
 

  

 
 

1/3 

 

Final Project Report (to be submitted by 20th September 2018) 

Instructions: 

● Document length: maximum 10 pages, excluding this cover page and the last page on project tags. 

● We welcome the submission of Annexes (i.e. bachelor or master thesis, references, species lists, maps, 
drawings, pictures) to further HeidelbergCement’s understanding and future use of your findings, however 
they will not be reviewed by the Jury, and we kindly ask for these to be sent separately to the National 
Coordinators.  

● Please use the attached template for species data collected during the project and submit with the project 
report. 

● Word/PDF Final Report files must be less than 10 MB. 

● If you choose to submit your final report in your local language, you are required to also upload your final 
report in English if you wish to take part in the international competition. 

● To be validated, your file must be uploaded to the Quarry Life Award website before 20th September 2018 
(midnight, Central European Time). To do so, please log in, click on ‘My account’/ ‘My Final report’. 

●  In case of questions, please liaise with your national coordinator. 

● You should not publish additional private information in your final report (e.g.: address, day of birth, email-
address, phone number), just complete the categories we ask for below under “Contestant profile”.  

 

The final reports should comprise the following elements: 

For research stream projects:  

● Abstract (0,5 page)  

● Introduction : 

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

● Methods: a detailed description of the methods used during the project is required.  

● Results: the results of the project should be outlined and distinguished from the discussion.  

● Discussion: 

o Results should be analysed and discussed with reference to region/country taking into account 
other publications.  

o Outline the added value of the project for science and for the quarry / company.  

o Recommendations and guidance for future project implementation and development on site is 
requested. Where possible, please mention the ideal timing and estimated costs of 
implementation.  

● Final conclusions: a short summary of results and discussion.  

For community stream projects:  

http://www.quarrylifeaward.com/
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● Abstract (0,5 page)  

● Introduction  

o For projects that are building upon a previous project, write a summary of actions that were 
already completed in the previous project.  

o Project objectives  

o A short description of the site and the team members and the targeted audience of the project.  

● Actions and activities: a detailed description of planned or implemented actions and outreach activities done 
to elaborate the project, list of stakeholders involved.  

● Discussion: 

o Project teams should discuss the pros and contra and illustrate experiences.  

o Outline the added value of the project for biodiversity, the society and the quarry / company.  

● Deliverables: practical implementation and development recommendations of the project are required. 
Where possible, please mention the ideal timing and estimated costs of implementation.  

● Final conclusions: a short summary of the project findings and discussion.  

 

 

1. Contestant profile 

▪ Contestant name:  

▪ Contestant occupation:  

▪ University / Organisation  

▪ Number of people in your team:  

 

2. Project overview 

Title:  

Contest: (Research/Community)  

Quarry name:  
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Abstract  

Heidelberg Cement established the Quarry Life Award in 2012: a scientific and education competition. This 
document is the project submitted by GISARTE in the 5th edition of the Quarry Life Award 2022. Based on 
cartographic and remote sensing information, the objective of this project is to know the state of the vegetation 
around the quarry of Arrigorriaga to design strategies for its conservation in the face of future climate change 
scenarios.  

We carried out a temporal analysis of land cover from 1956 to 2020 and evaluated the ecosystem services of the 

area of influence. Additionally, we used RCP4.5 and RCP8.5 models of climate change scenarios, and analysed 

the precipitation, temperature and days of extreme heat. The study of these 20 years series of photosynthetic 

activity and carbon sequestration shows that recent winters are shorter and will get worse over the years, impacting 

negatively to the biodiversity of the area. As the areas of greatest biodiversity are isolated from each other, it would 

be necessary to establish ecological corridors among them to increase their preservation. Besides, as regard to 

carbon sequestration, we found that forest, but also sparsely vegetated areas can play an important role in fixing 

carbon in the form of biomass; however, there are also large zones where carbon removals could be significantly 

increased.  

All in all, we propose a set of measures to maintain and enhance the biodiversity of the area focusing on protecting 

biodiversity hotspots, reducing temperatures in the intervention areas and responding to the carbon challenge by 

reducing atmospheric emissions and increasing carbon sequestration rates. On this last point, we found numerous 

areas which could act as organic matter accumulation zones. Besides, a turning point would be the development 

of new forestry practices that promote biodiversity, watercourse conservation and CO2 sequestration. 

