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ABSTRACT
River Basin Management Planning (RBMP) and Strategic Environmental Assessment (SEA) 
processes often rely on the use of indicators to assess the sustainability of planning options, to 
communicate with stakeholders and to support decision-making. The aim of this research was 
to investigate the adoption of indicators to support these processes and to analyse indicators 
integration between them. A conceptual framework was adopted to support a qualitative 
content analysis of the Portuguese RBMP and corresponding SEA reports. The main findings 
showed that indicators are generally used in SEA and planning reports. The analysed documents 
used a large number of indicators, mostly quantitative, and adopted very different approaches 
for their organization, selection and validation. Usually no participatory process was used in 
this context. The research supported the identification of areas for improvement, such as the 
need to promote a stronger stakeholder engagement in the indicator development process, the 
relevance of using standardized cross-cutting indicators and the call for the identification of a 
set of critical indicators to be used in both processes.

1.  Introduction

Water resources are one of the most significant drivers 
of human development (Gleick 2014). Socio-economic 
development, population growth and climate change 
determine the diverse levels of water use around the 
world and establish increasing pressures on water 
resources (Gleick 2003). Consequently, these problems 
have resulted in the need to implement major policy 
reforms at all levels of decision-making (Savenije and 
Van der Zaag 2008). In this context, integrated water 
resources management, framed as an overall policy, is 
becoming increasingly relevant and is often supported 
by public participation and sustainability-oriented 
approaches, while envisaging socio-economic develop-
ment, physical planning and environmental protection 
(Savenije and Van der Zaag 2008).

Emerging water challenges are acknowledged world-
wide and have triggered governments to re-evaluate 
their outlook on water management (Christian-Smith et 
al. 2012). In past decades, many countries have promoted 
innovative water policies and associated assessment pro-
cesses (Antunes et al. 2009). In the European Union, an 
ambitious legal framework to support water policy was 
established by the Water Framework Directive (WFD), 

which introduced, among others, the preparation of river 
basin management plans for the main river basins in the 
European Union (European Parliament 2000).

Water resources planning is also framed by another 
relevant environmental policy instrument, Strategic 
Environmental Assessment (SEA). The purpose of SEA 
is to ensure that environmental considerations are fully 
represented and considered in decision-making pro-
cesses for new plans, policies and programmes (Fischer 
2003; Therivel 2004; van-Doren et al. 2013). The SEA pro-
cess in the European context is framed by the European 
Directive 2001/42/EC.

The two directives (WFD and SEA) have different yet 
complementary functions, and they can have synergis-
tic effects (Carter and Howe 2006; Larsen and Kørnøv 
2009). The two instruments share important require-
ments, namely, in terms of data collection, evaluation 
of alternatives and options, assessment of policies, sug-
gestions for mitigation actions, development of monitor-
ing procedures, and the implementation of appropriate 
consultation and public participation processes. Carter 
and Howe (2006) highlight the benefits of exploring the 
relationship between the WFD and SEA Directives in the 
context of encouraging the sustainable use and manage-
ment of water resources.
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2004; Wong 2005) and its availability, accuracy and valid-
ity. The entities that supply data are also considered by 
Wong (2005) as important factors in indicator construc-
tion, selection and updating. Documentation and techni-
cal notes related to the construction or selection of each 
indicator should be made available to interested parties 
to provide a better understanding of their meaning and 
to enable the assessment of data availability, as well as 
the costs incurred to update the indicators (European 
Environment Agency 2005; Donnelly et al. 2007).

Regarding the use of indicators in the planning and 
SEA processes, Donnelly et al. (2007) and Gao et al. (2010) 
note that the number of studies focused on indicators in 
the SEA process is limited, and they encourage research 
aimed at identifying and assessing the potential of indi-
cators to support planning, assessment, decision-mak-
ing and monitoring. Cloquell-Ballester et al. (2006) report 
that it is not usually possible to use a set of existing indi-
cators to support planning and SEA processes for all pur-
poses. In line with this argument, Donnelly et al. (2008) 
emphasize the need to establish appropriate indicators 
that do not only fit the specific goals of each intervention 
but also communicate complex phenomena in a simple 
manner, enabling stakeholders to develop an informed 
opinion. Carefully selected indicators provide a mecha-
nism to control whether the objectives and targets are 
attained and thus facilitate monitoring of the environ-
mental impacts of plan implementation (Donnelly et al. 
2006a; d’Auria and Cinnéide 2009). d’Auria and Cinnéide 
(2009) also stress that robust indicators provide an 
opportunity to identify appropriate stakeholders, check 
the accessibility and quality of data, evaluate alterna-
tives and their potential impacts, identify conflicts and 
determine a set of appropriate methods and techniques 
to address significant environmental issues in the area 
of the plan. They also note that numerous lists of pre-se-
lected indicators may be useful but may also restrict and 
influence planning and SEA professionals and prevent 
the development of tailor-made approaches.

Donnelly et al. (2007) state, as advocated above by 
other specialists, that the selection and development of 
indicators to support the planning and SEA processes 
should be based on a set of fundamental criteria to 
ensure that indicators perform the functions for which 
they were created and do not produce a biased analysis 
of the results. In addition, by standardizing the criteria, 
the indicator selection process should be more stream-
lined, costs should be reduced, duplication of effort 
should be minimized and consistency ensured, increas-
ing the benefits of indicators.

In this context, where the use of indicators in planning 
and SEA is still underexplored, as discussed above, the 
research described in this paper was mainly focused on 
studying the adoption of indicators for the planning of 
water resources and associated SEA processes, as well 
as on the analysis of indicator integration between both 
processes. The specific objectives of this research are 

Indicators are often considered a key element to sup-
port both SEA and planning processes (Donnelly et al. 
2007; Garfì and Ferrer-Martí 2011). Indicators are special 
signs that communicate value-added messages to stake-
holders in a simplified and useful manner, and they can 
be derived from a single variable to reflect some attribute 
or from an aggregation of several variables (Ramos et 
al. 2004; Ramos and Caeiro 2010). Indicators are used 
for different purposes (Wong 2005; Morse 2013), such as 
collecting, processing and using information. Indicators 
should be developed to add value and to transform infor-
mation into intelligence and to convey messages with 
meaning for political action and for the public (Therivel 
2004; Wong 2005; Donnelly et al. 2007; Gao et al. 2013a). 
When properly developed and used, indicators have the 
potential for effective communication with the general 
public and decision-makers and for supporting informed 
decision-making and guiding policy (Donnelly et al. 2007; 
Niemeijer and de Groot 2008; Mascarenhas et al. 2015). 
According to Wong (2005), the decision-making para-
digm is increasingly strategic and less operational and 
the focus of the indicators to follow this trend has shifted 
from a simple and direct approach to complex meth-
odological models of indicator construction. Indicators 
are also used to measure progress and monitor feed-
back mechanisms (Donnelly et al. 2007; Niemeijer and 
de Groot 2008; Mascarenhas et al. 2015) as they provide 
a platform for involvement, discussion and deliberation 
(Gao et al. 2013b).

