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Abstract 
Local strategies to manage climate variability are key to adapting to climate change in the long term. We investigate the social organisation of managing climate variability through a study of Øystre Slidre, a mountain farming community operating close to the climatic margins. Key informant (39) and household interviews (29) are analysed regarding how farmers organised their farming and economic activities to manage the extremely wet summer of 2009. The data show that people actively use various forms of formal and informal social relations in accessing equipment and labour in order to secure production and quality of life. The importance of such relations in managing climate variability persists even with a dramatic shift towards larger scale production. However, the concurrent reduction in the number of people involved in farming may be putting the flexibility of such collaboration under pressure, potentially undermining adaptive capacity to climate change.
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Introduction - the role of social organisation in household climate strategies and maintaining human security

In this paper, we investigate the social organisation of managing climate variability through a study of Øystre Slidre, a mountain farming community in Norway. This is a site where agriculture operates close to the climatic margins and where people have to organise their farming and other economic activities according to seasonal and inter-seasonal variations. Such local capacity to manage climate variability as well as other types of environmental and social shocks and changes have been seen as central to the capacity to adapt to climate change in the long term (O’Brien et al., 2007). Climatic conditions, and the way that global warming will affect these, are locally specific and their impacts are also closely linked with the social context. Local strategies in the face of seasonal or inter-seasonal variations and climatic events are therefore important to the capacity to respond to risks to human, environmental and social rights in the face of climate change, that is, achieve human security (O’Brien, 2006). While adaptation has often been assumed to be automatic and unproblematic in wealthy countries such as Norway, leading to a complacency to the climate change problem, there are increasing calls to understand the processes shaping vulnerability and adaptation, and in particular the role of local responses (Næss et al., 2005; O’Brien et al., 2006). This study aims to understand what processes may affect such local responses, and hence contribute to our understanding of how human security is built, or may be threatened, in a developed country context.

The paper focuses particularly on the role of social organisation in household agricultural and climate strategies and in maintaining human security. We investigate the practices and social networks involved in various forms of collaborations and how these are affected by societal change. Social organisation, social networks and social capital within and between the state and civil society have been found to be critical for local capacity to respond to change (Adger, 2003; Wolf et al., 2010). We use the concept of social organisation to analyse practices and relations both at the household level and a more aggregated level of the local community and Norwegian society in general. Social organisation includes informal social relations and networks, as well as formal institutions. At one level, social organisation concerns households and the collaborative practices, social networks and local relations that they form part of with individuals, other households and more formalised institutions. Such relations can include neighbours helping each other in farm activities or information exchanges between a farmer and the local producer services. At the societal level, social organisation concerns economic, political and social structures and processes, such as demographic trends, changes in livelihood systems and employment, in particular the role of agriculture in local economic and social activities. Øystre Slidre, apart from being a farming community, is also an important and growing mountain tourism resort providing employment and incomes to many of the local inhabitants, at the same time as agricultural production is being concentrated on fewer hands. The relationship between social organisation of production and adaptation at the household level and societal level organisation may represent a critical part of the feedback between responses to social and environmental change and the vulnerability context of an area (O’Brien et al., 2007). There is so far a dearth of empirical research regarding these feedbacks. It is the co-existence and sometimes overlapping of informal and formal networks, horizontal and vertical linkages, and of individual personalised relations and collective action that it is vital to grasp, as people’s practices and strategies take place within such complex and dynamic social organisation (Selboe, 2008; Stokke and Selboe, 2009). Hence, a focus on social relations, networks and organisation can contribute to our understanding of the processes through which contextual vulnerability is shaped or adaptive capacity limited.
The research question that is addressed in this study is how the social organisation of local climate adaptation – and changes to such organisation – may affect adaptive capacity? We first examine the role of household strategies in managing climate variability in the agricultural sector in Øystre Slidre. Next the forms of collaboration that are critical for managing a climate event, such as the wet summer of 2009 are identified. Third, we investigate how social organisation of adaptation has been affected by societal changes. The analysis shows that people actively use various forms of formal and informal social relations in accessing equipment and labour in order to secure production and quality of life. The importance of such relations in managing climate variability persists even with a dramatic shift towards larger scale production and are reformulated in the face of formalisation of many relations. However, the concurrent reduction in the number of people involved in farming may be putting the flexibility of both formal and informal collaboration under pressure, potentially undermining adaptive capacity to climate change. These are issues that are critical for understanding the social process of adaptation to climate change in Norway, as well as the potentials for and limitations to adaptation.
Methods 
Selection of study site
Øystre Slidre, a municipality in central southern Norway (see Figure 1) was selected because it is an environmentally marginal area due to its high altitude and short growing season (average temperatures exceeding 6 degrees only 5 months a year, see Figure 2). Øystre Slidre is particularly illustrative of adaptation, as local economic activities operate close to climatic thresholds, where rainfall or temperature, for example, constrains agricultural production (as well as other economic activities, such as construction work). In mountainous areas, a small change in temperatures or rainfall may lead to a large change in the length and reliability of the growing season (NILF, 1990; Boko et al., 2007). Successful strategies and positive changes may lead to new production forms and economic opportunities, while other environmental or societal changes may make strategies or livelihoods unviable. These areas are where possible future climatic changes will matter the most.

