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CLIMATE CHANGE IMPACT ON GLOBAL GEOPARKS MANAGEMENT: EXPERIENCE SHARING FROM 
THE MASSIF DES BAUGES AND THE M'GOUN GEOPARKS. 

Kottabi Salah Eddine 1, 2, Benzidiya Khalid 1, El Khalki Yahia 1, Hobléa Fabien 2, 
 Perrin-Malterre Clémence2. 

1. DPRP, CNRST - University Sultan Moulay Slimane (Beni-Mellal, Morocco). 
2. Edytem, CNRS-University Savoie Mont Blanc (Chambéry, France). 

 
kottabi.salaheddine.phd@usms.ac.ma 
 

Today, according to various intergovernmental expert reports, there is no longer any doubt that climate 
change is accelerating and intensifying and the reason for that goes back to man-made activities. In the 
framework of a collaborative programme based on a comparative study, this presentation investigates the 
adaptation efforts of two territories, namely the Massif des Bauges UNESCO Geopark characterized by a cool, 
humid climate, and the M'Goun UNESCO Geopark with a dry, warm climate, in response to the impacts of 
climate change. Both territories experience hotter spells, drought periods, reduced snowfall, and water 
stress, impacting agriculture, natural environments, risk management and water resources. The focus of this 
presentation is on the strategies employed to mitigate and adapt to these changes, involving residents, 
elected representatives, and socio-economic partners in a transition process to limit the impact of climate 
change, including the future of winter tourism in the Massif des Bauges. 

The main levers for mitigating the impact of climate change include reducing energy consumption from the 
highest-emitting sources (such as the residential and transport sectors), improving process efficiency, 
enhancing carbon storage, and promoting non-carbon-emitting renewable energies. Adaptation measures 
need to be implemented systematically and across the board, covering all possible areas. Both Geoparks are 
focusing on supporting the climate transition in different sectors of activity, mobilizing stakeholders and 
partners around this major issue. In the Massif des Bauges, the Geopark accompanies the ski resorts, imports 
understanding tools to better manage problems related to climate change.First retracement concerning 3 
ski-resorts (Aillons-Margériaz; Le Semnoz; and La Sambuy ski resorts) are observed, after initiatives have 
been taken to diversify their tourist activities, and creating alternatives to winter tourism and promoting 
year-round tourism (concept “four seasons”) beyond the winter season, The Geopark continuously work with 
the National Office of Forests and The National Forest Property Center, the departments and the region of 
Auvergne-Rhône-Alpes to promote and protect the capacity of forests to mitigate and adapt to climate 
change by participating in the Regional Strategic Plan and the Regional Plan for the wood sector 2023-2027, 
and within the framework of the European Agricultural Fund for Rural Development (EAFRD). In the M'Goun 
Geopark, the High Commission for Water and Forests, along with the Ministry of Agriculture and Maritime 
Fisheries, play significant roles in combating erosion, deforestation, and desertification. They develop and 
implement policies for conservation, sustainable development of forests, and sylvo-pastoral resources. 
Institutional mechanisms are established to coordinate policy formulation, execution, monitoring, and 
evaluation in combating desertification and contributing to rural development. 

In addition, some strategic geosites are used or could be used as indicators and educational supports to 
record and show the effects of the climate change on natural processes and human activities.  

  



Climate change impact on Global Geoparks management: experience sharing 
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Introduction :

❑ Accelerating Climate Change: Intergovernmental expert reports confirm the undeniable acceleration 

and intensification of climate change, primarily attributed to human activities.

❑ Comparative Study Approach: The presentation highlights a collaborative program centered on a 

comparative analysis. It investigates the adaptation strategies of two distinct territories: the Massif des 

Bauges UNESCO Geopark (cool and humid climate) and the M'Goun UNESCO Geopark (dry and 

warm climate).

❑ Climate Impact: Both Geoparks face shared challenges, including hotter spells, extended drought 

periods, reduced snowfall, and heightened water stress. These impacts have far-reaching consequences 

for agriculture, natural ecosystems, risk management, and water resources.

