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Abstract

A generalized vulnerability framework was used to structure an interdisciplinary and intercultural examination of factors that

influence the ways in which reindeer pastoralism in Finnmark (northern Norway) may be affected by climate change. Regional and local

(downscaled) climate projections included scenarios that can potentially influence foraging conditions for reindeer. None of the

projections were without precedent; several climate change events in Finnmark during the last 100 years were at least as great as those

projected in the next 20–30 years. Herders’ traditional responses to changes in both the natural and the socio-economic environments

have depended on a flexibility in herding practice that is currently being eroded by several non-climate factors. The reduced of freedom of

action resulting from loss of habitat, predation and aspects of governance (especially economic and legal constraints) potentially dwarves

the putative effects of projected climate change on reindeer pastoralism. It may, however, also lead to situations in which new climatic

conditions threaten the system in unprecedented ways. Developing appropriate methodologies for assessing the adaptive capacity, the

vulnerability and the resilience of social–ecological systems to global changes remains a challenge. Recognition of the knowledge systems

of Arctic cultures and the full engagement of local people throughout the process are key elements of the solution.

r 2006 Elsevier Ltd. All rights reserved.
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Terminology

In this paper we distinguish between the terms reindeer
‘husbandry’ and reindeer ‘herding’ (cf. Paine, 1964). We
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Fig. 1. Map of Finnmark, the northernmost, largest and least populated

county in Norway, showing place names mentioned in the text.
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use husbandry as a general, inclusive term that refers to the
possession, maintenance and management of the herd
which is the harvestable resource of its owners (Saami
báikedoallu; Norwegian hushold). Herding is a subset of
this and the term refers to the gathering and moving of
herds to pasture (closest equivalent in Saami guoXotit

(Nielsen, 1962); Norwegian gjeting). Herding frequently
involves the combined herds of several husbandry groups
(Saami siida) and is characteristically collective/co-opera-
tive, although an individual herder may have to undertake
it alone from time to time. Common to both herding and
husbandry, responses to sporadic and unpredictable
changes in the physical environment are frequently
discretionary (Paine, 1994, p. 102). In deference to
convention, we refer to reindeer pastoralists as ‘herders’,
irrespective of the distinction between husbandry and
herding.

Currency

Values in Norwegian kroner have been converted to US
dollars at a rate of NOK 7.0 ¼ US$ 1.00.

1. Introduction

1.1. Vulnerability of social–ecological systems to change

Climate variability, climate change and the societal/
cultural transformations associated with globalization have
been, and continue to be, responsible for major changes in
the physical environment, biota and cultures of indigenous
and other communities in the Arctic (ACIA, 2005).
Moreover, social–ecological systems in the Arctic are both
subject to unprecedented environmental and social changes
(Ullsten et al., 2004) and may be particularly sensitive to
change, perhaps more than in many other regions (Nuttall,
2000). This is due in part to the variability of the Arctic
climate and to the characteristic ways of life of indigenous
Arctic peoples and, in particular, of their local commu-
nities (Freeman, 2000). To gain an understanding of the
potential impact of climate change on coupled social–eco-
logical systems in the North is, therefore, a major priority.

High sensitivity notwithstanding, little is known about
the vulnerability of such systems to change. Vulnerability is
a product of the susceptibility to, and coping capacity of,
systems to the integrated effects of the many forces that act
on them. It is, thus, a function of not only the character,
magnitude and rate of change of the factors that act on
systems but also of the sensitivity and coping and adaptive
capacities of those systems. Sensitivity, in this regard, is the
degree to which a system is affected (adversely or
beneficially) by a particular factor while adaptive capacity
refers to the ability of the system to adjust, to ameliorate
potential harm, to realize opportunities and to cope with
consequences (IPCC, 2001).

Understanding and measuring vulnerability therefore
requires assessment of at least three separate aspects. These
include real or potential impacts on the system, the
systems’ ability to cope and adapt to these impacts and
the extent to which coping capacity may be constrained by
environmental or societal conditions (Turner et al.,
2003a, b). Techniques for the analysis and synthesis of
such a disparate mass of data may include historical
narratives, contextual analyses, case studies, statistical
analyses, application of Geographic Information Systems
and the development of vulnerability indices (e.g., Cutter,
1996; Downing et al., 2001). Every case is unique and the
particular methodologies adopted may, therefore, vary
from case to case. The novel feature of vulnerability
assessments, however, is not which specific techniques are
used but the integration of different techniques across a
wide variety of different intellectual domains (McCarthy
et al., 2005). This plurality of approaches, moreover,
enhances rather than compromises the ability to generalize
between studies.
This paper describes an interdisciplinary and intercultur-

al examination of Saami reindeer pastoralism in Finnmark
in northern Norway (Fig. 1) in relation to projected climate
change in the North. Reindeer pastoralism is an ancient
form of animal husbandry which has major economic and
cultural significance for the indigenous peoples of northern
Eurasia (Slezkine, 1994). Its economy, however, is in many
cases weak. The principal commercial product of Saami
reindeer pastoralism in Norway is meat. Production,
though substantial, is highly variable: in the period
1994–2003, for instance, total annual production here
varied between 1200 and 2700 tons and income (wholesale
value) varied correspondingly between US$ 9 and 17
million (Reindriftsforvaltningen, 2004; St.prp.nr. 63,
2004–2005). Herders’ income, already relatively low (mean
annual income in 2004 ¼ US$ 19,000 for herders com-
pared to US$ 42,000 for industrial workers in Norway;
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Budsjettnemda for Jordbruket, 2005; Lars-Johan Rustad,
personal communication) is also highly variable (range
2000–2004 from US$ 11,000 to US$ 23,000; St.prp.nr. 63,
2004–2005) and their private economy is precarious as a
direct result. Where income is uncertain and cash (as
opposed to capital) is scarce, people are especially
vulnerable to factors that perturb the basis of the
production upon which they depend. The study, therefore,
used a vulnerability framework (Turner et al., 2003a) to
structure an examination of the multiple and interacting
forces that may influence the ways in which reindeer
pastoralism is affected by climate change.

