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Supplementary Information

1 Supplementary tables 
Table 1 | Exclusion Criteria and Sample Size
	 
	No of countries
	No of cities
	No of firms

	Raw data
	115
	NA
	111,675

	Excluding: cities with <=250K population
	103
	186
	37,259

	Excluding: war countries
	102
	181
	36,901

	Excluding: war countries + countries with high GDP
	99
	176
	36,547

	Excluding: war countries + countries with high GDP + countries with missing GDP data
	98
	175
	34,988

	Excluding: war countries + countries with high GDP + countries with missing GDP data + gas flare
	98
	174
	34,987

	Excluding: war countries + countries with high GDP + countries with missing GDP data + gas flare + cities with <20 firms
	98
	166
	34,854

	Excluding: war countries + countries with high GDP + countries with missing GDP data + gas flare + cities with <20 firms + countries with all innovation data missing
	96
	164
	34,690


Notes:
1. Cities in war countries are: Kabul, Kandahar, Kano, Karachi, Peshawar. These cities locate Afghanistan, Nigeria, Pakistan. Both cities (Kabul and Kandahar) in Afghanistan are in the war zone. For Nigeria and Pakistan, there are cities outside the war zone (like Lagos and Lahore) that are still included in the sample. That is why the number of countries included dropped only by one from 103 to 102 after we exclude war zones. 
2. High GDP countries: Israel, Italy, Sweden. Countries with missing GDP: Djibouti, Egypt in 2020. All cities in Egypt have observations in 2013 and 2016 as well. That is why the number of countries only drops by one from 99 to 98 (Djibouti) and number of cities only drops by one from 176 to 175 (Djibouti City) after we exclude observations with missing GDP per capita data.	
3. One firm locates in Port Harcourt in Nigeria. The nightlight data there are severely affected by gas flares. We exclude Port Harcourt from the sample. 
4.  The number of cities is “NA” in the raw data because WBES does not provide information on cities. All city information is derived from external maps described in the “data” section in the paper.
5. [bookmark: _Hlk96549957]13 cities have fewer than 20 firms in WBES: Sofia in 2019, Bekasi, Seberang Perai, Ecatepec, Benin City, Kazan in 2019, Toamasina, Tianjin, Basrah, Fez in 2013, Krakov in 2013, Samarqand in 2013, Rajshahi. Sofia, Kazan, Fez, Krakov and Samarqand were surveyed in other years. That is why the number of cities drops by 8 after excluding cities with <20 firms.
6. Data on all innovation measures are missing for Antananarivo in Madagascar and Baghdad in Iraq. Therefore, the number of cities drops from 98 to 96 in the last row. Two other cities also have all innovation measures missing: Toamasina in Madagascar and Basrah in Iraq. Both have fewer than 20 firms and are already dropped from the sample in the previous step.
											
Table 2 | Data Description
	country
	city
	year
	number of firms
	nightlight density

