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Research Question
How can we plan the land use in a more sustainable way 
under the concern of temperature and energy consumption

• City landscape structures & temperature change

• Optimal urban land use pattern
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• Optimal urban land use pattern

• Surface & layout changes 

• A simulation tool

In
tr

o
d

u
ct

io
n

/ 
M

e
th

o
d

/ 

Research Question
How can we plan the land use in a more sustainable way 
under the concern of temperature and energy consumption

City landscape structures & temperature change

patternpattern



L-E-T Model 
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Methodology
Spatial

Temporal
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Spatial dimension

• SEA (Strategic environmental assessment) 

• Top-down approach (S. Mohammandi et al. 2013, L.G. Swan 2009)

• Bottom-up approach (S. Mohammandi et al. 2013, L.G. Swan 2009)

• Analytical framework (J.G. et al. 2013)
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• Prediction method: engineering, statiscal, neural network, 
support vector machine, grey models 

• Systematic review methodology 

• Comapre countries difference 

• SWOT, land-use models 

L-E-T correlation L-E-T correlation 
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SEA (Strategic environmental assessment) (L. White et al. 2013)

(S. Mohammandi et al. 2013, L.G. Swan 2009)

(S. Mohammandi et al. 2013, L.G. Swan 2009)

(J.G. et al. 2013)

Prediction method: engineering, statiscal, neural network, 
support vector machine, grey models (H. Zhao et al. 2012)

Systematic review methodology (D. E. Bowler 2010)

Comapre countries difference (L. Pe´rez-Lombard et al. 2008)

use models (C. Agarwal et al. 2002)



Temporal simulations

• KNMI’06 Scenarios (KNMI 2009)

• W/ W+ scenarios (KNMI 2009)

• G/ W scenarios (KNMI 2009)
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• G/ W scenarios (KNMI 2009)

• Global climate models (GCMS) 

• Regional climate model (RCMS) 

• Climate changes for Netherlnads 

E-T correlation 
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simulations

(KNMI 2009)

(KNMI 2009)

(KNMI 2009)(KNMI 2009)

Global climate models (GCMS) (KNMI 2006)

Regional climate model (RCMS) (KNMI 2006)

Climate changes for Netherlnads (KNMI 2006)



Temporal simulations

• Scenarios to predict future weather 

• Regional climate model RACMO2 

L-E-T correlationL-E-T correlation
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• Regional climate model RACMO2 

• EC-Earth model (B,D.V. 

• Climate Explorer of KMNI 

• EU healthier environmental regulation 
Institute for Public Health and the Environment, Netherlands. 2004

• EU environmental policies review 
Public Health and the Environment, Netherlands. 2004In
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simulations

Scenarios to predict future weather (KNMI’14)

Regional climate model RACMO2 (B,D.V. Hurk et al. 2014)Regional climate model RACMO2 (B,D.V. Hurk et al. 2014)

(B,D.V. Hurk et al. 2014)

Climate Explorer of KMNI (B,D.V. Hurk et al. 2014)

EU healthier environmental regulation (National 

Institute for Public Health and the Environment, Netherlands. 2004)

EU environmental policies review (National Institute for 

Public Health and the Environment, Netherlands. 2004) 



Specific research area
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• Urban Planning System 

• Sustainable urban form and energy demand 
Wolsink et al. 2003)

• Knowledge of local conditions 
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Specific research area

Urban Planning System (M. Wolsink et al. 2003)

Sustainable urban form and energy demand (M. 

Knowledge of local conditions (M. Wolsink et al. 2003)



Specific research area

• Land use inventory(W. Leduc et al. 2013)

• Energy demand inventory 

• Local renewable/ residual energy potential analysis

E-T correlation E-T correlation 
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• Local renewable/ residual energy potential analysis
(W. Leduc et al. 2013)

• Clusters of spatial functions exploration
al. 2013)

• Energetic linkages analysis 

• Network patterns exploration 
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Specific research area

(W. Leduc et al. 2013)

Energy demand inventory (W. Leduc et al. 2013)

Local renewable/ residual energy potential analysisLocal renewable/ residual energy potential analysis

Clusters of spatial functions exploration (W. Leduc et 

Energetic linkages analysis (W. Leduc et al. 2013)

Network patterns exploration (W. Leduc et al. 2013)



Specific research area

• Regression analysis for nocturnal UHI 
et al. 2014)

• Relation between UHI and open water fraction 
Steeneveld et al. 2014)

• Building types and energy consumption 
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• Building types and energy consumption 
al. 2012)

• Linear regression of UHI max and inhabitants 
number (L.W.A. van Hove et al. 2011)

• Cell analysis of urban morphology on temperature 
(S. J. Janssen et al. 2011)
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Specific research area

Regression analysis for nocturnal UHI (B.G. Heusinkveld 

Relation between UHI and open water fraction (G.J. 