Øystre Slidre covers an area of 964 km2 and has a population of 3200
. Farming, mainly animal husbandry (cattle, goats, sheep), is the traditional mainstay, but tourism has become an important economic activity in the municipality, centred around Beitostølen tourist resort which has expanded rapidly over the past two decades in particular. There are an estimated 160 active farming households in the municipality.  Most of these also practice mountain farming during the summertime, that is, the animals are shifted to the mountains for grazing for about 8 weeks during the June-September period. Cattle and goats are milked at the mountain farm, where most families also live during the same time period. Some farmers also cultivate and harvest grass in mountain plots. Many households have turned to meat or fodder production or quit farming over the past few years. Those who have quit have either sold the farm or rented out their land and milk production quota to remaining farmers; hence neither the farmed area nor the agricultural production have been significantly reduced. The farmed areas range in altitude from 400 masl (southern parts) to 800 masl (northwestern parts) while there are also mountainous areas with altitude up to 1600 masl, where areas up to 1200 masl are used for grazing.
There have hence been large changes in the mixture of economic activities in the municipality, the size and structure of farms, as well as changes in agricultural technologies and practices and household activities. Many of these changes are related to economic growth and rising national consumption and demand in, for example, the tourism sector, as well as in international trade patterns and national economic and agricultural policies. The agricultural sector in Norway has undergone dramatic changes. Despite its protectionist agricultural policies, Norway has experienced an increase in farm size and in capital and production intensity over the past decades (Gjønnes, 1998; Nersten, 2001). Real incomes from farming are dropping while the farming population is aging and many among the younger generations migrate to the cities or find non-agricultural forms of employment.

The area is undergoing potentially dramatic environmental changes, too. The nuclear fallout from the Chernobyl power plant in 1986 affected the area particularly harshly and still influences the sheep farming in particular. More gradually, the area has experienced a warming. Hence it illustrates a region that may be “double exposed” to the processes of climate change and economic globalization, and will have to adapt to both processes simultaneously (O’Brien and Leichenko, 2000).  Key informant and questionnaire interviews emphasise that seasons and temperatures have always varied between years but that milder winters have become more common. Figure 3 shows that the mean annual temperatures vary from minus 0.6 degrees centigrade (1931) to plus 3.8 degrees centigrade (1990), with a general warming trend over the past century, accellerating since 1980. This trend is consistent with the 0.74 degrees centigrade rise in global average temperatures and the close to a degree average warming experienced in Norway over the past century
. 
The local manifestations of global warming are likely to vary greatly in Norway. However, being an inland site, it is likely to experience a rise in annual temperatures near the top end of the projected national average of between 2.5 and 3.5 centigrade over the next century, winters in particular will become milder, and the climate will become less stable (Benestad, 2002, Hanssen-Bauer et al., 2003, Iversen et al., 2005). Precipitation in Øystre Slidre averages 580 mm per year
. It is uncertain whether the expected increase in the risk of natural disasters in Norway, for example those related to heavy precipitation and wind events, will also affect this site; however, freezing and thawing and large snowfalls are challenges that may intensify with climate change in south-eastern parts of the country. Later onset of snowfall, more snow (at least the coming 50 years), but at the same time rising winter temperatures are all likely to lead to more unstable winters, therefore. 
Data collection
The analysis is based on 39 key informant interviews as well as 29 survey questionnaires with farmer households in Øystre Slidre Municipality. The key informant interviews include: 6 interviews from 2003 with farmers and a local research centre concerning farming and climatic factors, and 2 interviews with municipal administrators in 2007. The 31 interviews from 2009 comprise farmer and non-farmer households, local politicians, persons involved in the tourism sector, in a local research centre, as well as in local and regional politics, administration and institutions. Key informants were identified with the help of the local authorities and the local research station as well as through snowballing (where informants are asked to identify possible other informants). Informants were selected to represent a range of agricultural and economic activities, socio-economic status and geographic areas, paying attention to securing an age and gender balance. The key informant data collection focused on themes like diversification and specialisation of agricultural and non-agricultural activities; the social organisation of production and adaptation; effects of climatic factors on households; environmental and social changes over time; and well-being. They also include collaboration and conflicting interests between tourism and agriculture, forest uses and management, sources of knowledge, government policies and external interventions, market conditions, and formal and informal institutions. Each interview focused on a selected two or three of these themes. 
The 29 survey questionnaire households were randomly selected from a list of in total 160 active farmers in the municipality.
 The interviews concentrated on agricultural activities, off-farm employment, changes in production, possibilities of expansion and investments, summer mountain farming, market relations, social organisation of production, and seasonal and local climate variations with a focus on the 2009 season and possibilities of adaptation.
In addition to interviews, informal conversations and observations during field trips are important sources of information. Statistical information for Øystre Slidre has been available in official documents and data bases.
Climate variability and the wet summer of 2009