All this cannot be possible with the resources that the Rezola plant can make available. Thus, in order to achieve 

the greatest possible impact, it would be interesting to develop a strategy of alliances with public, private and civil 

society actors like Arrigorriaga town council. 
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Final report 
 

Introduction  

This document is the project submitted by GISARTE in the 5th edition of the Quarry Life Award 2022. Based on 
cartographic and remote sensing information the main objective is to know the state of the vegetation around the 
quarry of Arrigorriaga in order to design short, medium and long term strategies for its conservation in the face of 
future climate change scenarios. Specifically, we analysed:  

● the state of the vegetation 
● the presence of species of special protection 
● the habitats of community interest 
● the most valuable ecosystem services 

 

Location. The quarry is located in Arrigorriaga, in the Basque province of Biscay. 

 
Rezola plant location 

 
Surroundings of the Rezola quarries

 
 

 

Methods & Results 

We are committed to improve the traditional study methodology using a territorial approach and current 

technology such as remote sensing information.  

The project will use a GIS Based Multicriteria Evaluation methodology. It will be verified with field data 
and observations. 

The area of influence comprises 3 micro-basins: Cubo, Arane and Bolintxu. To delimit the study area, 
we used digital elevation models (DEM), orthophotos and the Open Street Maps base map. 

 
Location map. Detail 3D 

 
Study area

Orography. The area is a mountainous zone in which the valley bottoms of the micro-basins are the 
flattest areas. In general, it is a terrain with high slopes. The areas with lower slopes are the end of the 
Bolintxu sub-basin, the one near Mendikosolo and, in the main sub-basin, in the quarry activity 
bottoms. The aspect has a high northern component.
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Elevation map (3D perspectives) 

 
Orography maps (elevation, contour, slope & aspect) 

Hydrology. The Drainage Network indicates where the water will flow if the land receives more water 
than it can absorb. The Topographic Moisture Index indicates areas where water would accumulate 
due to the characteristics of the topography of the land. The forestry work has a significant impact on 
the topography of the terrain, altering the drainage network prior to the activity of heavy machinery and 
logging. The water accumulation zones are important due to their potential to develop new areas of 
biodiversity and regulation of the water cycle.  

 

Vegetation. The main type of potential vegetation is the mixed Atlantic oak forest, with a spot of 

European oak forest in the north-facing highlands. 

 
Hydrology map (3D perspectives) 

 
Potential vegetation map

Land cover & uses evolution. We carried out a temporal analysis of land cover. We selected 5 sets 

of orthophotos from 1956 to 2020, which correspond to the oldest and most recent set of orthophotos 

available, respectively. The initial image is prior to the establishment of the quarry. The site was 

occupied by small agricultural plots, which makes it impossible to determine what type of natural 

vegetation existed on the site. 

Since 1984, the slopes of Pastorekorta have been covered by pine plantations, with continuous signs 

of forestry activity and, in the Bolintxu area, there are signs of the recovery of the natural vegetation. 

This natural regeneration is more evident in the last orthophoto, which also shows the quarry`s 

restoration work.
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Orthophotos: 1956, 1984, 1991 & 2001 

 
Orthophoto 2020

The predominant forest species in the study area are of short or very short cycle. As carbon is 
accumulated by living biomass and depends largely on the forest species, forestry practices that 
prioritise long productive cycles and the medium-term renaturation of some areas would increase the 
carbon storage. An interesting proposal could be to reserve those places with higher slopes and, 
therefore, with higher extraction costs, for natural or driven regeneration of natural vegetation. 

Considering that soils are the largest carbon sink on the planet after the oceans and taking into account 
the large areas that are found with reduced vegetation cover, proposals to increase carbon 
sequestration in the study area could have an impact on increasing soil organic carbon, which could 
be done massively.

Tree cover canopy: land uses, tree species & natural 

age classes maps 

Top soil organic carbon map

Ecosystem services. The ecosystem services evaluation shows 3 zones with the highest valuation: 

the Bolintxu area, the area around Mendikosolo and the southern end of the area. 