1.2. Developing a conceptual framework: local participation

A vulnerability study must be built on a conceptual
framework that reflects the attributes of the case under
investigation. The first step towards such a study, there-
fore, is to develop a framework tailored to the character-
istics of the system of interest, in this case reindeer
pastoralism in Finnmark. Reindeer, reindeer herders and
the natural and social environments of which they are a
part represent a coupled social–ecological system consist-
ing of many components which, though only distantly
related, are closely and functionally linked. Herders’
livelihoods, for example, depend in large part on the level
of production of their herds. Production, in turn, depends
on the size of herds and on the productivity of individual
reindeer in them which depends, again in turn, on the
quantity, quality and availability of forage. The level of
feeding the animals enjoy is determined in the short-term
CLIMATE PROJ
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by prevailing weather conditions in summer, which affect
the growth and nutritional quality of forage plants (e.g.
Lenart et al., 2002), and by weather conditions in winter, in
particular a combination of precipitation, temperature and
wind, which affect the quality of the snow-pack and, hence,
the availability of the forage beneath it (Pruitt, 1959;
Skogland, 1978; Forchhammer and Boertmann, 1993). In
the medium and long term, however, feeding levels are also
determined by a suite of non-climate factors and these, and
others, have a major influence on the level of production
and, completing the circle, on herders’ livelihoods. Such
factors include the quality of pasture (in terms of the
species composition and biomass of forage and the
availability of other important natural resources), the
existing area of pasture, herders’ rights of access to it, the
level of competition between reindeer and other grazers
(chiefly free-ranging domestic sheep), the level of predation
to which herds are subjected, the size of the market and the
monetary value of reindeer products and so on. Reindeer
pastoralism, therefore, is influenced by a range of variables
in both the natural and the social environments in which it
is practiced. Moreover, not only are several of the non-
climate factors that impinge on it determined by political
decisions and the policies of institutions far removed from
Finnmark but also the perception of the vulnerabilities of
reindeer pastoralism itself differs widely across political
and managerial hierarchies, economic sectors and cultures,
not least with increasing distance from Finnmark.
Ultimately, however, the vulnerability of any coupled
social–ecological system is a function of local conditions
and the identification of the factors that influence it
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Fig. 3. The general pattern of migration of semi-domesticated reindeer in

Finnmark. Herders here typically make two migrations with their animals

each year, moving between geographically separate summer and winter

pastures. In spring (April and May), they and their animals generally

move to the mountainous coastal region where the reindeer are left on

peninsulas or are swum or ferried across to islands where they feed

throughout the summer, eating highly nutritious parts of dwarf shrubs,

birch, willows, sedges and grasses. In September they are typically

gathered and taken inland to winter pastures (shaded grey) characterized

by open, upland plains of tundra and taiga birch scrub. For clarity, only a

selection of migration routes (black arrows) and ferry routes (heavy dotted

lines) are shown.
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requires knowledge of the priorities and perspectives of
local people. Their involvement in the design, implementa-
tion and the dissemination of research results from studies
of this kind is therefore not only an ethical imperative but
also scientifically indispensable.

The adaptive capacity of reindeer pastoralism, which has
been demonstrated repeatedly throughout history (e.g.
Pedersen, 2006), is based on the knowledge and experience
of individual herders and is embodied in their language and
the institutions of their husbandry (Nielsen, 1962).
Recognizing this, in August 2002 the Association of World
Reindeer Herders convened a meeting in Tromsø at which
natural and social scientists, administrators and reindeer
herders together developed a conceptual framework for an
analysis of reindeer pastoralism in Finnmark based on the
generalized scheme of Turner et al. (2003a). The resulting
scheme (Fig. 2) consisted of three main parts: (i) climate
projections and the ecological consequences of climate
change, (ii) coping and (iii) constraints on coping. Super-
ficially, this model bore little resemblance to the general
framework from which it evolved, yet key elements,
including social and environmental driving forces, human
and societal conditions, impacts, responses and adaptation,
all remained.

2. Study area

Finnmark (Fig. 1) is the northernmost, largest and least
populated county in Norway. Populations in 2004 of
165,000 reindeer and approximately 2000 registered rein-
deer owners in Finnmark represented 73% and 75% of
semi-domesticated reindeer and Saami reindeer owners in
Norway, respectively (Reindriftsforvaltningen, 2004).
Reindeer here are managed in a transhumant manner
(Skjenneberg, 1989; Paine, 1994). Herds of mixed age and
sex varying in size from 100 to 10,000 animals are
maintained on natural mountain pasture all year round
and typically are moved between coastal summer pastures
and inland winter pastures (Fig. 3). The pattern of
migration is clearly an adaptation to climatic conditions.
Feeding conditions for reindeer in winter are determined
chiefly by the qualities of the snow pack. In particular,
recurring cycles of thawing and re-freezing increase the
density and the hardness of the snow pack throughout
winter and can make it progressively more difficult for the
animals to dig down to the plants beneath. Such cycles are
much more frequent at the coast, where winters are mild
and wet than inland, where conditions are colder and drier.
Consequently, grazing (snow) conditions for the animals
are generally better inland which is why they move there in
winter.

3. Potential effects of, and projections for, climate change in

Finnmark

Large-scale climate changes in the Arctic may influence
local climate (e.g. Bamzai, 2003) which, in turn, is likely to
affect foraging conditions for reindeer, the productivity of
herds and, ultimately, herders’ income and livelihood. The
ecological impact of large-scale climate variability and
recent climate change on temperate species of plants and
animals is well documented (Ottersen et al., 2001; Post and
Stenseth, 1999; Post et al., 2001; Stenseth et al., 2002;
Walther et al., 2002). Among northern ungulates, variation
in growth, body size, survival, fecundity and population
rates of increase, correlate with large-scale atmospheric
phenomena including the North Atlantic (Forchhammer
et al., 1998, 2001, 2002; Post and Stenseth, 1999) and Arctic
Oscillations (Aanes et al., 2002). Putative causal mechan-
isms underlying these correlations involve the climatic
modulation of grazing conditions for the animals. The
effects may be either (i) direct, through the influence of
climate on the animals’ thermal environment or the
availability of their forage beneath the snow in winter
(e.g. Forchhammer et al., 2001; Mysterud et al., 2000) or
(ii) indirect, through modulation, by late lying snow, of the
phenological development and nutritional quality of forage
plants in summer (e.g. Mysterud et al., 2001). The
consequences for the animals may, in turn, be either direct,
involving the survival of the current year’s young or
indirect, whereby climate-induced variation in early growth
influences the survival and breeding performance of the
animals in adulthood (e.g. Forchhammer et al., 2001).
Projections for northern Fennoscandia indicate an

increase in mean annual temperature during the next
20–30 years of as much as 0.3–0.5 1C per decade
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(Christensen et al., 2001; Benestad, 2004a). The trend in
mean annual temperature for the period 1970–2000
generated retrospectively by the models corresponds
reasonably well with empirical observations (Hanssen-
Bauer et al., 2003). The models do not, however, capture
the observed changes in the variability of ambient
temperature and it is not yet possible, therefore, to project
temperature variability for the next 50–100 years with any
degree of confidence.

Global projections for the next 70 years indicate
increased precipitation at high latitudes (Räisanen, 2001).
These projections seem robust and are qualitatively
consistent with the expected intensification of the hydro-
logical cycle caused by increased temperatures. Regional
models for Fennoscandia project an increase in annual
precipitation of between 1% and 4% per decade (Hell-
ström et al., 2001; Christensen et al., 2001; Hanssen-Bauer
et al., 2003). Decadal scale trends in precipitation are,
however, very sensitive to changes in atmospheric circula-
tion. Projections vary considerably between different
climate models (Chen et al., 2006) and none reproduce
the observed trends in precipitation during the last few
decades very well.

