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Abstract 
This study investigates the effect of COVID-19 on the concentration and agglomeration of 
jobs related to high-tech knowledge-intensive services (HKIS). The main objective of the 
study is to determine how COVID-19 measures have changed the HKIS agglomeration in 
three major metropolitan cities of Türkiye—Ankara, Istanbul, and Izmir. Data from 2019 
were used as the pre-COVID-19 period, from 2020 as the COVID-19 period, and from 2021 
as the post-COVID-19 period, and the agglomeration was calculated using the location 
quotient. Of the number of HKIS employees in Türkiye, 71.65% worked in Ankara, Istanbul, 
and Izmir in 2019, but during the COVID-19 period (2020) when the pandemic measures 
were implemented, the proportion increased to 79%. During the post-COVID-19 period 
(2021), the percentage of HKIS workers in Türkiye was 78.68%. The observations suggest 
that the agglomeration of HKIS activities in these three cities continued to increase after 
the COVID-19 pandemic measures were implemented and removed. 
 
Keywords: COVID-19, high-tech knowledge-intensive business services, sectorial 
agglomeration 

1. Introduction 

1.1. KIS and HKIS 

Knowledge-intensive services (KIS) refer to services that create, accumulate, or disseminate 
knowledge (Miles et al., 1995; Muller & Doloreux, 2009; Skorska, 2018). KIS has a broad scope that 
includes activities such as consulting, advertising, communication and computer services, financial 
and insurance activities, legal and accounting activities, and security and investigation activities. It 
can also be defined as a specific, technical, or functional area associated with professional 
knowledge or expertise (Windrum & Tomlinson, 1999). In another definition, KISs provide 
specialized knowledge to companies and are a vital source of information, advice, and expertise for 
other industries (Toivonen, 2004; Aslesen & Isaksen, 2007). Numerous cities aim to compete 
through knowledge creation and innovation (Benneworth & Ratinho, 2014). In knowledge-based 
societies, knowledge has taken the place of major capital and KIS industries have emerged as one 
of the main mechanisms of the contemporary economy (Yum, 2019). KISs offer a competitive 
advantage with cost and scale advantages (Aslesen & Isaksen, 2007; Vaillant et al., 2012; Mejri et 
al., 2018). 

The Organization for Economic Co-operation and Development (OECD) classifies industries into 
four categories according to the level of research & development: 1) high-technology industries, 2) 
medium-high-technology industries, 3) medium-low-technology industries, and 4) low-technology 
industries (Vaillant et al., 2012). Similarly, in a study titled “EUROSTAT indicators on High-tech 
industry and Knowledge-intensive services Annex 3 - High-tech aggregation by NACE Rev.2,” the 
European Statistical Office (EUROSTAT) categorizes KIS under the following headings: 1) 
Knowledge-intensive market services (excluding high-tech and financial services) 2) High-tech 
knowledge-intensive services (HKIS) 3) Knowledge-intensive financial services 4) Other knowledge-
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intensive services 5) Less knowledge-intensive services (LKIS) 6) Less knowledge-intensive market 
services 7) Other LKIS. This study focuses on HKIS (EUROSTAT, 2008). 

1.2. KIS and Agglomeration 

In general, KIS concentrates in big cities (Shearmur & Doloreux, 2008; Wood, 2002; Ženka et al., 
2017; Santiago, 2020; Muller & Doloreux, 2009). Urban agglomeration theory suggests that 
economies of scale, especially economies of scope, competition, diversification, and promotion of 
specialization will benefit from the quality of services in and around cities more than elsewhere 
(Wood, 2002). Since its positive externalities can lower businesses’ unit production costs and have 
a major impact on effects related to economies of scale, spatial agglomeration can enhance the 
growth of the economy (Fan & Scott, 2003; Peng et al., 2022). Although advances in communication 
technologies have significantly reduced communication costs, spatial agglomeration remains 
important as it facilitates face-to-face interaction in high-tech innovative activities because of the 
uncertainties associated with new technologies (Hu et al., 2006). Agglomeration has a positive 
impact on KIS firms in terms of innovation, development, and diffusion of technologies (Peng et al., 
2022). The economic benefits and the benefits of face-to-face interaction have led KIS firms to favor 
spatial proximity, with spatial agglomeration and clustering often occurring in metropolitan areas, 
within proximity to their customers and labor pool (Aslesen & Jakobsen, 2007; Vissers & Dankbaar, 
2013; Miles et al., 2021). Vaillant et al. (2012) argue that spatial proximity has a positive effect, and 
drawing on an OECD report (2006), emphasize that KIS firms are both sources and carriers of 
knowledge that influence and improve the performance of industry clusters in all sectors of the 
economy. 

