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ValPar.CH: 
Integrating land use change, Ecosystem Service and Biodiversity 
modelling to simulate pathways for a functioning Ecological 
Infrastructure for Switzerland.

Benjamin Black, Antoine Adde, Nathan Külling, Adrienne Grêt-Regamey, 
Antoine Guisan, Anthony Lehmann

Presenter Notes
Presentation Notes
Hello everyone, Thank you for attending my presentation. My name is Benjamin Black and I am PhD student within the research group Planning of Landscape and Urban Systems at ETH Zurich. The research I’m going to present to you today, is ab overview of the research project I am involved in called ValPar.CH which is particularly pertinent for this session because one of its objectives is to integrate models of land use change, ecosystem services and Biodiversity to simulate possible futures for ‘Ecological Infrastructure’ in Switzerland.   




ValPar.CH

Project goal: Assess the added value of a 
functioning Ecological Infrastructure for 
Switzerland.

Definition: “Ecological Infrastructure (EI) refers 
to a network of high quality natural and semi-
natural landscape elements planned and 
managed to provide ecosystem services (ES) 
and support biodiversity.”

Objective: Simulate the future development of EI 
under multiple scenarios (pathways) intended 
to secure a functioning EI by 2060.

2040 2060
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So I want to begin with some background information on the ValPar.CH project which is funded by the Swiss Federal Office for the Environment as part of the Action Plan for the Swiss Biodiversity Strategy. 

The overall goal of ValPar.CH is to assess the added value of a functioning Ecological Infrastructure for Switzerland by 2040 and 2060 as compared to the situation we can expect under a business-as-usual development pathway. 

Now, the first question that this probably raises is: what are we referring to when say ‘Ecological Infrastructure’. Well the concept has been developed within the broader spheres of Nature-based solutions as well as Green Infrastructure and for the purpose of this research we adopt the following definition that: “Ecological Infrastructure (EI) refers to a network of high quality natural and semi-natural landscape elements planned and managed to provide ecosystem services (ES) and support biodiversity.” 

So to achieve the goal of assessing the future value of EI we obviously need to simulate the development of EI from it’s current state into the future and we do this under multiple scenarios or pathways. 

 



Operationalizing Ecological Infrastructure

Biodiversity: 
Species 

distribution 
models
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“Ecological Infrastructure (EI) refers to a network of high quality natural and 
semi-natural landscape elements planned and managed to provide ecosystem 

services (ES) and support biodiversity.”

Presenter Notes
Presentation Notes

 To do any future simulations we of course have to be able to operationalise or quantify Ecological infrastructure and if we keep in mind the definition it is clear that there are 3 key elements in this. 
The first of which is: natural and semi-natural landscape elements, then we have Ecosystem services and finally biodiversity with the latter two really being the outcomes of EI. 

And this is the schematic by which we try to link these aspects. 

So starting from the left you can see that we have policies and predictors which both feed into a model of land use and land cover change the results of which feed forward into models of ecosystem services and species distribution models to represent biodiversity. 

Then finally we aggregate the outputs of ecosystem servies and biodiversity into a single measure of EI functioning. 



Simulating EI development pathways

• Pathways represent 
different scenarios

• Scenarios include 
changes to policies 
and predictors. For 
example, climatic 
predictions under 
different RCPs  
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 Now if to put this idea of operationalising EI into the context of simulating future scenarios , essentially we are quantifying EI at multiple time points moving from 2040 through till 2060 and the different scenarios we will test will be realized through narratives that will include changes to policies related to land use as well as changes to the predictors that are used in our models. For example, different scenarios will incorporate different magnitudes of climate change effects and this will be incorporated using future predictions of climatic variables under different RCP pathways. 





Operationalizing Ecological Infrastructure

Biodiversity: 
Species 

distribution 
models

Land 
Use

Land 
Cover 

change 
(LULCC) 

model

Challenges:
• Model Integration:  harmonizing predictors and outputs
• Coherent result of EI functioning
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 So now I want to go into more detail regarding the linkage between the different modelling disciplines of land use change modelling, ecosystem services and biodiversity. 

These are all quite different disciplines and we are by no means the first to try and integrate them but hopefully our approach could offer insights that might be useful to others

So I’m going to start by giving very brief explanations of each of the model techniques we will be using and then I’m going to focus on the two challenges that we have encountered so far namely integrating the models and arriving at a coherent output in terms of EI functioning. 