Several authors note the need to use criteria for indi-
cator selection (OECD 1993; Ramos et al. 2004; Therivel 
2004; Donnelly et al. 2007; Ramos 2009) and to evalu-
ate the usefulness and robustness of different sets of 
criteria (Mascarenhas et al. 2012, 2015). Niemeijer and 
de Groot (2008) present the importance of using causal-
ity chains of cause and effect as a way to help structure 
and understand reality through the use of indicators. 
Although causal chains are often presented as models 
for selecting indicators, Niemeijer and de Groot (2008) 
report that these structures are often used to promote 
the presentation of indicators rather than to support the 
formal indicator selection process. According to the same 
authors, individual criteria, such as the SMART (specific, 
measurable, relevant and time-bound) model proposed 
by Schomaker (1997) and the model defined by OECD 
(policy relevance, analytical soundness and measurabil-
ity) (OECD 1993), are often used to support the selection 
process. These criteria are tested in each indicator and 
confer crucial characteristics for its particular function in 
the process but do not relate it to the other indicators 
or to the specific context of the evaluation (Niemeijer 
and de Groot 2008). Wong (2005) and Mascarenhas et al. 
(2015) state that isolated indicators are generally pieces 
of information with low added value and do not convey 
meaningful messages.

Other key aspects for the construction and applicabil-
ity of indicators are the type of data used (Ramos et al. 
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threefold: (i) to search for evidence on the use of indi-
cators in water resources planning and SEA processes; 
(ii) to assess whether the use of indicators in water 
resources planning and SEA documents show evidence 
of contribution to crucial functions (characterization and 
evaluation, communication, decision-making and mon-
itoring); (iii) to check the criteria used for selecting and 
developing indicators.

To meet the research aim, a conceptual framework, 
containing the main criteria considered relevant to ana-
lyse the use of indicators in River Basin Management 
Planning (RBMP) and SEA processes, as supported by 
a literature review, was developed. This framework was 
used to conduct a content analysis (CA) of the use of 
indicators in the Portuguese RBMP and SEA reports. 
This analysis was undertaken in the scope of the WFD 
requirements, providing relevant and timely information 
on this matter.

The following sections describe the conceptual frame-
work developed to support the analysis (Section 2), the 
methods upon which that analysis was based (Section 3), 
a discussion of the results (Section 4), and finally the main 
conclusions and recommendations for future develop-
ments (Section 5).

2.  Methods

2.1.  Conceptual framework

The use of a set of indicators is seen as a relevant method-
ology to evaluate the objectives for RBMP as envisaged 
in the WFD, which has been gaining increasing relevance 
(Carter and Howe 2006; Donnelly et al. 2006a; Valenzuela 
Montes and Matarán Ruiz 2008; European Communities 
2009). European and Portuguese legislation does not 
explicitly require the definition and use of indicators 
in planning and SEA processes (European Parliament 
2001). Nevertheless, there are several reference docu-
ments that identify or provide recommendations for the 
use of indicators to support these processes (Therivel 
2004; OECD 2006; Fischer 2007; World Bank 2007, 2011; 
European Communities 2009; Partidário 2012; European 
Commission 2013).

The conceptual framework (Table 1) presents a 
selection of the key aspects and features of indicators, 
as explored by the literature; additionally, it presents a 
set of associated criteria developed for the analysis of 
indicators in planning and SEA processes. This frame-
work is organized around four main clusters of crite-
ria, each one with its own rationale and operational 
coherence.

The four main clusters are the following: (a) 
Organization, selection and validation of indicators; (b) 
Relevance of indicators to promote communication with 
stakeholders and to support decision-making; (c) Basic 
information for indicator construction and updating; and 
(d) Integrating indicators into plans and SEA processes. 
Each group summarizes key aspects and features for 

indicator design and use in planning and related envi-
ronmental assessments (plans and SEA documents). The 
rationale for each criterion is supported by the indicated 
references.

2.2.  Case study

The conceptual framework described in the previous 
section (Table 1) was used to support research of the 
several documents that comprise the RBMP in Portugal 
and the corresponding SEA reports.

The analysed documents (dated from 2012, except 
the Madeira RBMP (RH10), dated from April 2014), 
were prepared under the scope of the current legal 
national and European context (European Parliament 
2000; European Parliament 2001; Lei no 58/2005 2005; 
Portaria 1284/2009 19 de Outubro 2009). The analysed 
plans include the Technical Reports (TR) of the 10 River 
Basin Districts and the River Basin Plan (RBP) of Ribeiras 
do Oeste (RO), as well as the associated SEA main doc-
uments, considered as Supplementary Procedural 
Reports, which comprise the Environmental Report 
(ER), Non-technical Summary (NTS), Public Participation 
Report (PPR) and Decision Making Support Information 
System (DM.SIS). The SEA Scoping Reports (SR) were 
also analysed. The Environmental Statements (ES) were 
not reviewed as they were not available at the time the  
analysis was conducted.

As stated in the WFD, the main spatial unit for river 
basin management is the River Basin District (RBD). Table 
2 presents the structure of the Portuguese RBD, framed by 
River Basin (RB) and River Basin District Administrations 
(RBDA),1 and Figure 1 presents the spatial organization 
of the Portuguese water management system, which 
includes 10 RBD. The Portuguese authorities in charge 
of RBD management are the RBDA.

2.3.  Content analysis

The document research was based on the CA technique, 
defined by Krippendorff (2003, p. 10) as a ‘research tech-
nique for making replicable and valid inferences from 
data to their context’. The method consists of a ‘set of 
methods for analysing the symbolic content of any 
[written] communication. The basic idea is to reduce the 
total content of a communication to a set of categories 
that represent some characteristic of research interest’ 
(Norton 2008, p. 433).

CA is a very transparent research method that can be 
applied to a wide variety of documents, although the 
validity of the results depends on the quality of the doc-
uments reviewed, including their credibility, authenticity, 
representation and availability (Bryman 2012).

The approach adopted for this research also con-
sidered the particular works conducted by GAO (1996) 
and Neuendorf (2002), which mainly focused on indica-
tors and their assignments and implications for water 



158   ﻿ R. SANTOS COELHO ET AL.

Ta
bl

e 
1.

 F
ra

m
ew

or
k 

fo
r i

nd
ic

at
or

 a
na

ly
si

s i
n 

pl
an

ni
ng

 a
nd

 SEA


 p
ro

ce
ss

es
.