	Albania
	Tirana
	2013
	130
	57.965

	Albania
	Tirana
	2019
	61
	61.368

	Argentina
	Buenos Aires
	2010
	445
	58.917

	Argentina
	Buenos Aires
	2017
	335
	62.997

	Argentina
	Cordoba
	2010
	124
	47.939

	Argentina
	Cordoba
	2017
	145
	54.893

	Armenia
	Erevan
	2013
	277
	49.226

	Azerbaijan
	Baku
	2013
	196
	30.357

	Azerbaijan
	Baku
	2019
	161
	34.410

	Bangladesh
	Chittagong
	2013
	193
	51.374

	Bangladesh
	Dhaka
	2013
	621
	53.475

	Bangladesh
	Gazipur
	2013
	34
	26.212

	Bangladesh
	Khulna
	2013
	26
	31.784

	Belarus
	Minsk
	2013
	114
	31.375

	Belarus
	Minsk
	2018
	154
	22.562

	Benin
	Cotonou
	2016
	51
	52.451

	Bolivia
	Santa Cruz de La Sierra
	2010
	124
	16.575

	Bolivia
	Santa Cruz de La Sierra
	2017
	117
	25.548

	Bosnia and Herzegovina
	Sarajevo
	2013
	45
	13.449

	Bosnia and Herzegovina
	Sarajevo
	2019
	95
	16.260

	Bulgaria
	Sofia
	2013
	60
	27.382

	Burundi
	Bujumbura
	2014
	88
	28.109

	Cambodia
	Phnom Penh
	2016
	126
	33.684

	Cameroon
	Douala
	2016
	143
	18.161

	Cameroon
	Yaounde
	2016
	147
	42.101

	Central African Republic
	Bangui
	2011
	73
	12.651

	Chad
	NDjamena
	2018
	138
	24.895

	Chile
	Santiago
	2010
	325
	24.122

	China
	Beijing
	2012
	87
	31.489

	China
	Chengdu
	2012
	80
	30.841

	China
	Dongguan
	2012
	34
	58.521

	China
	Guangzhou
	2012
	111
	41.429

	China
	Hangzhou
	2012
	82
	30.048

	China
	Nanjing
	2012
	102
	29.567

	China
	Shanghai
	2012
	48
	52.146

	China
	Shenzhen
	2012
	121
	54.665

	China
	Wuhan
	2012
	87
	16.910

	Colombia
	Bogota
	2010
	528
	20.795

	Colombia
	Bogota
	2017
	384
	22.868

	Colombia
	Medellin
	2010
	172
	38.755

	Colombia
	Medellin
	2017
	178
	39.736

	Colombia
	Santiago de Cali
	2010
	60
	31.775

	Colombia
	Santiago de Cali
	2017
	79
	31.447

	Congo, Dem. Rep.
	Kinshasa
	2013
	165
	2.154

	Congo, Dem. Rep.
	Lubumbashi
	2013
	54
	14.602

	Congo, Dem. Rep.
	Mbuji-Mayi
	2013
	41
	7.981

	Costa Rica
	San Jose
	2010
	111
	59.000

	Croatia
	Zagreb
	2013
	78
	47.288

	Croatia
	Zagreb
	2019
	71
	46.232

	Czech Republic
	Prague
	2013
	46
	57.686

	Czech Republic
	Prague
	2019
	76
	56.361

	Côte d'Ivoire
	Abidjan
	2016
	257
	45.608

	Dominican Republic
	Santo Domingo
	2016
	80
	62.220

	Ecuador
	Guayaquil
	2010
	106
	17.041

	Ecuador
	Guayaquil
	2017
	80
	21.387

	Egypt
	Alexandria
	2013
	151
	29.770

	Egypt
	Alexandria
	2016
	222
	34.308

	Egypt
	Cairo
	2013
	806
	29.327

	Egypt
	Cairo
	2016
	483
	33.883

	Egypt
	Giza
	2013
	340
	60.459

	Egypt
	Giza
	2016
	183
	61.028

	Egypt
	Port Said
	2013
	43
	12.352

	Egypt
	Port Said
	2016
	40
	15.509

	Egypt
	Shubra El Kheima
	2013
	32
	63.000

	Egypt
	Shubra El Kheima
	2016
	23
	63.000

	El Salvador
	San Salvador
	2010
	148
	56.286

	El Salvador
	San Salvador
	2016
	158
	58.074

	Estonia
	Tallinn
	2013
	52
	59.061

	Estonia
	Tallinn
	2019
	77
	61.559

	Ethiopia
	Addis Ababa
	2011
	22
	30.656

	Ethiopia
	Addis Ababa
	2015
	452
	38.385

	Gambia
	Kanifing
	2018
	69
	28.720

	Georgia
	Tbilisi
	2013
	118
	50.058

	Georgia
	Tbilisi
	2019
	177
	52.765

	Ghana
	Accra
	2013
	285
	60.665

	Ghana
	Kumasi
	2013
	91
	48.226

	Greece
	Athens
	2018
	84
	60.400

	Guatemala
	Guatemala City
	2010
	309
	50.548

	Guatemala