  



Cellular Automata model to simulate LULCC in space and time

Statistical models 
based upon 

historic LULC data 
and 

environmental/soc
ioeconomic 
predictors

2009

1997

1985

Calculate probabilities of land use changes per pixel Allocate quantity of land use changes according to scenario

Class transistions
Settlement/
urban/ameni

ties
Static Open forest

Closed 
forest

Overgrown/sh
rubland/unpro

ductive 
vegetation

Intensive 
agriculture

Alpine 
pastures

Grassland/
meadows

Permanent 
crops

Glacier

ettlement/urban/amenitie 183548 1355 59 85 64 282 58 1033 45 0

Static 1071 723326 1048 1215 3727 895 501 1533 61 40

Open forest 1008 1263 152621 27791 1013 135 2929 4384 76 0

Closed forest 566 2406 41199 1043091 1706 14 869 800 36 0

/shrubland/unproductiv  81 859 6096 9309 261005 9 382 157 18 0

Intensive agriculture 7705 2629 130 42 92 398332 2 15904 2284 0

Alpine pastures 312 1328 4562 1564 6482 8 480422 261 2 0

Grassland/meadows 11466 2654 3306 719 541 4861 700 505075 1820 0

Permanent crops 3195 243 174 38 37 2532 7 8599 46628 0

Glacier 0 20348 0 0 29 0 5 0 0 114235

2025

20
20

At each time step:

Land 
Use

Land 
Cover 

change 
(LULCC) 

model

2020 2025 Repeat until 2060
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For the land use change modelling we will be using a cellular automata approach which is a patterns based method of simulating land use change in both space and time. 

It works by treating the landscape as an abstraction of cells of different land use types and then using statistical models to calculate cellular probabilities of class to class transitions based upon historic LULC data and a suite of environmental and socio-economic predictor variables

This will be a constrained model in the sense that the amount of land use change allocated at a given time step is determined based on values calculated as part of the scenario construction. 



Ecosystem service 
models

1. Selection of ES indicator

2. Data acquisition and 
processing

3. Method selection 

- Data extrapolation
- Process Modeling

- Experts consultation
- Lookup tables

For each ES (17 total):

Water 
regulation

Wood production

Air quality regulation

Recreation potential

…
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For the Ecosystem service modelling this is a little more abstract because of course we are
In ValPar.CH we are modelling 17 ecosystem services in total which cover a fairly broad range of different categories from so-called ‘regulation’ services such as habitat creation to material services such as  crop production.  

often these services are modelling something which cannot be directly quantified so the first step was to select an appropriate indicator for them. Sometimes this is fairly simple but in other cases such as non-material services like recreation potential then it is more difficult.  

Once indicators have been decided the next step is the gathering and processing of data and finally then applying different methods to generate spatial-predictions. 

These methods are dependent on the service being modelled but include extrapolation of data under trend predictions,  process-based models for example using the InVest software, expert consulation and sometimes a more simplistic look up table approach where the values of NCPs are related with other proxies such as land use type. 



Biodiversity: 
Species 

distribution 
models (SDMs)

Guisan & Zimmermann (2000); Ecol. Mod., Guisan & Thuiller (2005); Ecol. Lett., Guisan et al. (2017)

SDMs: Generalizing species distributions in 
space (and time)
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First just a quick overview the basics of species distribution models: 

They start with data of species occurrences which is a combination of presence data which has been directly collected  and pseudo-absence data i.e. inferred instances of species not being present in locations. 

This species data is then combined with predictors into statistical models which produce spatial predictions of the potential distribution of species occurrence which is often expressed through probabilistic values .

 



Biodiversity: 
Species 

distribution 
models

Adde et al. (in prep) "N-SDM: a high-performance computing pipeline 
for Nested Species Distribution Modelling"

• High-performance computing SDM pipeline 
developed within ValPar.ch

• Allows:
- combining multi-level species data (nested)
- uniting leading-edge SDM techniques
- modelling thousands of species 
simultaneously within a competitive time 
frame
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The platform we are developing for species distribution modelling within ValPar.CH is perhaps one of the parts of the project that has the potential to be of the most use outside of the projects timeline. 

We are calling it N-SDM for nested species distribution modelling and what it is a species distribution modelling pipeline that is specifically optimized for high-performance computing. 

Some of the headline features of N-SDM is that it combines multi-level species data and models so for example EU wide data on species is distribution is first modelled and then this integrated with national level data and models for Switzerland

N-SDM uses an ensemble of small models approach which combines leading-edge SDM techniques so for each species predictive models are created using GLM, GBM, Maxent, support vector machines and Random Forests. 

