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The story so far: 
 
•  26.10.2015 Metrics of Smart Cities are basic instruments of urban research 
•  12.10.2015 Stocks and Flows are fundamental concepts for understanding urban dynamics 
•  5.10.2015 Methods and Tools for Urban Design can support the creative design process 
•  28.9.2015 From smart houses to smart cities – emerging criteria for smart cities as urban 

systems 
•  21.9.2015 Cities are complex systems. Ideally, they are sustainable, resilient, livable, 

smart, and finally responsive – from production machines to human habitat 
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MATSPaaS – Multi-Agent Transport Simulation Platform as a Service	

MATSim Singapore 



Urban Research:   
Understanding Cities 
 



„A City is not a tree“ 
 
The	tree	of	my	6tle	is	not	a	green	tree	with	leaves.	It	is	the	name	of	an	abstract	structure.	I	shall	contrast	it	with	another,	more	complex	
abstract	structure	called	a	semilaZce.	In	order	to	relate	these	abstract	structures	to	the	nature	of	the	city,	I	must	first	make	a	simple	
dis6nc6on.	
I	want	to	call	those	ci6es	which	have	arisen	more	or	less	spontaneously	over	many,	many	years	natural	ci*es.	And	I	shall	call	those	ci6es	
and	parts	of	ci6es	which	have	been	deliberately	created	by	designers	and	planners	ar6ficial	ci6es.	Siena,	Liverpool,	Kyoto,	Manha>an	are	
examples	of	natural	ci6es.	Levi>own,	Chandigarh	and	the	Bri6sh	New	Towns	are	examples	of	ar6ficial	ci6es.	
It	is	more	and	more	widely	recognized	today	that	there	is	some	essen6al	ingredient	missing	from	ar6ficial	ci6es.	When	compared	with	
ancient	ci6es	that	have	acquired	the	pa6na	of	life,	our	modern	a>empts	to	create	ci6es	ar6ficially	are,	from	a	human	point	of	view,	
en6rely	unsuccessful.	
Both	the	tree	and	the	semilaZce	are	ways	of	thinking	about	how	a	large	collec6on	of	many	small	systems	goes	to	make	up	a	large	and	
complex	system.	More	generally,	they	are	both	names	for	structures	of	sets. 
 
Christopher Alexander, http://www.rudi.net/pages/8755 



„A City is not a tree”		

		
In	a	tradi6onal	society,	if	we	ask	a	man	to	name	his	best	friends	and	then	ask	
each	of	these	in	turn	to	name	their	best	friends,	they	will	all	name	each	
other	so	that	they	form	a	closed	group.	A	village	is	made	up	of	a	number	of	
separate	closed	groups	of	this	kind.	
But	today's	social	structure	is	u>erly	different.	If	we	ask	a	man	to	name	his	
friends	and	then	ask	them	in	turn	to	name	their	friends,	they	will	all	name	
different	people,	very	likely	unknown	to	the	first	person;	these	people	would	
again	name	others,	and	so	on	outwards.	There	are	virtually	no	closed	groups	
of	people	in	modern	society.	The	reality	of	today's	social	structure	is	thick	
with	overlap	-	the	systems	of	friends	and	acquaintances	form	a	semilaZce,	
not	a	tree	(Figure	10). 		
	
	
 
Christopher Alexander, http://www.rudi.net/pages/8755 
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Quote from „The Responsive City“ 
 
“I have a rule of thumb: if you can’t measure it, you can’t manage it” 
 
June 2014, Michael Bloomberg, Former Mayor of New York City 



Quote from „http://www.watson.ch/!939330961?utm_source=ligatus&utm_medium=paid&utm_campaign=cmqi “ 
 
Ein spanischer Reisebus ist am Sonntagmorgen in der Nähe von Lille in einen zu niedrigen Tunnel gefahren. Dabei wurde das Dach 
abgerissen. 30 Personen wurden verletzt, vier von ihnen schwer. «Ich schlief, dann plötzlich dieser Krach, Rauch und zerbrochenes 
Glas und Blut», sagte ein Student, der nur leicht verletzt wurde. Der Bus hatte 59 Passagiere an Bord und war von Bilbao nach 
Amsterdam unterwegs. Offenbar war der Chauffeur mit GPS gefahren und hatte die Warschilder über die Tunnelhöhe übersehen. 
(kri) 