❑ Adaptation Strategies: The presentation emphasizes the adaptation strategies undertaken by these 

Geoparks. These efforts involve active participation from residents, elected officials, and socio-

economic partners. The goal is to initiate a transition process that mitigates climate change impacts.
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Comparison of measures and actions regarding climate change between the two UNESCO Geoparks

M'Goun UNESCO Global 

Geopark 

Massif des Bauges Nature 

Regional Park and 

UNESCO Global Geopark

Climate change indicators

Climate change measures

▪ Meteorological data

▪ Vegetation density

▪ Crop water stress

▪ Water surface index

Climate change indicators

Climate change measures

▪ Meteorological data

▪ Vegetation density

▪ Crop water stress

▪ Water surface index

▪ Actions

▪ Plans

▪ Policies 

▪ Actions

▪ Plans

▪ Policies 

Methodology :
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Exploring Two Geoparks: 
Study Area Locations & 
Context



▪ Total area: 

     Over 5 730 km²;

▪ Region: 

     Béni Mellal-Khénifra;

▪ 2 provinces: 

     Azilal & Béni Mellal;

▪ 15 communes: 

     2 urban & 13 rural;

▪ Year of creation : 

      2014.

05



▪ Total area: 

     Over 856 km²;

▪ Region: 

     Auvergne-Rhône-Alpes;

▪ 2 departements: 

     Savoie & Haute-Savoie;

▪ 67 communes + 6 

Gateway Towns;

▪ Year of creation : 

      2011.

06



Climate change indicators :
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Azilal Demnate Boutferda Zaouiat Ahansal

• The climate is temperate and warm, characterized by a dry, arid 

season in summer and a cold, harsh winter.

Temperature :

1982 2002 2022

• Average yearly temperatures are steadily increasing, showcasing a distinct differentiation between the colder 

mountain areas and the warmer Piedmont regions.

Source: NASA Langley Research Center (LaRC) (https://power.larc.nasa.gov). 
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Azilal Demnate Boutferda Zaouiat Ahansal

1982 2002 2022

Rainfall :

• During winter, snow contributes significantly to mountainous 

precipitation, comprising between 20% to 30% of the total.

• Average yearly rainfall follows a declining trend, mirroring temperature changes.

Source: NASA Langley Research Center (LaRC) (https://power.larc.nasa.gov). 
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Chambéry Albertville Annecy

• The Massif des Bauges experiences a cool and wet climate common to 

pre-alpine massifs, acting as a barrier to oceanic disruptions, leading to 

consistent heavy rainfall throughout the year.

Temperature :

• Yearly average temperatures are on a consistent rise, highlighting a clear contrast between the colder mountain zones and the 

warmer Piedmont regions.

1982 2002 2022

Source: NASA Langley Research Center (LaRC) (https://power.larc.nasa.gov). 
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Chambéry Albertville AnnecyRainfall :

• Snow falls from October to May, making up to 50% of yearly 

precipitation, and its gradual melting in spring significantly affects 

local river flow.

• From the southern and southeastern parts of the Geopark, there is a diminishing presence of uninterrupted rainfall that extends 

toward the northwest.

1982 2002 2022

Source: NASA Langley Research Center (LaRC) (https://power.larc.nasa.gov). 
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Vegetation Areas Degradation:

• This encompasses a decrease in both the extent and density of forest coverage, alongside a deterioration in the 

quality of agricultural crops within the region.
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Forest cover:

• One of the most widely used indices for vegetation monitoring is the Normalized Difference Vegetation Index 

      (NDVI = (NIR – Red) / (NIR + Red))

2002 2022

367 365.49 hectares 270 421.59 hectares

Decline rate of -26.4% (-1.5% annually). 13



2002 2022

87 438.22 hectares 87 357.98 hectares

Decline rate of less than -0.1%.

14



• One of the most widely used indices for irrigation monitoring is the Normalized Difference Moisture Index, which can 

detect water stress at an early stage. (NDMI = (NIR – SWIR) / (NIR + SWIR)).

Water stress :

2002 2022

298 558.77 hectares 490 195.68 hectares

Growth rate of 64.2% (2.5% annually). 15



2002 2022

80 411.88 hectares 81 747.88 hectares

Growth rate of merely 1.7% (equivalent to 0.1% annually).

16



Waterbodies :

• The Normalized Difference Water Index (NDWI = (Green – NIR) / (Green + NIR)) is used to highlight open water 

features in a satellite image, allowing a water body to “stand out” against the soil and vegetation.

- Bin El Ouidane lake :

• By March 2015, the Bin El Ouidane dam contained 1 045.6 million cubic meters of water, however by 2022, the 

reservoir water level had significantly dropped to just 167.7 million cubic meters = A REDUCTION OF 71% 

BETWEEN 2015 AND 2022. 17



2 192.09 ha

1 166 ha
Decline rate of -46.8% (-3.1% annually).

