














  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 1.1 – Land-use transport feedback cycle 

(Wegener & Fürst, 1999) 
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Table 2.1 – Expected theoretical impacts of transport on land-use according to technical, 

economical and social theories (Wegener & Fürst, 1999) 

Figure 2.1  - Alternative models of land-use transport interaction. Left: integrated model of transport, land-use and economy 

(Bruinsma, 1994, freely translated). Right: transport, economy and land-use interaction model for a regional scale (Zondag, 

2007). 



 

 

 

 





 

Location 

choice 

Wegener & Fürst Other studies Factors identified as more 

important in location 

decision 

Residential More accessible locations are 

developed faster. If accessibility in 

the whole region grows, residential 

development will be more 

dispersed. 

Influence is “modest, but significant”.  

 

Accessibility has significant influence 

on the decision to move, but no 

significant influence on the choice of 

the new location.  

-Demographic 

characteristics 

-Neighbourhood 

characteristics 

-Housing properties 

Industrial There is little evidence of impacts 

of accessibility on location of 

manufacturing, but ample evidence 

of the importance of accessibility 

for high-tech and service firms. 

Highway accessibility is important. 

There is no evidence that PT 

accessibility has any influence.  

 

In contrary to residential choice, 

accessibility has no proven 

significance in move choice, yet is 

significant in new location choice. 

 

Firms move to locations with more 

location agglomeration. 

 

Labour market access is in particular 

important for business services, 

manufacturing, transport 

warehousing and retail 

-Land price 

-Available subsidies 

-Space 

-Market perspective 

-Internal factors 

Office Office development occurs 

predominantly at highly accessible 

inner-city locations or in office 

parks or ‘edge cities’ at the urban 

periphery with good motorway 

access. 

Retail Retail development occurs either at 

highly accessible inner-city 

locations or on peripheral sites with 

ample parking and good road 

accessibility. 

Table 2.2 – Overview of empirical findings on the influence of transport on land-use 
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Figure 3.1 - Metronamica’s sub-models and their corresponding geographical levels 

(RIKS, 2011) 



 

 

 

 

Figure 3.2 – Transport model flow chart (RIKS, 2011) 



 

 

       
                              

                                  
 

                        

       

            

            

            

        

 

 

Figure 3.3 – Land-use and transport model flow chart (RIKS, 2011). The grey lines indicate a delayed link (i.e. the information 

at the start of the arrow is taken into account at the end in the next time step). 
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Figure 3.4 –Neighbourhood rules for the Netherlands application (left) and an enlarged view of the residential to residential 

graph (right) 



      
                

                          
 

      

       

       

       

       

   

 

 

  

              
  

        
   

  

          
           

 

       

         

            

   

        

  

         

                      
           

       
 

                 
 

        

       

     

       

 

   



        

 
 
 

 
 

    

         
         

          

  
      

           
         

 

         

 

 

  

      

    

       

       

 

     
   

              

    
 

  
   

      

    
 

     
   

  

  
  

          

  
   

       

Figure 3.5 – Influence of distance decay parameter on the cell’s local accessibility (left: positive values; right: negative values) 
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Data Source Used in  

Metronamica 

Year 

Metronamica road map 

 Road type 

 Simulated flows 

 Simulated congestion 

 Simulated operating speed 

Rijkswaterstaat 

(NWB) 

Yes 2004 

Rijkswaterstaat road map 

 Observed flows 

Rijkswaterstaat 

(NWB) 

No 1998 

Train station map 

 Station type 

Rijkswaterstaat 2004 

Ramps map Rijkswaterstaat 2004 

Regions map Rijkswaterstaat  

Adjusted Corine land-use map  Corine 1989 

Adjusted Corine land-use map  Corine 2000 

Adjusted Corine land-use map  Corine 2006 

Table 4.1 – Data used in this research and its sources. The bullet points show some 

relevant (but not all) attributes of the dataset that were used in this research. 