Towards Smart Urban Systems 
 
Example: Interaction between urban stock (tunnel ceiling) and urban flow (transportation) 
 
Model à Measuring à Checking à Understanding à Warning à Action 

 
Accident in Lille, France, July 2015. 59 people injured, 4 seriously 



<iframe width="654" height="398" 
src="https://www.youtube.com/embed/
mSLVhNl4YxY" frameborder="0" 
allowfullscreen></iframe>	

h>ps://youtu.be/mSLVhNl4YxY	
	



Towards Smart Urban Systems 
 
Example: From alpine stock (rock) to alpine urban flow (rock avalanche) 
 
Model à Measuring à Checking à Understanding à Warning à Action 

 
Rock avalanche in Evolène, October 22, 2015. 









“Warning signs: To the local residents, Vesuvius was just a large hill. It was very fertile and would have been covered with vineyards and small villages. The volcano was 
lying dormant and had not erupted for hundreds of years.The first indication of the disaster ahead was in 62 AD. A destructive earthquake occurred which caused streams 
and wells to dry up, and damaged many buildings in Pompeii. A relief sculpture from the house of Lucius Caecilius Iucundus shows the Temple of Jupiter and its statues 
leaning heavily to the left after the earthquake. Major repair works had to be undertaken, including the Forum Baths and the Villa of Mysteries, where a pile of lime indicates 
that work had not finished by the time of the eruption 15 years later.” http://www.pompeii.co.uk/CDROM/DEST/1.HTM 



Towards Smart Urban Systems 
 
Example: interaction between territorial stock and flow (volcanic eruption) with urban stock and flow 
 
Model à Measuring à Checking à Understanding à Warning à Action 

 
“Warning signs: To the local residents, Vesuvius was just a large hill. It was very fertile and would have been 
covered with vineyards and small villages. The volcano was lying dormant and had not erupted for hundreds of 
years.The first indication of the disaster ahead was in 62 AD. A destructive earthquake occurred which caused 
streams and wells to dry up, and damaged many buildings in Pompeii. A relief sculpture from the house of 
Lucius Caecilius Iucundus shows the Temple of Jupiter and its statues leaning heavily to the left after the 
earthquake. Major repair works had to be undertaken, including the Forum Baths and the Villa of Mysteries, 
where a pile of lime indicates that work had not finished by the time of the eruption 15 years later.” http://
www.pompeii.co.uk/CDROM/DEST/1.HTM 
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Measurements in the City 

-  Data Collection: Buildings & Urban Climate 

•  You cannot improve what you cannot measure

•  What type of data do we need?

•  What can we do with this data? 

Building Stock: Energy Flows



What can we do with building data?
When is it considered smart?

!
Database!

!

!
Building !

Management
 System !

!
        ! Demand Control      !

Smart energy management estimated 
to save up to 22% operational energy 

and $50 billion operational costs!
Lucid, Connected Buildings: A disruptive new approach to Building Management, White Paper, (2015)!

Benchmarking!

Prediction!

Visualization!



Campus Benchmarking
Historic data analysis 
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http://www.i2sl.org/documents/toolkit/bp_metrics_508.pdf!



Sub-Metering System
Laboratory Energy Monitoring 

Research 
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water 
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Image source: http://www.aircuity.com/technology/optinet-overview/!



Campus Energy Information Management System
Proposed communication network
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Campus Energy Information Management System
Schematic overview

Building Characteristics  

Chilled Water Plant 
Energy data 

Occupancy Data  

Electrical Energy Data 

Water Use Data 

New Meters and sensors  

Comm. 
Network 

Waste, Recycling Data 

Demand 
management 

Bench-marking 
& Visualization   

EE Assessment  

Optimization & 
Simulation 

Phase 1- Initial System Infrastructure  

Campus Dashboard and GUI!

