
Sustainable Land Management - 
OptionsTool 

Marie Castellazzi, Alessandro Gimona 
Andrea Baggio, Justin Irvine, Laura Poggio, Andrew Coleman (NT) 
ESCOM – 20th April 2016 

SLM-OptionsTool 



Sustainable Land Management - OptionsTool 
Talk topics 

• Overview: project & tool 

• SLM-OptionsTool components: 

• LandSFACTS model & developments 

• ArcGIS interface 

• Example of scenarios  



• Designed for the National Trust in the Lake District National Park 

• Main project focus was on mapping land functions 

 

• Exploratory work: tool to help using those land functions maps for 

informed land use change 

 

 

SLM-OptionsTool - background Overview 



• Suggests potential land use changes meeting user-defined land 

management objectives 

• Considers: 

• multiple land functions 

• other land management constraints 

• for specific areas (e.g. protected areas) 

• land uses (e.g. no arable decrease) 

 

• Accessible through ArcGIS 10.1 

 

 

SLM-OptionsTool Overview 



SLM-OptionsTool – Components 

• ArcGIS toolbox 

Overview 



SLM-OptionsTool – Components 

LandSFACTS model 
extended (c++) 

ArcGIS 10.1 front-end  
(python toolbox) 

LandSFACTS.exe 

Overview 

text files shapefiles, rasters, txt … 



LandSFACTS model 

• Previous developments 

• landscape scale scenarios of cropping systems dealing with GM 

introduction in Europe (SIGMEA, EU FP7 project) 

• land use change scenarios in Scotland 

 

• Model’s characteristics 

• Stochastic model with rule based constraints 

• landscape spatial units as polygons (shapefile) 

• spatial and temporal constraints on land use change 

• targets of land use proportions 
 

• output: 1 land use per polygon & year 

• multi-runs  different output maps  

LandSFACTS 



Land Functions 

• For each land function in the tool: 3 components 

Land use transitions matrix using Scores 

Weight of this function  
in comparison to others 
 (spatial or non-spatial) 

An Opportunity map 
0    : no land use change 
0.2 : low probability of land use change 
0.5 : high probability of land use change 

LandSFACTS 



Land functions - Land use scores  

Exemplary ecosystem service potential matrix,  
after Burkhard et al. 2009 and 2012. 

LandSFACTS 



Land Functions 

• For each land function in the tool: 3 components 

Land use transitions matrix using Scores 

Weight of this function  
in comparison to others 
 (spatial or non-spatial) 

An Opportunity map 
0    : no land use change 
0.2 : low probability of land use change 
0.5 : high probability of land use change 

LandSFACTS 



Priority areas for change 

Priority value for each polygon = Sum of all land functions  
 ( Opportunity map × Weight ) 

High priority value 
 high probability of 
land use change 

LandSFACTS 

3 maps with different thresholds: 
• all 

• above 3rd quartile 
• above average 



SLM-OptionsTool – Components 

LandSFACTS model 
extended (c++) 

ArcGIS 10.1 front-end  
(python toolbox) 

LandSFACTS.exe 

Overview 

text files shapefiles, rasters, txt … 



Tools 

To be followed in order, 
some can be skipped 

Help window  
for every tool 

land functions set up 

outputs processing 

further variables set up 

running the model 

ArcGIS toolbox 



Convert raster inputs ArcGIS toolbox 



Land functions – General status ArcGIS toolbox 



Land functions – Add TM & Spatial Data ArcGIS toolbox 



Landscape land use change ArcGIS toolbox 



Priority areas for change ArcGIS toolbox 

Protected habitats are 
excluded from land use 
change (just an example) 

Land functions are  
selected 

Only values above 3rd 
quartile are kept 



Target land use proportions 

• Target land use areas (ha) in the landscape are driving the land use changes, 
e.g. all woodlands (Broadleaved + Coniferous) must increase by 10,000ha 

ArcGIS toolbox 



Simulation parameters 

All land functions & 
target land use 
proportions can be 
activated/disactivated. 

Land uses can be  
frozen, 
e.g. here Arable land is 
protected from 
change. 