Building types and energy consumption Building types and energy consumption (B. Howard et 

Linear regression of UHI max and inhabitants 
(L.W.A. van Hove et al. 2011)

Cell analysis of urban morphology on temperature 



Specific research area

• Spatial relationship of neighboring land uses and 

L-E-T correlation 
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• Spatial relationship of neighboring land uses and 
local temperature (J. Kim et al. 2013)

• Data collection from Cargo bike to model the urban 
climate (B. V. Hove et al. 2011)

• Model the impact of land use and climate change 
(L.A. House-Peter et al. 2011)
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Specific research area

Spatial relationship of neighboring land uses and Spatial relationship of neighboring land uses and 
(J. Kim et al. 2013)

Data collection from Cargo bike to model the urban 
(B. V. Hove et al. 2011)

Model the impact of land use and climate change 
Peter et al. 2011)
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Method

• Statistical 
analysis

Spatial 
Scale

• Country

• City
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• Engineering 

• Neural 
network

• City

• Neighbor

• Zip code

• Census block

• Author 
defined

correlationships methods 

Spatial 
Scale

Variables

• Dependent 
variables

Land use 
changes 

• Sprawl 
scenario

Neighbor

Census block

variables

• Independent 
variables

scenario

• Dense 
scenario
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Research Area
Rotterdam: 51O55”51’N, 4O 28”45’E

Zip code: 3011, 3012
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28”45’E

Nieuwe Nieuwe 

Maas Maas 

Source: Open Street Map



Land use & Energy & Temperature
Land use (L): DANS (Data Archiving Networked Services)

Energy Consumption (E): City of Rotterdam

Temperature (T): Landsat-USGS

In
tr

o
d

u
ct

io
n

/ 
M

e
th

o
d

/ 
F

ra
m

e
w

o
rk

/ 
R

e
su

lt
s

In
tr

o
d

u
ct

io
n

/ 
M

e
th

o
d

/ 

Energy & Temperature
Land use (L): DANS (Data Archiving Networked Services)

Rotterdam



Land Use
Coding 
group Coding

1 10

11

12

2 20

21

22

23

24
3 30

31
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31

32

33

34

35

4 40

41

42

43

44
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Coding Land use type Coding 

group Coding Land use type

10 Rail area 5 50 Greenhouse
cultivation

11 Road area 51 Other agricultural
area

12 Airport 6 60 Forest

20 Residential area 61 Natural area,

21 Retail and bars 62 Natural area,

22 Public facilities 7 70 Ijsselmeer

23 Social & cultural 71 Closed sea

24 Industrial areas 72 Rijn & Maas
30 Dump 73 Border lake

31 Wreck/storage place 74 Water winning31 Wreck/storage place 74 Water winning

32 Cemetry 75 Water area
leisure

33 Mineral production
place 76 Enclosed water

mineral production

34 Construction area 77 Overflow area

35 Other open space 78 Other water

40 Park 8 80 Wadden sea,
Dollard

41 Sport 81 Oosterschelde

42 Comminuty garden 82 Westerschelde

43 Leisure (short stay) 83 North sea

44 Leisure (long stay) 9 90 Foreign country



Land Use

Public  

1%

Industrial

8%

Water

9%
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Retail

37%

1%

Social

1%
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Road

4%

Residential

40%

0%

40%



Cell size: 50*50 m2

Selected Area: 25,075 m2
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FME to Excel- Land Use
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78 24 24 24 78 78 78 78 24 78 78 11 11 11 72 72 72 72 72 72 72 0 0

78 24 78 78 24 24 24 24 78 78 11 11 11 72 72 72 72 72 72 0 0 0 0

78 78 78 78 24 24 24 78 78 11 11 11 72 72 72 72 72 0 0 0 0 0 0

78 78 78 78 24 24 78 78 24 11 11 72 72 72 72 72 0 0 0 0 0 0 0

78 78 78 78 78 78 78 11 11 72 72 72 72 72 72 0 0 0 0 0 0 0 0

78 78 78 78 78 78 11 11 72 72 72 72 72 72 0 0 0 0 0 0 0 0 0

78 78 78 78 78 24 11 11 72 72 72 72 72 0 0 0 0 0 0 0 0 0 0

78 78 78 78 24 11 72 72 72 72 72 72 0 0 0 0 0 0 0 0 0 0 0
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20 20 72 72 72 72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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24 0 0 72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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20 78 21 20



FME to Excel- Electricity Consumption
0 0 0 0 0 0#NAME? 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 6.45037 0 0 02.294973 0