The analysis focuses on how households managed the wet summer of 2009 in order to understand the role of household strategies and various forms of collaboration in local adaptivie capacity, and how societal change may be affecting such social organisation of adaptation to climatic variability. Since Øystre Slidre has a very short growing season, the weather conditions prevalent from when the snow melts in late April to mid-May to September are critical for agricultural and economic activities. Local climatic variations are large due to altitude and topography; for example, the onset of spring and permanent snow cover, and harvest can vary by 1-2 weeks over a few kilometers.  
The summer of 2009 is remembered for its early summer drought followed by a very wet late summer. According to informants in all parts of the municipality, there was a prolonged spell of hot dry weather from mid-June until July 4th, with very little rainfall and temperatures reaching 30 degrees centigrade. This was followed by a long rainy spell with very few days of respite until the end of August. These observations are reflected in meteorological observations from Løken Research Station in the southern part of the municipality. While there was only 29.3 mm rainfall in June, there was 111.5 and 121.6 mm of rainfall in July and August. The station was the driest location in Norway in September with only 10.3 mm rainfall. Figure 4 shows that the total rainfall in July and August was well (65%) over the monthly mean. Given the variations in rainfall from year to year, the total rainfall amounts in July and August were not exceptional. However, the rainfall distribution - rainfall practically every day (19 rain days in  July and 18 in August compared to only 9 in June) and with no extended periods of dry weather in which the fields could dry up and be tended and harvested - posed problems for the farmers. Another key feature of the 2009 was early onset of winter. The snow settled permanently on October 3rd, about a month earlier that what is common even taking into account huge variations between years (some years the snow only settles in January).  On only a few fields and patches with warmer micro-climate did the snow melt again enabling grazing or ploughing before more snow settled in early November. 

Anlysis and findings
The critical role of household strategies in managing climatic variations
Key informant and questionnaire interview data suggest that household level strategies are critical in managing seasonal and interseasonal climatic variations in Øystre Slidre. Local capacity to respond to risks to human, environmental and social rights can therefore be important for maintaining human security even in a wealthy, developed country context with strong institutional frameworks. The 2009 conditions created problems for farmers all over the municipality with regard to harvesting fodder, grazing animals and completing field preparations, but the degree of success to which the problems were tackled varied between households. The production of grass for fodder and grazing is central to agriculture in Øystre Slidre, and household strategies centre around managing the short growing season. 
While grass production is adapted to the local climate, it is also affected by seasonal and climatic variability. Interviews with farmers, local researchers and agricultural advisors revealed the importance of weather conditions throughout the year for the summer harvest: A period of hoar frost before the snow settles is good for soil quality for the next season, while freezing and thawing with the grass covered only by an icy layer easily penetrated by sunlight during the winter can ruin grass growth in the spring. Ideally, a stable warm period with some rainfall should follow snowmelt in spring, while cold windy conditions can arrest grass growth. A recurring problem in the area is early summer drought, that is, hot weather combined with a lack of rainfall in early June, leading to grass drying out and farmers achieving small harvests. Nutritious dry grass fodder is normally harvested in late June or early July, depending on the altitude, microclimatic conditions, and spring/summer conditions. 
Extremely wet summers, like the one of 2009, also greatly influences the production of grass for the second harvest (normally harvested from late July to late August). Rainfall can lead to excessive grass growth that reduces the nutritious content. Since grass cannot be harvested when the fields are too wet and muddy, rainfall can lead to a delay of several weeks that results in harder stalks and fodder which is less palatable. Many farmers therefore reported a large harvest but a lower quality second harvest in particular. 22 of 29 farmers reported reduced quality of the first and/or second harvest. Figure 5 shows the distribution of effects on the quantity and quality of the first and second harvest
. The second harvest is often packed in plastic balls or silo but it is still an advantage that it is not too moist. For example, wet fodder balls may freeze rock hard during winter requiring thawing and drying out in the barn, leading to extra work for the farmer and unpleasant damp conditions in the barn. All the 29 farmers surveyed in questionnaires responded that a mixture of rainy and sunny days, avoiding drought as well as extended wet periods were important weather conditions determining the performance of their farm. Such conditions allow both for grass growth and for intermittent periods of sufficiently dry conditions to harvest. In the autumn, it is important that farmers have some days of dry weather after completing the harvest and before the snow settles in order for fields to be prepared for the next season. If harvesting, ploughing and spreading of animal dung takes place when it is too wet, the tractor may cause compression damage to the soil leading to poorer harvests or a need to replough sections the following spring. 