	Guatemala City
	2017
	182
	57.424

	Guinea
	Conakry
	2016
	87
	20.529

	Honduras
	Tegucigalpa
	2010
	153
	11.894

	Honduras
	Tegucigalpa
	2016
	158
	16.373

	Hungary
	Budapest
	2013
	104
	60.740

	Hungary
	Budapest
	2019
	73
	58.648

	India
	Ahmadabad
	2014
	130
	62.090

	India
	Bangalore
	2014
	567
	43.765

	India
	Chennai
	2014
	275
	58.892

	India
	Delhi
	2014
	990
	44.058

	India
	Hyderabad
	2014
	269
	27.805

	India
	Jaipur
	2014
	179
	33.358

	India
	Kanpur
	2014
	29
	20.337

	India
	Kolkata
	2014
	261
	63.000

	India
	Lucknow
	2014
	38
	34.389

	India
	Mumbai
	2014
	364
	58.203

	India
	Pune
	2014
	58
	26.536

	India
	Surat
	2014
	64
	39.897

	Indonesia
	Bandung
	2015
	35
	55.759

	Indonesia
	Jakarta
	2015
	173
	61.693

	Indonesia
	Medan
	2015
	53
	55.154

	Indonesia
	Surabaya
	2015
	65
	58.340

	Indonesia
	Tangerang
	2015
	47
	60.523

	Jordan
	Amman
	2013
	107
	58.120

	Jordan
	Amman
	2019
	57
	60.889

	Kazakhstan
	Almaty
	2013
	50
	57.815

	Kazakhstan
	Almaty
	2019
	171
	60.810

	Kenya
	Kisumu
	2013
	86
	5.909

	Kenya
	Kisumu
	2018
	70
	13.701

	Kenya
	Mombasa
	2013
	118
	33.651

	Kenya
	Mombasa
	2018
	70
	39.106

	Kenya
	Nairobi
	2013
	343
	35.742

	Kenya
	Nairobi
	2018
	329
	50.062

	Kyrgyz Republic
	Bishkek
	2013
	114
	52.958

	Kyrgyz Republic
	Bishkek
	2019
	147
	54.154

	Lao PDR
	Vientiane
	2016
	135
	10.257

	Lao PDR
	Vientiane
	2018
	130
	11.235

	Latvia
	Riga
	2013
	157
	17.542

	Latvia
	Riga
	2019
	103
	19.248

	Lebanon
	Beirut
	2013
	94
	62.607

	Lebanon
	Beirut
	2019
	49
	63.000

	Liberia
	Monrovia
	2017
	46
	15.469

	Lithuania
	Vilniaus
	2013
	72
	13.715

	Lithuania
	Vilniaus
	2019
	96
	15.319

	Malawi
	Lilongwe City
	2014
	185
	22.724

	Malaysia
	Kuala Lumpur
	2015
	29
	62.997

	Mali
	Bamako
	2016
	122
	50.695

	Mauritania
	Nouakchott
	2014
	89
	8.133

	Mexico
	Leon
	2010
	163
	30.262

	Mexico
	Mexico City
	2010
	244
	39.065

	Mexico
	Puebla
	2010
	23
	26.772

	Mongolia
	Ulan Bator
	2013
	201
	7.487

	Mongolia
	Ulan Bator
	2019
	149
	9.330

	Morocco
	Casablanca
	2013
	128
	41.145

	Morocco
	Casablanca
	2019
	131
	51.549

	Morocco
	Fez
	2019
	71
	19.945

	Mozambique
	Maputo
	2018
	200
	38.107

	Mozambique
	Nampula
	2018
	67
	6.669

	Myanmar
	Mandalay
	2014
	124
	6.454

	Myanmar
	Mandalay
	2016
	133
	10.426

	Myanmar
	Yangon
	2014
	259
	20.115

	Myanmar
	Yangon
	2016
	225
	21.152

	Namibia
	Windhoek
	2014
	210
	15.546

	Nepal
	Kathmandu
	2013
	150
	53.339

	Nepal
	Pokhara
	2013
	33
	11.813

	Nicaragua
	Managua
	2010
	144
	24.850

	Nicaragua
	Managua
	2016
	164
	28.299

	Niger
	Niamey
	2017
	126
	26.295

	Nigeria
	Ibadan
	2014
	110
	9.903

	Nigeria
	Kaduna
	2014
	65
	47.471

	Nigeria
	Lagos
	2014
	254
	42.686

	North Macedonia
	Skopje
	2013
	114
	38.667

	North Macedonia
	Skopje
	2019
	97
	40.908

	Pakistan
	Faisalabad
	2013
	34
	15.540

	Pakistan
	Gujranwala
	2013
	65
	12.386

	Pakistan
	Islamabad-Rawalpindi
	2013
	20
	16.627

	Pakistan
	Lahore
	2013
	44
	37.565

	Panama
	Panama City
	2010
	167
	12.487

	Paraguay
	Asuncion
	2010
	180
	56.089

	Paraguay
	Asuncion
	2017
	172
	62.339

	Peru
	Arequipa
	2010
	122
	21.299

	Peru
	Arequipa
	2017
	161
	27.843

	Peru
	Lima
	2010
	646