0 0 0 0 0 0 0 0 0 0 0 6.45037 6.45037 0 02.2949732.2949732.2949732.294973

0 0 0 0 0 0 0 0 0403.4402403.4402403.4402 6.450372.2949732.2949732.2949732.2949732.2949732.294973

0 0 0 0 0 0 0 0 0403.4402403.4402403.4402 02.2949732.2949732.29497311.951192.2949732.294973

0 0 0 0 0 0 0 01136.904403.4402403.4402403.440270.2514470.251449.2558649.25586411.9511911.9511911.95119

0 0 0189.3059 0 0 0 0 01136.904403.4402403.440270.25144403.4402403.44029.25586411.9511911.9511910.19136

0 0 0 075.2924675.29246 0130.3259 185.075 185.075403.4402403.4402403.4402403.4402403.44029.2558649.255864 0

0 0 075.2924675.2924675.29246 0156.0946156.0946681.6488681.6488403.4402403.4402 0 01252.4559.255864150.8636

0 0 075.2924675.2924675.29246 0 0156.0946156.0946681.6488403.4402403.4402 01252.4551252.455 0 40.3538 40.3538

0 0 0 490.84675.2924675.29246 0 0156.0946156.0946874.8887403.4402403.4402403.4402165.2686165.2686347.0261 40.3538 40.3538

0 0 0 490.84680.1386380.13863 0 0156.0946156.0946156.0946874.8887403.4402403.4402165.2686165.2686683.426956.7128756.71287

0 0 0 490.846 490.84680.13863 0 0156.0946156.0946874.8887874.8887 54.4339403.4402165.2686683.4269683.4269576.0627576.0627

0 0 0 490.846101.0945101.0945101.0945 0423.5239423.5239874.8887874.8887 54.4339193.6808193.6808683.4269576.0627576.0627

0 022.5533622.55336101.0945101.0945101.0945 255.5851.401276 0 0 01059.185193.6808193.6808 0 0 0

0 022.5533622.55336101.0945101.0945101.0945101.0945 0 0368.1744 01059.1851059.185220.9088 0 0 018.44455

12.43004 12.43004

91.54149 12.43004
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0 0332.617762.62549 019.51452101.0945101.0945 0368.1744203.2594203.25941059.1851059.1851059.185220.908843.97232128.7795303.4291

0 0 014.5120614.51206 0101.0945101.0945101.0945203.2594203.2594203.25941059.1851059.1851059.185220.9088303.4291303.4291303.4291

0 0 014.5120614.51206 0101.0945101.0945101.0945203.2594203.2594203.25941059.1851059.1851059.185220.9088303.4291303.4291303.4291

0 0 0127.661114.51206155.790510.5646910.56469348.7068203.2594203.2594203.2594713.35491059.1851059.185303.4291303.4291303.4291

0 0 042.39245123.4478155.790510.5646910.56469348.7068348.706883.60602 037.7338937.73389133.4686 0303.4291303.4291

0 0 0131.3898123.447810.5646910.5646910.5646983.4720883.6060283.6060283.6060289.6227889.62278 0 0303.42917.5102347.510234

0 0 0 0123.44781259.5681259.56827.2032983.4720883.6060283.6060283.6060289.6227889.6227889.622781335.8147.5102347.5102347.510234

0 0 0 027.2032927.203291259.56827.20329 0 083.6060283.60602 0 0 0191.10444.2218124.2218124.221812

0 0 0 027.2032927.20329154.904910.07504 094.4370583.6060235.4090266.64614 0 0 04.2218124.2218124.221812

0 0 0 0 027.20329154.904910.0750410.07504 015.1723235.40902114.849480.6878780.68787 0 04.221812 6.39383

0 0 0 0 0 010.0750410.0750410.07504 01.7383771.738377114.849480.6878780.6878739.08443 0 6.39383 6.39383

0 0 0 0 0 0 065.5283610.0750410.07504 0 0 0 0 0562.1356 0 6.39383 6.39383

0 0 0 0 0 0 065.5283610.07504 0 0 5.69205 5.69205 0562.1356562.1356562.1356562.1356 6.39383

0 0 0 0 0 0 0 0 0 0 0 5.69205 5.69205 0 0562.1356562.1356562.1356324.9054

0 0 0 0 0 0 0 0 0 0 0 5.69205 022.7508922.75089562.1356562.1356562.1356324.9054

0 0 0 0 0 0 0 0 025.9545222.47664 5.6920522.7508922.7508922.75089562.1356562.1356562.1356