In addition to delays in harvest and inferior fodder, the wet summer of 2009 led to extra work for farmers as they were unable to complete harvesting tasks that they had started and hence could work less efficiently. It also resulted in the delaying of other agricultural tasks such as ploughing to the extent that some were unable to plough altogether since the snow also settled unusually early. Other consequences included soil compression damage, delaying of other tasks such as maintenance of buildings to the following year, and the postponing or foregoing of holiday travel since they had to stay at home and wait for dry weather in order to complete the harvest.  Inferior fodder, along with poor mountain grazing in some areas due to the wet conditions, led to reduced quality and quantity of milk for some farmers and reduced weight of lambs and increased fodder needs for some sheep farmers.
However, most farmers explained that while the season felt awful as they were in the middle of trying to secure their harvest, they were able to make numerous adjustments to ensure that the harvest was more or less successful. In other words, the particular strategies of individual households and farmers are critical to farming in the area. 
Timing activities to appropriate weather conditions was the key feature of such strategies. Timing the harvesting activities in particular was important in 2009. Most farmers were able to complete the first harvest during the period of sunny weather in June; however, a few were unable to complete the harvest either because their farm was at such a high altitude that the growing season started later than in other areas of the municipality and the grass was hence not yet mature, or because they were delayed by other major tasks such as construction of farm or residential buildings and other off-farm work responsibilities. 
Almost all farmers experienced delays to harvesting the second harvest, but some much more than others. There were three main factors that allowed the more successful to avoid large delays and reduction in fodder quality: experience, access to labour, and access to equipment. First, several key informant and questionnaire respondents emphasised that their past experience had led them to prioritise harvesting while the weather and grass quality was good rather than maximizing quantity and risking onset of rain. Furthermore, planning the different tasks during the busy spring season in order to use machinery and time efficiently is important in order to be ready to harvest in time. Second, many of the informants that devoted the main share of their time to farming rather than outside jobs, or who had very flexible jobs, reported that they were able to harvest the moment the weather was good enough and before the weather turned bad again during the long rainy period. Third, access to equipment was important to being able to plan farm activities and to harvest and pack hay quickly during the few non-rainy days during July/August and hence avoid delays and reduced fodder quality. 
Using a diversity of fodder is another feature of strategies to manage climatic variability. Since 90% of farmers graze their animals in their mountains, animals are secured nutritious fodder during the summer even if the harvest in the valley is of poorer quality. Several farmers grow grass both in the valley and in the mountains, and in plots of different ecological characteristics (such as sensitivity to drought or wet conditions and differing in time that they are ready for harvest), and using different grass types, hence reducing risk of the whole harvest being affected by particular weather conditions. Since most harvest twice, many farmers could compensate for the poor second harvest with the improved first harvest. Mixing good with poorer quality fodder to reduce effects on milk production and animal weight was a common strategy. Several farmers also ensured that they used the poorer quality fodder at times when animals required less nutrition (such as low milking season before calving or just before slaughtering cattle), and using up the wetter fodder before winter to avoid the risk of fodder freezing to ice. Supplementing own fodder by buying extra fodder or increasing the use of grain feed were other strategies. 