N-SDM is capable of modelling thousands of species simultaneously and because it is optimized for use of high performance clusters it can do this in a competitive time frame. Indeed within ValPar.ch we will model between 10-14000 species. 




Model integration: Data

• Common spatial resolution,  extent  and CRS

• Aggregation of land use classes

• Predictor selection to maximise commonality between models 
<-> selection of ES models.  

• Minimise predictors that cannot be projected in time.

• Data prepared by one group to minimize inconsistencies and 
duplication of efforts. 

• Cloud-based data sharing, plan for Data management plan 
dissemination of results
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The first key aspect of ensuring our models were able to integrated was starting from a data perspective. 

At the start of the project all of us involved in the various aspects of modelling met very frequently and this was important to agree the spatial resolution we were going to conduct our analysis 
As well as small things like making sure that we were all working with spatial data at the same extent and in the same coordinate reference systems and to make this easier we distributed a spatial grid file to everyone in the project. 

At the same time we spent a lot of effort coordinating our selection of predictor variables to maximise the number of common variables used between models. So the predictors used for the land use change modelling overlapped as much as possible with those for the species distribution modelling and in terms of the ecosystem service models these discussions and this aim of maximizing commonality even played into the selection of what indicators they were going to model.  

Also as part of our variable selection another important consideration was to choose variables which could feasibly be projected both forwards or backwards in time because this is obviously necessary for our simulation modelling. 

Once we had agreed our selection of predictors we designated the preparation of the data to one group within the project with the intent of firstly minimizing any inconsistencies in the process but also to avoid duplication of efforts. 

When the data was prepared we made sure it was accessible to all team members through a cloud-based sharing platform with a logical folder organization system. 

Within the project as a whole we have developed a detailed data management plan which specifies if and how we will archive data long term and produce meta-data etc. 

And finally with a view to disseminating the results of our modelling to a wider audience beyond the end of the project we have developed a spatial data infrastructure which will allow our results to be linked with web map services and we also plan to produce story maps related to specific parts of the results










Model integration: Model choice

• Proposal specified: spatialized dynamic 
Bayesian Networks. 

• Developed for ∼1 year but collaboration made it 
clear that it wasn’t viable. 

• Switch to: Dinamica EGO:  non-commercial, 
better integration,  natively spatial.

• Lesson:  Sometimes integrative projects require 
reconsideration of approach despite ‘sunk costs’   
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Next I wanted to talk a little about the choice of model approach and how this is sometimes an important part of integration. 

In the project proposal it had originally been specified that for integrating the modelling of EI we would use spatialized dynamic Bayesian Networks which are models in the form of direct acyclical graphs

This was an approach that I personally trialled/developed for almost a year in total because initially it seemed feasible but the further on we moved in collaborating with the other modellers in the project and the nature
Of the high resolution, very data driven approaches that were being used the more it became clear that this approach wasn’t optimal. 

It was at this point we agreed to change the approach to using a software called Dinamica EGO which is an open source environmental modelling platform which allowed for much easier integration. 

So I guess the main point I’m trying to make is that sometimes in such integrative modelling efforts so do have to be flexible to changing your approach even if there are sunk costs because you developed substantial time in it already. 
 



Model integration: Software

Dinamica EGO

+

LULCC modelling

N-SDM pipeline

ES modelling

+
Data preparation
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Now I just wanted to highlight how we have chosen the software we are using to allow us to integrate our models 

As you can see from the diagram all of the data preparation we handled in R which we did to avoid getting stuck with any proprietary file formats that could limit the usability of our work. 

As I mentioned already the Land use change modelling will be conducted within Dinamica EGO and this will be paired with R to handle the statistical modelling component and control the instantiation of model data.
 

 



Model integration: Challenges

Dinamica EGO

+

LULCC modelling

ES modelling

+Direct integration 
possible through 

incorporation of R 
and Python scripts 

within Dinamica EGO

We hope to share to 
formalise the scripts 

used to do this as 
custom Dinamica

‘functors’ for others to 
utilise  
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Then when it comes to integrating the outputs of the land use change modelling into the Ecosystem services models this is not so challenging because Dinamica EGO can directly interface with both R and Python and infact another product that we hope to produce from our project is to formalize the scripts for the process based Ecosystem service models as custom functors for Dinamica which then others will be able to download and use. 

 



Model integration: Challenges

Dinamica EGO

+

LULCC modelling

N-SDM pipeline

Direct integration 
not possible due 

to the N-SDM 
pipeline utilising 

HPC cluster 

Simulated LULC 
layers transferred 

manually
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On the other hand the integration with the N-SDM pipeline for species distribution modelling is a big challenge because it’s not possible to directly integrate the pipeline because it really requires a high performance computing cluster instead we will have to pass the simulated LULC layers manually between the two platforms. 