Regulating ecosystem services: carbon storage, habitat 
maintenance, pollination & water regulation maps 

Cultural ecosystem services: total recreation, potential 
recreation6 landscape maps 
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We observed that the quarry exploitation areas provide an opportunity to establish a medium-long 
term action that adds value to local ecosystems and can promote biodiversity resilience to climate 
change. 

Ecosystem services by group: regulating, cultural & 

provisioning services maps 

Ecosystem services. Cumulative values of evaluated 

services map

Restoration & Renaturation. The company is carrying out vegetation restoration work and 
spontaneous renaturalization processes have been identified. The presence of invasive species was 
observed. Most of the forest mass is made up of intensive forest plantations. 

 

In addition to the ecological restoration processes promoted by the company, spontaneous 
renaturation processes have been identified in some of the areas observed, i.e., areas where 
vegetation recovers lost ground through natural processes.

 
Restoration works in the quarry 

 
Spontaneous renaturation processes in the quarry

Invasive species. During field visits, the presence of invasive species was observed.  

The most frequent is the pampas grass, which appears on the margins of roads and paths, as well 
as in areas where there have been earthworks. Another species that has been detected is the black 
locust. The presence of trees of this species is especially visible in the vicinity of the screening plant. 

Furthermore, there are eucalyptus plantations that, in spite of being considered as an invasive 

species, there is permissiveness due to their economic importance. 
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Invasive species: pampas grass 

 
Invasive species: black locust

Climate change scenarios. We used RCP4.5 and RCP8.5 models of climate change scenarios, 
and analysed the precipitation, temperature and days of extreme heat. A decrease in precipitation is 
expected, as well as a significant increase in temperatures and days of extreme heat.  

 
RCP 4.5 Precipitation and temperature scenarios 

 
RCP 8.5 Precipitation and temperature scenarios

 

In the most unfavourable scenario, temperature differences would exceed 3.5 ºC in all cases and the 
days of extreme heat would represent ⅓ of all the days of the year.

 
RCP 4.5 Days of extreme heat 

 
RCP 8.5 Days of extreme heat

 
 

Essential climatic variables. The study of a 20 years series of photosynthetic activity and carbon 
sequestration shows that recent winters are shorter and will get worse over the years, impacting 
negatively to the biodiversity of the area.  
 

The photosynthetic activity of the last 3 years (2019-2020-2021) has been significantly higher than 
the average (2001-2018) in all months, with the exception of November 2019. In most months, the 
anomalies exceed 5% and in some months, mainly in February, March and April, but also in October, 
November and December, they exceed 10%.  
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It would be an indicator that climatic alterations are already present in the study area and, therefore, 
would have implications for its biodiversity.

 
Photosynthetic activity 2000:2021 

 
Photosynthetic monthly average: mean, 2019, 2020, 
2021 

 
Photosynthetic activity 2019:2021 

 
Photosynthetic monthly anomaly: 2019, 2020, 2021

 
 

Carbon sequestration - Biomass production. The biomass production in 2019 and 2020 was higher 
than the average of the previous years mainly in the 1st half of the year. Here we could see an 
indication that the end of winter is coming earlier, thus bringing forward plant activity. Besides, the 
occurrence of negative anomalies in summer could be an indicator of extreme conditions, perhaps 
heat waves, which cause a drop in plant activity and thus reduce biomass production and 

corresponding carbon uptake. 

 
Biomass production 2000:2021 

 
Biomass production monthly anomaly (absolute): 2019, 
2020, 2021 
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Biomass production 2019:2021 

 
Biomass production monthly anomaly (%): 2019, 2020, 
2021

We selected 10 points that cover a large part of the diversity of canopies in the area to compare the 
CO2 absorption of different land covers. 

As expected, we found that forests play an important role in fixing carbon in the form of biomass, but 
also do it sparsely vegetated areas; however, there are not only large zones where carbon 
sequestration is important, but also where carbon removals could be significantly increased (quarry 
activity areas). 

 
Carbon absorption: checkpoints map, CO2 absorption map 2021. A, B, F, J points annual evolution 
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Discussion. 

Climate change is a threat that may already be affecting the ecosystems in the area where the Rezola 

plant is located. Moreover, it seems inevitable that its consequences will worsen over the years. 