Some of these strategies were not without costs, for example in economic terms, reduced quality and/or quantity of milk and meat, in increasing own labour or delaying of holidays. The early onset of winter meant some farmers had to bring their animals indoors before they had planned and use more fodder, while others had to delay ploughing until the next spring. However, most farmers emphasised that they had managed the season reasonable well and expected to be back on track in the course of the next season (2010).  
Forms of collaboration evident in household strategies
The previous section showed that household level strategies are important to local capacity to adapt to climatic variability. Such strategies do not take place in a social vacuum, however. As described above, three features were important in enabling households to make the required adjustments to seasonal and interseasonal climatic variations and minimise delays and reduced harvests due to the wet summer conditions in 2009: experience and knowledge to plan key activities in a timely fashion; access to labour; and access to equipment. These features were all contingent on relations between households; in particular, the interview data suggest that several forms collaboration between households make up an important part of the social organisation of adaptation to climate variability. The critical forms of collaboration for managing such a climate event included the sharing of agricultural equipment, renting equipment or harvesting services from other farmers, and exchange of labour and mutual assistance. In addition, there are several forms of collaboration evident in non-farm activities, such as construction, that directly contribute to households being able to afford to invest in the required equipment, agricultural inputs, and renting of services allowing them to adjust to events such as a wet summer. The sharing of knowledge and experience and development of local knowledge in managing ecological and climatic diversity are underlying processes characterising all the types to collaborations mentioned above. These processes are further described in Eriksen (2009). 
First, sharing of equipment between different farmers was important for accessing equipment during critical times of the season, such as for preparing fields and cutting grass. Informal and formal sharing between neighbours and family was common: 20 of 28 farmers interviewed reported that they engaged in such sharing, see Figure 6.
 Some families had shared equipment for generations and there were no formal agreements that the informant was aware of. Other farmers had recently bought equipment where several farmers formally shared the cost. The number of farmers sharing equipment could in practice be higher than the 20 since key informants described that it was common practice to borrow equipment from neighbours informally when needed. These collaborations were important for being able to complete tasks in time, such as planting during the short spring as well as cutting dry hay in time before the rainy spell beginning of July or ahead of packing the hay during the second harvest in August. The sharing also saved households from making large investments in expensive equipment that only needed to be used a few times a year. 
A second form of collaboration that was more formalised in character was the renting of equipment and services, that is, typically hiring a neighbour or enterprise who has the required machinery to cut and/or pack their grass into plastic balls; the ‘rundballe’. 22 of 29 farmer households reported either hiring such services or (in a few cases) hiring out such services. Especially the packing of hay involves expensive machinery that many farmers cannot afford. The expense of the equipment to press and pack the rundballe is high and for many purchase is difficult without extra off-farm income. At the same time, engagement in work and economic activities outside the farm makes immediate access to machinery more important, as these farmers often are less flexible regarding time-use that full-time farmers. Thus, some households have their own equipment or share it with a few very close relations or neighbours and could hence harvest the grass relatively independently from others.
These two types of collaboration usually work well during good weather conditions, but can become more problematic during times of prolonged wet weather, such as during the summer of 2009. There were so few non-rainy days that the demand for using the shared equipment and for hiring equipment and services created pressure and delays, generating stress and sometimes personal differences. For example, since most farmers wanted to rent the packer during the few days in July or August that allowed harvesting, there  was a pileup of work and some were unable to secure the packer and had to wait for the next non-rainy period.

A third type of collaboration involving strategies for accessing labour was mutual assistance between neighbours in farming tasks, such as on the fields during critical periods or with repairs and renovations to buildings. Farmers would work together on one field one day and the neighbours field the next. In this way, the work would get done more quickly than if everyone worked on their own. This was usually not paid work, but managed as informally exchanging labour. 20 out of the 29 farmer households interviewed engaged in this type of collaboration. In situations where the number of hours used on each farm is largely unbalanced, there were also instances of payment among neighbours. As one farmer explains, this is not a problem, as the increased registration and documentation demands in Norwegian agriculture makes it easy to list and calculate the working hours used for collaboration. One informant holds that it is easy to ask for help, as people have a sense of the importance of sticking together, collaborating and helping each other out, even if it is busy. Some also formally rent labour, such as for harvesting or to assist in running the mountain farm or herding animals (13 of the 29).