Increases in temperature and precipitation can affect the
pastures in a variety of ways that may influence conditions
for reindeer. For instance, increased temperature in
autumn can delay both the arrival of snow, as a result of
which the reindeer tend to disperse and the herds become
less easy to control, and also the formation of thick, safe ice
over rivers and lakes, consequently impeding the move-
ment of herds inland. Increased precipitation in winter can
result in greater accumulation of snow on winter pastures
resulting in a general reduction in the availability of forage.
The scenarios indicate that though the average winter
temperature in Finnmark will remain well below zero in the
foreseeable future, the frequency of warm spells in winter
will most probably increase and this, in turn, may influence
the structure and quality of the snow pack. Increased
temperatures in spring might advance the date of the melt
but the flush of new vegetation might be delayed where
snow cover is deeper (e.g. Mårell et al., 2006). No
projections for snow conditions have yet been made for
Finnmark. Their development would require an integration
of the projections for temperature and precipitation both
of which are currently available only at a coarse scale of
resolution. To be meaningful, Global Climate Models
would have to be downscaled to relevant local scales and
would need to incorporate data on the physical structure of
the landscape, especially altitude which influences local
temperature profiles and, hence, the transition of precipita-
tion from rain to snow (e.g. Mysterud et al., 2000).

The spatial resolution of the projections for temperature
and precipitation over northern Fennoscandia is still coarse
and useful for projecting local trends only in general terms.
Downscaled climate scenarios (Hanssen-Bauer et al., 2003;
Benestad, 2004b) have been developed for several stations,
including Karasjok close to the winter pastures in eastern
Finnmark (Figs. 1 and 3). Hanssen-Bauer et al. (2003)
developed temperature and precipitation scenarios (Figs. 4
and 5) based on one global scenario, using a regional
scaling technique and multiple regression. Benestad (2004a)
developed a tentative probabilistic temperature scenario by
downscaling output from 17 different global climate
models using canonical correlation analysis and the soft-
ware package CLIM.PACT (Benestad, 2004b). The sce-
narios do show the main characteristics of the regional
scenarios for Fennoscandia identified by Hanssen-Bauer et
al. (2005), including larger warming in winter than in
summer and inland compared to the coast. In order to
produce sufficiently detailed local scenarios for evaluating
possible impacts, a denser network of stations and/or
improved spatial interpolation will, however, be needed.
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It may also be necessary to apply non-linear downscaling
techniques in order to capture the climate variability.
Weather patterns over reindeer pastures are complex: they
display enormous variation and, consequently, are difficult
to project at local scales even using the most robust
downscaling methods. During the last century, for
example, the winter (December–February) temperature in
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Table 1

Climate complexity: the winter weather in the mountains of northern Norway

two weather stations in eastern Finnmark (at Karasjok and Cuodahtmokhi, F

parameter or other. In herders’ parlance, ‘One year is not another’s brother’ (

Station and period Parameter

Karasjok 1960–2000 1965 Lowest minimum tem

Karasjok 1960–2000 1965 Lowest maximum tem

Karasjok 1960–2000 1966 Earliest snow

Karasjok 1960–2000 1967 Latest snow free

Karasjok 1960–2000 1971 Highest number of da

Karasjok 1960–2000 1971 Highest maximum tem

Karasjok 1960–2000 1974 Lowest number of da

Karasjok 1960–2000 1980 Most snow

Karasjok 1960–2000 1981 Least snow

Karasjok 1960–2000 1983 Deepest snow

Cuodahtmokhi 1985–2000 1986 Lowest minimum tem

Karasjok 1960–2000 1986 Latest arrival of snow

Cuodahtmokhi 1985–2000 1988 Lowest minimum tem

Karasjok 1960–2000 1989 Earliest snow free

Cuodahtmokhi 1985–2000 1991 Lowest minimum tem

Cuodahtmokhi 1985–2000 1994 Greatest snow depth

Karasjok 1960–2000 1994 Highest minimum tem

Cuodahtmokhi 1985–2000 1997 Greatest snow depth

Cuodahtmokhi 1985–2000 1997 Greatest snow depth

Cuodahtmokhi 1985–2000 1998 Lowest minimum tem

Cuodahtmokhi 1985–2000 1998 Lowest minimum tem

Cuodahtmokhi 1985–2000 1999 Greatest snow depth

Cuodahtmokhi 1985–2000 1999 Lowest minimum tem

Cuodahtmokhi 1985–2000 2000 Greatest snow depth
Karasjok varied from more than 6 1C below the 1961–1990
average (1966) to more than 7 1C above it (1930), while the
winter precipitation varied from about 30% (1911) to
almost 200% (1952) of the 1961–1990 average (Fig. 6).
Even between successive years, mean winter temperature
varied by more than 9 1C (1902/1903), and precipitation by
140% (1951/1952). Likewise, in the period 1968–2005 the
date each year on which the last snow melted at the
meteorological station in Tromsø varied by 45 days (from
29 April to 14 June; median date ¼ 20 May; data from the
Norwegian Meteorological Institute, Oslo). The situation,
however, is more complicated than even these simple
examples indicate owing to the multitude of ways in which
weather varies. Almost every year in Finnmark is excep-
tional in the sense that every year one or other parameter
exceeds all previous records (Table 1). There are, in effect,
no ‘normal’ years in Finnmark; instead, in herders’
parlance, ‘One year is not another’s brother’ (Jahki ii leat

jagi viellja).

4. Coping with climate variability and change

Climate variability and change is not a new phenomenon
in Finnmark even over the time-scale of human memory.
Though the mean annual temperature at Karasjok
displayed no statistically significant trend across the last
century (Fig. 4), inner Finnmark experienced two sub-
stantial periods with generally increasing temperatures.
Between 1900 and 1935 and again between 1980 and 2000
is highly variable and there are consequently no ‘normal’ years. Data from

ig. 1) show that virtually every year is a record year with respect to one

Jahki ii leat jagi viellja)

Data

perature Nov., Dec., Jan., Feb., March ¼ �43.61C

perature Nov., Dec., Jan., Feb., March ¼ �1.11C

2 October

30 May

ys with snow 226

perature Nov., Dec., Jan., Feb., March ¼ 5.61C

ys with snow 181

cumulative 13.4m

cumulative 2.6m

mean 64 cm

perature in Dec. �39.81C

3 Nov.

perature in Nov. �33.11C

21 April

perature in April �21.71C

in November 39 cm

perature Nov., Dec., Jan., Feb., March ¼ �11.61C

in January 49 cm

in March 74 cm

perature in Feb. �41.81C

perature in March �34.81C

in December 45 cm

perature in Jan. �48.21C

in April 80 cm
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the mean annual temperature increased by about 0.5 1C per
decade. This rate of increase in temperature is at the upper
end of the range projected for northern Fennoscandia over
the next 20–30 years (above). Similarly, the modest mean
increase in precipitation of 1.6% per decade across the last
century belies three periods of considerable increase
(Fig. 5). Between 1945 and 1965, for example, annual
precipitation at Karasjok increased by 20%; this is
between 2.5 and 10 times the current projection (above).
Thus, during the last century Saami reindeer pastoralism
was exposed to climate change events at least as great
as—and in some cases much greater than—those projected
for northern Fennoscandia during the next 20–30 years.
That reindeer pastoralism survived these events is
unquestionable: a priority for predicting the effects of,
and herders’ responses to, future climate change, therefore,
is to explore what herders registered, how they were
affected and what responses they displayed to these events.
This will require the codification not only of herders’
knowledge and analysis of their responses to weather-
related changes in foraging conditions but also of their
perception and assessment of the risks and opportunities
associated with the different options for coping with such
changes.

