
Collection of attachments

This paper is a collection of all the presented attachments in the Appendix.

Appendix A: Key survey data from IMD Smart City Index.

Appendix B: Overview of the 188 indicators the 2ThinkNow used for the ICI.

Appendix C: City information for the SCI and the ICI, and overview of the cities’ continents.

Appendix D: Reviewed publications from the literature review.

Appendix E: Carbon Footprints for geographical areas.

Appendix F: Other statistical relationships between CF and smartness.

Appendix G: Energy mixes for countries and cities.

Appendix H: Collection of main results from MVRAs.

Appendix I: Complete Data Collection for both Indexes.
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A APPENDIX - SCI INDICATORS

A Appendix - SCI indicators

Figure A.1: Key survey data from IMD Smart City Index

 
 Structure 

 
Technologies 

Health and 
Safety: 

Basic sanitation meets the needs 
of the poorest areas 

Online reporting of city maintenance 
problems provides a speedy solution.  
 

 Recycling services are 
satisfactory. 
 

A website app allows residents to easily give 
away unwanted items.  
 

 Public safety is not a problem Free public WIFI has improved access to city 
services. 
 

 Air pollution is not a problem CCTV cameras have made residents feel 
safer. 
 

 Medical services provision is 
satisfactory 

A website or app allows residents to 
effectively monitor air pollution.  
 

 Finding housing with rent equal to 
30% or less of a monthly salary is 
not a problem 

Arranging medical appointments online 
have improved access 

Mobility: Traffic congestion is not a 
problem. 
   

Car-sharing apps have reduced congestion. 
 

 Public transport is satisfactory Apps that direct you to an available parking 
space have reduced journey time. 
 

  
 

Bicycle hiring has reduced congestion 

  Online scheduling and ticket sales has 
made public transport easier to use. 
 

  The city provides information on traffic 
congestion through mobile phones. 
 

Opportunities:  
(Work & School) 

Employment finding services are 
readily available. 
 

Online access to job listings has made it 
easier to find work. 
 

 Most children have access to a 
good school 

IT skills are taught well in schools. 
 

 Lifelong learning opportunities 
are provided by local institutions 

Online services provided by the city has 
made it easier to start new business 

 Businesses are creating new jobs The current internet speed and reliability 
meets connectivity needs 

 
 

Minorities feel welcome  
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 Structure 

 
Technologies 

Activities:  Green spaces are satisfactory  Online purchasing of tickets to shows and 
museums has made it easier to attend. 
 

 Cultural activities (shows, bars, 
and museums) are satisfactory. 
 

 

Governance: Information on local government 
decisions are easily accessible 
 

Online public access to city finances has 
reduced corruption. 
 

 Corruption of city officials is not 
an issue of concern. 
 

Online voting has increased participation 

 Residents contribute to decision 
making of local government. 
 

An online platform where residents can 
propose ideas has improved city life 

 Residents provide feedback on 
local governments projects. 

Processing identification documents online 
has reduced waiting times. 
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B Appendix - ICI indicators

Figure B.1: Overview of the 188 indicators the 2ThinkNow used for the ICI
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500 of the most popular data points can be requested by this page.
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C Appendix - Cities Information

Figure C.1: City Information for IMD SCI.

IMD SCI City Country Population
1 Zurich Switzerland 433 890
2 Oslo Norway 717 710
3 Canberra Australia 453 558
4 Geneva Switzerland 206 569
5 Singapore Singapore 5 685 807
6 Copenhagen Denmark 644 431
7 Lausanne Switzerland 144 122
8 London United Kingdom 8 799 728
9 Helsinki Finland 674 500

10 Abu Dhabi United Arab Emirates 1 202 756
11 Stockholm Sweden 988 943
12 Dubai United Arab Emirates 3 355 900
13 Beijing China 21 893 095
14 Hamburg Germany 1 853 935
15 Prague Czech Republic 1 301 432
16 Taipei Taiwan 2 594 581
17 Seoul South Korea 9 586 195
18 Amsterdam Netherlands 934 927
19 Shanghai China 24 870 895
20 Hong Kong Hong Kong 7 413 070
21 Munich Germany 1 487 708
22 Sydney Australia 4 856 693
23 Vienna Austria 2 006 134
24 Tallin Estonia 437 817
25 Riyadh Saudi Arabia 7 009 120
26 Reykjavik Iceland 136 894
27 Luxembourg Luxembourg 134 697
28 Wellington New Zealand 213 100
29 Bilbao Spain 345 235
30 Brisbane Australia 2 488 718
31 Auckland New Zealand 1 695 200
32 Ljubljana Slovenia 293 218
33 Melbourne Australia 4 875 390
34 New York City United States 8 804 194
35 Madrid Spain 3 340 176
36 Boston United States 650 706
37 Berlin Germany 3 677 472
38 Warsaw Poland 1 860 281
39 Gothenburg Sweden 604 616
40 Brussels Belgium 1 222 637
41 Rotterdam Netherlands 671 125
42 The Hague Netherlands 565 701
43 Vancouver Canada 706 012
44 Dusseldorf Germany 619 477
45 Busan South Korea 3 349 016
46 Ottawa Canada 1 071 868
47 Vilnius Lithuania 556 490
48 Doha Qatar 1 186 023
49 Paris France 2 133 111
50 Washington D.C. United States 689 546
51 Toronto Canada 3 025 647
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C APPENDIX - CITIES INFORMATION