	27.165

	Peru
	Lima
	2017
	479
	32.812

	Philippines
	Cebu City
	2015
	55
	22.281

	Philippines
	Manila
	2015
	508
	58.535

	Poland
	Krakov
	2019
	39
	57.694

	Poland
	Warsaw
	2013
	53
	61.147

	Poland
	Warsaw
	2019
	88
	61.013

	Portugal
	Lisbon
	2019
	25
	63.000

	Romania
	Bucharest
	2013
	90
	62.446

	Romania
	Bucharest
	2019
	102
	62.354

	Russia
	City of St. Petersburg
	2012
	125
	46.351

	Russia
	City of St. Petersburg
	2019
	156
	60.760

	Russia
	Kazan
	2012
	69
	16.323

	Russia
	Moscow
	2012
	175
	37.628

	Russia
	Moscow
	2019
	178
	47.769

	Russia
	Novosibirsk
	2012
	114
	24.509

	Russia
	Novosibirsk
	2019
	65
	29.539

	Russia
	Yekaterinburg
	2012
	100
	38.214

	Russia
	Yekaterinburg
	2019
	121
	44.649

	Rwanda
	Kigali
	2011
	232
	9.581

	Senegal
	Dakar
	2014
	183
	60.563

	Serbia
	Belgrade
	2013
	116
	27.844

	Serbia
	Belgrade
	2019
	118
	31.023

	Sierra Leone
	Freetown
	2017
	53
	22.423

	Slovak Republic
	Bratislava
	2013
	62
	46.047

	Slovak Republic
	Bratislava
	2019
	94
	47.500

	Slovenia
	Ljubljana
	2013
	49
	36.998

	Slovenia
	Ljubljana
	2019
	58
	35.769

	South Sudan
	Juba
	2014
	402
	0.267

	Sudan
	Khartoum
	2014
	159
	58.091

	Sudan
	Omdurman
	2014
	101
	14.156

	Tajikistan
	Dushanbe
	2013
	90
	49.298

	Tajikistan
	Dushanbe
	2019
	98
	54.302

	Tanzania
	Arusha
	2013
	85
	10.424

	Tanzania
	Dar es Salaam
	2013
	362
	16.802

	Tanzania
	Mwanza
	2013
	45
	8.706

	Thailand
	Bangkok
	2016
	267
	54.714

	Togo
	Lome
	2016
	95
	38.398

	Tunisia
	Tunis
	2013
	128
	55.293

	Turkey
	Ankara
	2013
	129
	35.431

	Turkey
	Ankara
	2019
	102
	38.070

	Turkey
	Istanbul
	2013
	259
	28.868

	Turkey
	Istanbul
	2019
	129
	35.258

	Turkey
	Izmir
	2013
	130
	37.688

	Turkey
	Izmir
	2019
	55
	44.607

	Uganda
	Kampala
	2013
	317
	51.557

	Uganda
	Kira
	2013
	64
	24.398

	Ukraine
	Kharkiv
	2013
	50
	56.902

	Ukraine
	Kharkiv
	2019
	59
	59.135

	Ukraine
	Kyiv
	2013
	173
	50.542

	Ukraine
	Kyiv
	2019
	212
	53.198

	Uruguay
	Montevideo
	2010
	419
	45.123

	Uruguay
	Montevideo
	2017
	192
	52.422

	Uzbekistan
	Samarqand
	2019
	39
	16.384

	Uzbekistan
	Tashkent
	2013
	129
	58.381

	Uzbekistan
	Tashkent
	2019
	177
	59.411

	Venezuela
	Caracas
	2010
	22
	1.168

	Vietnam
	Da Nang
	2015
	68
	40.533

	Vietnam
	Hanoi
	2015
	113
	46.296

	Vietnam
	Ho Chi Minh City
	2015
	156
	30.936

	West Bank and Gaza
	Gaza
	2013
	58
	43.800

	West Bank and Gaza
	Gaza
	2019
	70
	50.558

	Yemen
	Aden
	2010
	57
	41.011

	Yemen
	Aden
	2013
	29
	39.511

	Yemen
	Sanaa
	2010
	114
	33.857

	Yemen
	Sanaa
	2013
	131
	34.312

	Zambia
	Lusaka
	2013
	326
	42.773

	Zambia
	Lusaka
	2019
	285
	51.075

	Zimbabwe
	Harare
	2011
	304
	32.322

	Zimbabwe
	Harare
	2016
	234
	33.027


The number of firms in each city is obtained by matching firms’ GPS coordinates with city boundaries. Cities that have fewer than 20 firms are excluded from our sample, including: Sofia in 2019, Bekasi, Seberang Perai, Ecatepec, Benin City, Kazan in 2019, Toamasina, Tianjin, Basrah, Fez in 2013, Krakov in 2013, Samarqand in 2013, Rajshahi. Sofia, Kazan, Fez, Krakov and Samarqand. The total number of cities in the list is larger than the total number of distinct cities surveyed in WBES because some cities were surveyed more than once in different years and they were double counted because different firms were surveyed in different years.


