the interplay of income, corruption, polycentric water governance, and use pressure:

MNGT ¼ f GNI ;CORR;POLY ;USEð Þ
We then addressed the question of whether water management in combination with use

pressure and hydro-climatic context can account for good environmental conditions in river
basins:

ENV ¼ f HYDRO;USE;MNGTð Þ
We performed the analyses with the software fs/QCA 2.5 (Ragin et al. 2009).

3 Results

3.1 Good Water Management Practice

We first addressed the question of how good water management practice can be achieved. A
test for necessity revealed that no condition or its negation passes the consistency threshold of
0.9, even though GNI and ~USE show relatively high values of 0.894 and 0.890, respectively
(with coverages of 0.765 and 0.614). This indicates that areas with good water management
practice also tend to exhibit high average income and use pressure, but we cannot regard those
two conditions as necessary according to the strict threshold proposed by Skaaning (2011).

A test for sufficiency reveals that only the configuration GNI*CORR*POLY*~USE passes
the thresholds for consistency and PRI consistency (cf. Table A6 in the Online Resource). The
complex solution term6 is therefore:

GNI*CORR*POLY*eUSE→MNGT

According to the solution term, polycentric governance in combination with high per capita
income, little corruption, and high use pressure is sufficient for good management practice. The
solution term’s consistency (0.884) and PRI consistency (0.742) are high. Its mediocre coverage
(0.672) indicates that it covers most of the outcome, but a distinct proportion cannot be explained
with the conditions in this analysis. In total, six cases from Europe and North America have a
membership value above 0.5 in the solution term: Rhine (Netherlands), Thames (UK), Rio Grande
(USA), Norrström (Sweden), Upper Guadiana (Spain), and Elbe (Germany).

Thepresenceofhighusepressure inthesolutiontermsuggests thatsocietiestendtoestablishwater
managementasaresponsetoexistingthreats.Thissuppositionissupportedbythefact thatnoneof the
eight cases in our sample with low use pressure also exhibits good water management practice.
However,Fig. 1demonstrates that all casescharacterizedbyhighper capita income, little corruption,
and polycentric governance (GNI*CORR*POLY>0.5) also exhibit high use pressure (USE<0.5).

6 In QCA, an asterisk (*) denotes a logical AND, a plus (+) a logical OR, and a tilde (~) a logical NOT. An arrow
to the right (→) signifies Bis/are sufficient for .̂
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So, thequestionariseswhetherhighusepressure is reallyanessentialcomponentof thesolution term.
To answer this question,we repeated the test for sufficiencywithout theUSEcondition. TableA7 in
the Online Resource is the corresponding truth table.

Only the configuration GNI*CORR*POLY passes the threshold both for consistency and
PRI consistency (cf. Table A7). Consequently, the solution term is:

GNI*CORR*POLY→MNGT

Consistency (0.884) and PRI consistency (0.742) of the simplified complex solution term
correspond to those of the original term. This demonstrates that the simplified solution termwithout
~USE explains the outcome equally well. One should however keep in mind that high use pressure
apparentlyrepresentsanaccompanyingconditionincaseswithhighaverageincome,littlecorruption,
andpolycentricwatergovernance.Coverageof the simplified solution (0.690)has slightly increased.

The intermediate solution, based on the assumptions that GNI, CORR, POLY, and ~USE
contribute to MNGT, corresponds to the unsimplified complex solution. By contrast, the most
parsimonious solution conforms to the simplified complex solution.7 The fact that the

Fig. 1 Distribution of cases according to their values for USE and GNI*CORR*POLY. Please note that
USE> 0.5 reflects rather low levels of use pressure. Black squares depict cases with MNGT> 0.5 (good water
management). In the lower left quadrant, each of the two larger squares indicates two cases with almost identical
positions. The grey square indicates a case with good and another one with poor management practice

7 Logical minimization allows an alternative most parsimonious solution, CORR*POLY*~USE. It results from
the inclusion of the logical remainder ~GNI*CORR *POLY* ~USE instead of GNI*CORR*POLY*USE.
However, the alternative solution does not pass the PRI consistency threshold and is therefore not considered
here.
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generation of the intermediate and the most parsimonious solution does not bring about a
consistent, qualitatively different term supports the result that polycentric governance with
high per capita income and little corruption is sufficient for good management practice and that
this combination of conditions tends to be accompanied by high use pressure.

3.2 Good Environmental Performance

Wenowturn to thequestionhowgoodenvironmental performancecanbeachieved.Noconditionor
its negation passes the consistency threshold for necessity. Testing for sufficiency reveals that the
configurations ~HYDRO*USE*~MNGT and HYDRO*USE*~MNGT pass the thresholds for
consistency andPRI consistency (cf. TableA8 in theOnlineResource). They are therefore included
in logical minimization, resulting in the complex solution term:

USE*eMNGT→ENV

According to the solution term, low use pressure with poor management practice is
sufficient for a good environmental state in river basins. Its consistency (0.894) and PRI
consistency (0.756) are high. However, its mediocre coverage (0.594) indicates that a consid-
erable part of the outcome remains unexplained on the basis of the conditions included in the
analysis. Cases reflecting these characteristics are located in Latin America, Africa, and South
Asia: Inner Niger Delta (Mali), Raidak (Bhutan), Okavango (Namibia), Catamayo/Chira
(Ecuador), Lake Cocibolca (Nicaragua), Baker (Chile), Cuareim/Quarai (Brazil), and
Cuareim/Quarai (Uruguay).