Undesirable effects—real or potential—of climate varia-
tion and change on the productivity of herds have
historically been ameliorated by strategic decisions and
tactical manoeuvres. Herders’ responses representing cop-
ing (birgehallat) are indicated by the dotted line in Fig. 2.
The conceptual framework proposes that responses are
triggered at two levels. Ultimately, the herders respond to
climate related changes in the performance of their
animals. They also respond directly to the kinds of weather
conditions that they recognize as important for successful
pastoralism. This proximal response is indicated by the line
marked ‘herders’ knowledge’ in Fig. 2.

4.1. Strategic responses

Pastoral nomadism and transhumance reflect pas-
toralists’ responses to temporal and spatial heterogeneity
in the distribution of key resources for their animals,
usually forage, whether these be sheep, goats or cattle on a
tropical savannah (where water is also a key resource;
Behnke et al., 1993) or reindeer on the taiga/tundra
(Behnke, 2000). Movement is adaptive in the sense that,
by moving his herd, the pastoralist gains or averts
what he anticipates will be the advantages or undesirable
consequences of his doing or not doing so, respectively
(below).

Aboriginal production systems in variable and unpre-
dictable climates are often based on the sequential
utilization of a large number of ecological or climatic
niches (e.g. Murra, 1975). The essence of such systems is
flexibility and the distribution of risk through diversity. In
reindeer pastoralism the challenges posed by climate
variation are met through herders’ skill in exploiting
options presented by the diversity of the landscape and
the phenotypic diversity of the animals in their herds:

The more landscape types one has—that is, alternatives
with which to meet different situations – the more secure
reindeer pastoralism will be over a longer period of time.
Contrariwise, in a uniform landscape without alterna-
tives, one is left helpless when faced with natural
changes [within a season, between years] (Mikkel Nils
Sara quoted in Paine, 1992).

Reindeer herders, moreover, have traditionally main-
tained high levels of phenotypic diversity in their herds
with respect, for example, to the age, sex, size, colour and
temperament of their animals (Oskal, 2000). Their concept
of a ‘beautiful’ herd of reindeer (čappá eallu) is the
antithesis of the homogeneity of a pure bred herd of
livestock developed by selection for the requirements of
modern, high yielding agricultural production systems.
The traditionally high level of diversity of the reindeer in

herds reflects a coping strategy aimed at reducing vulner-
ability to the consequences of unfavourable—and unpre-
dictable—conditions (e.g. Nilsen, 1998; Oskal, 1999).
Hence, even apparently ‘non-productive’ animals have
particular roles which contribute to the productivity of the
herd as a whole. For example, in the 1960s reindeer herds
in Finnmark typically comprised between 25% and 50%
adult males, perhaps half to two-thirds of which were
castrated (Paine, 1994). Large numbers of large males were
required for traction, to help keep the herd gathered and to
keep the general level of activity of the females low: in
modern jargon, they contributed to increasing net energy
gain in the herd. The males’ strength, moreover, enabled
them to break crusted snow and ice, opening the snow pack
and providing access to the plants beneath to the benefit of
themselves and—incidentally—also of females and calves.
Agronomists have considered adult males unproductive
and today few herds in Finnmark comprise more than 10%
large bulls (Nilsen, 1998; Reindriftsforvaltningen, 2002).
Their role as draft animals and in controlling the herd has
been superseded by snowmobiles—albeit at substantial cost
both financially and in terms of reduced manoeuvrability
early in winter in years when snow arrives late. But old
ways die slowly. When asked recently (2002) why he kept
several heavy, barren females in his herd, herder Mattis
Aslaksen Sara from Karasjok replied ‘I have few big males
now—so who else will break the ice?’ The increased
proportion of females in herds reflects agronomists’
translation of modern high yield production practices to
reindeer pastoralism. The reduced heterogeneity of herds
represents a reversal of the traditional approach; its
consequences, in terms of the performance of the animals,
remain largely unknown. The pattern of dispersion of
female dominated herds over the landscape is said to be
different but the consequences of this for the vulnerability
of the pastoral system to the vagaries of the environment
have yet to be identified.



ARTICLE IN PRESS
N.J.C. Tyler et al. / Global Environmental Change 17 (2007) 191–206198
4.2. Tactical responses

4.2.1. Movement

In Saami transhumance, the principal feature of the
natural environment that influences the pattern of move-
ment of herds into, within, and out from the winter
pastures is the condition of the snow pack. Snow
determines the availability of forage (crusted snow is bad)
and, in late winter, the mobility of herds (crusted snow is
good). Herders observe how the snow settles, drifts and
packs and decide how and when to move after assessing its
physical quality in relation to topography, vegetation, time
of year and condition of the animals. Sometimes snow
conditions can have a major impact on the pattern of
herding. So extreme were ground ice conditions in the
winter of 1917/18, for example, that some Saami herders in
Finnmark abandoned, or never even entered, the winter
pastures and took their herds out to summer pastures at
the coast where the same mild conditions that created the
ice had left the ground bare. Likewise, when in the warm,
wet winters of the 1930s (Figs. 4 and 5) conditions became
difficult owing to heavy precipitation, herds were spread
out and moved to summer pastures at the coast earlier than
normal in spring. Today, neighbouring cooperative herding
partnerships (siida) may ‘trade snow’ in the sense that one
siida may allow another to exploit an area of undisturbed
snow (good grazing) in the former’s range. In each of these
examples, success was and is contingent on freedom to
move.