Table 3 | Regressions for Fig. 2: Moderating Effects of City Population Size
	
	(1)

	VARIABLES
	Innovation Index

	
	

	Ln(Night Light)
	0.098***

	
	(0.008)

	
	[0.026,0.170]

	Ln(Night Light) Sqr
	-0.010

	
	(0.231)

	
	[-0.027,0.007]

	City Population
	-0.228***

	
	(0.000)

	
	[-0.298,-0.158]

	Ln(Night Light)*City Population
	0.164***

	
	(0.000)

	
	[0.122,0.207]

	Ln(Night Light) Sqr*City Population
	-0.027***

	
	(0.000)

	
	[-0.034,-0.020]

	Per Capita GDP
	0.051

	
	(0.147)

	
	[-0.018,0.121]

	
	

	Observations
	31,798

	Conflict Regions
	Exclude

	GDPpc>30K Countries
	Exclude

	Region Fixed Effects
	Yes

	Year Fixed Effects
	Yes

	Pseudo R2
	0.0746


The table reports the ordered logit regression for the innovation index. We control for per capita GDP in each country and include geographic region and year fixed effects. The key independent variables are the interaction between city population and nightlight density, and the interaction between city population and the quadratic term of nightlight density. P-values are in parentheses, and 95% confidence intervals are in square brackets below p-values. Ordered Logit estimates do not include a constant. NTL and GDP are lagged. City population data comes from the most recent census data in each country. *** p<0.01, ** p<0.05, * p<0.1

Table 4 | Regressions for Fig. 3: Split Sample for Large and Small Cities

	
	(1)
	(2)

	VARIABLES
	Large Cities (>5M)
	Small Cities (<=5M)

	
	
	

	Ln(Night Light)
	1.149***
	0.178***

	
	(0.000)
	(0.000)

	
	[0.713,1.584]
	[0.111,0.244]

	Ln(Night Light) Sqr
	-0.245***
	-0.025***

	
	(0.000)
	(0.001)

	
	[-0.320,-0.169]
	[-0.040,-0.010]

	Per Capita GDP
	-0.209
	0.169***

	
	(0.298)
	(0.000)

	
	[-0.602,0.185]
	[0.099,0.240]

	
	
	

	Observations
	11,215
	20,583

	Conflict Regions
	Exclude
	Exclude

	GDPpc>30K Countries
	Exclude
	Exclude

	Region Fixed Effects
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes


The table reports ordered logit regression for the innovation index for large cities (>5M population) in column 1 and small cities (<5M population) in column 2. The key independent variables are the nightlight density and its quadratic term. We control for per capita GDP in each country and include geographic region and year fixed effects. P-values are in parentheses, and 95% confidence intervals are in square brackets below p-values. Ordered Logit estimates do not include a constant. NTL and GDP are lagged. Coefficients can be interpreted as the increase in the log odds of being in a higher innovation level versus all lower innovation levels after a 1% increase in nightlight density. *** p<0.01, ** p<0.05, * p<0.1








Table 5 | Robustness Check: Using OLS Regressions
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	VARIABLES
	NewPro
	NewEst
	RND
	Innovation index
	Interact with City Population
	Large Cities
	Small Cities

	
	
	
	
	
	
	
	

	Ln(Night Light)
	0.037***
	0.081***
	0.030***
	0.149***
	0.062***
	0.750***
	0.107***