Figure C.2: City Information for IMD SCI

52 Mecca Saudi Arabia 2 385 509
53 Hanover Germany 535 932
54 Tianjin China 11 052 404
55 Jeddah Saudi Arabia 3 751 722
56 Bratislava Slovakia 478 040
57 Zaragoza Spain 736 649
58 Zhuhai China 2 439 585
59 Riga Latvia 614 618
60 Shenzhen China 17 444 609
61 Lyon France 522 250
62 Nanjing China 7 519 814
63 Seattle United States 749 256
64 Hangzhou China 9 236 032
65 Guangzhou China 16 096 724
66 Denver United States 715 538
67 Chicago United States 2 665 039
68 Los Angeles United States 3 898 767
69 Dublin Republic of Ireland 592 713
70 Bordeaux France 259 809
71 Manchester United Kingdom 551 938
72 Leeds United Kingdom 811 953
73 Kuala Lumpur Malaysia 1 998 600
74 Medina Saudi Arabia 1 477 047
75 San Francisco United States 873 959
76 Krakow Poland 800 653
77 Newcastle upon Tyne United Kingdom 300 125
78 Bologna Italy 1 018 346
79 Kiel Germany 246 243
80 Montreal Canada 1 791 508
81 Barcelona Spain 1 655 956
82 Chongqing China 9 580 819
83 Birmingham United Kingdom 1 144 919
84 Bangkok Thailand 5 666 264
85 Lille France 236 234
86 Tokyo Japan 9 733 276
87 Glasgow United Kingdom 631 690
88 Muscat Oman 1 302 440
89 Budapest Hungary 1 685 342
90 Philadelphia United States 1 567 258
91 Milan Italy 3 247 764
92 Cardiff United Kingdom 362 310
93 Chengdu China 13 568 357
94 Tel Aviv Israel 467 875
95 Osaka Japan 2 752 412
96 Ankara Republic of Türkiye 5 186 002
97 Hanoi Vietnam 3 605 364
98 Phoenix United States 1 644 409
99 Khobar Saudi Arabia 658 550

100 Bucharest Romania 1 716 961

Figures C.1 and C.2 presents the SC rankings by IMD and WeGo in order from most to least

smart. The respective country and population for each city is presented. The populations are

retrieved from citypopulation.de.
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Figure C.3: City Information for 2ThinkNow ICI.

2ThinkNow ICI City Country Population
1 Tokyo Japan 9 733 276
2 London United Kingdom 8 799 728
3 New York City United States 8 804 194
4 Paris France 2 133 111
5 Singapore Singapore 5 685 807
6 Los Angeles United States 3 898 767
7 Boston United States 650 706
8 Seoul South Korea 9 586 195
9 San Francisco United States 873 959

10 Houston United States 2 302 878
11 Berlin Germany 3 677 472
12 Chicago United States 2 665 039
13 Stockholm Sweden 988 943
14 Dubai United Arab Emirates 3 355 900
15 Toronto Canada 3 025 647
16 Munich Germany 1 487 708
17 Vienna Austria 2 006 134
18 Sydney Australia 4 856 693
19 Madrid Spain 3 340 176
20 Amsterdam Netherlands 934 927
21 Seattle United States 749 256
22 Dallas United States 1 304 317
23 Melbourne Australia 4 875 390
24 Montreal Canada 1 791 508
25 Atlanta United States 499 127
26 Barcelona Spain 1 655 956
27 Milan Italy 3 247 764
28 Beijing China 21 893 095
29 Vancouver Canada 706 012
30 Copenhagen Denmark 644 431
31 Miami United States 449 514
32 Washington D.C. United States 689 546
33 Philadelphia United States 1 567 258
34 Oslo Norway 717 710
35 Osaka Japan 2 752 412
36 Dublin Republic of Ireland 592 713
37 San Diego United States 1 386 960
38 Brisbane Australia 2 488 718
39 Helsinki Finland 674 500
40 Tel Aviv Israel 467 875
41 Hamburg Germany 1 853 935
42 Denver United States 715 538
43 Portland United States 652 518
44 Austin United States 974 447
45 Las Vegas United States 656 274
46 Shanghai China 24 870 895
47 Detroit United States 639 115
48 Rome Italy 2 617 175
49 Brussels Belgium 1 222 637
50 Newark United States 311 552
51 Baltimore United States 585 693
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Figure C.4: City Information for 2ThinkNow ICI