Anomalies have been detected in the phenology of vegetation that could affect the local ecosystems 

and produce changes in them, perhaps leading to a replacement of species with lower tolerance to 

the new environmental conditions. 

We propose a dual strategy to maintain the natural ecosystems: 

● Conservationist. For places to be protected. 
● Regenerative.  For places that present opportunities to improve the current situation. 

The areas of greatest biodiversity are associated with the natural drainage network, so forestry 
operations, especially those involving the use of heavy machinery and the creation of new forest 
roads, should be avoided. Besides, as they are isolated from each other, it would be necessary to 
establish ecological corridors among them to increase their preservation possibilities. 

The ecosystem services approach offers alternatives for promoting services in those places with 

lower values. We recommend promoting a set of services, so that the impact on local ecosystems 

can be greater, generating synergies and favouring greater resistance and resilience to climate 

change. 

Nature based solutions can play an important role to reduce the plant CO2 net emissions. We have 

identified to main strategies: 

● the absorption of atmospheric carbon by forests and forest plantations in the area; 

● through the accumulation of organic matter in forest and quarry bottom soils. 

All in all, we propose a set of measures to maintain and enhance the biodiversity of the area focusing 

on protecting biodiversity hotspots, reducing temperatures in the intervention areas and responding 

to the carbon challenge by reducing atmospheric emissions and increasing carbon sequestration 

rates. 

● Expansion of biodiversity hotspots: the biodiversity hotspots, sometimes acting as 

biodiversity refugees, need to be protected. Creating buffer zones around them and taking 

measures to improve the connectivity among them. 

● Temperature reduction. As dense tree cover can significantly reduce the temperature 

below the canopy and the Atlantic forest retains more moisture than pine and eucalyptus 

plantations, natural forest should be promoted to face the increase in temperatures 

expected. 

● Carbon sinks. If an objective is to increase carbon sequestration rates, there are numerous 

areas which could act as organic matter accumulation zones, as abandoned quarry land. 

● Ecological restoration. Works carried out by the quarry should continue over time, and if 

possible, intensify and integrate the development of different species of trees and shrubs, 

with different root systems and growth rates is a basic strategy in the medium and long 

term. 

● Invasive species. Their presence seems to be a problem in the quarry area. Therefore, 

ecological restoration should not be limited to reforestation actions but should include an 

invasive species removal program. 

● Forest: Promotion and development of new forestry practices that promote biodiversity, 

watercourse conservation and CO2 sequestration. Land stewardship figures could be 

used to promote biodiversity refugees, through organisations whose mission is the 

conservation and promotion of natural areas. Incentive innovative forest plantation 

management systems that enhance biodiversity and achieve profitability through high 

value-added forest products. It would culminate in agroecological integration. 
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● Alliances and partnerships. All this will not be possible with the resources that the Rezola 

plant can make available. In order to achieve the greatest possible impact, it would be 

interesting to develop a strategy of alliances with public, private and civil society actors. 

Among them, Arrigorriaga town council should play a key role. University and civil society 

organisations would be important too. 

 

Conclusions. 

Before implementing actions and specific activities related to adaptation to climate change of the 

species living in the quarry environment, it is important to know where the habitats to be protected 

are located and in which places it is possible to act so that the interventions have the greatest 

possible impact and this translates into resistant, resilient and adaptable natural ecosystems. 

An intelligent strategy will combine short-, medium- and long-term actions that, with the appropriate 

budgets, will protect existing natural ecosystems and promote their expansion and interconnection. 

The objectives of conservation and expansion of high-value natural areas could be achieved on a 

small scale, as is the case in the study area, as long as the points of interest have been adequately 

identified. To do that, it will be necessary to establish partnerships with public administrations, 

universities and research centres, forest owners and civil society organisations. 

If the process is carried out progressively and achieves partial successes, the model developed could 

be a reference for other quarries both within and outside the Heidelberg Cement Group. 

More information about the work done 

The full version of this document  can be found here: Quarry Life 2022-GISARTE. 

