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Using specialists or stakeholders to select
indicators of environmental change for mountain
areas in Scotland and Spain

N.G. BAYFIELD!, G.M. MCGOWAN"* and
F. FILLAT®

‘Centre for Ecology and Hydrology, Banchory,

Aberdeenshire AB3! 4BY Scotland: ®Instituto
Pyrenaico de Ecologia, Jaca, Spain

Abstract. A decision tree of possible indicators
of envireonmental change (social, economic and
ecological) was prepared for mountain areas in
Spain and Scotland, Separate groups of specialists
and stakehoiders used the decizion tree to
identify kevy indicators for three different sizes
of sample area in sach country. There werg many
difierences in the prionty indicators selected by
the two groups both within and between
countnes, reflecting a wide range of local issues
and concerns. However, there werg some
indicators in common between stakeholders and
specialists and also batween Scotland and Spain.
Key words Dacigion modelling, key indicators,
Pyrenees, Cairngorms

Introduction

Key indicators of environmental change are
favoured by the EU and the OECD as &
potential means of identifying, integrating and
comparing the eflects of social, economic and
ecological pressures on the senvironment
{UNCED 1982, QECD 1894, EEA 1835}, The
DPSIR model currently favoured by Statistical
Office of the E¥uropean Communites
differentiates between indicators for Driving
forces, Pressures, States, Impacts, and
Hesponses (Eurostat 1993). Although these
apprcaches are being enthusiastically adopted
by many agencies, there has been little
scientific underpinning of the concepts and
many practical difficulties 1emain (Crabtree
and Bavyfield 1998). Outstanding concerns are
that there is
e little agreament on how indicators should
be selected; by consensus, by policy make:ss
01 by specialists;
o confusion over the most appropriate scale
for indicators {local, regional natiomal or in-
ternational);
s little guidance on how to ensure that
indicators are appropriate.

This study explored some of these issues
in the context of mountain areas in Sootland
(Cairngorme Mountains) and Spain (Pyrenees)
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The approach was to use a standard protocol
for selection of indicators and compare those
chosen by groups of specialists and stakehold-
ers. The protocol involved the use of a decision
tree of indicators selected in a pilot study.
The specialist and stakeholder groups used the
decigion tree Lo priotitise the indicators at each
level of branching. The same protocol was
used in three areas in each country, ranging
from about 10-5000 square kilometres. This
provided a comparison of indicators for differant
size areas, as well ag indicators that might
be common between Scotland and’Spain. The
resuits also identified differences and similar-
ties in the ¢hoices of specialists and
stakeholders

Methods
The decigion tree

The dacision tree comprised 80 indicators
grouped by four levels of branching (Figure
1). The structure and composition of the tree
was the result of three preliminary workshops
involving ecologists, hydrologists, statisticians,
envircnmental economists and socialogists, At
each workshop the tree was examined, tested
against trial areas and modified as necessary.
Initially the workshops used the Decision
Explorer and VISA software packages (Banxia
1997, Visual Thinking International 1998) but
later a paper-based scoring system was
developed that permitted individual scoring
rather than consensus scores. Scores were
written directly onto printouts of the decision
tree. This approach was quick to complete and
provided information about the variation in
opinion between group members. The final
tree included a  fairly comprehensive list of
generic indicators of change suitable for a
wide range of mountain area situations. Many
other arrangements of the tiee could howsver
have been possible and might have been
gqually effective.

At the first level of branching indicators
were classified by social and political, economic
and natural capital disciplines. Each of thase
disciplines was then subdivided into major
topics and issues and then into generic
indicators of change (Fig.1). A written definition
of each level of the hierarchy and of the
individual indicators was provided to avoid
ambiguity.
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Discipiine Topic Issue Indicators
Economic factors Climate Water quality Runoff chemistry
Hydrology Water vield _Etraam
invertebrates
Soils Water abstraction
State of the MNatural capital Alr
environment factors
Agriculture
Multi-use
forests
Social & political Mature conservation
factors
Landscape
Fig. 1. Part of the decigion tree showing the hierarchy leading to indicators for water guality. The complste

tree had 80 indicators,

Decision conferences

The tiee was used in a decision conference
setting by groups of 3-10 people, a facilitator
and minute taker. The groups were asked to
prioritise Individual indicators separately for
thres different scalss of area. The smaller areas
were nested within the largest. The groups first
discussed the areas under consideraticn to
explore the range of perceived impscts and
threats. Then each member of the group
independently ranked the relative importance of
the elements at each level of the decision iree
for each of the areas. Scoring started at the
leve]l of disciplines and proceeded from there
across the tree (Fig. 1). At each branching poimt
every contributing element was ranked against
every other element at that point on a scale
of 100 (highest priorty) to 0 (no prionty). One
element always had to be scored as highest
priority {100} and other elemeants at that branching
point were scored relative to the highest. Thete
could also be more than one giement with the
top priority gcore. If there was only cne element
at a particular branch point it automatically
scored 100