52 Taipei Taiwan 2 594 581
53 Istanbul Republic of Türkiye 15 244 936
54 Zurich Switzerland 433 890
55 Phoenix United States 1 644 409
56 Oakland United States 440 660
57 Orlando United States 316 081
58 Hong Kong Hong Kong 7 413 070
59 Prague Czech Republic 1 301 432
60 Lisbon Portugal 545 796
61 Mexico City Mexico 9 209 944
62 Buenos Aires Argentina 3 121 707
63 Perth Australia 2 173 146
64 Kyoto Japan 1 463 723
65 Basel Switzerland 568 072
66 Athens Greece 664 046
67 Sacramento United States 528 001
68 Frankfurt Germany 759 224
69 Tampa United States 398 173
70 Minneapolis United States 425 096
71 Pittsburgh United States 302 898
72 San Antonio United States 1 472 909
73 Riverside United States 320 764
74 Shenzhen China 17 444 609
75 Abu Dhabi United Arab Emirates 1 202 756
76 Moscow Russia 13 010 112
77 Auckland New Zealand 1 695 200
78 Budapest Hungary 1 685 342
79 Oporto Portugal 237 591
80 Sao Paulo Brazil 12 396 372
81 Nagoya Japan 2 332 176
82 Dusseldorf Germany 619 477
83 Yokohama Japan 3 777 491
84 Quebéc Canada 557 390
85 Stuttgart Germany 626 275
86 Manchester United Kingdom 551 938
87 Rotterdam Netherlands 671 125
88 Lyon France 522 250
89 Warsaw Poland 1 860 281
90 Charlotte United States 897 720
91 Nashville United States 698 454
92 Cleveland United States 361 607
93 Gothenburg Sweden 604 616
94 Santa Ana United States 308 189
95 Cincinnati United States 309 513
96 Kansas City United States 509 297
97 Cologne Germany 1 073 096
98 Geneva Switzerland 206 569
99 Fort Lauderdale United States 183 146

100 Guangzhou China 16 096 724

Figures C.3 and C.4 presents the SC rankings by 2ThinkNow in order from most to least smart.

The respective country and populations for each city is presented. The populations are retrieved

from citypopulation.de.

Figure C.5 provides an overview of which continents the cities are located in. The smartness is

decreasing downwards for the whole figure.
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Figure C.5: Overview of the cities’ continents for both indexes, decreasing smartness downwards.
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D Appendix - Overview of the reviewed literature

Table D.1: Reviewed publications - literature review

Title Author Year Country

Taking City Rankings Seriously:

Engaging with Benchmarking Prac-

tices in Global Urbanism

Acuto, Pejic, Briggs 2021 Australia

”Smartening sustainable develop-

ment in cities: Strengthening the

theoretical linkage between smart

cities and SDGs”

Blasi, Ganzarloi, Noni 2022 Italy

”Climate change 2013 - The Phys-

ical Science Basis: Working Group

I Contribution to the Fifth Assess-

ment Report of the Intergovernmen-

tal Panel on Climate Change.”

Cambrigde Univesity

Press

2014 United

Kingdom

Do smart cities realise their poten-

tial for lower carbon dioxide emis-

sions?

Cavada, Hunt, Rogers 2016 United

Kingdom

”Economic and policy uncertainty

in climate change mitigation: The

London Smart City case scenario”

Contreras, Platania 2019 The

Nether-

lands,

France

Human-centric, sustainability-

driven approach to ranking smart

cities worldwide

Dashkevych, Portnov 2023 Israel

”Smart and Sustainable? Position-

ing Adaptation to Climate Change

in the European Smart City”

Fernández, Peek 2020 Spain

Smart cities - Ranking of European

medium-sized cities

Giffinger, Fertner,

Kramar, Kalasek,

Milanovic, Meijers

2007 Austria

The role of rankings in growing city

competition

Giffinger, Haindlmaier,

Kramar

2010 Austria

”Environmental assessment of

Smart City Solutions using a cou-

pled urban metabolism - Life cycle

impact assessment approach”

Ipsen, Zimmermann,

Nielsen, Birkved

2018 Denmark

The real-time city? Big data and

smart urbanism

Kitchin 2013 Ireland

Smarter organizations: insights

from a smart city hybrid framework

Lima 2020 France

Modelling the smart city perfor-

mance

Lombardi, Giordano,

Farouh, Yousef

2012 Italy &

Egypt
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Table D.1: Reviewed publications - literature review