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.003)
	(0.000)
	(0.000)

	
	[0.021,0.053]
	[0.065,0.096]
	[0.016,0.044]
	[0.115,0.184]
	[0.021,0.102]
	[0.521,0.979]
	[0.071,0.144]

	Ln(Night Light) Sqr
	-0.005***
	-0.015***
	-0.003**
	-0.024***
	-0.006
	-0.164***
	-0.015***

	
	(0.003)
	(0.000)
	(0.023)
	(0.000)
	(0.191)
	(0.000)
	(0.000)

	
	[-0.009,-0.002]
	[-0.018,-0.012]
	[-0.006,-0.000]
	[-0.031,-0.017]
	[-0.015,0.003]
	[-0.204,-0.124]
	[-0.023,-0.007]

	City Population
	
	
	
	
	-0.113***
	
	

	
	
	
	
	
	(0.000)
	
	

	
	
	
	
	
	[-0.149,-0.077]
	
	

	Ln(Night Light)*City Population
	
	
	
	
	0.087***
	
	

	
	
	
	
	
	(0.000)
	
	

	
	
	
	
	
	[0.065,0.109]
	
	

	Ln(Night Light) Sqr*City Population
	
	
	
	
	-0.015***
	
	

	
	
	
	
	
	(0.000)
	
	

	
	
	
	
	
	[-0.018,-0.011]
	
	

	Per Capita GDP
	-0.009
	0.006
	0.039***
	0.036**
	0.037**
	0.261**
	0.090***

	
	(0.258)
	(0.434)
	(0.000)
	(0.046)
	(0.042)
	(0.011)
	(0.000)

	
	[-0.026,0.007]
	[-0.010,0.022]
	[0.025,0.053]
	[0.001,0.071]
	[0.001,0.072]
	[0.060,0.463]
	[0.055,0.126]

	Constant
	0.221***
	0.243***
	0.298***
	0.757***
	0.799***
	0.579***
	0.702***

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.000)
	(0.002)
	(0.000)

	
	[0.171,0.272]
	[0.194,0.291]
	[0.255,0.341]
	[0.649,0.864]
	[0.686,0.913]
	[0.206,0.952]
	[0.583,0.820]

	
	
	
	
	
	
	
	

	Observations
	32,675
	32,095
	32,171
	31,798
	31,798
	11,215
	20,583

	R-squared
	0.10
	0.16
	0.09
	0.17
	0.17
	0.25
	0.15

	Conflict Regions
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude

	GDPpc>30K Countries
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude
	Exclude

	Region Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes


The table reports OLS regression results for all previous results based on ordered logit models. Columns 1-4 report OLS results for the corresponding columns in Table 2. Column 5 relates to the model in Supplementary Table 3. Columns 6 and 7 report the corresponding OLS results based on ordered logit models in Supplementary Table 4. We control for per capita GDP in each country and include geographic region and year fixed effects. P-values are in parentheses, and 95% confidence intervals are in square brackets below p-values. NTL and GDP are lagged. *** p<0.01, ** p<0.05, * p<0.1



Table 6 | Robustness Tests: Adding Firm-Level Controls
	
	(1)
	(2)
	(3)
	(4)

	VARIABLES
	NewPro
	NewEst
	RND
	Innovation Index

	
	
	
	
	

	Ln(Night Light)
	0.119***
	0.319***
	0.096**
	0.201***

	
	(0.001)
	(0.000)
	(0.033)
	(0.000)

	
	[0.048,0.189]
	[0.246,0.391]
	[0.008,0.185]
	[0.140,0.263]

	Ln(Night Light) Sqr
	-0.020**
	-0.062***
	-0.016*
	-0.037***

	
	(0.011)
	(0.000)
	(0.088)
	(0.000)

	
	[-0.035,-0.005]
	[-0.078,-0.047]
	[-0.035,0.002]
	[-0.051,-0.024]

	Age
	0.003***
	0.001
	0.004***
	0.003***

	
	(0.000)
	(0.491)
	(0.000)
	(0.000)

	
	[0.002,0.005]
	[-0.001,0.002]
	[0.002,0.006]
	[0.002,0.005]

	Firm Size Medium
	0.374***
	0.454***
	0.681***
	0.508***

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	
	[0.320,0.429]
	[0.396,0.512]
	[0.612,0.750]
	[0.459,0.557]