M
ai

n 
cl

us
te

rs
 o

f c
rit

er
ia

Cr
ite

ria
 fo

r t
he

 a
na

ly
si

s
Ra

tio
na

le
Re

fe
re

nc
es

(a
) O

rg
an

iz
at

io
n,

 se
le

c-
tio

n 
an

d 
va

lid
at

io
n 

of
 

in
di

ca
to

rs

Cl
as

si
fic

at
io

n 
of

 in
di

ca
to

rs
 b

y 
ca

us
al

 c
ha

in
 fr

am
ew

or
ks

 o
r 

ot
he

r c
on

ce
pt

ua
l m

od
el

s

Th
e 

w
or

k 
de

ve
lo

pe
d 

by
 th

e 
O

rg
an

iz
at

io
n 

fo
r E

co
no

m
ic

 C
oo

pe
ra

tio
n 

an
d 

D
ev

el
op

m
en

t (
OECD




) h
ig

hl
ig

ht
s t

he
 re

le
va

nc
e 

of
 c

on
ce

p-
tu

al
 m

od
el

s f
or

 o
rg

an
iz

in
g 

in
di

ca
to

rs
 th

at
 e

nc
om

pa
ss

es
 e

co
no

m
ic

, e
nv

iro
nm

en
ta

l, 
an

d 
so

ci
al

 a
sp

ec
ts

 a
nd

 th
e 

in
te

r-
ge

ne
ra

tio
na

l 
na

tu
re

 o
f s

us
ta

in
ab

le
 d

ev
el

op
m

en
t. 

Th
e 

im
po

rt
an

ce
 o

f a
 c

on
ce

pt
ua

l f
ra

m
ew

or
ks

 to
 c

la
ss

ify
 a

nd
 sy

st
em

at
ic

al
ly

 o
rg

an
iz

e 
in

di
ca

to
rs

 
ac

co
rd

in
g 

to
 th

ei
r a

tt
rib

ut
es

 a
nd

 c
ha

ra
ct

er
is

tic
s i

s h
ig

hl
ig

ht
ed

 b
y 

so
m

e 
ex

pe
rt

s w
ho

 re
fe

r t
o 

th
e 

im
po

rt
an

ce
 o

f a
do

pt
in

g 
ca

us
al

 
ch

ai
n 

fr
am

ew
or

ks
 o

r o
th

er
 m

od
el

s, 
su

ch
 a

s STRESS



 

(s
tr

es
s-

re
sp

on
se

), 
PSR

 
(p

re
ss

ur
e-

st
at

e-
re

sp
on

se
), 

DPS


IR
 (d

riv
in

g 
fo

rc
es

-p
re

s-
su

re
s-

st
at

e-
im

pa
ct

s-
re

sp
on

se
s)

, PS
I

R 
(p

re
ss

ur
e-

st
at

e-
im

pa
ct

s-
re

sp
on

se
) a

nd
 DSR


 (d

riv
in

g 
fo

rc
e-

st
at

e-
re

sp
on

se
), 

to
 fa

ci
lit

at
e 

de
ci

si
on

-m
ak

in
g,

 e
st

ab
lis

h 
pr

io
rit

ie
s, 

im
pr

ov
e 

co
m

m
un

ic
at

io
n,

 a
nd

 id
en

tif
y 

ga
ps

 in
 d

at
a 

an
d 

po
lic

ie
s

OECD



 (1

99
3)

, R
IV

M
/U

NEP


 (1
99

7)
, OECD




 (2
00

0,
 

20
03

), 
Ra

m
os

 e
t a

l. 
(2

00
4)

, N
ie

m
ei

je
r a

nd
 

de
 G

ro
ot

 (2
00

8)
, V

al
en

zu
el

a 
M

on
te

s a
nd

 
M

at
ar

án
 R

ui
z 

(2
00

8)
. G

ud
m

un
ds

so
n 

et
 a

l. 
(2

01
0)

, a
nd

 M
as

ca
re

nh
as

 e
t a

l. 
(2

01
5)

G
en

er
al

 c
rit

er
ia

 fo
r s

el
ec

tin
g 

in
di

ca
to

rs
 

Th
e 

se
le

ct
io

n 
of

 in
di

ca
to

rs
 to

 su
pp

or
t t

he
 p

la
nn

in
g 

an
d 

SEA
 

pr
oc

es
se

s s
ho

ul
d 

be
 b

as
ed

 o
n 

a 
se

t o
f f

un
da

m
en

ta
l c

rit
er

ia
 to

 e
ns

ur
e 

th
at

 in
di

ca
to

rs
 p

er
fo

rm
 th

e 
fu

nc
tio

ns
 fo

r w
hi

ch
 th

ey
 w

er
e 

cr
ea

te
d 

an
d 

do
 n

ot
 p

ro
du

ce
 b

ia
se

d 
an

al
ys

is
 o

f t
he

 re
su

lts
. I

nd
iv

id
ua

l 
cr

ite
ria

 fo
r s

el
ec

tin
g 

in
di

ca
to

rs
 a

re
 re

fe
rr

ed
 to

 b
y 

va
rio

us
 w

or
ks

 a
s a

 re
qu

ire
m

en
t f

or
 th

ei
r u

se
. M

an
y 

is
ol

at
ed

 in
di

ca
to

rs
 c

an
 c

on
fu

se
 

th
ei

r i
nt

en
de

d 
us

er
s, 

m
ai

nl
y 

th
e 

pu
bl

ic
 a

nd
 d

ec
is

io
n-

m
ak

er
s. 

A 
co

m
pr

eh
en

si
ve

 se
t o

f p
la

nn
in

g 
an

d 
SEA

 
in

di
ca

to
rs

 is
 th

e 
m

in
im

al
 

se
t t

ha
t r

ep
re

se
nt

s t
he

 p
he

no
m

en
a 

of
 in

te
re

st
 in

 a
 w

ay
 th

at
 is

 b
ot

h 
ro

bu
st

 a
nd

 a
m

en
ab

le
 to

 d
ec

is
io

n-
m

ak
in

g

G
al

lo
pi

n 
(1

99
6)

, OECD



 (2

00
0)

, T
he

riv
el

 (2
00

4)
, 

D
on

ne
lly

 e
t a

l. 
(2

00
7)

, V
al

en
zu

el
a 

M
on

te
s 

an
d 

M
at

ar
án

 R
ui

z 
(2

00
8)

, D
on

ne
lly

 e
t a

l. 
(2

00
8)

, d
’A

ur
ia

 a
nd

 C
in

né
id

e 
(2

00
9)

, G
ao

 e
t 

al
. (

20
13

b)
, a

nd
 M

as
ca

re
nh

as
 e

t a
l. 

(2
01

5)
 

En
vi

ro
nm

en
ta

l r
ec

ep
to

rs
 a

nd
 

ta
rg

et
s

In
di

ca
to

rs
 sh

ou
ld

 c
ov

er
 a

 ra
ng

e 
of

 e
nv

iro
nm

en
ta

l r
ec

ep
to

rs
 o

r t
he

m
at

ic
 a

re
as

 th
at

 a
pp

ly
 to

 d
iff

er
en

t s
itu

at
io

ns
. I

n 
th

is
 c

as
e,

 a
n 

in
di

ca
to

r m
us

t r
es

po
nd

 to
 a

 w
id

e 
ra

ng
e 

of
 e

nv
iro

nm
en

ta
l c

on
di

tio
ns

 re
la

te
d 

to
 th

e 
im

pa
ct

 b
ei

ng
 e

va
lu

at
ed

 in
 th

e 
ap

pr
op

ria
te

 ti
m

e 
pe

rio
d 

an
d 

ge
og

ra
ph

ic
al

 sc
al

e

Th
er

iv
el

 (2
00

4)
, D

on
ne

lly
 e

t a
l. 