4.2.2. Feeding

Reindeer are adaptable ‘intermediate ruminants’ with
specialized digestive mechanisms that enable them to cope
with the very large seasonal changes in the nutritional
quality and availability of forage that are a characteristic of
northern habitats (Mathiesen et al., 2005). Reindeer
pastoralism in Norway is virtually wholly based on the
sustainable exploitation of natural pasture from which the
animals select a large number of species of vascular plants
and lichens (e.g. Mathiesen et al., 2000) but some feed may
be provided for them, especially in winter, when access to
forage is restricted by crusted snow or ice. Herders also
provide small amounts of lichen to reward animals they
tame and as a feed supplement for draft animals. Gathering
lichens, however, is laborious and locally produced grass
converted into hay or silage and commercially available
pelleted feeds may be used instead (Aagnes et al., 1996;
Sletten and Hove, 1990). The provision of small amounts
of supplementary feed can improve survival in winter
(especially for calves) and increase the degree of tameness
of the herd. Negative effects include increased frequency of
disease (Tryland et al., 2001) and economic cost. The use of
pellets, hay and silage has increased throughout of
Fennoscandia, especially since the accident at Chernobyl
in 1986. In Sweden, for example, production of pelleted
reindeer feed increased from 356 tons in 1986 to some 4200
tons per year in 1988–2003 (Anders Hamnes, personal
communication). In Finland, between 10,000 and 12,000
tons of reindeer feed are produced annually and, reflecting
the high demand for it, many petrol stations in the reindeer
husbandry areas of northern Finland and Sweden now
stock sacks of reindeer feed during winter. The use of
pellets is less widespread in Norway where less than 200
tons are produced per year. The low level of feeding pellets
here is in part due to its high cost; the grain products in
pelleted ruminant feeds are heavily taxed and the cost of
reindeer feed is up to seven times greater in Norway than in
Finland and Sweden. Consequently, in Norway feeding
pellets is generally restricted to periods of acute difficulty.
This pattern might alter should the incidence of unfavour-
able snow conditions increase, not least because of the need
herders themselves have expressed for improving the public
perception of animal welfare in their industry (Ballari,
2005). The consequences of an increased use of expensive
feed for the vulnerability of the system have yet to be
identified.

5. Constraints on coping

The strategic and tactical decisions herders make in
response to changes in pasture conditions represent aspects
of coping. The success of the kinds of responses outlined in
the previous section, however, depends to a large extent on
herders’ freedom of action, yet Saami reindeer pastoralism
in Norway takes place in a complex institutional setting
that is heavily influenced by various forms of governance
(‘human conditions’ in the generalized model of Turner
et al., 2003a) that limit herders’ options. Constraints
include the loss of habitat, predation (where the abundance
of predators and, hence, the rates of mortality due to
predation, is influenced by legislation) and the govern-
mental regulation of pastoralism (including the regulation
of rights of pasture, of the ownership of animals, of the size
and structure of herds; below) and of market- and price-
controls. Of course, not all forms of governance and far
from all institutions obstruct pastoralism: central admin-
istration also provides important protection and opportu-
nities for the industry and has supported both education
and research. One major development in government
support for reindeer pastoralism was actually precipitated
by an extreme climatic event. The autumn (September,
October and November) of 1967 remains among the 20%
wettest ever recorded in eastern Finnmark. Following this,
the temperature sank resulting in the formation of an
extensive layer of ground ice which, owing to prolonged
cold, persisted throughout winter. The difference between
the mean temperature in autumn and winter (December,
January and February) at Karasjok of �20.8 1C is the
largest recorded there during the 20th century. Severe icing
of the pasture from the start of the winter of 1967/68
resulted in considerable loss of reindeer (Norges Offentlige
Utredninger, 1994). The government responded in an
unprecedented manner and provided a fund, part of which
was intended as compensation, equivalent, in today’s
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monetary terms, to US$ 7 million (Berg, 1997). This action
led to debate among the Saami regarding the payment and
distribution of government funds within reindeer industry
which continues, in one form or another, to this day (Nils
Oskal, unpublished data).

The effects on reindeer pastoralism of the non-climate
factors that these three constraints represent potentially
overwhelm the putative effects of climate change of the
kinds outlined above. Loss of habitat, institutions and
governance, in particular, have in the past two decades
substantially reduced the degree of freedom and the
flexibility of operation under which reindeer herders have
traditionally acted. The challenge remains to identify and
quantify the impact of this on reindeer pastoralism and to
identify and understand its effects on herders’ ability to
cope with and adapt to changing environmental condi-
tions. The following section outlines four key areas where
government policy (state, regional and municipal) and
present institutional arrangements appear to influence
herders’ ability to respond creatively to environmental
change. The points included are those highlighted at the
Tromsø meeting (above): the legitimacy and relevance of
this selection lies in the fact that it is based on herders’
evaluation of their own situation.

5.1. Loss of habitat

Reindeer pastoralism is a highly extensive form of land
use. Roughly 40% (136,000 km2) of Norway’s mainland is
designated reindeer pasture and within this area Saami
herders have—at least in principle—the right to graze their
animals on uncultivated ground irrespective of its owner-
ship. Herders’ rights of usufruct, however, afford them
neither exclusive access to the land nor protection from the
interests of other land users. Conflicts of interest are
common. For herders the principle issue is generally the
securing of pasture on which to graze their reindeer.
Indeed, the progressive and effectively irreversible loss of
the uncultivated land which reindeer use as pasture is
probably the single greatest threat to reindeer pastoralism
in Norway today. Preservation of rangeland is, likewise,
perhaps the single greatest priority for sustaining the
resilience of reindeer pastoralism confronted by changes in
the natural and the socio-economic environment.

Habitat loss occurs principally in two ways: (i) through
physical destruction and (ii) through effective, though non-
destructive, loss (i.e., through loss of grazing rights and
through reduction in its value as a resource). Physical
destruction of habitat occurs chiefly as a result of the
development of infrastructure, including the construction
of artillery ranges, buildings, hydro-electricity facilities, oil
and gas installations, pipelines, railways, roads, etc. The
magnitude of such losses is normally relatively small except
where associated with large hydro-electricity projects (e.g.
Mahoney and Schaefer, 2002, Nellemann et al., 2003) or
other extensive operations such as logging (Saami Council,
2005).
Of far greater concern is the gradual abandonment by
reindeer of previously high-use areas as a result of
disturbance caused by human activity (Nellemann et al.,
2001; UNEP, 2001, 2004). A range of studies have
documented a reduction in the use of rangeland by
reindeer of between 48 and 96% compared with pre-
development distributions along a band ranging from 2.5
to 5.0 km from cabins, dams, power lines and roads
(Vistnes and Nellemann, 2001; Nellemann et al., 2003;
Vistnes et al., 2004). Approximately 25% of reindeer range
in the Barents Region has effectively been lost during the
last 50 years owing to disturbance resulting from infra-
structure development; in some of the productive coastal
ranges of Finnmark the figure is as high as 35%
(Jernsletten and Klokov, 2002; UNEP, 2004). Projections
for infrastructure development along a 20 km deep coastal
belt indicate that by 2050 up to 78% of calving and
summer ranges may fall into disuse through avoidance
(UNEP, 2004; Fig. 7). Other factors resulting in the
effective removal of habitat include increased grazing
pressure by potentially competing species (e.g. sheep;
Colman, 2000) and loss of rights of access either locally
(Strøm Bull et al., 2001) or as a result of the closure of
regional or international borders (Hætta et al., 1994;
Pedersen, 2006). These factors, singly and in combination,
pose a major threat to the sustainability of reindeer
pastoralism by reducing production directly, by reducing
the area of available range, and by eroding the flexibility of
movement that in the past enabled herders to cope with
climate and other variation.

