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Social and biophysical components, processes, eco-systemic services and disservices, social and natural events may be monitored in timeseries on population, climate, biodiversity and so forth. Conceptual frameworks may then be used to analyze external drivers and practices that impact socio-ecosystems. In particular, complex Human-Nature may be summarized in a timeline to answer hot sustainability questions. For the Kunhar watershed/Balakot Tehsil, chosen as a case study, it appears that natural hazards, climate change and hydro-power plants are the key pressures that endanger the socio-ecosystem, including losses of culture and biodiversity.

Introduction

Conceptual frameworks were proposed to analyze external drivers and practices that impact socio-ecosystems (SES) [START_REF] Bretagnolle | Action-orientated research and framework: insights from the French long-term social-ecological research network[END_REF]. Therein, social and biophysical components, processes, eco-systemic services and disservices, social and natural events are to monitored in timeseries on population, climate, biodiversity and so forth. Interdisciplinarity is a key issue to capture the socio-ecological processes and the Human-Nature interactions.

Timelines are particular representations in use in History. Their interest is twofold. Firstly, an overall picture may facilitate the analysis of complex inter-relationships. Secondly, timelines allow to identify/justify data shortage, inviting researchers to fill the gaps.

The manual drawing of a timeline is a painful task. The ZATimeline software [START_REF] Charpentier | ZATimeline: Visualizing SES trajectory data on a timeline[END_REF] is a methodological contribution to the representation of heterogeneous SES information and datasets by means of timeline charts. In a nutshell, as in project management software, dated information is gathered in a formatted spreadsheet to be interpreted as a chart.

Under pressure owing to climate change and development plans, the Kunhar River watershed [START_REF] Mahmood | Potential impacts of climate change on water resources in the Kunhar River Basin[END_REF][START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF][START_REF] Shahzad | Does livelihood vulnerability index justify the socio-economic status of mountainous community? A case study of post-earthquake ecological adaptation of Balakot population[END_REF] is chosen as a case study, a particular attention being brought to the evolution of the water-energy nexus.

The layout of the paper is as follows. Section 2 introduces the socio-ecosystem under study and the timeline framework. The collected data and the resulting timeline are described in Section 3. A discussion and a conclusion are proposed in Sections 4 and 5, respectively.
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Materials and Methods

Case study

The Kunhar River (Pakistan) originating from the Lulusar Lake in the Kaghan valley, is situated at the southern slope of the Greater Himalayas. It contributes to 11% of Jhelum River flow at Mangla dam. Snowmelt supplies 65% to the total river flow (2.5 MAF), offering about 1600 MW potential for energy production [START_REF] Mahmood | Potential impacts of climate change on water resources in the Kunhar River Basin[END_REF]. Currently, a development plan [START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF] is being implemented by setting five hydropower plants involving major structures such as dams and diversion channels that will considerably affect the natural flow, the neighbors, riverine flora and fauna of the Kunhar River.

Balakot Tehsil (2376 km²) is the administrative subdivision approximately delineated by the Kunhar River watershed. Balakot Tehsil is an Alpine rural SES, the population of which (density: 115 per km²) is however concentrated near to the river. Located on several fault lines, Balakot suffered the devastating earthquake of 2005. A recent paper [START_REF] Shahzad | Does livelihood vulnerability index justify the socio-economic status of mountainous community? A case study of post-earthquake ecological adaptation of Balakot population[END_REF] reports on the consequences from a sociological point of view.

Timeline framework for the analysis of SES

The ZATimeline framework [START_REF] Charpentier | ZATimeline: Visualizing SES trajectory data on a timeline[END_REF] is a methodological contribution to the representation and the analysis of the evolution of a socio-ecosystem. One of the goals is also to favor the production of SES trajectory datasets satisfying the so-called FAIR principles. The proposed framework comprises 5 stages. Collection: Heterogeneous quantitative and qualitative information describing the SES and the evolution of the Human-Nature interactions, including practices and ecosystem services, is collected. Events, timeseries, indicators and trends are welcome to support the analysis. Data storage: Data are organized as a formatted spreadsheet providing names, start and end dates, and drawing styles for each of the entry. By the way, the user benefits from the abilities of its Office suite while preparing/reworking the data. Plots: Data are interpreted and visualized as a chart by means of the ZATimeline graphical user interface developed in the Matlab Runtime Environment for an easy uptake by researchers in the social sciences and humanities. Analysis: At that time, data may be reworked using the Office suite and plotted again to refine the analysis. Metadata and data publication: The timeline data and the resulting plot may be published as a formatted dataset for a comparison with other SES timeline datasets produced within the framework.
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Results