0 0 0 0 0 0 0 0 025.9545225.95452 0 0 0743.233263.8196163.81961 0

0 0 0 0 0 0 0 0 015.70739 0 0 0 063.8196163.8196163.81961 0

0 0 0 0 0 0 0 0 0 015.7073915.7073963.8196163.8196163.8196163.8196163.81961 0

0 0 0 0 0 0 0 0 0 015.7073915.7073963.8196163.8196163.8196163.81961 0 0

0 0 0 0 0 0 0 0 0 015.70739 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12.43004 12.43004

12.43004 65.06169

123.344 8.724556
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Electricity Consumption
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.294973 0 02.294973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.2949732.294973 0 02.294973 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2.2949732.294973 0 02.294973 0 0 048.43718610.5508 0 0 0 0 0 0 0 0 0 0 0 0

11.95119 0 0155.9162 0 0 51.4084 51.4084 51.4084610.5508 0 288.415 0 0 0 118.298 0 0 0 0 0 0

10.1913610.19136 019.57016227.3811 0230.3763 51.4084 0 0 0143.4197 0 0 0 118.29811.04038 0 0 0 0 0

0 0157.0072 039.9945810.92189230.3763 0 0 0143.4197143.4197 0 0 011.04038 0 0 0 0 0 0

0 0356.692122.9282539.99458 0 0 0 0 0143.4197 334.988 0 0 0 0 0 0 0 0 0 0

40.3538356.6921356.692122.9282539.9945839.99458 0 012.4300412.4300412.4300412.4300412.43004 0 0 0 0 0 033.5352733.5352733.5352733.53527

40.353826.0915322.9282522.9282522.9282539.99458 091.5414991.5414912.4300412.4300465.0616923.13561 0 2.57379 2.57379124.5518124.551829.1546133.5352733.5352733.5352733.53527

56.7128722.9282522.92825 022.92825 0327.615591.5414912.4300412.4300412.4300423.1356123.1356123.13561 2.57379 2.57379 2.57379 2.573799.817221 0 0 0

576.0627576.0627576.06279.751742 0 0 0 012.4300465.0616965.0616923.1356123.1356123.13561 2.57379 2.57379 2.57379 2.57379 0 0 0 0

09.7517429.7517429.751742 0 0 0 0 123.3448.7245568.72455665.0616923.13561 21.0323 0 0 2.57379 0 0 0 0 0

09.751742 54.8206 0 0 0 0 123.344 123.3448.7245568.72455667.57187 0 0 0 0 0 0 0 0 0 027.00791

18.44455 54.8206 54.820632.40978 0 0 08.7245568.7245568.7245568.938173 076.16435 0 0 0 0 0 0 0 027.0079127.00791

12.43004 12.43004 12.43004 12.43004

12.43004 12.43004 65.06169 23.13561

303.4291303.429132.40978 0 08.7245568.7245568.7245568.7245563.0107678.938173 0 0 0 0 0 172.725 0 027.0079127.0079127.00791

303.4291 0 0 08.7245568.7245568.7245568.7245568.7245568.7245568.7245568.724556 0 0 0 08.72455627.00791 0 0 0 0

303.4291 0 0 08.7245568.7245568.724556 08.7245568.7245568.7245568.724556160.98178.7245568.7245568.72455627.00791 0 0 0 0 0

0 0 0 0 0 0 0 0 0 08.7245568.7245568.7245568.724556 0 0 0 0 0 0 0 0

0 0 0 0258.686918.32413 0 0 0 08.7245568.72455624.22173 0 0 0 0 0 0 0 0 0

7.5102347.5102344.221812 0258.6869258.686918.32413180.0356 0 0 024.22173 0 0 0 0 0 0 0 0 0 0

7.5102344.2218124.2218124.22181243.52456 018.32413 0 0 024.22173 0 0 0 0 0 0 0 0 0 0 0

4.2218124.2218124.221812 0 0 0 0 0 024.22173 0 0 0 0 0 0 0 0 0 0 0 0

4.2218124.221812 6.39383 6.39383 6.39383 0 0 024.22173 0 0 0 0 0 0 0 0 0 0 0 0 0

6.39383 6.39383 6.39383 6.39383 6.39383 6.39383 024.22173 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.39383 6.39383 6.39383 6.39383 6.39383 6.3938324.22173 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.39383 6.39383 6.39383 6.39383 6.39383 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6.39383 0 6.39383 6.39383 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

324.9054324.9054324.9054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

324.9054324.9054 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12.43004 12.43004 23.13561 23.13561

65.06169 65.06169 23.13561 23.13561

8.724556 8.724556 65.06169 23.13561



Hypothetical Model
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Hypothetical Model
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Algorithm-example

Residential
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Further 
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Thank You for Your Thank You for Your Attention

Q & AQ & A

Hungchu (Rainbow) Chen
H.C.CHEN@TUE.NL