Number of simulations 
(no maximum in reality) 

ArcGIS toolbox 



Running the model 

Create and display 
land use maps and 
land use change maps 

Name of the simulation 

ArcGIS toolbox 



Running the model – Completed ArcGIS toolbox 



Running the model – Output map 1 

• New land use map 

ArcGIS toolbox 



Running the model – Output map 2 

• Land use map with only changed land uses 

ArcGIS toolbox 



Viewing the results - Statistics ArcGIS toolbox 



Scenarios Scenario 

2 scenarios based on woodland expansion: 
 
a) Enhancing water cycling 

• 3 land functions: 
- water cycling – purification 
- water cycling – nutrient 
- erosion regulation 

• 2 sub-scenarios 

 
b) Enhancing all 10 land functions 

• Highlight complexity  
& output variability 



a) Enhancing water cycling Scenario 

 
• LCM2007 (vector) 

 
• Woodland expansion (10,000ha) 

 
• No arable decrease 
 
• 3 land functions with equal weights 

• water cycling – purification 
• water cycling – nutrient 
• erosion regulation 



a) Enhancing water cycling – land functions 

Weight of these functions  
in comparison to others 
 (non-spatial) 

Opportunity maps 
0    : no land use change 
0.2 : low probability of land use change 
0.5 : high probability of land use change 

Scenario 

Land use transitions 
matrices 



a) Enhancing water cycling Scenario 

 
• LCM2007 (vector) 

 
• Woodland expansion (10,000ha) 

 
• No arable decrease 
 
• 3 land functions with equal weights 

• water cycling – purification 
• water cycling – nutrient 
• erosion regulation 

• Priority areas for LU change, 2 sub-scenarios : 

a1) ‘Protected Habitats’ with no LU change 
 

a2) Protected Habitats’ with no LU change 

      + Priority areas for LU change 
• 3 land functions 
• values above 3rd quartile only 
• excludes priority habitats 



a1) Enhancing water cycling – protected habitats Scenario 

‘Protected 
Habitats’  
with no LU change 



a1) Enhancing water cycling, protected hab. – 1 output Scenario 



a) Enhancing water cycling Scenario 

 
• LCM2007 (vector) 

 
• Woodland expansion (10,000ha) 

 
• No arable decrease 
 
• 3 land functions with equal weights 

• water cycling – purification 
• water cycling – nutrient 
• erosion regulation 

• Priority areas for LU change, 2 sub-scenarios : 

a1) ‘Protected Habitats’ with no LU change 
 

a2) ‘Protected Habitats’ with no LU change 

      + Priority areas for LU change 
• 3 land functions 
• values above 3rd quartile only 
• excludes priority habitats 



a2) Water, priority areas (3rd quartile & protected hab.) Scenario 

+ ‘Protected 
Habitats’  
with no LU change 

+ only above 3rd 
quartile 

combines 3 land 
function 
opportunity maps 



a2) Water, priorities 3q + protected hab. – 1 output Scenario 



b) Enhancing all 10 land functions scenario Scenario 

• LCM07 (vector) 
 

• Woodland expansion (10,000ha) 
 

• No arable decrease 
 

• Considers 10 land functions  
(opportunity & matrices), 
equal weight 

 
 
 
 
 
 
 
• Priority areas for LU change: 

• 10 land functions 
• values above 3rd quartile only 
• excludes priority habitats 



b) 10 land functions scenario, priority areas Scenario 

+ ‘Protected 
Habitats’  
with no LU change 

+ only above 3rd 
quartile 

10 land function 
opportunity maps 



b) 10 land functions scenario, 3 outputs Scenario 

Spatial variability 
of the whole 
model set up, 
including: 
land functions 
transition matrices 
 
more complex 
models could 
include: 
land capability, 
regional/cooperati
ve targets of land 
uses, regional 
preferences on 
land use 
transitions… 



Potential developments 

• for ArcGIS front-end tool 

• further output interpretation tools 

• assessment of land function status of new lanscape (relative) 

• if multiple runs: summary map over all new landscapes 

• export for GoogleEarth 

• interface enhancements beyond NT project 

- allow new base map (i.e. outside of Lake District) 

- allow new land use classes (e.g. to include land management) 

- multi-years scenarios… 
 

• Potential new projects 

• its implementation in Scotland for scenario development and analyses 
 

• Let us know if further ideas or funding 



Sustainable Land Management – OptionsTool 

 Many Thanks for your 
 Attention ! 

Contact:  
alessandro.gimona@hutton.ac.uk 
marie.castellazzi@hutton.ac.uk 
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