 

 

 

 

 

 

Land-use categories Used in 

research 

Modelled as Reason for exclusion 

Other agricultural areas Yes Vacant - 

Pastures Yes Vacant - 

Residential areas Yes Function - 

Commercial and industrial areas Yes Function - 

Artificial green Yes Function - 

Forests Yes Function - 

Nature Yes Function - 

Wetlands No Feature Most important part outside study area (Wadden Sea) 

Fresh water No Feature Very few cells in total, very few cells in change map 

Marine water No Feature Mostly outside study area 

Infrastructure No Feature Very few cells in total, very few cells in change map 

Mines and dumpsites No Feature Very few cells in total, very few cells in change map 

Port areas No Feature Very few cells in total, very few cells in change map 

Airports No Feature Very few cells in total, very few cells in change map 

Table 4.2 – Overview of land-use types that were and were not taken into account in this research 



Figure 4.1 – Available land-use maps for the Netherlands 



Figure 4.2 – Land-use change maps 



 

Figure 4.3 – Relative land-use occupation of all land-use types (top) and absolute land-use occupation of urban and natural 

(bottom). Note for Metronamica users: the latter are modelled as functions in Metronamica. 



 

 

Road 

category 

Road type as classified in NWB Speed limit in NWB 

Level 1 Motorways - 

Level 2 Main roads, access roads (closed declaration), access roads (mixed traffic). private 

roads city access roads, neighbourhood access roads 

         

Level 3 Main roads, access roads (closed declaration), access roads (mixed traffic). private 

roads city access roads, neighbourhood access roads 

        

Level 4 Main roads, access roads (closed declaration), access roads (mixed traffic). private 

roads city access roads, neighbourhood access roads 

        

Table 4.3 – Road classification used in this research 



 

 

 

 Data analysis Calibration Validation 

Land-use map 1989  ✓  

Land-use map 2000  ✓ ✓ 

Land-use map 2006   ✓ 

Land-use change map A (1989-2000) ✓   

Land-use change map B (2000-2006) ✓   

Station map ✓ ✓ ✓ 

Ramps map ✓ ✓ ✓ 

Road type map ✓ ✓ ✓ 

Observed road flow ✓   

Simulated road flow ✓ ✓ ✓ 

Simulated road congestion ✓ ✓ ✓ 

Simulated road operating speed ✓   

Table 4.4 – Data use overview 



Figure 4.4 – Available transport data for the Netherlands 



 

 

 



 

 

Figure 5.1 – Data analysis concept 

Figure 5.2 – Illustration of definitions 



    

     

 

                                     

      
       

  

       
      

  

 

                                  

                     
      

  

       
            

      
                                        

                       
      

        
 

          

     

     

 

 

 

Figure 5.3 – Concept of distance classes 

Figure 5.4 – Observation areas are defined by an upper and lower bound 



                                 

      

              

            

      
                

   
    

        

 
   

   

   

   

                

      

   

   

  

        
               

   
   

        

     
   

   

       
            

      
          

                         
 

     

     

 

    



 

Figure 5.6 – Illustration of the edge effect influence 

Figure 5.5 – Simple output graph example 
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Figure 5.7 – Data analysis overview 



 

 

Distance  

class   

Interval  

             

(cells)  

Interval  

size  

(cells) 

Interval 

 

 (m) 

Interval  

size  

(m) 

1 [0, 1] 1 [0, 250] 250 

2 [1, 2] 1 [250, 500] 250 

3 [2, 3] 1 [500, 750] 250 

4 [3, 4] 1 [750, 1.000] 250 

5 [4, 6] 2 [1.000, 1.500] 500 

6 [6, 8] 2 [1.500, 2.000] 500 

7 [8, 10] 2 [2.000, 2.500] 500 

8 [10, 12] 2 [2.500, 3.000] 500 

9 [12, 16] 4 [3.000, 4.000] 1000 

10 [16, 20] 4 [4.000, 5.000] 1000 

11 [20, 24] 4 [5.000, 6.000] 1000 

12 [24, 28] 4 [6.000, 7.000] 1000 

13 [28, 32] 4 [7.000, 8.000] 1000 

14 [32, 36] 4 [8.000, 9.000] 1000 

15 [36, 40] 4 [9.000, 10.000] 1000 

Table 5.1 – Distance class overview 

Figure 5.8 – Sub-areas of the Netherlands 



 

 

 



Figure 5.9 – Over- and underrepresentation of land-use changes to stations (top), roads (middle) 

and ramps (bottom) 
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Figure 5.10 - Over- and underrepresentation of land-use change to intercity stations (top) and local stations 

(bottom) 



Figure 5.11 - Over- and underrepresentation of land-use change to level 

1, level 2, level 3 and level 4 roads 



 

 

Figure 5.12 – Over- and underrepresentation of land-use changes for ramps (top) 

and highways (bottom) 
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Figure 5.13 – Residential and commercial/industrial land-use changes 

between 1989 and 2000 



 

 

 

     



Figure 5.14 – Over- and underrepresentation of residential (red) and commercial (purple) land-use changes to level 1 roads, for 

different flow levels (top) and congestion levels (bottom). Lower flow and congestion levels are indicated by darker colours. 