(2
00

7)
, d

a 
Si

lv
a 

et
 a

l. 
(2

01
2)

, a
nd

 F
al

ck
 a

nd
 S

pa
ng

en
be

rg
 

(2
01

4)
 

Pa
rt

ic
ip

at
or

y 
pr

oc
es

se
s f

or
 

in
di

ca
to

r s
el

ec
tio

n 
an

d 
va

lid
at

io
n

Th
e 

in
fo

rm
at

io
n 

tr
an

sm
itt

ed
 b

y 
in

di
ca

to
rs

 m
us

t b
e 

ad
ju

st
ed

 to
 th

e 
en

d 
us

er
s’ 

ne
ed

s. 
It 

is
 n

ot
 n

ec
es

sa
ry

 th
at

 a
ll 

us
er

s (
e.

g.
  

de
ci

si
on

-m
ak

er
s, 

ge
ne

ra
l p

ub
lic

) f
ul

ly
 u

nd
er

st
an

d 
al

l t
he

 d
et

ai
ls

 b
eh

in
d 

th
e 

ca
lc

ul
at

io
n 

of
 a

n 
in

di
ca

to
r. 

H
ow

ev
er

, t
he

 in
fo

rm
at

io
n 

co
nv

ey
ed

 sh
ou

ld
 b

e 
cl

ea
rly

 u
nd

er
st

oo
d 

to
 su

pp
or

t i
nf

or
m

ed
 d

ec
is

io
ns

 a
nd

 p
ar

tic
ip

at
io

n.
 A

n 
in

iti
al

 se
t o

f i
nd

ic
at

or
s s

ho
ul

d 
be

 
id

en
tifi

ed
 a

nd
 th

en
 re

fin
ed

 th
ro

ug
h 

di
sc

us
si

on
 w

ith
 k

ey
 st

ak
eh

ol
de

rs
. E

ng
ag

em
en

t o
f t

he
 v

ar
io

us
 st

ak
eh

ol
de

rs
 in

 th
e 

se
le

ct
io

n 
of

 
re

le
va

nt
 in

di
ca

to
rs

 p
ro

vi
de

s a
 n

um
be

r o
f k

ey
 b

en
efi

ts
 a

s i
t a

llo
w

s f
or

 th
e 

in
di

ca
to

rs
 to

 b
e 

un
de

rs
to

od
 a

nd
 u

se
d 

by
 st

ak
eh

ol
de

rs
. T

he
 

va
lid

at
io

n 
of

 in
di

ca
to

rs
 b

y 
a 

co
ns

en
su

s o
f e

xp
er

ts
 a

nd
 o

f e
nd

 u
se

rs
 is

 a
 re

co
m

m
en

de
d 

re
qu

ire
m

en
t f

or
 in

di
ca

to
r v

al
id

at
io

n.
 O

ve
ra

ll,
 

th
e 

se
le

ct
ed

 in
di

ca
to

rs
 sh

ou
ld

 b
e 

co
ns

id
er

ed
 im

po
rt

an
t b

y 
st

ak
eh

ol
de

rs

Ku
rt

z 
et

 a
l. 

(2
00

1)
, B

oc
ks

ta
lle

r a
nd

 G
ira

rd
in

 
(2

00
3)

, C
lo

qu
el

l-B
al

le
st

er
 e

t a
l. 

(2
00

6)
, F

ra
se

r 
et

 a
l. 

(2
00

6)
, D

on
ne

lly
 e

t a
l. 

(2
00

7)
, N

ie
m

ei
je

r 
an

d 
de

 G
ro

ot
 (2

00
8)

, R
am

os
 (2

00
9)

, a
nd

 
Ra

m
os

 a
nd

 C
ae

iro
 (2

01
0)

 
En

tit
ie

s i
nv

ol
ve

d 
in

 th
e 

se
le

c-
tio

n 
pr

oc
es

s

Li
st

s o
f c

om
m

on
 in

di
ca

to
rs

 
to

 b
e 

us
ed

 b
y 

di
ffe

re
nt

 SEA


 
pr

oc
es

se
s

To
 d

at
e,

 m
an

y 
in

di
ca

to
r s

ys
te

m
s h

av
e 

be
en

 d
ev

el
op

ed
; h

ow
ev

er
, e

ac
h 

se
t i

s o
ft

en
 b

as
ed

 o
n 

di
ffe

re
nt

 c
rit

er
ia

 o
r d

es
ig

ne
d 

to
 c

ov
er

 
di

ffe
re

nt
 g

eo
gr

ap
hi

ca
l a

re
as

. T
he

 p
os

si
bi

lit
y 

of
 p

er
fo

rm
in

g 
co

m
pa

ris
on

s b
et

w
ee

n 
di

ffe
re

nt
 c

ou
nt

rie
s a

nd
 re

gi
on

s s
ug

ge
st

s t
he

 u
se

 
of

 g
en

er
al

 in
di

ca
to

r l
is

ts
. T

he
m

at
ic

 in
di

ca
to

r l
is

ts
 o

r l
is

ts
 b

y 
ty

pe
 o

f p
la

n 
ha

ve
 th

e 
po

te
nt

ia
l t

o 
be

 a
 u

se
fu

l p
la

nn
in

g 
to

ol
 to

 p
ro

vi
de

 
an

 a
de

qu
at

e 
ba

si
s f

or
 in

fo
rm

in
g 

pl
an

ni
ng

 a
ct

io
n 

an
d 

de
te

rm
in

in
g 

th
e 

su
st

ai
na

bi
lit

y 
of

 p
la

nn
in

g 
ou

tc
om

es
. T

he
 d

ev
el

op
m

en
t o

f 
th

e 
in

di
ca

to
r c

or
e 

se
t f

or
 th

e 
EEA

 
is

 a
n 

ex
am

pl
e 

th
at

 w
as

 g
ui

de
d 

by
 th

e 
ne

ed
 to

 id
en

tif
y 

a 
sm

al
l n

um
be

r o
f r

el
ev

an
t i

nd
ic

at
or

s f
or

 
po

lic
ie

s t
ha

t a
re

 st
ab

le
, b

ut
 n

ot
 st

at
ic

, a
nd

 th
at

 p
ro

vi
de

 a
ns

w
er

s t
o 

se
le

ct
ed

 p
rio

rit
y 

po
lic

y 
qu

es
tio

ns

Eu
ro

pe
an

 E
nv

iro
nm

en
t A

ge
nc

y 
(2

00
5)