Data Management System!

Accurate Tenant 
Billing 

Phase 2- Sub-metering for accurate tenant billing 

Phase 3- Connectivity for demand side management 

Weather data !

Data warehouse 
(storage and access 

point) 



Additional Examples


Historic Data Analysis 



-Tracking!
-Benchmarking!
-Feasibility Assessments!
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Additional Examples



Clayton Miller, Arno Schlueter. "Forensically Discovering Simulation Feedback Knowledge from a Campus Energy Info
rmation System." Symposium on Simulation for Architecture and Urban Design (SimAUD). Washington DC, USA: Socie
ty for Modelling and Simulation International (SCS) , 2015 !

-Prediction!
-Diagnostics!
-Fault Detection !

Time-series data analysis 





Additional Examples
Spatial-Temporal Data Analysis

Jimeno A. Fonseca, Arno Schlueter. (2014, December 27). Integrated model for characterization of spaciotemporal building 
energy consumption patterns in neighborhoods and city districts. Applied Energy 142, 247-266.!



Conclusions

-  Pretty much all buildings and campus facilities have 
meters and sensors for: !

•  Billing purposes!

•  Building systems control !

-  But that doesn’t necessarily make them smart: data 
analysis, prediction and real-time demand-control & 
information dissemination make them “smart”!



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

(i) enables the integration of microclimate data into the creation of new urban forms using outdoor thermal comfort as an 
indicator, 

and (ii) translates this knowledge into a parameterized design-feedback tool.





Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
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processing 
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Extrapolation - 
Visualization tool 



Climate-sensitive Urban Growth 
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Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection

Outdoor
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Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 
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Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Data 
collection

Data 
processing 



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

Calculations & 
Correlations!

PET vs. Thermal sensation!
Smartphone app  !



Climate-sensitive Urban Growth 
Measurement Network – Barranquilla Colombia 

(i) enables the integration of microclimate data into the creation of new urban forms using outdoor thermal comfort as an 
indicator, 

and (ii) translates this knowledge into a parameterized design-feedback tool.
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Livability 

-  Ranking metrics and standards 
–  The	Global	Liveable	Ci6es	Index	
–  The	EIU's	Global	Liveability	Report	
–  Mercer's	Quality	of	Living	Survey	
–  Monocle's	Most	Liveable	Ci6es	Index	
–  Ranking	the	Liveability	of	the	World’s	Major	Ci6es	
–  ISO	37120:2014	

-  Healthy skepticism 
–  http://ourworld.unu.edu/en/the-worlds-

most-liveable-cities





Improving	Case	4	-	Verbrennungsanlage	Josefstrasse	



Improving	Case	5	–	Parkhaus	Messe	Zürch	

Moving underground or demolishing 



Improving	Case	6	–	Hardbrücke	&	Rosengartenstrasse	

- bus 
- pedestrian & bicycle 



Improving	Case	6	–	Hardbrücke	&	Rosengartenstrasse	

 
-> Increasing pedestrian & bicycle lane 
-> decreasing flow of traffic by reducing lane 
-> eventually introduce new traffic reducing rules like for example that on some days only cars with odd numbers are 

allowed to pass while on other days only cars with even numbers are allowed to pass 
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Summary	
•  Urban	research	requires	measurements,	resul6ng	in	data.	If	data	are	

combined,	they	turn	into	informa6on.	If	informa6on	is	combined,	it	turns	
into	knowledge	

•  Informa6on	and	knowledge,	combined	with	observa6on	and	compliance,	
are	needed	to	improve	a	city	

•  To	understand	urban	systems,	measurements	are	important	on	all	scales:	
buildings	and	neighbourhoods,	districts	and	ci6es,	regions	and	territories	

•  Measurements	are	a	necessary	(but	not	sufficient)	ac6vity	for	quan6ta6ve	
and	qualita6ve	urban	improvements	

•  Ignoring	informa6on	and	knowledge,	or	not	having	access	to	it,	can	be	
deadly	à	transporta6on	à	Pompei	