Figure 5.15 - Over- and underrepresentation of residential (red) and commercial (purple) land-use changes to level 2 roads, for 

different flow levels (top) and congestion levels (bottom). Lower flow and congestion levels are indicated by darker colours. 



Figure 5.16 - Over- and underrepresentation of residential (red) and commercial (purple) land-use changes to level 3 roads, for 

different flow levels (top) and congestion levels (bottom). Lower flow and congestion levels are indicated by darker colours. 



Figure 5.17 - Over- and underrepresentation of residential (red) and commercial (purple) land-use changes to level 4 roads, for 

different flow levels (top) and congestion levels (bottom). Lower flow and congestion levels are indicated by darker colours. 



Figure 5.18 – Overrepresentation to ramps for three sub-areas of the Netherlands  



 

 

 

 



 

 

Figure 5.19 – Translation of empirical results to model parameters. Left: the original concept for neighbourhood dynamics 

(Verburg, de Nijs, Ritsema van Eck, Visser, & de Jong, 2004). Right: analogous concept for accessibility. 



 

 

 



                
   
    

 

 



 

 

       
                         

                             
 

 

 Simulation I Simulation II Simulation III 

Neighbourhood dynamics driver, 

suitability driver* and zoning driver 

✓ ✓ ✓ 

Accessibility driver  ✓ ✓ 

Differentiation between transport 

element quality levels 

  ✓ 

* Note: suitability driver is included, but no rules are set in this particular dataset. See appendix G. 

Table 6.1 - Overview of what is included in the three different simulations 



 

Transport element Quality levels Transport element Quality levels 

Train stations Intercity stations 

Local stations 

Level 3 roads Low flow 

Medium flow 

High flow 

Level 1 roads Low flow 

Medium flow 

High flow 

Level 4 roads Low flow 

Medium flow 

High flow 

Level 2 roads Low flow 

Medium flow 

High flow 

Highly congested roads - 

Table 6.2 – Transport element quality levels 



 

 

 

 

 



                 

            
                 

                

              

  

 

      

 

Indicators 

Calibration 

1989-2000 

Validation 

2000-2006 

Validation 

2006-2030 

Cell-by-cell comparison 

Kappa Simulation 

Fuzzy Kappa Simulation 

 

✓ 

✓ 

 

✓ 

✓ 

 

Pattern comparison 

Overrepresentation graphs 

Clumpiness 

Cluster size-frequency distribution 

 

✓ 

✓ 

✓ 

 

✓ 

✓ 

✓ 

 

 

 

✓ 

Visual comparison ✓ ✓ ✓ 

Table 6.3 – Indicators overview 



 

 

 

 

 Simulation II Simulation III   Simulation II Simulation III 

 Dist. 

Decay 

      

Rel. 

Weight 

      

           Dist. 

Decay 

      

Rel. 

Weight 

      

          