EI output: Challenges

• Definition of ‘functioning’ EI is problematic: 
 Subjective/Anthropocentric 
 Implies antonymous state (‘non-functioning’) and threshold

• Numerous conceptual frameworks, limited attempts to operationalise 

Amado et al. 2020Semeraro et al. 2021Lafortezza et al. 2013
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One difficulty in devising an approach for a single unified output in terms of functioning EI is because the use of the term ‘functioning’ requires some discussion: 

Firstly because it is subjective and raises the question functioning for who? And naturally this often leads us towards an anthropocentric perspective that ecological infrastructure must function for society. 

At the same time it also implies the existence of an antonymous state of ‘non-functioning’ EI which would also suggest there exist some kind of threshold at which EI becomes non-functioning. 

There have been serval theoretical frameworks put forward to related to EI that do attempt to address aspects of this problem but operationalizing these has not really been achieved. 




EI output: ValPar.CH approach

ES supply maps

Biodiversity metric map

Participatory 
weighting of EI 

factors 
Spatial prioritization of 

EI quality

Co
m

pa
ri

so
n

Visions / normative 
goals for EI 
functioning
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Instead in ValPar.CH we will use a participatory approach to allow for a subjective and context-specific interpretation of EI functioning. 

In this regard what we will do is to take our outputs in terms of ecosystem service supply and biodiversity and we will have a group of stakeholders and experts weight these and produce a ranked list in terms of their perceived importance for EI. 

Then we will use this weighting scheme as input the conservation planning software zonation which is capable of taking the input maps along with the weighting of the variables, conducting a spatial prioritization process and produce an output in terms of areas of EI quality  

Then as a final step we will also make a comparison between this map of high quality with normative goals for ecological infrastructure that have been derived from conducting visioning exercises with stakeholders which gives a further dimension of participation. 



Zonation provides a hierarchical zoning of the landscape based on the inputs it is given, which in the case of ValPar.ch project are Biodiversity, ecosystem services and connectivity maps. The two main outputs are: 
1) a map of spatial priority ranking for conservation 
2) performance curves for each input and for the mean and weighted inputs. 
The performance curves inform on the proportion of distribution remaining in regard of the proportion of landscape under conservation. 

The zonation algorithm functions in three steps: 
1) starting from full landscape, determine the cell that has the least marginal value, and remove it 
2) update occurrence levels of features in the remaining landscape 
3) repeat steps 1 and 2 until no cell remain. 
The rules for cell removal are parametrized according to the aims of the analysis and generate different outputs. These rules can for example emphasize somewhat the rarity, or the richness of the landscape elements (e.g. if there is a specific target to enhance conservation on a certain landscape element, such as endangered species, the cells containing this species will be removed last compared to cells with more richness). In addition to that, weights are attributed to the input factors to further direct the outputs towards the conservation aims. 



Summary

Biodiversity: 
Species 

distribution 
models

Land 
Use

Land 
Cover 

change 
(LULCC) 

model

Valpar.CH website
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Lessons learned: 
• Integration has to be intentional 
• Collaboration is key: minimizes duplicated efforts, guards against incompatibility
• Flexibility 
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So now I have discussed how we plan to integrate different disciplines of modelling and some of the challenges we’ve faced I just wanted to end the presentation with some key insights we have found in our experience of this project so far. 

Now these insights sound like common sense but I think as scientists and particularly as modellers working on different disciplines we often become quite ‘silo-ed’ in our thinkings and the way that we do things and this can hinder integration with the work of others.  So with this in mind may key takeaways would be that:

Iintegration has to be intentional and what I mean by that is that it can just be assumed to be an output instead it has to be actively planned for and engaged with within the research team. 

And following on from this: collaboration is key. As academics we’re usually always very busy but sitting down and meeting with those we need to collaborate with can save us a lot of time in the long run especially when it comes to things like data gathering etc. 

And finally flexibility as I said earlier in the presentation we started out this research project with a clear idea of how we were going to integrate our modelling and we really tried to develop this but it didn’t work. Of course this cost us time to change our minds and we feel like we have wasted effort but ultimately it is for the better. 

 

https://valpar.ch/index_en.php?page=home_en


Thank you for 
listening

I will now take 
any questions.
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So with that I would like to say thank you for listening and I’m happy to take any questions you might have. 