Societal change affecting the social organisation of adaptation

Local capacity to manage climate variability concurrently with other environmental and social shocks and changes (such as the rising cost of equipment) is therefore highly contingent on social organisation in terms of collaboration between households. These collaborations are strongly influenced by several societal processes, however. First, there is an increasing formalisation of collaboration taking place at the same time as increasing formalisation in the sector in general. As mentioned, previously informal forms of collaboration such as mutual assistance are increasingly subject to reporting requirements. Farmers face strict requirements on documenting all aspects of agricultural activities and meet various demands and controls on their production. Formal regulatory institutions and mechanisms are relevant for the way that people cope with a poor harvesting season, in particular in terms of quality controls, pricing, and regulations. Tine, the agricultural cooperative, tests the quality of the milk regularly and the farmer receives a lower price for poorer milk (such as lower protein content). If the levels of bacteria become too high, Tine may refuse to receive the milk altogether. The quality of milk is often directly related to the quality of the pasture/ grazing and fodder. The farmers also send fodder tests for analysis to help decide how to feed the animals to ensure good milk and meat production and receive counselling from the local producer services to design a formal plan for manure and fertiliser use. Regulations are particularly strict for sheep farmers in Øystre Slidre. Wet summers often involve higher levels of becquerel in the mountain pastures, as the area was severely struck by the radioactive waste from Chernobyl in 1986 and the effects still persist. Sheep farmers hence have their sheep tested for radioactivity every year and are sometimes required to feed the sheep on non-radioactive (valley) fodder for several weeks until the radioactivity levels in the meat are brought down to safe levels. 
Even if adding workload and costs, some of these requirements are undoubtedly positive both for the quality of farm production and for the exchange between local informal and more scientific formal agricultural knowledge. There are other more economic changes that more profoundly lead to formalisation of collaboration and potentially a more negative trend of weakening informal social relations, however. With the reduced incomes from agriculture related to less favourable agricutural policies (such as subsidies), rising costs of inputs such as fertiliser on world markets, and rapid economic growth in Norway spurring demand for mountain tourism services in Øystre Slidre, many farmers have taken on off-farm jobs such as in the construction of tourism facilities in order to secure a decent income and to be able to make required investments in their farm. Very few are now full-time farmers and many have 100% positions in addition to farming. With such an increase in workload, many people have recently decided to quit farming altogether. The remaining farmers have to increase production to maintain an income, renting land, increasing their production quotas, or even starting joint farming enterprises with neighbours in order to be able to engage in production of scale at the same time as being employed in off-farm jobs. Six of the 29 farmers interviewed were engaged in such a joint enterprise.
Most informants suggested that the levels of collaboration overall were declining, partly because most people now have additional employment to farming, partly because many farmers have quit the sector over the past decade and there are hence fewer with which you can collaborate. Only farmers that had flexible part-time jobs, were self-employed or had jobs closely related to their own farming activities, or were full-time farmers, could more easily carry out harvesting tasks when the weather allowed rather than being restricted by taking time off work.  The implications of people increasingly taking on off-farm jobs is that they have less time to spend on farming tasks. The pressure to perform tasks quickly and to access machinery increases and more farmers prefer to buy their own equipment rather than being dependent on shared equipment. Some farmers also explained that they increasingly hired someone with the equipment to do specific tasks for them, such as packing of hay. Since more people work off-farm, there are fewer people left to run the farm, mostly only one person where previously whole families were involved. Since there has been a dramatic decline in the number of farms as well, there are fewer people in a neighborhood engaged in farming. They may be much farther away, for instance impeding sharing of equipment that must be transported over larger distances; and building new collaborations requires investments in trust. This reinforces the trend of declining sharing of equipment and also leads to a reduction in mutual assistance forms of accessing labour. People become more vulnerable to unforseen problems, such as disease or increased workload due to climatic conditions, since there are fewer family and neighbours available to step in to help.

To what extent may the weakening of informal forms of collaboration pose a threat to adaptive capacity in the face of climate variability and change? There are some worrying implications. There are formal systems of assistance; for example, most farmers receive state support to hire a ‘substitute’ (avløser) a certain number of days a year and 23 of the 29 surveyed farmers had such a substitute on a regular basis. The hiring of equipment and services (22 of 29 farmers) can also to some extent replace informal mutual assistance systems. However, most of these formal systems are actually critically dependent on strong informal collaboration, in particular relations of trust. In order to maintain a good production, you need access a reliable and highly skilled substitute. This normally means that the substitute is a friend or relation with whom the farmer has worked for a long time or a family member such as a parent or sibling. The choice of relief assistant is therefore dependent on local social relations and networks. Similarly, good informal relations are required when hiring equipment and services since there is such a peak in demand and competition for services. Households who were able to minimize delays in completing the second harvest in 2009 and hence more successful in securing fodder of better quality were those who either had the equipment themselves or who could hire the packer on the required days. These were either farmers with large fields (and hence large jobs and good income potential for the packer) or with good relations to a particular packer so that they were prioritised.