Ramps 10 0.1 10 0.1  Ramps 10 0.2 10 0.2 

Intercity stations 10 0.5 10 0.4  Intercity stations 13 0.3 15 0.3 

Local stations 10 0.5 8 0.15  Local stations 13 0.3 10 0.5 

Level 1 (low) 8 0.4 8 0.1  Level 1 (low) 8 0.8 8 0.9 

Level 1 (medium) 8 0.4 8 0.4  Level 1 (medium) 8 0.8 8 0.7 

Level 1 (high) 8 0.4 8 0.6  Level 1 (high) 8 0.8 8 0 

Level 2 (low) 2.5 0.5 2.5 0.5  Level 2 (low) 4 0.8 4 0.3 

Level 2 (medium) 2.5 0.5 2.5 0.05  Level 2 (medium) 4 0.8 4 0.3 

Level 2 (high) 2.5 0.5 2.5 0.2  Level 2 (high) 4 0.8 4 0.3 

Level 3 (low) 5 0.8 5 0.8  Level 3 (low) 4 0.8 4 0.8 

Level 3 (medium) 5 0.8 5 0.4  Level 3 (medium) 4 0.8 4 0.8 

Level 3 (high) 5 0.8 5 0.2  Level 3 (high) 4 0.8 4 0.3 

Level 4 (low) 5 0.8 5 0.2  Level 4 (low) 4 0.8 4 0.8 

Level 4 (medium) 5 0.8 5 0.2  Level 4 (medium) 4 0.8 4 0.8 

Level 4 (high) 5 0.8 5 0.1  Level 4 (high) 4 0.8 4 0.8 

Highly congested - 0 - 0  Highly congested - 0 - 0 

Distance decay for waterways and ferries is set to 0  Distance decay for waterways and ferries is set to 0 

 Table 6.4 – Calibrated local access, parameters for residential (left) and commercial/industrial (right)  



 

Simulation 

 

 

Indicator 

I 

No accessibility 

II 

With accessibility 

No differentiation 

to quality 

III 

With accessibility 

With differentiation 

to quality  

RCM 

Cell-by-cell     

Kappa Simulation total 0.149 0.137 0.121  

Kappa Simulation residential 0.196 0.185 0.142  

Kappa Simulation commercial 0.152 0.143 0.143  

Fuzzy Kappa Simulation* 0.249 0.230 0.214  

Pattern     

Clumpiness residential** +0.035 +0.031 +0.024 -0.113 

Clumpiness commercial** +0.049 +0.045 +0.026 -0.208 

* Radius: 6 cells. Halving distance: 3 cells 

** The value reported here is the difference between the clumpiness index of the data and simulation 

Table 6.5 – Indicator values for calibration (1989-2000) results of both the original and adjusted accessibility measure 

Simulation 

 

 

Indicator 

I 

No accessibility 

II 

With accessibility 

No differentiation 

to quality 

III 

With accessibility 

With differentiation 

to quality  

RCM 

Cell-by-cell     

Kappa Simulation total 0.078 0.076 0.069  

Kappa Simulation residential 0.114 0.108 0.088  

Kappa Simulation commercial 0.069 0.074 0.073  

Fuzzy Kappa Simulation* 0.148 0.139 0.132  

Pattern     

Clumpiness residential** +0.034 +0.032 +0.027 -0.113 

Clumpiness commercial** +0.028 +0.026 +0.024 -0.208 

* Radius: 6 cells. Halving distance: 3 cells 

** The value reported here is the difference between the clumpiness index of the data and simulation 

 Table 6.6 - Indicator values for validation (2000-2006) results of both the original and adjusted accessibility measure 



 

 

 



 

 

 



Figure 6.1 - Commercial land-use cells in simulation I and III in the province of Noord-Brabant. Top: 2000; bottom: 2030. 

Green: both simulations 

Red: only simulation I 

Blue: only simulation III 



Figure 6.2 – Residential land-use simulation and data (2000). Left: sim. I; right: sim. III (excerpt: western part of N-Brabant)  

Figure 6.3 - Commercial land-use simulation (2000) and data. Left: sim. I; right: sim. III (excerpt: western part of N-Brabant) 

Green: data and simulation 

Red: only in data 

Blue: only in simulation 

Green: data and simulation 

Red: only in data 

Blue: only in simulation 



Figure 6.4 - Overrepresentation graphs for level 1 roads (motorways) in the data 

Figure 6.5 – Overrepresentation graphs for level 1 roads (motorways) in simulation I 



Figure 6.6 - Overrepresentation graphs for level 1 roads (motorways) in simulation II 

Figure 6.7 - Overrepresentation graphs for level 1 roads (motorways) in simulation III 



Figure 6.8 – Cluster size-frequency distributions for the data and the three simulations. The simulation results for 2006 were 

obtained with a simulation with start year 2000 (using 2000 data) and the simulation results for 2015 and 2030 were obtained 

with a simulation with start year 2006 (using 2006 data). 