	Firm Size Large
	0.726***
	0.872***
	1.277***
	1.024***

	
	(0.000)
	(0.000)
	(0.000)
	(0.000)

	
	[0.661,0.790]
	[0.804,0.941]
	[1.201,1.353]
	[0.966,1.083]

	Per Capita GDP
	-0.074*
	-0.009
	0.267***
	0.026

	
	(0.065)
	(0.838)
	(0.000)
	(0.464)

	
	[-0.152,0.005]
	[-0.097,0.078]
	[0.168,0.366]
	[-0.044,0.096]

	Constant
	-1.599***
	-1.738***
	-1.947***
	

	
	(0.000)
	(0.000)
	(0.000)
	

	
	[-1.827,-1.371]
	[-1.980,-1.496]
	[-2.237,-1.657]
	

	
	
	
	
	

	Observations
	32,243
	31,694
	31,764
	31,419

	R-squared
	NA
	NA
	NA
	NA

	Method
	Logit
	Logit
	Logit
	Logit

	Conflict
	Exclude
	Exclude
	Exclude
	Exclude

	GDPpc>30000
	Exclude
	Exclude
	Exclude
	Exclude

	Region FE
	Yes
	Yes
	Yes
	Yes

	Year FE
	Yes
	Yes
	Yes
	Yes

	Pseudo R2
	0.0940
	0.149
	0.122
	0.0919


The table reports, with firm level controls, logit regressions for each individual item in the innovation index in columns 1-3, and the ordered logit regression for the innovation index in column 4. The key independent variables are the logarithms of  nightlight density and its quadratic term. We control for per capita GDP in each country and include geographic region and year fixed effects. We additionally control for firm-level controls, i.e., age, firm size dummies indicating whether a firm is medium-sized (20-99 employees) and whether a firm is large-sized ( 100 and over 100 employees). P-values are in parentheses, and 95% confidence intervals are in square brackets below p-values. Ordered Logit estimates do not include a constant. Number of observations varies because of missing values for each measure. NTL and GDP are lagged. Coefficients can be interpreted as the increase in the log odds of being in a higher innovation level versus all lower innovation levels after a 1% increase in nightlight density. *** p<0.01, ** p<0.05, * p<0.1





Table 7 |  Generalised Ordered Logit Model: Testing the Assumption of Ordered Logit Model
	
	(1)
	(2)
	(3)

	VARIABLES
	Zero vs. low, medium, high
	Zero, low vs. medium, high
	Zero, low, medium vs. high

	
	
	
	

	Ln(Night Light)
	0.12***
	0.39***
	0.27***

	
	(0.00)
	(0.00)
	(0.00)

	
	[0.05,0.20]
	[0.31,0.46]
	[0.16,0.38]

	Ln(Night Light) Sqr
	-0.02***
	-0.07***
	-0.03**

	
	(0.00)
	(0.00)
	(0.02)

	
	[-0.04,-0.01]
	[-0.08,-0.05]
	[-0.05,-0.00]

	Per Capita GDP
	0.00
	0.00**
	0.00

	
	(0.69)
	(0.04)
	(0.10)

	
	[-0.00,0.00]
	[0.00,0.00]
	[-0.00,0.00]

	Constant
	-0.39***
	-1.68***
	-2.59***

	
	(0.00)
	(0.00)
	(0.00)

	
	[-0.62,-0.15]
	[-1.93,-1.44]
	[-2.99,-2.19]

	
	
	
	

	Observations
	31,798
	31,798
	31,798

	Method
	Generalized Ordered Logit
	Generalized Ordered Logit
	Generalized Ordered Logit

	Conflict Regions
	Exclude
	Exclude
	Exclude

	GDPpc>30000
	Exclude
	Exclude
	Exclude

	Region Fixed Effects
	Yes
	Yes
	Yes

	Year Fixed Effects
	Yes
	Yes
	Yes

	Pseudo R2
	0.0804
	0.0804
	0.0804


The table reports generalized ordered logit regressions which relax the proportional odds assumption of standard ordered logit regressions. Columns 1, 2 and 3 present the coefficients for the likelihood of: having zero versus all other categories of innovation; having zero or low innovation versus medium and high innovation; having zero, low and medium innovation versus high innovation. The key independent variables are night light density and its quadratic term. We control for per capita GDP in each country and include geographic region and year fixed effects. P-values are in parentheses, and 95% confidence intervals are in square brackets below p-values. Number of observations varies because of missing values for each measure. NTL and GDP are lagged. *** p<0.01, ** p<0.05, * p<0.1