2002 2022
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- Lake Bourget :
4449.02 ha

4449.33 ha
Decline rate of merely -0.01%.

2002 2022

19



- Lake Annecy :
2759.01 ha

2759.19 ha
Decline rate of merely -0.01%.

2002 2022

20



So... Is there no climate change impact in the Massif des Bauges Regional Nature Park/Geopark?

The answer is Yes, but...

Monthly flows of the Chéran river

21



Climate change measures :



Climate Change 
Initiatives in the 
M'Goun Geopark :

Strategic Collaboration:

- Partnered closely with SIREDD for climate
change adaptation in the Beni Mellal-Khenifra
region.

Climate Change Module:

- Developed collaborative climate change
module for exposure, sensitivity, impact, and
vulnerability analysis.

Regional Climate Caravan:

- Launched a climate change caravan in
collaboration with local stakeholders, themed
"Our Environment Calls for Actions"

23



Climate Change 
Initiatives in the 
M'Goun Geopark :

Eco-friendly Planting:

- Planted 10 000 carob trees within the
Geopark on International Mountain Day 2020.

Student Awareness Programme:

- Conducted campaigns with Sultan Moulay
Slimane University to raise climate change
awareness and provide territorial impact
training to students.

Hydraulic Basin Interconnection:

- Supported interconnection project to
mobilize water resources, irrigate 176 000
hectares, and utilize dams like Bin El Ouidane
and Hassan I Dam.
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➢ Programmes to mitigate greenhouse gas emissions;

➢ Programmes to control and manage irrigation water;

➢ Programmes for the conversion of cereals and the intensification of fruit growing;

➢ Climate risk cover programmes;

➢ Ecosystem and biodiversity conservation programmes.

The geopark will also support various climate change adaptation initiatives led by the Ministry of 

Agriculture, Sea Fisheries, Rural Development, and Water and Forests as part of the new "Green 

Generation 2020-2030" agricultural strategy in the region, such as :
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The Massif des Bauges Regional Nature 
Park/Geopark has already launched 
several climate-related initiatives: 

• The development of a climate white paper;

• workshops on “living and working in the mountains in a time of 
climate change”; 

• A positive energy territory project, in partnership with the Grand 
Annecy, Grand Chambéry and Grand Lac agglomerations;

• “Artaclim”, a multi-sectoral action-research project with an 
educational component;

• Programmes to diversify activities in the ski resorts to suit all 
seasons.



The Massif des Bauges Geopark proposed actions for addressing climate change :

1 3

2 4
Improving regional planning and 

reducing consumption in order to 

mitigate climate change: 

MITIGATE

Adapting to meet the challenge of long-

term territorial resilience, by rethinking 

the way they organise themselves, 

relocating their activities, and changing 

their practices:

ADAPT

Use research and scientific advice 

to improve knowledge :

SCIENTIFIC RESEARCH

Organise a multi-stakeholder conference 

at massif level, to share issues and 

actions, approaches, reinforcing 

programmes and diversification 

strategies

MULTI-STAKEHOLDER CONFERENCE 

• URBANISM

• ENERGY

• MOBILITY

• FORESTRY AND 

WOODLANDS

• TOURISM

• URBANISM

• AGRICULTURE

• TOURISM

• ENVIRONMENTS

• FORESTRY

• WATER RESOURCES

• RAISING 

AWARENESS

• TRAINING

• OBSERVING

• ANALYSING

• THE STATE

• THE REGION

• THE DEPARTMENTS

• THE EPCIs

• THE COMMUNES

• THE RESIDENTS
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Conclusion & Recommendations :

• Despite varying degrees of severity, both Geoparks: M'Goun (Morocco) and the Massif des Bauges
(France), are experiencing the effects of climate change, marked by warming temperatures and drought
phenomena.

• Both Geoparks are committed to impactful climate change initiatives, fostering partnerships, knowledge-
sharing, and sustainable resource management.

• Collective action is essential, involving stakeholders, users, and residents in embracing adaptation,
transition, resilience, and mitigation. To meet this challenge together, both Geoparks must enhance their
roles as organisers (engagement, consultation, coordination) and innovators (research, experimentation).

• In addition, some strategic geosites are used or could be used as indicators and educational supports to
record and show the effects of climate change on natural processes and human activities.
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