 

 

 



 

 



 

http://www.eea.europa.eu/data-and-maps
http://www.nirov.nl/Home/Projecten/De_Nieuwe_Kaart/Website/Producten.aspx
http://www.dataportal.nl/




Pixel value Land-use categories 

0 Other agricultural areas 

1 Pastures 

2 Residential areas 

3 Commercial and industrial areas 

4 Artificial green 

5 Forests 

6 Nature 

7 Wetlands 

8 Fresh water 

9 Marine water 

10 Infrastructure 

11 Mines and dumpsites 

12 Port areas 

13 Airports 

Table 0.1 – Pixel values in the land-use raster 

maps 

Road type attributes 

Link_id Weefvakken VeldA Gem_naam Intens_03 

Segment_ID Grens VeldB Prv_code Speed_01 

Linktype Signal VeldC Prv_naam Speed_02 

Wegsoort NWBstatus NOMO1 Commertaar Speed_03 

Afstand Stt Naam NOMO2 LinkNr Congest_01 

Geb_code WegBehSrt H_int Roadtype Congest_02 

H_sel H_lanes Verhard AccType Congest_03 

H_snel_wet HWN H_Baan ExtraCost IntensMax 

H_snel_mod Jaar Doelstrook Preintens CongestMax 

H_cap MIT_cat MengType Modified SpeedMin 

H_stroken KnoopA Wegnummer Intens_01  

Ex_stroken KnoopB Gem_code Intens_02  

Table 0.2 – Attributes in the road type shapefile 



Observed road flow attributes 

Wvk_id Wegnummer Gme_id Beginkm 

Wvk_begin Wegdeelltr Gme_naam Eindkm 

Baannummer Stt_naam Beginafstand Werkdag 

Wegbersrt Wpsnaamnem Eindafstand Weekdag 

Table 0.4 – Attributes in the observed road flow shapefile 

Field value Meaning 

0 Virtual roads (created in Metronamica for calculation purposes) 

1 Highways 

2 Main roads 

3 Access roads (closed declaration) 

4 Access roads (mixed traffic) 

5 Private roads 

6 City access roads 

7 Neighbourhood access roads 

8 Ferries 

Table 0.3 –Field values of the ‘roadtype’ attribute 



  Level 1 Level 2 Level 3 Level 4 

Flow Low 

Medium 

High 

         
            
           

        
           

           

        
           

           

        
           

           

Congestion Low 

Medium 

High 

         
            
           

         
            
           

         
            
           

         
            
           

Operating speed Low 

Medium 

High 

       
         

         

       
        

        

       
        
       

       
        
       





  

Transport element type Interval categories

Point Lower 0 1 2 3 4 6 8 10 12 16 20 24 28 32 36

Upper 1 2 3 4 6 8 10 12 16 20 24 28 32 36 40

Transport element name

Stations by type Transport element length (m)

Only relevant for line transport elements

Land-use element name 9892185

land-use changes 1989-2000 2019301

12479089

Study area size (cells) 6090283

564.581                                                                     

Cell size (m)

250

Title y-axis

Over-/underrepresentation Δρ (cells/100 cells)

Title x-axis

Distance (cells)

AccType 5

Sum of Count Column Labels

Row Labels [0, 1) [1, 2) [2, 3) [3, 4) [4, 6) [6, 8) [8, 10) [10, 12) [12, 16) [16, 20) [20, 24) [24, 28) [28, 32) [32, 36) [36, 40) Grand Total

0 0 0 0 0 0 0 6 23 108 141 180 188 318 366 429 1759

1 0 0 0 2 1 2 0 13 17 13 30 25 43 146

2 0 3 17 22 73 143 253 366 754 821 714 708 640 671 860 6045

3 4 7 12 12 70 153 173 202 469 336 317 267 253 277 274 2826

4 0 1 2 9 30 25 59 93 179 159 165 285 256 162 231 1656

5 0 0 0 0 0 3 6 18 43 83 97 136 159 125 109 779

6 0 0 0 3 29 28 45 47 46 45 74 317

Grand Total 4 11 31 43 173 326 498 707 1582 1581 1535 1644 1702 1671 2020 13528

Lower limit 0 1 2 3 4 6 8 10 12 16 20 24 28 32 36

Upper limit 1 2 3 4 6 8 10 12 16 20 24 28 32 36 40

Observ. Area 3 9 16 22 63 88 113 138 352 452 553 653 754 855 955

Land-use Count Auto-legend values Trans. Count l (m) l (cells) l (cls/el) Tr. Elem. Type

0 4250 5 60 9892185 39568,7 659,479 Point

1 329 6 367 2019301 8077,2 22,0087

2 7854 999 0 1,2E+07 49916,4 #DIV/0! Tr. Elem. Name

3 3809 999 0 6090283 24361,1 #DIV/0! Stations by type

4 1997 999 0 0 0 #DIV/0!