5.2. Predation

Fennoscandia is home to the last remaining sizeable
populations of large mammalian predators in Western
Europe including bear (Ursus arctos), lynx (Lynx lynx),
wolf (Canis lupus) and wolverine (Gulo gulo). All of these
species are capable of killing medium sized ungulates like
reindeer. In Norway very large numbers of domesticated
animals range freely in the mountains in summer, including
approximately 2 million sheep and 230,000 reindeer (which
remain at pasture both in summer and winter) and these,
not surprisingly, are all potential prey. Reindeer herders in
Finnmark, the county with the highest losses, estimate that
between 30% and 65% of their calves are taken as prey
each year (Anon., 2002); in some herds losses exceed 90%
(Mathis Oskal, reindeer herder, personal communication).
Predation on this scale dwarfs all other reported causes of
mortality including climate related deaths (Reindriftsfor-
valtningen, 2005) and is, therefore, probably a major
determinant of levels production in herds.
Norway’s mountain pastures are a major renewable

natural resource: their value, however, is clearly compro-
mised by the presence of predators. Intervention designed
to ensure their sustained usefulness as pastures, by
reducing the density of populations of predators to levels
at which they no longer represent a threat to the livelihood
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Fig. 7. Projected development of infrastructure (including roads, houses, military training areas) in the Barents Euro-Arctic region 2000–2050. The

scenario illustrated here is based on the historical development of infrastructure, distribution and density of the human population, existing infrastructure,

known location of natural resources, distance from coast and vegetation type (Source: http://www.globio.info/press/2002-08-13.cfm).
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of the sheep farmers and reindeer herders alike, must select
among several unsatisfactory alternatives. Potential strate-
gies range from implementing a general reduction in
numbers of predators to establishing ‘predator-free zones’,
where grazing can continue uninterrupted, while leaving
the predators elsewhere undisturbed. Any course adopted
must be commensurate both with Norway’s commitment
to the conservation of viable populations of mammalian
predators under the terms of the ‘Convention on the

conservation of European wildlife and natural habitats’ (the
Bern Convention) and other international conservation
agreements and, at least as far as reindeer are concerned,
by the country’s commitment to safeguarding the interests
of Saami people. This commitment is enshrined in the
terms of the International Labour Organization (ILO)
Convention No. 169 on Indigenous and Tribal Peoples.
The nation’s obligations with respect to the intentions of
this Convention appear to take precedence over those of
the Bern Convention (Schei, no date; Uggerud, 2001) and
reindeer herders accordingly press for the establishment of
‘predator-free zones’.

In practice, however, the situation remains unclear. No
predator-free zones have been created and although the
culling of predators has been instituted on a limited scale,
the herders–who usually have the best local knowledge—
are not normally involved. Instead, the government offers
financial compensation for reindeer lost to predators.
Compensation is set at the sale value of animals at
slaughter (based on the mean body mass of reindeer of
different age and sex classes) plus, for an adult female, the
value of 2.6 calves (representing her future production) and
an additional sum (equivalent to between 15 and 100% of
the resulting total figure) where losses exceed 2% of the
herd (Directorate for Nature Management, 2001). Com-
pensation is only paid, however, where claims are
substantiated by unequivocal direct evidence of a kill, such
as post-mortem examination of fresh carcasses, or where, in
the opinion of the local authority, there is compelling
indirect evidence. Herders, however, normally determine
losses by observing the absence of particular animals and
are rarely able to support their claims by producing a fresh
carcass; the gathering, transport and delivery of carcasses
from remote mountain pastures is rarely practicable.
Consequently, their claims are mostly unsubstantiated
and usually rejected. In the production year 2004–2005,
for example, of 58,600 semi-domesticated reindeer lost,
47,600 were claimed killed by predators but compensation,
worth US$ 3.8 million, was paid for just 11,400 of these
(including 650 confirmed and 10,750 likely kills; Directo-
rate for Nature Management, 2006). Thus, across the
country, herders were compensated for 24% of reindeer
claimed lost. Under these circumstances, it is inevitable
that a significant number of losses go unreported for the
herders feel that the small likelihood of their claim being

http://www.globio.info/press/2002-08-13.cfm
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accepted hardly justifies the paperwork. Thus loss of
reindeer, chiefly through predation but possibly exacer-
bated by increased snow, remains a major constraint on
production and the herders remain largely powerless to
tackle the situation owing to legislation that runs counter
to their immediate interests.

5.3. Economic and socio-political environment

Reindeer pastoralism in Norway is highly regulated. In
2000, the annual cost of its administration was US$ 21
million, which was more than twice the amount paid to
reindeer herders for the carcasses of the animals they sent
to slaughter (Reinert, 2006). The current level of regulation
stems from the Reindeer Husbandry Act of 1978 when
Saami reindeer pastoralism was brought more closely
under the management of The Royal Norwegian Ministry
of Agriculture and Food. This development reflected a
desire to improve the economic basis of Saami reindeer
pastoralism and to help herders achieve the economic
stability indispensable in modern society. Its immediate
consequence, however, was that central government
became one of the most potent forces shaping the
development of the industry. Economic planning and
development of modern, agricultural food-production
systems remained the Ministry of Agriculture and Food’s
policy-makers’ paradigm; increases in the numbers of
reindeer and reindeer herders were one immediate result
(Anon., 1992). Today, policies established by central
administration influence virtually every aspect of reindeer
pastoralism, from the granting of licenses to own reindeer
and the allocation of grazing rights, to the monitoring and
regulation of the size, age-, sex- and weight-structure of
herds, the setting of production quotas, the influencing of
both the age and sex composition of animals selected for
slaughter, the timing of slaughtering and the determining
of to which slaughterhouses herders sell their animals.
A recent decision by the Reindeer Husbandry Board, the
industry’s highest national authority, to reduce the number
of reindeer in western Finnmark by 30% before the end of
the 2004/5 season was an obvious manifestation of central
control. Though the legal basis for this decision was
apparently sound, it proved ambiguous and barely work-
able. The 1978 Reindeer Husbandry Act empowers the
Board to set an upper limit for the number of animals at
pasture but this relates to numbers in summer districts
while the purpose of the policy was to reduce numbers on
the winter pastures. Many herds, however, are divided in
autumn and join different siida for winter, yet no guidelines
were provided for how the burden of reduction in summer
districts was to be divided between the different winter
groups. A further complication arose when, in contra-
diction of the resolution of the Reindeer Husbandry Board,
the then Minister of Agriculture and Food spoke of
achieving reduction through compulsory slaughter
(Solvang, 2005). Though this initially provoked furore,
the threat subsequently withered owing to the absence of
guidelines detailing the extent to which the authorities’
were actually empowered to impound and slaughter
reindeer in cases where herders declined to co-operate. In
the event, the level of voluntary slaughter was substantially
increased during the winter of 2004/5 and the number of
reindeer in western Finnmark was reduced by the specified
date, although only by approximately 5%. This result was
nevertheless considered satisfactory because the summer of
2004 had been a good one with the high rates of both
production and survival of calves. Consequently, in the
absence of increased rates of slaughter the total number of
reindeer would undoubtedly have increased substantially
(H. R. Christiansen, personal communication).
The centralized regulation of the price of reindeer meat

provides another example of intervention in reindeer
pastoralism. In this case, the immediate consequence has
been stagnation in herders’ economy. The position of
reindeer meat as a luxury culinary product in Norway
historically provided a solid economic basis for the Saami
herders who have virtually a legal monopoly on the
ownership of reindeer. Beginning in the late 1970s,
however, new government policies weakened the economic
position of the herders through the creation of a powerful
oligopoly group of slaughterhouses outside their economic
control. This creation eroded both the market power and
the profitability of reindeer pastoralism. Increased mechan-
ization (e.g., snowmobiles and terrain vehicles), combined
with a gradual shift away from the herders’ traditional
economy to full integration with the Norwegian cash and
credit economy, further increased the economic stakes and
herders’ economic vulnerability. Political and market
power was lifted from their hands by the 1978 Act and
consolidated 12 years later in an alliance between Norsk