1.3. COVID-19 Precautions, Remote Working, and KIS 

The COVID-19 coronavirus outbreak imposed negative impacts not only on humans but also on 
the global economy, including small and medium enterprises (Omar et al., 2020). Although KIS 
provided knowledge management, infrastructure, and services to companies, customers, and 
stakeholders (Zbuchea et al., 2023; Milasi et al., 2021) during the fight against COVID-19, they were 
impacted directly and indirectly by their customers who were affected by the health and safety 
measures. The innovation capabilities and the individual, organizational, and demographic 
attributes of KIS were impacted during COVID-19 (Kotsopoulos et al., 2022). Hrivnák et al. (2021) 
state that COVID-19 has had a relatively negative impact on the global economy and that the 
measures taken to prevent the spread of the virus can cause unemployment in many sectors. In 
addition, from an economic point of view, long-term effects may be observable in innovation 
activities for several years. In their study titled “OECD Productivity Working Papers,” Milasi et al. 
(2021) report that working from home and teleworking in KIS in the European Union were also 
present before COVID-19. However, the measures taken to prevent the spread of COVID-19, such 
as stay-at-home calls, lockdowns, and social distancing practices, have led to increases in 
teleworking (Belzunegui-Eraso & Erro-Garcés, 2020; Vasic, 2020), remote work (Espitia et al., 2022; 
Kylili et al., 2020), and working from home (Bick et al., 2020; Birimoglu-Okuyan &Begen, 2022; 
Bolisani et al., 2020). 

One of the most important changes from the COVID-19 pandemic is the attention to remote 
working methods. Practices such as remote working have brought up a very important question. 
Miles et al. (2021) state the question as follows: “If more professionals take opportunities to live 
and work outside of the major metropolitan areas that traditionally house them, as well as their 
firms, what happens to these cities?” This question constitutes the main problem addressed in this 
study. The main objective of the study is to determine how COVID-19 has affected HKIS 
agglomeration. Several important questions are addressed in this study: “Does the agglomeration 
of HKIS continue in metropolitan cities after practices such as telecommuting become ubiquitous?” 
“How has COVID-19 caused a change in HKIS sub-service sectors?” 
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2. Material 

Annual statistical data from the Social Security Institution (SSI) were used in this study. Data on 
the distribution of insured and workplace statistics, workplaces within the scope of the SSI 4/a 
category, and compulsory insured persons by activity group and provinces were taken as the basis 
of this investigation. Agglomeration was calculated based on the number of HKIS employees 
according to the Nomenclature of Economic Activities (NACE) codes. Table 1 shows the NACE codes 
defined by EUROSTAT and the services corresponding to the codes. 

Table 1 High-Tech Knowledge-Intensive Services (Source: EUROSTAT, 2008) 

NACE Rev. 2 codes 2-Digit Level High-Tech Knowledge-Intensive Services 
59 Motion picture, video, and television program production, sound recording, and music 

publishing activities 
60 Programming and broadcasting activities 
61 Telecommunications 
62 Computer programming, consultancy, and related activities 
63 Information service activities 
72 Scientific research and development 

3. Method 

Haig (1926) emphasized that location was effective for describing agglomeration in terms of 
consumption and production and explained the relationship between location and the labor force. 
In addition, Haig (1926) presented the relationship between employment data and location and 
regional specialization as the basic analysis of urban economics (Crawley et al., 2013; Cummings & 
Epley, 2014; Morrissey, 2016). Specifically, the location quotient (LQ) has been employed in urban 
and regional economic development studies since the 1940s (Miller et al., 1991; Oka, 2023). Mattila 
and Thompson (1955) used the LQ to calculate specialization at the local and national levels. In the 
1970s, Leigh (1970), Mayer and Pleeter (1975), and Isserman (1977) used LQ for discussing regional 
specialization in their studies. More recently, LQ has been used in the study of regional clustering 
(Azhari et al., 2017; Carroll et al., 2008). LQ is effective for determining the concentration of sectors 
(Chiang, 2009) and is one of the fundamental parameters used in economic analyses (Cummings & 
Epley, 2014). 