5 1790 999 0 0 0 #DIV/0! L.u. Elem. Name

6 1494 999 0 0 0 #DIV/0! land-use changes 1989-2000

999 0 0 0 #DIV/0!

999 0 Study area size

999 0 564581 cells

999 0

Cell-size

Current 60 659,479 250 m

0,5 1,5 2,5 3,5 5 7 9 11 14 18 22 26 30 34 38

Other agriculture -0,75 -0,75 -0,75 -0,75 -0,75 -0,75 -0,66 -0,48 -0,24 -0,23 -0,21 -0,27 -0,05 -0,04 0,00

Pastures -0,06 -0,06 -0,06 -0,06 -0,06 -0,02 -0,04 -0,03 -0,06 -0,01 -0,01 -0,03 0,01 -0,01 0,02

Residential -1,39 -0,86 0,41 0,28 0,55 1,32 2,34 3,02 2,18 1,63 0,76 0,41 0,02 -0,08 0,11

Commercial and industrial 1,45 0,56 0,60 0,23 1,18 2,22 1,87 1,76 1,55 0,56 0,28 0,01 -0,12 -0,13 -0,20

Artificial green -0,35 -0,18 -0,14 0,33 0,44 0,12 0,52 0,77 0,49 0,23 0,14 0,37 0,21 -0,04 0,05

Forests -0,32 -0,32 -0,32 -0,32 -0,32 -0,26 -0,23 -0,10 -0,11 -0,01 -0,02 0,03 0,03 -0,07 -0,13

Nature -0,26 -0,26 -0,26 -0,26 -0,26 -0,26 -0,26 -0,23 -0,13 -0,16 -0,13 -0,14 -0,16 -0,18 -0,14

0,5 1,5 2,5 3,5 5 7 9 11 14 18 22 26 30 34 38

Other agriculture -0,75 -0,75 -0,75 -0,75 -0,66 -0,48 -0,24 -0,23 -0,21 -0,27 -0,04 0,00

Pastures -0,06 -0,06 -0,03 0,02

Residential -0,86 1,32 2,34 3,02 2,18 1,63 0,76 0,41 0,02 -0,08 0,11

Commercial and industrial 1,45 0,60 1,18 2,22 1,87 1,76 1,55 0,56 0,28 -0,20

Artificial green 0,33 0,44 0,52 0,77 0,49 0,23 0,14 0,37 0,21 0,05

Forests -0,32 -0,26 -0,23 -0,11 0,03 0,03 -0,13

Nature -0,26 -0,26 -0,26 -0,26 -0,23 -0,13 -0,16 -0,13 -0,14 -0,16 -0,18 -0,14

Adjusting this filter value will automatically change the filter of all other Pivot tables in this file

Forests

Nature

Artificial green
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Zonal accessibility parameter values 

Minimal zonal accessibility  0.75 

Sensitivity to costs (per activity) Population 1 

 Employment 0.9 

 All other 0 

Table 0.1 – Zonal accessibility parameter values (all simulations) 

 Implicit accessibility  

of built-up areas 

Implicit accessibility  

of non-built-up areas 

Residential areas 1 0.3 

Commercial and industry 1 0.3 

Artificial green 1 1 

Forests 1 1 

Nature 1 1 

Table 0.2 - Implicit accessibility parameter values (all simulations) 

 Impassable 

Other agriculture No 

Pastures No 

Residential areas No 

Commercial and industry No 

Artificial green No 

Forests No 

Nature No 

Wetlands Yes 

Fresh water Yes 

Marine water Yes 

Infrastructure No 

Mines No 

Port areas No 

Ports Yes 

Table 0.3 - Implicit accessibility parameter values (all simulations) 



     

        

 
 
 

 
 

    

         
         

          

  
      

           
         

 

         

 

 

  

      

      

 

 

 

  

    

     

        

 
 
 

 
 

     

          

        
  

           

  
       

            
         

 







Green: data and simulation 

Red: only in data 

Blue: only in simulation 



Green: data and simulation 

Red: only in data 

Blue: only in simulation 



Green: data and simulation 

Red: only in data 

Blue: only in simulation 



Green: data and simulation 

Red: only in data 

Blue: only in simulation 