After complsting the scoring for the whole
tres, the group discussed individual scores,
particularly those that differed substantially from
the group mean. After this discussion individu-
als could re-score elements if they wished, but
were not obliged to do so. This oiten resulted
in reduced wvariation between individuals. By
use of a spreadsheet and & simple arthmetic
normalising procedure the priority of each
element of the hierarchy could be comparad on
a 0-100 scale. The rangs of opinicn could bhe
gauged from individuai's scores and the effects
of the discussion of scores could be assessed
from the changes to individual scores.

Group composition

Workshope were conducted in Spain and Scotland
with the same team of 8 gpecialists from the
two countries to provide consistency. The
specialists comprised ecologists, hydrologists
and environmental economisis. Then in each
country an identical workshop was conducted
with groups of local stakeholders, inciuding
planners, farmers, regulators, foresters and
IeCreation managers.

Study areas

In each country there were three sites, small
(about 10 km) me-::!jugm (174- 300 km?® and
large (£,000-5,000 km ) (Teble 1), The sites
were chosen 1o provide contrasts in land use
ag well as in area.

In Scotland, the small area was the Al
a'Mharcaidh catchment where the main land
uses were nature conservation and environmen-
tal monitoring research, with small numbers of
recrealionists visiting the site for hiking {(Bavfield
and Conroy 2000} (Fig. 2). There was no resident
population. The medium area was around the
large tourist village of Aviemore and included
a ski area and both recreational and commercial
forests. There was also some agncultural land
and some land managed for hunting deer and
red grouse and for fishing. The large area was
the Calmgorms region conesponding to the
boundary of the Cairngorms Partnership Area
(Cairngorms Partnership 19899} and including
several tourist villages. This larger area included
two further ski areas and large tracts of land
used for hunting and nature conservation

In Spain the small area was around the
tiny village of Fragen, which was used for
small-scale tourism, and for agriculture (mainly
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Fig. 2. Location maps for the Scotiish {above) and Spanish (below) study sites.
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Scotland area: Spain area:
; small medium large small medium large
Area {km ) : 10 300 5000 12 170 1950
Population density {/km ) 0 160 3 3 <] 3
Land use concerns
Skiing * * "
Tourism ; ; = s ¥
Nature conservation c ! c " B
Forestry 4 * "
Fishing / hunting ! 2 o
Recreation # ’ h # % "
Arable agriculture > ! " "
Grazings Al * * b "
Water abstraction .
Abandonment * *
Traffic *

Table 1. Comparison of the size, population density and land use conceins at the sampls areas n Scotland
and Spain.

cattle). Transhumance was stili practised but develepment. The large area included the
there wag abandonment of much of the National park, 2 ski area and areas managed
terraced land around the village. The medium for forestry and grazings. This area comprised
araa comprised the Ordesa National Park two parts of about equal size, separated by
where there was tourism, recreation and the Valié de Tena. It included the Hecho,
grazing but no hunting, and strict controls on Aragues, Anso, Alsa, Puertolas, Anisolo,
240
ffjﬂ"l\-‘.hh
- <7 0 TQ
o T f-"" %
Axis2 / -, * N
/ Stakeholders g L :x Specialists
-144 ey B ‘-».t 240
J'J --"'.I--H-""‘-r-.. ,.I'JI “".._h {:' o
T _#_.-"' G’*"'—t:::::-*-::a----_...{}--"
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¥
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Axis 1
240

Before scors
discussion

After score
diseussion

Axis 1

Fig. 3. {Above) Prncipal coordinates anslysis plots of stakeholder and specialist scores for the medium areas
i Scotland and Spain. Each peint 15 based on all the scores for one individual. {Below) Plots for spescialists
pafore and after the final discussion of scores for the medium aree n Scotland. Sobd lines demarcate points

bafore, and dotted lines after the final discussion.
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Broto and Fineta valleye and both tourist and
agricultural villages. Some arable agriculture
was also practised and some hunting. Parts
of the area were used for wster abstraction
for irrigaticn and for domestic and industrial
use in lowland areas.

Results
Scoring consistency

The analysis method adopted identified the
scores allocated by sach member of the group,
and the extent tc which scores were modified
after the second discussion period. The results
showed that there was cften guite large variation
in scoring between individuals. The variation
can be illustrated by Principal Coordinates
Analysis (Kovach 1989 diagrams of the scores
for each individual in the group. Figure 3 shows
plots for both specialists and stakeholders for the
medium size ares in Scotland. There was
considerable vanation between individuais,
although  the distributdons for specialists and
stakeholders were quite distinct. The plot for
the scientists group before and after discussion
of the final scores illustrates how individuals
adjusted their scores. Some showed more
change than others, The overall positions of the
chasters were little affected but most individual
points tended to move slightly closer together,
indicating greater agreement.