In practice, there are some disadvantages of using LQ. First, evaluating sectors that have very 
close LQ values is difficult (Azhari et al., 2017). Second, in the calculation made with LQ, different 
analysis methods are needed for competitiveness, inter-sectoral connections, and export 
characteristics (Carroll et al., 2008; Hill & Brennan, 2000). Third, LQ data cannot be accepted at face 
value, for example, additional research and data are needed regarding the potential for further 
expansion of a sector (Miller et al., 1991). The last negative aspect of LQ is that it is insufficient 
especially for input-output analysis; in addition, LQ value data are not sufficient for providing 
clustering (Crawley et al., 2013). 

In a study conducted by Chiang (2009), it is stated that the LQ is effective in identifying 
agglomeration economies in regional economic development. As a geographical indicator and a 
tool for spatial analysis (Miller et al., 1991; Cromley & Hanink, 2012), LQ has been used 
predominantly to identify and compare local characteristics (Moineddin et al., 2003), industrial 
specialization, clustering, and economic aggregation in a geographic location or region, as well as 
promote regional growth (Glaeser et al., 1992; Porter, 2000; Henderson, 2003; Crawley et al., 2013; 
Tian, 2013). In the present study, agglomeration was calculated using the LQ, which defines the 
prominence of an industry in a given region (Crawley et al., 2013). 

The LQ can be expressed as follows: 

/
/

i i
i
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If the result of the above ratio is 1İLQ <  then the concentration of employees in HKIS firms in 

this selected region is relatively low. In other words, 1İLQ <  implies fewer concentration of 
employees work in a given sector (HKIS in this paper) compared with other regions (Morrissey, 
2016; Çelik et al., 2019). If the result of the above ratio is 1İLQ = , then there is an equal 
concentration of people working in HKIS activities among the regions. If the result of the above ratio 
is 1İLQ > , then the concentration of HKIS employees in this region is relatively high (Cromley & 
Hanink, 2012; Karakayacı, 2010; Munandar et al., 2017; Seçkin, 2015; Środa-Murawska, 2013). 

An LQ value of 1.25 is generally accepted as the threshold for local or regional specialization 
(Mans et al., 2008; Tian, 2013; Nowakowska-Grunt et al., 2014). If 1 1.25LQ > , then regional 
specialization is considered, based on the number of HKIS employees (Środa-Murawska, 2013; 
Morrissey, 2016; Çelik et al., 2019). To investigate the agglomeration of HKIS firms and regional 
specialization, 1İLQ > (agglomeration) and (specialization) were used in this study for the 
concentration value and cut-off value for the regional specialization level, respectively. 

Before applying the LQ method, the Chi-square test was used to examine the degree of 
correlation between the spatial location of different sectors and employment power. The Chi-
square test is widely used to analyze whether there is a relationship between two or more groups 
of variables (Akyol & Akbulut, 2017) and/or whether two or more independently selected samples 
originate from the same group (Duran, 2016). In addition, continuous (numerical) variables 
specified using measurements can be turned into categorical variables by characterizing them as 
lower or higher than some reference, to a certain degree (Ak, 2019). 

Herein, this study aimed to determine whether there was a significant relationship between 
years and changes in urban employment. Accordingly, two hypotheses were proposed: 

1. Null Hypothesis (H0): There is no association between the spatial location (city or region) and 
the employment strength of different sectors. 

2. Alternative Hypothesis (H1): There is an association between the spatial location and the 
employment strength of different sectors. 

Table 2 was prepared to test these hypotheses, showing the spatial location of HKIS sectors and 
their relationship with employment. 