Title Author Year Country

Compilation of Smart Cities At-

tributes and Quantitative Identifi-

cation of Mismatch in Rankings

Marzouk 2022 Oman

”What makes a city ‘smart’ in the

Anthropocene? A critical review of

smart cities under climate change”

Obringer, Nateghi 2021 USA

”The Role of Internet of Things

(IoT) in Smart Cities: Technology

Roadmap-oriented Approaches”

Park, Pobil, Kwon 2018 South Ko-

rea

Review of Smart City Assessment

Tools

Patrão, Moura,

Almeida

2020 Portugal

Sensing as a service model for

smart cities supported by Internet

of Things

Perera, Zaslavsky,

Christen, Georgakopou-

los

2013 Australia

Information communication tech-

nology and electricity consumption

in emerging economies

Sadorsky 2012 Canada

Smart city indexes, criteria, indica-

tors and rankings: An in-depth in-

vestigation and analysis

Toh 2022 USA

The Concept of Sustainability in

Smart City Definitions

Toli, Murtagh 2020 United

Kingdom

”Smart Cities and Green Growth:

Outsourcing Democratic and Envi-

ronmental Resilience to the Global

Technology Sector”

Viitanen, Kingston 2014 England

Energy savings from Smart Cities:

A critical analysis

Wang, Moriarty 2019 United

Kingdom,

Australia

Evaluating the Impact of Smart

City Policy on Carbon Emission Ef-

ficiency

Xia, Yu, Zhang 2023 China

Can cities become smart without

being sustainable? A systematic

review of the literature

Yigitcanlar, Kamruzza-

man, Foth, Sabatini-

Marques, Costa, Iop-

polo

2019 Australia,

Brazil,

Italy

”Smart cities of the Sunshine State:

Status of Queensland’s local gov-

ernment areas - 2018 Summary Re-

port”

Yigitcanlar, Kamruzza-

man, MD, BUYs, Lau-

roe, Perveen, Sajida

2018 Australia
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E Appendix - Carbon Footprints for geographical areas

The relation between smartness and carbon footprint was computed in Excel. The results are

divided by continents in order to see a clearer connection than what would be shown in one

connected figure. For every graph, the smartest ranked city of the continent will be the first one

showing on the x-axis, and the smartness decreases to the right. The most interesting element to

look at in the individual graphs is the trend line. The trend line shows how the carbon footprint

either increases or decreases with the decreasing of smartness.

(a) SCI CF City vs Country (b) ICI CF City vs Country

Figure E.1: Overview of the CF of the cities compared to the country for both indexes.
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F APPENDIX - OTHER STATISTICAL RELATIONSHIPS BETWEEN CF AND
SMARTNESS

F Appendix - Other statistical relationships between CF and

smartness

In this appendix, an overview of tested correlations between CF and smartness is presented.

(a) SCI log(CF) (b) ICI log(CF)

Figure F.1: Logarithmic relationship between CF and rank numbers for both indexes.

(a) SCI sqrt(CF) (b) ICI sqrt(CF)

Figure F.2: Square root-relationship between CF and rank numbers for both indexes.

(a) SCI top (b) SCI mid (c) SCI bot

Figure F.3: The relationships between the CFs and the SCI groups’ smartness, divided by rank numbers.
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F APPENDIX - OTHER STATISTICAL RELATIONSHIPS BETWEEN CF AND
SMARTNESS

(a) ICI top (b) ICI mid (c) ICI bot

Figure F.4: The relationships between the CFs and the ICI groups’ smartness, divided by rank numbers.
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G APPENDIX - ENERGY MIXES FOR COUNTRIES AND CITIES

G Appendix - Energy mixes for countries and cities

Figure G.1: Full overview of the energy mixes in the countries represented in the study.
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Figure G.2: Full overview of the energy mixes for the smart cities for both indexes.

(a) SCI
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(a) ICI
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H Appendix - Collection of MVRAs

Figure H.1 shows the main findings for the MVRAs done, with an additional summarizing

comment for each dependent variable. In total, 50 analysis has been executed, 25 for each

index. Every analyzed variable in this study has been tested as the dependent variable for

both indexes, with each independent variable being excluded once for ever case. The excluded

variables are marked with a cross. The following list clarifies the meaning of each abbreviation

used:

• GDP: Gross domestic product (USD per capita)

• CF: Carbon footprint (tons CO2 per capita)

• S: Rank of smartness from 1-100

• E: Education level from 0-1

• T: Temperature (degrees Celsius)
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Figure H.1: Overview of all conducted MVRAs
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I Appendix - Complete Data Collection for both Indexes

Figure I.1 and I.2 presents every value that is used in this study to conduct the analysis for both

indexes.

Figure I.1: All values used for the SCI.
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Figure I.2: All values used for the ICI.
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