Numbers of indicators selected

Clearly it would be possible to select a fixed
number of priority indicators for each site.
However, this would have the disadvantage
that at some sites indicators could khe included
with quite low scores. Instead it was decided
to select all indicators above a certain score,
aven though this meant that some sites had
more indicators than others. The number of
indicators of course increased as the scors
cutoff level was reduced (Table 3), For example,
for the large area in Scotland the specialists
only seiected 13 indicators with scores of >
70 but 44 had scores of =>50.

Most of the comparisons that {oliow wers
based on a cutoff score of =60, but this was
largely an arbitrary decision.

ATEa:
small medium large

Score = TOQE0ED  FOG0L0  TOEQHO
Cairngorms

spocialists 4 6 8 2142847 132744
stakehold. 3 4 7 71120 8 16 25
Pyrenees

specialists15 2337 26840583 28 44 54
stakehold. 193347 365262 34 b5 68

Table 2. Numbers of indicatorz for the small medium
and large areas in Scotland and Spain with scores
of =70, >80 or =50,

For all cutoff values, substantially more key
incicators were jdentified at the Spanish sites than
n Scotland irrespective of the group making the
rssessment. Interestingly the stakeholders {n Scot-
wand identified fewer indicators than the specislisis
in Scotland but in Spain the opposite was true.

The range of indicators scoring =60 for the large
areas in Scotland and Spain is given in Table
3. This shows that there were many indicators
that only had a high score for one of the groups
or sites, However, thare were a number that
scored highly for both countries and sites.
and

Agreement between specialists

stakeholders
Within country comparisons

Within Scotiand bstween about a third and a
haif of the indicators scoring >60 in  the three
areas were selected by both specialists and
stakeholders (Table 4). In Spain the range of
agreement wag from about 40% for the small area
to nearly 70% for the large area

Ratweaen counlries comparison

The numbers of indicators >80 common to
speciaitsts in Scotland and Spain varied with the
size of area (Table 5}, There were few in
common for the small areas, but 20-21 for the
medium and large areas. The stakeholders also
identified considerably more for the medium and
large areas.

There were also & number of indicators which
were common to both groups. These varied from
one for the small areas to 12 for the large areas
(Table 6). Thers weare more such indicators for
natural capital than for economic or social and
poitical factors. This presumably reflected the
perceived importance of natural capital factors
in these mountain areas by both groups.

Reducing the pricrity score cutoff to >50 would,
however, add a number ¢of mainly economic and
social and political indicators including Employ-
ment statistics, Traffic flows, Flanning applica-
tions, Grant uptake by sector, Primary sector,
River invertebrates and Agricultural areas,

Discussion

In bhoth countries the specialists chose propor-
ticnately more natural capital than economic
or social and political indicators. This could
possibly have reflected the high proportion of
natural scientists in the assessment group {6 out
of 8 were hydrologists or ecologists). However,
a higher proportion of natural capital indicators
were alse selected by the stakeholders, who had
more varied interests and backgrounds. The
possibility of bias amongst groups is, however,
a serjous concerm and may wamnrant further
investigation.

It was clear that stakeholders and specialists
had different priorities. The group making the
decigion about indicators can therefore have
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Natural capital
Mateorclogical data
Run-gff chemistry

River invertebrates
Hydrographic data
Abstraction rates
Sediment loadings
Erosion events

Avalanche records
Agricuitural land use
Agricultural stock
Agri-envir. scheme uptake
Agri-envir. scheme impacts
Forest types, areas
Biocdiversity funding
Timber production

Areas of habitats

Habitat condition

Key species data

Key groups

Damage to habitats
Walkers on key routes
Other recreation use
Path & site condition
Landscape fabric
Landscape visual impacls

Economic factors
Primary sector
Secondary sector
Tertiary sector

Per capita incomea
Intome supporl numbers
Employment statistics
Cost/iob

Agri-envir. grant uptake
{rant impacts

{ther grant uptake
Hegional budaet

Local development funding
New business starts
Capital sources/levels
Use cof walking routes
Fublic transport data
Property occupancy
Visitor numbers

Traflic flows

Tourist activities
Game/fishing kills

Social and political factors

Organisation memberships
Stakeholders views
Planning applications
Regulation compliance
Property 1egister
Employment statistics
Cost of housing