Other forms of formal collaboration, such as joint farming enterprises or formal arrangements for sharing equipment, are equally dependent on trust. Joint farming often means sharing barns and farming equipment, and paying the participants according to the income of the enterprise and the number of hours each farmer had put in. The advantage of the joint enterprise is that it is run as a larger unit and more rationally, in the sense that only one member might be needed to tend the animals at any one time while the other members could engage in other employment or have time off. Such collaboration, which is both practical and economic, nevertheless depend on high levels of trust and hence strong social ties between the participants. Joint farming requires economic collaboration and shared decision-making, and informants related how in was only possible to do so successfully with people with whom you were already close, such as relatives or neighbours with which you had grown up and already had long collaborative relations. Similarly, the sharing of equipment requires that you can trust that your partner(s) perform repairs immediately if something is broken and maintain the equipment well so that it is available when others need to use it. Several respondents who no longer shared explained their decision with that broken down equipment or disagreements over who should bear the cost of repairs had caused irritation and delays in critical farming activities. Hence, the loss in sheer number of farmers, increasing distances to the next farmers, and decreased ability of relatives and neighbours to assist in farming tasks means that informal networks are weakening, threatening formal forms of collaboration, too. 

Informal collaboration has important roles that go beyond the actual enabling the carrying out of practical tasks efficiently. Through collaborative activities, people confer about the use of seeds, manure and fertiliser, as well as other issues related to local agricultural production. In this manner, critical local knowledge regarding when the grass is ready for harvest, how the grass will fare in different fields with different local climatic conditions, and how dry the soil needs to be before you can run harvesting machines on it, is often shared in the social networks built by the collaboration of local farmers. In addition, collaboration has an important social role. Some farmers hold that it is particularly valuable as a source of social interaction since these days, the farm often is run by one person only while the rest of the family pursue education or off-farm work. Farmers have become more isolated and farming more stressful, according to informants. The collaboration seemed a strong part of the cultural identity of many farmers and local communities. With the loss in numbers, many farmers also felt that the negotiating position of the farming sector with municipal decision-makers was weakening, for example in resolving conflicts of interest between tourism development and farmer needs. Hence a loss of critical mass of farmers and loss of informal collaboration may threaten the ability of farmers to respond to risks both to political and social rights in addition to maintaining farmer livelihoods, with implications for achieving human security.
At the same time, some new forms of collaboration are forming. The mix between formal and informal links is illustrated in a recent project, sponsored by the government, to get rid of some persistent goat diseases. The project is highly regulated in terms of formal requirements, standards and rules and involves separating newly born kids from their mothers before reaching the barn floor, keeping these separate from ‘older’ goats the entire season, slaughtering the old goats at the end of the season, and renovating the interior of the barn. The informal collaboration element of the project was nevertheless essential and a much appreciated aspect by the participants. All goat farmers in an area sharing grazing lands need to participate in the project at the same time, and its success was dependent on farmers exchanging information as well as helping each other with disease-free barn space as they renovate old barns. 
Although informal collaboration is often based on long term knowledge and social relations that might have been nurtured through generations, there is also evidence of inclusion of newcomers to farming communities in Øystre Slidre. These are often young couples taking over local farms that might have been neglected over a time period. Most local farmers seem positive to such newcomers, welcoming their active interest and engagement in farming. One farmer, relatively recent to the area, describes the openness and inclusion experienced when the family first arrived in Øystre Slidre. Social relations and collaboration seem to develop rather quickly in the context of agricultural production, for instance when newcomers seek advice and information about local production. There is also collaboration in the mentioned categories of borrowing machinery, co-purchase of equipment and mutual help regarding agricultural tasks. This creates new impulses and transformation in local social networks and social relations of collaboration (particularly since quite a few newcomers are more engaged in their production, eager to try new modes of production  or rejuvenate traditional ones).