Data about the physical environment, the ecology baseline and the socioeconomic environment were mainly extracted from a hydro-engineering paper [START_REF] Mahmood | Potential impacts of climate change on water resources in the Kunhar River Basin[END_REF], the environmental impact assessment report [START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF] prepared for the Balakot hydropower development project, and the socio-economic study [START_REF] Shahzad | Does livelihood vulnerability index justify the socio-economic status of mountainous community? A case study of post-earthquake ecological adaptation of Balakot population[END_REF], then organized as described in sub-section 2.2. Key landscape features and major natural events are first presented, followed by external national and international constraints that may impose pressures onto the SES. Following [START_REF] Bretagnolle | Action-orientated research and framework: insights from the French long-term social-ecological research network[END_REF], the actors figure out the social model, while the stocks refer to the main available resources. On the one hand, actors manage/act on the resources through practices. On the other hand, natural stocks may bring eco-systemic services, and sometimes disservices. The sources of this study are reported in the right-hand side.

The resulting timeline is plotted in Fig. 1. Events and long-term features are represented using symbols and horizontal rectangles, respectively. Vertical rectangles are used to figure out the main phases: ancestral mountainous livelihood, tourism development, and a technological development related to hydro-power production. 

Discussion

As reported in [START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF][START_REF] Shahzad | Does livelihood vulnerability index justify the socio-economic status of mountainous community? A case study of post-earthquake ecological adaptation of Balakot population[END_REF], the livelihood of Balakot Tehsil inhabitants mainly depends on the local natural, agricultural and riverine resources that a sensitive mountainous environment can provide. Besides, the SES is submitted to a number of structural (seismicity), climate and development pressures.

Considering the social model, the major seismic disaster of 2005 still affects the population in its structure (male/female ratio of 3:2) and in its settlements. The New Balakot City Project, promised after the earthquake, has been slow to develop, and people constructed shelters in the banned area. Similarly, the major flood of 2010 washed the road and some of the hydropower-plant generators away.

Considering the biogeophysical model, main changes in the Kunhar River watershed [START_REF] Mahmood | Potential impacts of climate change on water resources in the Kunhar River Basin[END_REF][START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF] are related to climate change and to the hydro-power plant projects, with potentially high impacts on both the riverine biodiversity and the streamflow.

The Human-Nature interfaces are figured out on the timeline through the practices on the one hand, and the services on the other hand, so as to inform on the evolution of these interactions along time. Three ranges are identified. Firstly, a local use of natural water-food-energy resources is made by the inhabitants. Secondly, the expansion of recreational and touristic activities induces a number of structural and economical changes (roads, towns, hotels). Thirdly, the production and exportation of hydropower energy modifies the flow and the relation to the river. The last two phases have high impacts on the SES. Long-term observations are necessary to get the maximum return of this approach, notably to observe the impacts of the development plans.

More generally, the variety and the sources of data tells us about the focus of the timeline, and the expertise of the producers. Voids in the chart and/or in the references may indicate a lack of interdisciplinarity. In the present case, the scientific studies [START_REF] Mahmood | Potential impacts of climate change on water resources in the Kunhar River Basin[END_REF] and [START_REF] Shahzad | Does livelihood vulnerability index justify the socio-economic status of mountainous community? A case study of post-earthquake ecological adaptation of Balakot population[END_REF] concentrate on the watershed and the Tehsil, respectively. On the contrary, the project document [START_REF] Bailly | EIA of Balakot Hydropower Development Project[END_REF] provides an overview of hydrological, social and ecological aspects, possibly to comply with international environmental agreements.

Gathering information from different sources, this timeline may be used to sketch the broad outlines of a SES along time. Here, it allows to monitor the water-food-energy nexus and the impacts of anthropic and climatic pressures on the socio-ecological processes taking place in the Balakot Tehsil, notably along the Kunhar River.
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Conclusions

At the level of a SES, complex Human-Nature can be summarized in a timeline to answer hot sustainability questions. In the case study, natural hazards, climate change, and hydro-power plants are the key pressures over this sensitive SES, which endanger both the social (livelihood, culture) and biogeophysical models (biodiversity, flow…). More entries, including biodiversity studies, will be considered in a next future

Fig. 1 .

 1 Fig. 1. Condensed timeline for Balakot Tehsil / Kunhar watershed (zoomable vectorial image).