, 
Va

le
nz

ue
la

 M
on

te
s a

nd
 M

at
ar

án
 R

ui
z 

(2
00

8)
, 

Ra
m

os
 (2

00
9)

, G
ao

 e
t a

l. 
(2

01
0)

, G
on

za
le

z 
 

et
 a

l. 
(2

01
1)

, a
nd

 M
as

ca
re

nh
as

 e
t a

l. 
(2

01
5)

 

Ty
po

lo
gy

 o
f i

nd
ic

at
or

s:
 

qu
al

ita
tiv

e 
or

 q
ua

nt
ita

tiv
e 

in
di

ca
to

rs

In
 p

la
nn

in
g 

an
d 

SEA
 

pr
oc

es
se

s, 
in

di
ca

to
rs

 m
ay

 b
e 

pr
es

en
te

d 
as

 q
ua

nt
ita

tiv
e 

or
 q

ua
lit

at
iv

e 
ev

al
ua

tio
n 

m
et

ric
s, 

al
th

ou
gh

 q
ua

nt
ita

tiv
e 

in
di

ca
to

rs
 a

re
 g

en
er

al
ly

 p
re

fe
rr

ed
 b

y 
st

ak
eh

ol
de

rs
. H

ow
ev

er
, i

t m
us

t a
ls

o 
be

 st
re

ss
ed

 th
at

 q
ua

lit
at

iv
e 

ap
pr

oa
ch

es
 a

re
 o

ft
en

 a
dv

is
a-

bl
e 

in
 th

es
e 

pr
oc

es
se

s;
 th

er
ef

or
e,

 q
ua

lit
at

iv
e 

in
di

ca
to

rs
 sh

ou
ld

 b
e 

a 
co

m
m

on
 o

pt
io

n

D
on

ne
lly

 e
t a

l. 
(2

00
6a

), 
Bi

rk
m

an
n 

(2
00

7)
, 

M
as

ca
re

nh
as

 e
t a

l. 
(2

01
2)

, a
nd

 d
a 

Si
lv

a 
 

et
 a

l. 
(2

01
4)

 
(b

) R
el

ev
an

ce
 o

f 
in

di
ca

to
rs

 to
 p

ro
m

ot
e 

co
m

m
un

ic
at

io
n 

w
ith

 
st

ak
eh

ol
de

rs
 a

nd
 to

 
su

pp
or

t d
ec

is
io

n-
 

m
ak

in
g

Id
en

tifi
ca

tio
n 

of
 c

on
fli

ct
s b

y 
in

di
ca

to
rs

In
 m

an
y 

ca
se

s, 
th

e 
pl

an
 o

bj
ec

tiv
es

 a
nd

 th
e 

SEA
 

ob
je

ct
iv

es
 w

ill
 b

e 
in

 c
on

fli
ct

, u
nl

es
s t

he
 p

la
n 

is
 a

 c
on

se
rv

at
io

n 
or

 e
nv

iro
nm

en
ta

l p
la

n.
 

In
 th

e 
SEA

 
pr

oc
es

s, 
th

e 
in

di
ca

to
rs

 u
se

d 
m

us
t a

llo
w

 fo
r t

he
 id

en
tifi

ca
tio

n 
of

 c
on

fli
ct

s a
t a

n 
ea

rly
 st

ag
e 

so
 th

at
 a

 c
om

pr
om

is
e 

m
ay

 b
e 

re
ac

he
d 

be
fo

re
 it

 is
 to

o 
la

te

OECD



 (2

00
0)

, T
he

riv
el

 (2
00

4)
, D

on
ne

lly
 e

t a
l. 

(2
00

7)
, a

nd
 H

el
br

on
 e

t a
l. 

(2
01

1)

Id
en

tifi
ca

tio
n 

of
 tr

en
ds

 b
y 

in
di

ca
to

rs
In

di
ca

to
rs

 m
us

t m
ea

su
re

 c
ha

ng
es

 in
 th

e 
en

vi
ro

nm
en

t s
o 

th
at

 th
ey

 w
ill

 b
e 

ab
le

 to
 a

ss
es

s t
re

nd
s. 

Se
ve

ra
l w

or
ks

 h
ig

hl
ig

ht
 th

at
 th

e 
se

ts
 

of
 h

is
to

ric
al

 d
at

a 
av

ai
la

bl
e 

an
d 

us
ed

 in
 p

la
nn

in
g 

an
d 

SEA
 

st
ud

ie
s a

re
 n

ei
th

er
 su

ffi
ci

en
tly

 b
ro

ad
 n

or
 ro

bu
st

 to
 a

llo
w

 fo
r t

he
 e

st
ab

lis
h-

m
en

t o
f t

re
nd

s

OECD



 (2

00
0)

, T
he

riv
el

 (2
00

4)
, D

on
ne

lly
 e

t a
l. 

(2
00

8)
, a

nd
 P

ar
tid

ár
io

 (2
01

2)
 

In
di

ca
to

rs
 fo

r a
ss

es
si

ng
 p

la
n-

ni
ng

 a
nd

 SEA


 o
bj

ec
tiv

es
En

vi
ro

nm
en

ta
l o

bj
ec

tiv
es

, t
ar

ge
ts

 a
nd

 in
di

ca
to

rs
 a

re
 st

ro
ng

ly
 li

nk
ed

 a
nd

 a
re

 th
e 

to
ol

s t
hr

ou
gh

 w
hi

ch
 th

e 
en

vi
ro

nm
en

ta
l e

ffe
ct

s o
f a

 
pr

op
os

ed
 p

la
n 

m
ay

 b
e 

as
se

ss
ed

 a
nd

 th
ro

ug
h 

w
hi

ch
 th

e 
m

on
ito

rin
g 

sy
st

em
 is

 d
ev

el
op

ed
. I

n 
th

is
 se

ns
e,

 e
va

lu
at

io
n 

an
d 

m
on

ito
rin

g 
sy

st
em

s a
re

 m
os

t u
se

fu
l w

he
n 

in
di

ca
to

rs
 a

re
 li

nk
ed

 to
 o

bj
ec

tiv
es

Ra
m

os
 e

t a
l. 