2 Supplementary figure
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Fig. 1 | Nightlight densities in the lowest, around the median and the highest ranked cities in the sample and the distribution of firms in each city. The Figure shows the distribution of firms in five cities ranked from the lowest through the median to among the highest light density: Juba (South Sudan); Bogota (Columbia); Ankara (Turkey); Moscow (Russia) and Kolkata (India). The respective night light densities (ascending rank order in parentheses) are 0.3 (1); 22.9 (58); 38.1(114); 47.8 (148); and 63 (228).  For each city, the number of firms shown in the Figure are 402; 912; 231; 353; and 261. The number 228 is larger than the total number of cities because some cities were surveyed more than once in different years and are double counted because different firms were surveyed in different years. Night light data is based on the harmonised version derived by Li et al. (2020) because different satellites were used in 1992-2013 (Defense Meteorological Satellite Program (DMSP)) and 2012-2018 (Visible Infrared Imaging Radiometer Suite (VIIRS) from the Suomi satellite). Darker colour indicates higher night light luminosity. Maps indicating the boundaries of urban and suburban administrative subdivisions in each city are obtained from the Database of Global Administrative Areas (https://gadm.org/download_country_v3.html). The Pearson correlation between the city rank by luminosity and GDP per capita is 0.24, which partly confirms that our NTL measure is a good proxy for social and economic activities. Each dot refers to a firm. The location of the firm is based on the GPS coordinate in WBES.
Source: Own calculations.




3 Testing the assumption of the Ordered Logit Model
1. Ordered logit model and individual firms’ decision making:
The ordered logit regression directly links to our agent-based view of innovation by modeling individual firms’ decision making. Suppose the latent innovation activity  of firm i in city j is associated with the density of economic activities in the city proxied by nightlight . We consider both benefits and costs of agglomeration and therefore include both linear and quadratic terms of nightlight in our model specification:
      
We cannot directly observe  because measures based on patent data or flow of knowledge are either not universally available or not appropriate in developing countries. We therefore construct an innovation index  which is an increasing function of  to capture firms’ capability of innovation. Firm i decides to have zero, low, medium or high levels of innovation if  equals 0, 1, 2 or 3. Suppose M is the total number of categories of the ordinal dependent variable and m=1, 2, …, M. A random factor  follows a logistic distribution. Firm i chooses to have an innovation level m if: 

 is the cutoff point where  and .
The ordered logit model is specified as:

We expect that  and .

2. Testing the assumption of the ordered logit model:
The key assumption for the ordered logit model is the proportional odds assumption, which is also called as parallel regressions assumption or parallel-lines assumption. That is,  and  should be the same for each value of m. In other words, the coefficients for night light density that describe the relationship between no innovation versus all other innovation levels should be the same as the coefficients that describe the relationship between high innovation versus all other innovation levels. 
Literature recommends not to use formal tests such as Brant tests to verify the proportional odds assumption, because even substantively trivial violations of the assumption can become statistically significant in a very large sample which is the case for this study1,2. Instead, one can use results from generalized ordered logit models that relax the proportional odds assumption as a benchmark to decide if the deviations from the proportional odds assumption are substantively important. For example, coefficients that differ in both magnitude and direction across different values of m can be considered as important violations of the assumption. We follow this approach by estimating a generalized ordered logit model which allows  and  to differ between different values of m and report the results in Supplementary Table 7. Columns 1, 2 and 3 report the coefficients for zero innovation versus other levels; zero and low innovation versus other levels; zero, low and medium innovation versus high innovation, respectively. If the proportional odds assumption is not violated, coefficients for the same independent variable in all three columns should not be significantly different – at least the signs should be consistent. In Supplementary Table 7,  are all positive and significant across all three columns (b=0.12, 0.37 and 0.27 in columns 1, 2 and 3), while  are all negative and significant across all three columns with similar magnitude (b=-0.02, -0.07 and -0.03 in columns 1, 2 and 3). These results suggest there is no strong evidence that the proportional odds assumption of the ordered logit mode is violated.
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