Housing plan applications
Local services

Cost of living

Population size
Population stracture
Fopulation distribution
Damage to sites

Cultural funding

Cultural events attendance

Specialists

Scotland

60

75
62

a0
986
ul

a1
76

elly |

i

73
6D

70

66
71

75

78

T4
5
71
B4
56

71
64
61
B3
G

69

Spain

&5

90
67
73
78
61

95
100
93
iJ
63
&9

654
98
38

-~

45
73
98
ff

85
73
I
76
68

57
62
g1
87
78
86
B0

=

45
71
84
s
70

Scotland

74
61
66
84

88
91

87
98

it
67

65
70

i

61
&3

73

Stakeholders

Spain

73
58
g1
B4
B2
74
63
61
72
81
73
g5
65
£a
75
56
81
B8
72
72
7h
£
81
87

70

73
50
47
€9
76

61
75
79
B3
BS
76
67
64

72
87
75
86
b

82
63
64
63
83
78

80
62

i

e s sttt — T
%

Table 3. Listz of indicatozs with scores of =60 for the large areas in Spain and Seotland,
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Area:
Small Medium Large
Scotland H43%) 9 (37%) 12 48%)
Spain 15(38%) 33 {B7%} 38 (BEH)

Table 4. Numbers of indicators with scores >80
common to botd specialisis and  stagshoiders,

Figures in parentheses are % agreement.

Area: small medium large
specialists 1 21 20
Stakehaolders 4 10 18
Both groups 1 4 12

Table %. Indicators for Scotland and Spaln with
scores of =60 from bhoth specialists and stakeholders.

Area:
Indicator small medium large
Natural capital factors
Areas and types

of forest ¥ n
Areas of habitats " k
Habitat condition * .
Eey species d *
Key groups " 2 *
Landscape fabric * *
Landscape visual = s

analysis

Economic factors
Visitor numbers - *
Tourist activities s
Social & political factors
survey of views * *
Regulation compliance *

Property register

Table 6.
countries and

Indicators scoring =80 common to both
ASEBISMEnt JICUps.

a substantial influence on the outcome and
this could have both political and resourge
implications for implementation of environ-
mental monitoring.

Each of the areas had different charactaristics
80 it 15 not surprising that each had a distinct
set of priority indicators. Nevertheless there may
be scope for some limited comparisons bhetween
areas and even between countries on the basis
¢f the common indicators. It appears that such
indicators are more likely to be appropriate to
large areas rather than small ones. The ussfuiness

of such indicatois requires testing st other sites.
There were guite a few similarities between the
Scottish and bpanish sites (such as skiing,
forestry, hunting and tourism} as well as their
differences. Mountain areas in othsr countries
might have much less in common,

Cwverall the study has tested a methodology
that might be further develeped to identify
indicatorg of environmental change for mountain
areas. It ig likely that most mountain areas will
probably need a specific set of indicators as well
&5 a general purpose set that could permit
gomparisons with other areas.

Acknowledgements

We thank colleagues Jim Conroy, Atul Haria and
Carolyn Sullivan for helping develop the decizion
tree, Daniel Gomez,, Begona Alvarez, Bernardo
Alvera, Ricardo Garcia-Gonzdlezr and the two
groups of stakeholders for contributing to the
workshops, and the Centte for Ecology and
Hydrolegy for funding the study as a contribution
to the CHASM programmae.

References

Bayfield, N.G. and Conroy JW H. 2000: Cairngorms
ECN Site Handbook., Centre for Ecology and
Hydrology, Banchory, Scotland.

Banxia Software 1997 Decision Explorer Users
Juide Version 3. EBanxia Software Lid, Glasgow.

Caitngorms Partnership 1999 From Preparation to
Implementaiion The Cairngorms Parinership
Work Plan 1998-2000. Caitzgorms Partnership,
jrantown on Spey. Scotland.

Crabtree, K and Bayiield, N. 1998: Davaloping
sustainability indicators for mountain ecosys-
tams: a case study of the Cairngorms, Scottand,
JEavie, Manag 52: 1-14.

Burostat 19223 Towards Environmental Pressurs
Indices: A First Set of indicatorg for the Buropean
Union  Draft Report 19940,

EEA 1985: Eurcpes Envitonment: the Dobris
Assessmant. European Envirenment Agency.
Copenhagern.

Kovach, W.L. 1999:
tistical Package for Windows. ver.3.1.
Computing  Services, Pentrasth, Wales

QECDE 1834: Environmental Indicators: OECD Coze
Set. Organisation for Economic Cooperation
and Development, Peris.

UNCED 1382: Agenda 21.United Nations Conference
on Environment and Development. Seneva,
Visual Thinking International 1996: Visual Inter-
active Sensitivity Analysis User Guide,  VISA,

Glasgow.

MVSF - A Multiveriate Sta-
Kovach

Heceived 7 August 2000; accepted 22 August
2000