(2
00

4)
, T

he
riv

el
 (2

00
4)

, F
is

ch
er

 
(2

00
7)

, D
on

ne
lly

 e
t a

l. 
(2

00
8)

, a
nd

 M
as

ca
r-

en
ha

s e
t a

l. 
(2

01
5)

 
Ad

eq
ua

cy
 o

f i
nd

ic
at

or
s t

o 
in

fo
rm

 th
e 

pu
bl

ic
Co

m
m

un
ic

at
io

n 
is

 o
ne

 o
f t

he
 m

os
t e

m
ph

as
iz

ed
 g

oa
ls

 o
f i

nd
ic

at
or

s a
nd

 re
qu

ire
s t

he
 in

di
ca

to
r t

o 
ha

ve
 th

e 
ab

ili
ty

 to
 c

on
ve

y 
re

le
va

nt
 

in
fo

rm
at

io
n 

to
 st

ak
eh

ol
de

rs
 so

 th
at

 th
e 

in
di

ca
to

rs
 a

re
 re

le
va

nt
 fo

r c
om

m
un

ic
at

io
n,

 in
 p

ar
tic

ul
ar

 w
ith

 th
e 

ge
ne

ra
l p

ub
lic

 a
nd

 
de

ci
si

on
-m

ak
er

s. 
Th

e 
co

m
pr

eh
en

si
bi

lit
y 

of
 in

di
ca

to
rs

 is
 a

 c
rit

er
io

n 
th

at
 fo

cu
se

s o
n 

th
ei

r c
le

ar
 d

efi
ni

tio
n,

 a
de

qu
at

e 
pr

es
en

ta
tio

n 
an

d 
ev

al
ua

tio
n.

 C
on

tr
ad

ic
to

ry
 m

es
sa

ge
s s

ho
ul

d 
no

t o
cc

ur
, a

nd
 if

 a
ny

 d
o 

oc
cu

r, 
th

ey
 m

us
t b

e 
ex

pl
ai

ne
d.

 D
oc

um
en

ta
tio

n 
an

d 
te

ch
ni

ca
l 

no
te

s o
f i

nd
ic

at
or

 c
on

st
ru

ct
io

n 
sh

ou
ld

 b
e 

m
ad

e 
av

ai
la

bl
e 

to
 in

te
re

st
ed

 p
ar

tie
s f

or
 a

 b
et

te
r u

nd
er

st
an

di
ng

 o
f t

he
ir 

m
ea

ni
ng

. A
 

sm
al

le
r n

um
be

r o
f i

nd
ic

at
or

s w
ill

 b
e 

m
or

e 
un

de
rs

ta
nd

ab
le

 fo
r t

he
 p

ub
lic

. M
or

e 
ag

gr
eg

at
ed

 in
fo

rm
at

io
n 

(e
.g

. i
nd

ex
es

) o
r i

nf
or

m
a-

tio
n 

pr
es

en
te

d 
th

ro
ug

h 
in

di
ca

to
r m

at
ric

es
 is

 o
ne

 o
f t

he
 re

co
m

m
en

de
d 

w
ay

s t
o 

co
m

m
un

ic
at

e 
w

ith
 th

e 
pu

bl
ic

Ku
rt

z 
et

 a
l. 

(2
00

1)
, T

he
riv

el
 (2

00
4)

, E
ur

op
ea

n 
En

vi
ro

nm
en

t A
ge

nc
y 

(2
00

5)
, D

on
ne

lly
 e

t a
l. 

(2
00

7)
, N

ie
m

ei
je

r a
nd

 d
e 

G
ro

ot
 (2

00
8)

, G
ao

 
et

 a
l. 

(2
01

3b
), 

an
d 

M
or

se
 (2

01
5)

 
U

nd
er

st
an

di
ng

 o
f i

nd
ic

at
or

s 
by

 d
ec

is
io

n-
m

ak
er

s a
nd

 th
e 

pu
bl

ic

Re
le

va
nc

e 
of

 in
di

ca
to

rs
 to

 
su

pp
or

t d
ec

is
io

n-
m

ak
in

g
In

di
ca

to
rs

 sh
ou

ld
 h

av
e 

th
e 

ab
ili

ty
 to

 p
ro

vi
de

 v
al

ua
bl

e 
in

fo
rm

at
io

n 
on

 c
om

pl
ex

 is
su

es
 a

t a
n 

ap
pr

op
ria

te
 le

ve
l t

o 
m

ak
e 

po
lic

y 
de

ci
-

si
on

s, 
an

d 
th

ey
 sh

ou
ld

 b
e 

an
 im

po
rt

an
t p

ol
ic

y 
to

ol
 if

 th
ei

r v
al

ue
s a

nd
 in

fo
rm

at
io

n 
ar

e 
us

ed
 b

y 
a 

va
rie

ty
 o

f u
se

rs
 a

nd
 in

te
gr

at
ed

 in
to

 
re

gu
la

r d
ec

is
io

n-
m

ak
in

g 
pr

oc
es

se
s. 

Re
po

rt
s s

ho
ul

d 
m

ak
e 

cl
ea

r m
en

tio
n 

of
 th

e 
us

e 
of

 in
di

ca
to

rs
 to

 su
pp

or
t d

ec
is

io
n-

m
ak

in
g,

 e
.g

. 
in

di
ca

to
r ‘d

as
hb

oa
rd

s’ 
or

 in
di

ca
to

r m
at

ric
es

D
on

ne
lly

 e
t a

l. 
(2

00
7)

 a
nd

 M
as

ca
re

nh
as

 e
t a

l. 
(2

01
5)



IMPACT ASSESSMENT AND PROJECT APPRAISAL﻿    159

resources plans. The CA was mainly qualitative and was 
based on the definition of variables or criteria (informa-
tion that the appraiser searches for), categories (pos-
sible answers that should be mutually exclusive), and 
analysis of the selection of material and recording units 
(portions of text to analyse) (GAO 1996; Neuendorf 2002; 
Krippendorff 2003).

The CA process started with a detailed verification of 
each reference to the keyword ‘indicator’ in each of the 
reports (TR and NTS indicators in the planning process 
and SR, ER, NTS and PPR indicators in the related SEA pro-
cesses). The analysed reports constituted the recording 
units and established the support for the code assigned 
to each occurrence of the keyword.

3.  Results and discussion

The main results obtained from the CA are presented in 
Tables 3–6, organized according to the four main clusters 
included in the framework.

After CA was performed, it was possible to highlight 
that complete information to support the evaluation 
to relate indicators and criteria of analysis was mainly 
available in the TR and ER documents. In the remaining 
documents (SR, NTS, PPR and DM.SIS), the associations 
between the indicator sets included in those documents 
and the indicators used in the TR and ER were analysed.

3.1.  Organization, selection and validation of 
indicators

The different RBD followed very different strategies for 
the organization, selection and validation of indicators, 
and several RBMP mentioned a variety of criteria for 
indicator selection, although their procedures were not 
explicitly described. Supporting guidance documenta-
tion and the adopted technical steps, indicating how the 
indicator was constructed and used, should be clearly 
stated to the interested parties to enable better under-
standing of its meaning (Therivel 2004; Donnelly et al. 
2007; Gao et al. 2013a).

According to Gallopin (1997), Kurtz et al. (2001) and 
Donnelly et al. (2007), public participation in the selec-
tion of indicators is highly desirable as an obligation of a 

Table 2. Portuguese River Basin Districts.