Other types of collaboration revolve around new non-farm economic activities, such as the sale of plots and the construction of tourism cabins. Farmers often collaborate in preparing plots for sale, such as in providing required physical infrastructure and acquiring permits from the local authorities. Many farmers also collaborate formally in firms that offer construction, rehabilitation or maintaining cabins for tourists. Many farmers work within construction either as self-employed or employed in a local company. There are high levels of informal relations since most jobs are found, or given, though word of mouth rather than active advertisements. The individual builders also collaborate when one needs help to complete a larger project, or offload each other when one requires to spend more time on the farm, for example in connection with harvesting. In fact, a few of the full-time farmers interviewed took occasional work off the farm for social reasons rather than economic necessity; being able to socialise and meet people, although the additional income also is welcome. In this context, informal networks are re-formed in response to demographic and economic structural change to the sector in order to continue securing social relations and quality of life for many farmers.
Conclusions
The analysis above shows that household level strategies play an important role in managing seasonal and inter-seasonal variations in climate, as illustrated by the numerous strategies and adjustments used by farmers during the wet summer of 2009. These strategies enabled most farmers to at least partially minimise both the loss of harvest and sucessfully avoid serious consequences for meat and milk production as well as agricultural incomes. Though adaptation is often assumed to be automatic or taking place through planned policy interventions in developed country contexts, these findings suggest that household strategies may be as important for adaptive capacity in a country like Norway as for poor developing countries. Such strategies are so far understudied in developed country contexts and future research regarding adaptation to climate change needs to address this shortcoming.

Furthermore, collaboration between households as well as relations with formal societal institutions are critical for the capacity to successfully undertake such strategies, in particular to access the required equipment and labour to undertake farming activities during times of appropriate weather conditions. Such collaborations take place through an interaction between formal and informal relations. Although there is a development towards formalisation of ties, for example through the institutionalisation of collaboration with state actors and increased documentation requirements of household activities, the two forms remain closely interdependent. 
Hence household level strategies and the interaction between formal and informal ties are important for understanding society’s capacity to respond to threats to human, social and environmental rights and hence how human security is achieved. Concurrent with great changes in the agricultural sector, household strategies for managing climate variability and optimise production continue to depend on both local and informal social networks, as well as formal institutions and regulations. The practices resulting from this context of various forms of collaboration, as they are part of the farmers everyday lives, often involve face-to-face contact and existing social relations. Dramatic shifts in the agricultural sector, in particular the decline in the number of farmers and increasing engagement in off-farm employment among remaining farmers is putting informal networks and relations of trust under pressure. 
Indirectly they also threaten formal collaboration such as sharing of equipment, access to labour and joint farming enterprises, under pressure. The social organisation of adaptation, in terms of forms both formal and informal collaboration, are reformulated and their importance in managing climate variability persists. Nevertheless, the changes may be undermining the flexibility of farmers in Øystre Slidre, potentially undermining the capacity to adapt to climate change. 
The study underlines that social organisation is an important element feature of the social process of adaptation. This implies that in order to understand the limits to and potentials for adaptation, studies need to take a broader approach than is often the case. The examination in this paper illustrates the usefulness of bridging such a broad human security approach with understanding of social organisation. Adaptation processes, even in a well regulated and formalised society like Norway, involves dynamic interactions between formal and informal relations. These relations are important both for securing livelihoods, political rights and ability to influence key decisions locally, and cultural identity, and hence form part of social as well as economic aspects of quality of life. Societal processes that undermine critical forms of collaboration may pose limits to adaptation and threaten human security. 
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Figure 1: Location of Øystre Slidre

Sources: 
Maps.google.com
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Figure 2: Mean monthly temperatures in 2009 compared to the 1961-1990 mean, Løken Research Station. 
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Figure 3: Annual mean temperatures, 1919-2008 at Løken Research Station, Øystre Slidre. The 1961-1990 mean is 1.6 degrees centigrade.
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Figure 4: Precipitation in 2009 compared to mean monthly precipitation at Løken Research Station, Øystre Slidre
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Figure 5: The number of farmers interviewed reporting very good, normal and poor quality or quantity of fodder harvest compared to normal (N=29).
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Figure 6: The number of farmers interviewed involved in different forms of collaboration (N=29).

� Estimated from statistics Norway: � HYPERLINK "http://www.ssb.no/kommuner/region.cgi?nr=05" �http://www.ssb.no/kommuner/region.cgi?nr=05� and Øystre Slidre Municipality webpages � HYPERLINK "http://www.oystre-slidre.kommune.no/artikkel.aspx?AId=71&MId1=30" �http://www.oystre-slidre.kommune.no/artikkel.aspx?AId=71&MId1=30� 


� http://met.no/Klima/Klimautvikling/Klima_siste_150_ar/Hele_landet/


� Annual mean for 1961-1990, Løken Research Station, Volbu (southern part of municipality, 525 masl). Data provided by Bioforsk Løken.


� The data will include a total sample of 40 when the data collection is finished (spring 2010).


� All informants harvested at least once, and all but three harvested twice.


� N=29. Nonresponse=1.
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