Kjøtt (a meat farmers’ co-operative which controls 75% of
slaughtering in Norway) and two large, private, reindeer
slaughterhouses neither of which are Saami owned. In 2002
an estimated 20% of reindeer in Norway were slaughtered
by Saami-owned enterprises compared with approximately
80% in both Sweden and Finland (Reinert, 2006).
Norwegian government legislation and practice effectively
reduced the Saami role in the total value chain to that of
providers of raw materials to an oligopoly controlled by
ethnic Norwegians. Import tariffs and pricing policies have
been used to promote the interests of agricultural meat
production at the expense of the interests of reindeer
pastoralism. Market mechanisms have been eliminated
from price setting; instead, the value of reindeer carcasses is
negotiated annually by the herders’ organization (the
Saami Reindeer Herders’ Association of Norway; NRL)
and the government. In reality, the herders’ negotiating
power is minimal because Norsk Kjøtt is responsible both
for the marketing and the regulation of the reindeer meat
market. The consequences can be staggering: from 1976 to
1991, for example, the net price paid to herders for the
carcasses of animals delivered for slaughter, corrected for
inflation, fell by 49% (from approximately US$ 11.7/kg to
US $ 6/kg) largely in response to an increase in the level of
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production. In the following decade the trend was reversed:
the level of production was halved yet the real price paid to
herders hardly changed (Reinert, 2006). The market
mechanisms that normally would have increased prices
were not allowed to work and the Saami herders in
Norway saw their incomes almost halved while the
government allowed imports of reindeer meat from Sweden
and Finland to fill the gap in the market (Reinert, 2006).
The fall in the value of reindeer carcasses during the last 30
years exemplifies the influence wielded over the economic
development of reindeer pastoralism by agricultural meat
producers with vested interests. Lacking direct control over
the slaughtering and marketing of reindeer meat, the
reindeer Saami of Norway became de-facto an internal
colony (Reinert, 2006). This development reflects the term
‘Welfare Colonialism’ coined by Paine (1977) to character-
ize culturally destructive developments in the Arctic.

Central government administration, therefore, remains
responsible for key aspects of the economic and socio-
political environment in which pastoralism exists and to
which herders are obliged to cope and adapt. The
traditional fluidity and flexibility of practice that developed
to meet the vagaries of the natural environment of the
North has been seriously eroded. The exploration of the
consequences of this for the adaptive capacity and
vulnerability of Saami reindeer pastoralism in the face of
potential climate change remains, therefore, an important
area of research.

5.4. Law

The elaborate legal structure upon which the regulation
of reindeer pastoralism is based is another aspect of the
complex institutional setting in which Saami reindeer
pastoralism is practiced in Norway. The law is compre-
hensive, complex and, occasionally, liberal to the point of
ambiguity (Strøm Bull et al., 2001). It represents, therefore,
a fourth non-climate factor which has a major influence on
reindeer pastoralism and which, by constraining herders’
options, influences their ability to cope with changes in the
natural environment.

Legislation governing reindeer pastoralism is of con-
siderable antiquity. A treaty agreed in 1751 between the
respective joint kingdoms of Denmark/Norway and
Sweden/Finland included the division, along a common
national border, of hitherto undefined northern land. This
same border divides Norway and Finland today. The 18th
century legislators realized that the creation of a border
would potentially disrupt the lives of people whose
movements had hitherto been unrestricted. An addendum
was, therefore, included in the treaty confirming agreement
between the two nations that Saami reindeer herders’
customary utilization of the land should remain undis-
turbed, notwithstanding either the creation of a common
border or the herders’ obligation to adopt one or other
nationality. This document, the Lapp Codicil, is the first
formal legislation in reindeer pastoralism (Pedersen, 2006).
Crucially, it was built upon the principle by which the
division of resources was achieved by local self-government
(Hætta et al., 1994).
The legislation of reindeer pastoralism has evolved and

increased in complexity since 1751. Successive statutes have
been revised and new ones created to meet the challenges of
change in the economic and political climate, culminating
in the Reindeer Husbandry Act of 1978 and its revision in
1996. Today’s law includes provisions for the regulation of
a wide range of issues. Section 2 alone includes rules for the
designation of husbandry areas, the duration of grazing
seasons within them, the size of herds and the body mass of
the animals in them. The level of detail of the legislation
contrasts sharply with the lack of detail in the guidelines
for its implementation. The Act is built on the premise that
the organization of reindeer pastoralism is best placed in
the hands of public administration. No siida has protected
rights of usage. Instead, successive levels of the legisla-
ture—including the Ministry of Agriculture and Food, the
Reindeer Husbandry Board, Regional Boards and Area
Boards—determine, virtually unimpeded by legal bar-
riers—the division of grazing districts, the allocation of
husbandry franchises and reindeer numbers. Regulation is
achieved through rules, not statutes. Consequently there
remains considerable uncertainty among administrators
and herders alike over the scope of the Act and
considerable limitation of any opportunity for individual
herders to challenge administrative decisions.
The fact that current legislation is built around the alien

concepts of the ‘husbandry unit’ (Norwegian: driftsenhet)
and the ‘pasture district’ (Norwegian: beitedistrikt) repre-
sents an inherent weakness. Both concepts are new legal
constructions related specifically to the internal regulation
of reindeer pastoralism. The husbandry unit (a reindeer
herd, owned and managed by one person or by spouses in
partnership, which may include animals belonging to their
close relatives: 1978 Reindeer Husbandry Act, y4), a legal
creation introduced in 1978, is especially problematical.
Herders, their families and their animals do not operate as
independent units; instead, they join and act in siida. Each
siida maintains its integrity for a season (summer or winter)
or perhaps throughout the year, moving and migrating in a
complicated temporal and spatial pattern determined in
part by the activity of neighbouring siida. Siida are stable
compositions, usually bonded in kinship, which represent a
form of organization deeply rooted in Saami custom and
practice. No regulatory legal framework which ignores this
ancient organization, as the 1978 Reindeer Husbandry Act
does, is likely either to receive widespread acceptance
within reindeer pastoralism or to provide a satisfactory
basis for effective resource management. In its report, the
Reindeer Husbandry Act Revision Committee (Reindrift-