River Basin District  
Administrations (RBDA)

River Basin Districts 
(RBD) River Basins (RB)

ARH Norte RH1 Minho/Lima
RH2 Cávado/Ave/Leça
RH3 Douro

ARH Centro RH4 Vouga/Mondego/Lis
ARH Tejo RH5 Ribeiras do Oeste

Tejo
ARH Alentejo RH6 Sado/Mira

RH7 Guadiana
ARH Algarve RH8 Ribeiras do Algarve
ARH Açores RH9 Açores
ARH Madeira RH10 Madeira
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society looking for sustainable development. Bockstaller 
and Girardin (2003), Cloquell-Ballester et al. (2006) and 
Ramos (2009) also state that the indicator sets used in 
any evaluation process must be previously validated and 
approved by stakeholders. On the other hand, indicators 
that are not adjusted by stakeholders could be consid-
ered not useful and consequently not used (Mascarenhas 
et al. 2015). Overall, there were no references in the ana-
lysed documents to support the existence of indicator 
validation, with or without the use of participatory pro-
cesses. However, as previously mentioned in Table 3, 
the proposed list of indicators identified in the scoping 
SEA reports was reviewed by the environmental pub-
lic authorities, which determine the scope and level of 
detail of the information that must be included in the 
ER. In some cases, the indicators used in the ER were not 
exactly coincident with the indicators proposed in the 
SR. This was not necessarily a result of the environmental 
public authorities recommendations but may indicate 
that the technicians of the SEA process used relevant 
comments or recommendations to promote the self-val-
idation process of the indicators (Cloquell-Ballester et 
al. 2006).

The majority of the indicators used in the analysed 
documents were quantitative, enabling a more detailed 
analysis of the evolution of each goal set against the pro-
posed targets defined in the planning and SEA process. 
As stated by Gao et al. (2014) and da Silva et al. (2014), the 
use of quantitative indicators is generally prioritized in 

relation to qualitative indicators in the processes of plan-
ning and SEA. According to Therivel (2004) and Donnelly 
et al. (2006a), qualitative indicators are more subjective 
and more difficult to operationalize, although they may 
communicate relevant information.

All RBMP and SEA processes were based on a large 
number of indicators (Tables 7 and 8) and did not fol-
low the recommendations made by Birkmann (2003), 
Donnelly et al. (2006a) and Ramos and Caeiro (2010). 
The large number of indicators used in the majority of 
assessment processes can be a problem, particularly 
for the implementation of the monitoring programme 
(Birkmann 2003).

Ramos et al. (2004), Donnelly et al. (2007) and Falck 
and Spangenberg (2014) stressed that indicators should 
cover a range of environmental receptors and should 
apply to different situations. When indicators cover 
issues identified as important from a scientific point of 
view and based on stakeholder concerns, the monitoring 
systems will be more effective. In the analysed reports, 
indicators were organized by environmental issue, in 
either the planning process or in their SEA. In each RBD, 
the organization of SEA indicators considered the envi-
ronmental factors set out in the SEA Directive (Annex I 
of the Directive presents a list of twelve environmental 
issues and their relations), although the adopted the-
matic classification varies among the different RBD. The 
theme ‘vulnerabilities and risks’ was common to all SEA 
reports. This theme and the ‘resources’ theme presented 

Figure 1. Portuguese River Basin Districts. Adapted from http://www.printablemaps.net/europe-maps

http://www.printablemaps.net/europe-maps
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represented 30% of the total number of indicators 
(minimum and maximum of 39 and 60 indicators); state 
indicators (minimum and maximum of 30 and 81) and 
response indicators (minimum and maximum of 32 and 
maximum 79) each corresponded to 27% of the total 
number of indicators. The impact indicators in the DPSIR 
model represented 4% of the total number of indicators. 
Matondo (2002), Valenzuela Montes and Matarán Ruiz 
(2008), Helbron et al. (2011) and Juwana et al. (2012) 
stress the importance of using similarly structured indi-
cator models to enable comparative analyses and to 
support cohesive and global decision-making.

3.2.  Relevance of indicators to promote 
communication with stakeholders and to support 
decision-making

The analysed documents explicitly state that the indi-
cators used were strictly related to the plans and SEA 
objectives and targets, in line with the recommendations 
of Donnelly et al. (2006a).

The relevance of the indicators for trend analysis was 
mentioned in all RBMP and SEA reports. The possibility 
of identifying and managing conflicts between planning 
and environmental assessment objectives by using indi-
cators was also mentioned in some of the planning and 
SEA reports. However, the methodology and the set of 
indicators that could support this analysis were not men-
tioned. In this context, Donnelly et al. (2007) and Helbron 
et al. (2011) recommended that the set of indicators used 
in environmental assessment must allow the identifica-
tion of conflicts in early stages of the planning process 
to reach a compromise between the planning and SEA 
objectives before it is too late.

Communication is one of the most emphasized 
goals of the indicators (European Environment Agency 
2005; Niemeijer and de Groot 2008; Gao et al. 2013a). 

the highest number of indicators. Indicators related to 
water resources socio-economic development were also 
common. In the ER of RH4, a specific set of ex post moni-
toring indicators was presented. Ex post monitoring indi-
cators were not specifically identified in the other RBD. 
Table 7 presents the SEA indicators organized according 
to environmental receptors, the total number of indi-
cators in each category and examples of the most fre-
quently used indicators.

In the RBMP reports, indicators were organized into 
seven thematic categories. Table 8 presents the indica-
tors used in the plans, organized into thematic areas. 
The thematic areas ‘water quality’ and ‘water quantity’ 
presented the highest number of indicators. To charac-
terize, evaluate and follow-up the ‘water quality’, approx-
imately 30% of the total number of indicators were used 
in all the RBD. The characterization of ‘water quantity’ 
was supported by a large number of indicators, whose 
percentage ranged from 27% in RH5 to 12% in RH6 and 
RH7. The indicators integrated in the theme ‘institutional 
and regulatory framework’ appeared in smaller numbers, 
approximately 4% of the total for all RBD, similar to the 
indicators of ‘communication and governance’ (4%) in 
the north and Açores RBDA (ARH Norte e ARH Açores).

In the RBMP reports, indicators were mainly struc-
tured through the conceptual DPSIR (RIVM/UNEP 1997) 
and PSR (OECD 1993) models, although this requirement 
was not established in the official guidance documents 
nor in the legal framework.

Figure 2 presents the number of indicators used in 
the planning process for each RBD and the adopted 
conceptual model. The adopted indicator models var-
ied between RBD (DPSIR and PSR models). The number 
of indicators used in each component of the conceptual 
model also varied between RBD, although, on average, 
there was a balance between the three components 
of the PSR model. On average, pressure indicators 

Figure 2. Number of indicators in the planning process in each RBD and conceptual model.



IMPACT ASSESSMENT AND PROJECT APPRAISAL﻿    169

In the plans and SEA reports, the frequency with which 
data were collected to update the indicator sets was not 
always presented; however, most indicators included 
data collection on an annual basis. This annual pattern 
follows the suggestion of Therivel (2004) and Niemeijer 
and de Groot (2008), who stress that data collection 
should be conducted on an annual basis. However, for 
some indicators, this rule does not apply.