Whereas low use pressure seems obvious for the explanation of good environmental
performance, the combination with poor management practice is astonishing at first sight.
But again, one has to consider the distribution of cases: All cases in the sample with low use
pressure also exhibit rather poor management practice. Figure 2 shows the distribution of cases
according to their USE and MNGT values. Whereas all cases but one in the lower right
quadrant representing USE*~MNGTare associated with good environmental performance, the
quadrant representing USE*MNGT is empty. The diagram also shows that several cases with
good performance are located in the left quadrants representing ~USE. This is consistent with
the mediocre coverage value of the solution term, which indicates that several cases exhibit
good environmental performance even though they do not follow the path USE*~MNGT.

To verify our supposition that use pressure is the decisive condition in the solution
term above, we tested whether USE on its own is sufficient for good environmental
performance. As only USE passes both thresholds (cf. Table A9 in the Online
Resource), the solution term is:

USE→ENV

The simplified complex solution’s consistency (0.891) and PRI consistency (0.738) are
only slightly below those of the original solution term. Its coverage increases to 0.670. The
higher but still mediocre value shows that a considerable part of the outcome needs to be
explained through further conditions not included in this analysis.
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The test confirms our supposition that the solution term USE*~MNGT→ENV can be
simplified to USE→ENV. Low use pressure alone is sufficient for good environmental
performance, even though it tends to be accompanied by poor water management practice.
But one should refrain from regarding the latter as a causal condition.

Both the intermediate solution, based on the assumption that HYDRO, USE, and MNGT
contribute to ENV, and the most parsimonious solution consist of the USE condition only. This
supports the result that low use pressure in itself is sufficient for good environmental
performance.

4 Discussion and Conclusions

Whatdotheresults implywithrespect toourhypotheses?Regardingthefirsthypothesis,ouranalyses
confirm that polycentric governance in combinationwith further context factors (viz. highper capita
income and little corruption) leads to goodwater management practice. But is good water manage-
ment in combination with further context factors associated with a good environmental state, as the
second hypothesis suggests?According to our analyses, this is not automatically the case.As can be
seen from theNorrström,Volga,UpperGuadiana,RioGrande, andBangPakong cases, rather good
management practice (as indicated by values above 0.5) does not have to go hand in handwith high
environmentalperformance(cf.TableA5). Instead,ouranalysesshowthata lowlevelofusepressure
is sufficient for agoodstateof the riverineenvironment.This is particularly evident in theOkavango,
Inner Niger Delta, and Raidak cases. Here, water management practice exhibits low values, but the

Fig. 2 Distribution of cases according to their USE and MNGT values. Black squares depict cases with
ENV> 0.5 (good environmental state). The larger square in the upper left quadrant marks two cases with almost
identical positions
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environmental state is rathergood in lightof lowusepressure.AcoupleofLatinAmericancases,viz.
Catamayo/Chira(Ecuador),Cuareim/Quarai(bothBrazilandUruguay),andBaker,showthispattern
as well, even though use pressure is not as low as in the three former cases.

It is a significant result of the analysis that low use pressure plays a decisive role for
achieving a good environmental state. This supports a TWAP finding according to which most
river basins facing little degradation are characterized by a low level of human pressures (de
Sherbinin et al. forthcoming). Contrary to our expectation, good water management – on its
own or with further conditions – does not automatically bring about a good overall state of the
river environment. However, water management is not futile. As mentioned in the introduc-
tion, BEurope’s waters are much cleaner than they were 25 years ago^ (EEA 2015: 67).
However, only 53 % of all surface water bodies are expected to reach good ecological status by
2015 as demanded by the European Water Framework Directive (EEA 2015). For comparative
analyses of water governance and management, this implies that environmental performance
should be defined in a relative manner, i.e. as the degree of improvement or deterioration of the
environmental state, along with adequate consideration of pressures. Otherwise, there is a risk
of disregarding the successes of water management efforts.

For water policy, the significant role of use pressure implies that reaching a good state
of rivers is a long-term process that needs to be part of a wider societal transformation that
involves addressing pressures and their sources instead of merely treating symptoms. In
light of historical legacies, such as morphologic modification of rivers and unsustainable
patterns in agricultural or other economic sectors, this is a tremendous challenge. There-
fore, one needs to acknowledge that a certain level of pressure will remain in the longer
term, especially in populous regions. Defining achievable environmental targets will
require compromises among diverse interests, which need to be negotiated with the
involvement of a range of water users. Regarding rivers with a rather good environmental
state, our study suggests that preventing the growth of pressures will be more effective
than creating sophisticated management responses. This insight is in particular relevant
for developing countries and emerging economies where some river basins are still in a
relatively good environmental state, but increasing pressure is expected due to population
growth or economic development.

A limitation of our analyses of sufficiency is that significant proportions of the
outcomes cannot be explained with the few conditions in this study, as indicated by
the coverage values. Regarding water management, the Upper Cauca, Bang Pakong,
Volga, and Tisza cases show rather good practice although they do not follow the
solution path identified. With respect to the environmental state, the situation is even
more pronounced: Nine cases show rather good environmental performance even
though they deviate from the solution term. Among these cases, the Rhine, Elbe,
and Thames cases are remarkable since they face very high use pressure. Perhaps
their relatively high environmental performance is facilitated through advanced water
management activities. But if so, it remains unclear why the Norrström, Bang Pakong
and Volga cases reveal lower environmental performance, although they are similar in
terms of use pressure and management practice. Future studies may lead to more
differentiated insights into additional successful paths towards good water management
and good environmental performance on the basis of further indicators. It may be
instructive to compare a small sub-set of those cases in qualitative in-depth analyses
that are similar in the values of their conditions but different regarding management
or environmental performance.
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