slovutvalget) recommended adopting the siida as a central
element in a revised Reindeer Husbandry Act (Norges
Offentlige Utredninger, 2001) but this suggestion has not
yet been acted upon by the Ministry of Agriculture and
Food.
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The prevailing uncertainty is compounded by the fact
that reindeer pastoralism is regulated de facto by a
Convention on Husbandry rather than through the
provisions of the 1978 Act. The Convention is negotiated
annually between the government represented by the
Ministry of Agriculture and Food and the herders
represented by NRL. The two parties are far from equal.
The Ministry is responsible both for drafting the regula-
tions contained in each Convention, albeit in consultation
with the NRL, and also ultimately for the interpretation
and implementation of the final agreement. The regulations
contained in the Convention are more flexible than the Act
but lack the legal checks and balances that the Act
contains. The regulations agreed at each Convention,
moreover, are frequently changed which only increases
the level of uncertainty. Clearly, the complexities and
ambiguities of the law contribute to the unpredictability of
the administrative environment within which reindeer
pastoralism is practiced and therefore represent an
important constraint on herders’ ability to cope with
environmental change.

6. Discussion

We used a general conceptual framework for vulner-
ability studies (Turner et al., 2003a) to structure an
examination of factors that influence Saami reindeer
pastoralism in Finnmark and which might potentially
influence its sensitivity and adaptive capacity to projected
climate change. The study was not a full analysis of the
vulnerability of reindeer pastoralism but rather used
reindeer pastoralism as a vehicle with which to test the
versatility of a conceptual framework for studies of
coupled social–ecological systems in the North. It demon-
strated, in this way, not only how such studies can be
profoundly empirical, place based and interdisciplinary but
also, crucially, the value of working closely with local
people, in this case reindeer herders, in a co-production of
knowledge.

Herders played a key role in modifying the general
framework into one suited to their situation. The resulting
scheme (Fig. 2) made plain the diversity of the kinds of
information needed for assessing the vulnerability of a
social–ecological system in the Arctic (see also Kasperson
and Kasperson, 2001). Thus, both institutional and
ecological constraints including governance, socio-econom-
ic conditions, law, habitat, predation and snow were drawn
into a conceptual model that, because it contained just a
few selected elements, provided a means of reducing great
complexity to manageable proportions. The flow chart
captured the dynamic character of the social–ecological
system, potentially treating vulnerability as a process (see
Leichenko and O’Brien, 2002), without becoming over-
burdened with details. In this way the study not only
showed how the general conceptual framework of Turner
et al. (2003a) is flexible and lends itself to modifications
that capture the characteristics of a particular situation but
it also demonstrated the value of local knowledge for
understanding the processes that potentially shape and
determine the vulnerability of the system to change.
The validity and legitimacy of reducing a complicated

system to something simple and, therefore, amenable to
assessment was wholly dependent on the participation at
the outset of herders themselves. It is they, rather than
outsiders, who can best decide what factors, or what suites
of factors, influence reindeer pastoralism: nobody, save
herders themselves, can legitimately make the selection.
Despite its orthodox format, therefore, the resulting
conceptual model, developed through an interdisciplinary
and intercultural effort that continued throughout the
study and the preparation of this paper, represented an
integration of empirical data and herders’ knowledge.
The integration of different ways of knowing, referred to

as the ‘co-production of knowledge’ (e.g. Kofinas et al.,
2002) or ‘partnership in research’ (Magga, 2005), has not
been widely applied in research on coupled social–ecolo-
gical systems though it is increasingly recognized as crucial
for success (Ludwig, 2001; Berkes, 2002; ICARPII, 2005).
Aboriginal knowledge often does not conveniently lend
itself to reductionist analysis and hypothesis testing.
However, herders’ knowledge of the impact of something
so relatively specific as climate variation on their way of life
is based on an understanding founded on generations of
experience accumulated and conserved in husbandry
practice and herders’ specialized vocabulary. Herders
integrate bodies of knowledge gathered over time spans
that far exceed significant periods of climate change.
It would not be possible, using the traditional methods of
the natural sciences, to gather comparable bodies of
knowledge by direct observation at less than exorbitant
cost. The success of the approach outlined here was evident
from the logical design and the evident usefulness of the
resulting conceptual model (Fig. 2) however rudimentary it
appears.
One of the striking features of this work was that,

though the study originated primarily in consideration of
the vulnerability of reindeer pastoralism in Finnmark
specifically to the effects climate change, it quickly became
apparent that pastoralism is affected by a great deal more
than just change in climate. This in itself is not new but,
based our synthesis, we feel confident that the effects on
reindeer pastoralism of the non-climate factors introduced
into the model probably dwarf the putative effects of
climate change on the system. Hence, the potential
consequences of a phenomenon such as the projected
increase in the average annual temperature at Karasjok
over the next 20–30 years (Fig. 4) cannot meaningfully be
considered independently of concurrent anthropogenic
changes in the environment for which, in some cases, clear
predictions are already available (e.g. Fig. 7). Our
approach, therefore, is wholly consistent with the general
conclusion that studies of the resilience and vulnerability of
northern regions must integrate across intellectual domains
and consider the multiple factors responsible for social and
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environmental change (Chapin et al., 2004: Robards and
Alessa, 2004).

We focussed on the type and character of factors that
impinge on the coupled social–ecological system that
reindeer pastoralism represents and have to date barely
examined either the magnitude and frequency of different
perturbations or the types of interaction between them.
Likewise, we have as yet made only rudimentary analysis of
the sensitivity and adaptive responses of the system to
perturbation and have, therefore, drawn no specific
conclusions about the adaptive capacity of reindeer
pastoralism to the projected changes. These tasks remain
yet some prognosis is possible. Clearly, reindeer pastoral-
ism has been resilient to past change. The continued
existence of nomadic reindeer pastoralism by Saami and
other northern peoples in Eurasia today is evidence that all
these have, through the centuries, coped with the vagaries
and transitions of the socio-economic environment of the
North (see also Krupnik, 2002). On one hand, the fact
cannot be overlooked that, if the marginalization of
reindeer nomadism continues and if constraints on the
freedom of action of the herders increase, new climatic
conditions might threaten the resilience and increase the
vulnerability of reindeer pastoralism in ways that truly are
without precedent. On the other hand, action provokes
reaction: changes in climate and in the socio-economic
environment might also create new opportunities for
sustainable development in reindeer peoples’ societies.
Herders can be expected to grasp new opportunities,
wherever they arise, and to take the initiative in improving
the economy of their industry thereby reducing the
vulnerability of their society. Developing appropriate
methodologies for assessing the adaptive capacity, the
vulnerability and the resilience of social–ecological systems
remains a challenge (Carpenter et al., 2005; McCarthy et
al., 2005). Recognition of the knowledge systems of Arctic
cultures and the full engagement of local people through-
out the process are key components in the solution.
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