The cost of data collection was not reported in the TR 
or ER. However, in some cases, the importance of easy 
and non-expensive data collection was highlighted, 
although there was no reference about the operation-
alization of this criterion. This aspect is one of the con-
cerns identified by Wong (2005) for indicator updating. 
Mascarenhas et al. (2012) report that the cost criterion 
represent the ease with which data can be retrieved and 
used to update indicators in economic, logistical and 
human resources terms and should be one of the main 
elements considered in the indicator selection process. 
(Ramos and Caeiro 2010) state that the costs associated 
with the implementation of indicators should be antici-
pated. The cost/benefit ratio of each indicator should be 
reasonable since the cost may be a constraint to main-
taining an existing indicator or adding a new indicator.

3.4.  Integrating indicators into plans and SEA 
processes

In the majority of cases, the indicators did not show 
important differences between the planning process and 
the corresponding SEA. This result was mainly supported 
by the overlap between the two groups of indicators and 
by the verification of the main features and properties. 
However, the cross-comparison was not simple since 
the terminologies used were not fully compatible, rais-
ing doubts during the analysis. In addition, the indicator 
measurement units were not the same in many situa-
tions. The overlap rate ranged from 20% for the RBP of 
RO to 47% for RH4. Figure 3 presents the overlapped 
indicators between processes. It should be stressed that 

Communicating information to the public based on 
indicators was often mentioned and emphasized in the 
TR, ER, NTS and PPR. However, there was no explicit ref-
erence to the relevance of the indicators for the public 
participation process. The indicator sets mentioned in 
the TR and ER were not listed in all NTS, although NTS 
are the main documents consulted by the public in the 
consultation processes and are used to communicate the 
key findings of the technical and environmental reports 
(Bonde and Cherp 2000; European Parliament 2001; 
European Communities 2009). On the other hand, some 
of the contributions submitted by public authorities and 
other actors reported the indicators, which suggests that 
the indicators were used in the public participation stage 
in some situations.

Gallopin (1997), Niemeijer and de Groot (2008) and 
Mascarenhas et al. (2015) state that the most important 
feature of indicators, compared to other forms of 
information, is their relevance to policy and decision- 
making. In the majority of the technical and 
environmental reports for RBMP and SEA processes, the 
relevant information, including objectives, measures, 
recommendations for implementation and goals, were 
presented in a final summary matrix based mainly on 
the indicators. The adoption of this technique is an 
important step to support an informed decision-making 
process, as suggested by Ramos et al. (2004), Therivel 
(2004), Donnelly et al. (2006b) and Gao et al. (2013b).

3.3.  Basic information for indicator construction 
and updating

In all the analysed documents, sets of entities with 
responsibilities in the coverage area of each plan were 
identified. In particular, RBDA were responsible for man-
aging each RBMP/RBP to produce and compile informa-
tion to share with the various entities involved in water 
management. However, it was not always clearly indi-
cated who was responsible for providing data and infor-
mation to build and update the plan and SEA indicators.

Figure 3. Planning and SEA processes indicators for all River Basin Districts.
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The indicators used in these processes were mainly a 
result of non-structured procedures, showing the need 
to clarify several aspects. Several indicator issues and 
procedures, such as the indicator selection stage, remain 
to be further explored. There remain doubts regarding 
the criteria used in the selection of indicators, as well as 
the degree of stakeholder engagement in the selection 
process. The size of the data series, the availability and 
the management model should also be analysed since 
they are fundamental aspects of the success of indicator 
usage in planning and SEA processes.

Further research work should be conducted on the 
consultation of the stakeholders involved in the plan-
ning and SEA processes. Interviews addressing the 
different actors involved in the planning and SEA pro-
cesses are one way to use their knowledge to promote 
process improvements by identifying criteria or sets of 
indicators to be used. Active stakeholder engagement 
throughout the entire process of indicator develop-
ment, including design, implementation, operation and 
review/updating, is a key aspect to pursue and explore. 
The commitment to the use of standardized and more 
cross-cutting indicators between the planning and SEA 
processes is another recommendation for planners to 
consider. Also, for identical planning objectives in differ-
ent RBD, it would be interesting to use similar indicators. 
The current research points to a set of critical indicators 
that could be used as a common framework in water 
management plans and SEA reports that could support 
comparative analysis of common water planning issues. 
However, future research is also needed to explore this 
area, including how to link common and specific tai-
lor-made indicators, and how to operationalize it in 
practice.

Note

1. � RH and ARH are the Portuguese acronyms for RBD and 
RBDA, respectively.
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the overlap between planning and SEA indicators is a 
major challenge for the integration of SEA requirements 
and planning processes, according to Therivel (2004), 
Schmidt et al. (2005), Donnelly et al. (2006b), Fischer and 
Phylip-Jones (2008) and Gao et al. (2010).

In the RBMP reports, indicators are designated as 
indicators of ‘characterization, evaluation, communica-
tion and monitoring’. However, the indicators presented 
in the documents were not specifically disaggregated 
according to the abovementioned categories. If the pres-
entation of the indicators for each river basin district fol-
lowed a typological presentation model and identified, 
for example, the monitoring indicators of the plans and 
the SEA process, it would be possible to assess, in detail, 
the capacity for integration of environmental concerns 
into the planning processes. In the NTS of TR, references 
were made to the relevance of indicators to the planning 
process, but the set of indicators used in the planning 
process was not presented.

SEA reports stated that indicators were used for the 
characterization of the baseline, environmental assess-
ment, definition of the monitoring programme and pub-
lic participation. ER indicators were presented in the SR 
for all the RBDA and in the NTS for nearly all RBDA (except 
for RH9). In some cases, the indicators used in the ER were 
not exactly coincident with the indicators proposed in 
the SR.

4.  Conclusions

Indicators are considered a major tool to support SEA 
and planning processes, and are used for different pur-
poses, including characterization, evaluation, monitor-
ing, communication and decision-making. Indicators are 
adopted to add value, to transform complex information 
and to convey messages with meaning for decision- 
makers and for the public.

The conducted research provides an understand-
ing of the profile of indicators used to support water 
resources planning and SEA in the Portuguese case of 
water resources planning and management. Overall, 
the analysed RBMP and SEA processes were mainly 
supported by indicators, and some of those indicators 
overlapped between the two processes. The indicators 
were mainly selected by the technical teams involved in 
the planning processes and SEA, and aimed to respond 
to water planning and management objectives, through 
characterization, evaluation and follow-up of the plan-
ning actions.

The analysed documents used a large number of indi-
cators, mostly quantitative, and adopted very different 
approaches for their organization, selection and valida-
tion. Usually no participatory process was used in this 
context. Overall, the SEA themes ‘vulnerabilities and risks’ 
and ‘resources’, and the planning themes ‘water quality’ 
and ‘water quantity’, presented the highest number of 
indicators.
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