Besides, we have created a space on the GISARTE website to display much of the graphic 

information generated in this work: Study of the ecosystem capacity and biodiversity of a quarry in 

the face of climate challenges 

Some interactive visualisations can be seen directly in the following links: 

3D interactive Location map 
3D interactive micro watersheds map 
See 3D dynamic Slope map 
See 3D dynamic water flow and water 
accumulation map 
See 3D dynamic1956 Orthophoto 
See 3D dynamic1984 Orthophoto 
See 3D dynamic 1991 Orthophoto 

See 3D dynamic2001 Orthophoto  
See 3D dynamic 2020 Orthophoto 
See 3D dynamic habitat maintenance map 
See 3D dynamic pollination map 
See 3D dynamic regulating services map 
See 3D dynamic cultural services map 
See 3D dynamic Added value of Ecosystem 
Services map

 

https://www.dropbox.com/s/hb0y1unlj4kg1i6/Quarry%20Life%20Award%202022%20-%20GISARTE.pdf?dl=0
https://www.gisarte.com/en/proyectos/study-ecosystem-capacity-biodiversity-quarry/
https://www.gisarte.com/en/proyectos/study-ecosystem-capacity-biodiversity-quarry/
https://www.gisarte.com/visiones-3d/1/
https://www.gisarte.com/visiones-3d/3d-watersheds/watersheds.html
https://www.gisarte.com/visiones-3d/3D-Slope/Slope.html
https://www.gisarte.com/visiones-3d/3D-Water-flow/Water-flow.html
https://www.gisarte.com/visiones-3d/3D-Water-flow/Water-flow.html
https://www.gisarte.com/visiones-3d/3D-Orto1956/Orto1956.html
https://www.gisarte.com/visiones-3d/3D-Orto1956/Orto1956.html
https://www.gisarte.com/visiones-3d/3D-Orto1956/Orto1956.html
https://www.gisarte.com/visiones-3d/3D-Orto1984/Orto1984.html
https://www.gisarte.com/visiones-3d/3D-Orto1984/Orto1984.html
https://www.gisarte.com/visiones-3d/3D-Orto1984/Orto1984.html
https://www.gisarte.com/visiones-3d/3D-Orto1991/Orto1991.html
https://www.gisarte.com/visiones-3d/3D-Orto2001/Orto2001.html
https://www.gisarte.com/visiones-3d/3D-Orto2001/Orto2001.html
https://www.gisarte.com/visiones-3d/3D-Orto2001/Orto2001.html
https://www.gisarte.com/visiones-3d/3d-ortofoto/ortofoto2020.html
https://www.gisarte.com/visiones-3d/3D-habitat-ES/Habitat-ES.html
https://www.gisarte.com/visiones-3d/3D-polinization-ES/Polinization-ES.html
https://www.gisarte.com/visiones-3d/3D-polinization-ES/Polinization-ES.html
https://www.gisarte.com/visiones-3d/3D-Regulating-ES/Regulating-ES.html
https://www.gisarte.com/visiones-3d/3D-Cultural-ES/Cultural-ES.html
https://www.gisarte.com/visiones-3d/3D-Ecosystem_services/Ecosystem_services.html
https://www.gisarte.com/visiones-3d/3D-Ecosystem_services/Ecosystem_services.html
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To be kept and filled in at the end of your report 

Project tags (select all appropriate): 

This will be use to classify your project in the project archive (that is also available online) 
 

 
Project focus: 

X Beyond quarry borders 

X Biodiversity management 

☐Cooperation programmes 

☐Connecting with local communities 

☐Education and Raising awareness 

X Invasive species 

X Landscape management  

X Pollination 

X Rehabilitation & habitat research 

X Scientific research 

X Soil management 

☐Species research 

☐Student class project 

☐Urban ecology 

X Water management 
 
Flora: 

X Trees & shrubs   

☐Ferns   

X Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

X Amphibians  

X Birds   

x Insects   

x Fish   

x Mammals   

x Reptiles   

x Other invertebrates 

x Other insects   

x Other species 

 

Habitat: 

☐Artificial / cultivated land 

☐Cave   

☐Coastal  

☐Grassland 

☐Human settlement   

☐Open areas of rocky grounds 

X Recreational areas   
X Sandy and rocky habitat 

☐Screes   

X Shrub & groves   
X Soil   

☐Wander biotopes 

X Water bodies (flowing, standing)   

☐Wetland 

X Woodland 
 

 

Stakeholders: 

X Authorities   
X Local community   
X NGOs   
X Schools 
X Universities 

 

 

 

 

 

 