Table 2 The Relationship Between Spatial Location of Sectors and Employment (The table was prepared based on 
(Mprotsis et al., 2022)) 

 NACE 59 NACE 60 NACE 61 NACE 62 NACE 63 NACE 72 TOTAL 
ANK-2019  1,570 950 3,691 16,257 5,780 3,384 31,632 
IST-2019 18,880 7,202 1,1761 60,057 11,841 2,535 112,276 
IZM-2019 524 100 1,723 5,565 2,802 1,308 12,022 
ANK-2020 1,191 1,025 4,694 17,994 2,927 4,123 31,954 
IST-2020 16,944 7,867 13,424 68,911 11,082 3,112 121,340 
IZM-2020 667 94 2,084 6,674 828 1,311 11,658 
ANK-2021 1,232 1,069 5,912 20,398 3,150 4,359 36,120 
IST-2021 15,187 8,894 13,194 84,556 13,229 2,947 138,007 
IZM-2021 390 183 2,252 8,181 778 1,362 13,146 
TOTAL 56,585 27,384 58,735 288,593 52,417 24,441 508,155 

The numbers of employees in HKIS sectors in Ankara, Istanbul, and Izmir in 2019, 2020, and 2021 
obtained using the Chi-square test are presented in Table 2. 

From the analyses, the Chi-square value was 39862.168, the degrees of freedom were 40, the 
p-value was 0, and Yates’ Chi-square value was 39862.168. Overall, the result was significant at p < 
.05. X²(40, N = 508155) = 39862.168, p = 0. Based on this, hypothesis 0 was rejected and hypothesis 
1 was accepted. Therefore, there was a relationship between the spatial location of different 
sectors and employment power. 
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4. Study Area 

The COVID-19 pandemic started to spread across the world in November 2019. The first COVID-
19 case in Türkiye emerged in March 2020. The data of this study were evaluated over three years 
using the data published by the SSI between 2019 and 2021. The data for 2019 show the 
agglomeration before COVID-19. Since the data for 2019 indicate the conditions before the COVID-
19 outbreak, they were analyzed as control data for comparison. Then, the data for 2020 contain 
the period between March and June, when full lockdowns and curfews were imposed, and the 
period after June, when the effects of the controlled social life and renormalization on the HKIS 
agglomeration were investigated. Finally, 2021 was examined as the period after COVID-19. 

In this study, calculations were made considering NUTS-3 regions. Ankara, Istanbul, and Izmir 
are Türkiye’s three largest metropolises, and their provincial borders include both NUTS-2 and 
NUTS-3 regions. Figure 1 shows the locations of Ankara, Istanbul, and Izmir in Türkiye. 

 
Figure 1 Locations of Ankara, Istanbul, and Izmir in Türkiye 

According to data from the Turkish Statistical Institute (TURKSTAT), Türkiye’s population in 2022 
was 79,613,279, with 5,782,285 people living in Ankara, 15,907,951 in Istanbul, and 4,462,056 in 
Izmir. Of Türkiye’s population in 2022, 32.84% lived in Ankara, Istanbul, and Izmir. According to the 
data on the distribution of SSI 4/a workplaces and compulsory insured persons by activity group 
and province, there were 1,239,615 actively insured persons in Ankara, 4,485,393 in Istanbul, and 
1,010,798 in Izmir. Considering that there were 16,169,679 active insured persons in Türkiye in 
2021, the share of active insured persons in the three metropolitan cities was 41.65%. Ankara, 
Istanbul, and Izmir were selected as the sample areas because approximately one out of every three 
people live in Ankara, Istanbul, and Izmir and approximately 4 out of every 10 actively insured 
people live in these three metropolitan cities. 

In the context of the data published by TURKSTAT, the shares of Istanbul, Ankara, and Izmir in 
the gross domestic product from information and communication services were 87.26% in 2019, 
87.46% in 2020, and 87.81% in 2021. 

5. Results and Discussion 

Table 3 shows that a total of 217,616 people were working in HKIS sectors in Türkiye before the 
COVID-19 pandemic. There were 112,276 people working in HKIS companies in Istanbul, 31,632 in 
Ankara, and 12,022 in Izmir. Of the total HKIS employees in Türkiye, 71.65% were working in Ankara, 
Istanbul, and Izmir. Computer programming and consultancy accounted for the majority of the 
employment activities. Of the HKIS employees employed in Ankara, Istanbul, and Izmir, 89.46% 
worked in motion picture, video, and television program production, sound recording, and music 
publishing, 84.61% in programming and broadcasting, 81.3% in computer programming, 
consultancy, and related activities, 64.71% in telecommunications, 52.59% in scientific research and 
development activities, and 47.04% in information service activities. 
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Table 3 Number of Employees in HKIS in Ankara, Istanbul, and Izmir (2019) 

NACE 
CODE 

HIGH-TECH KNOWLEDGE- INTENSIVE 
SERVICES ANKARA ISTANBUL IZMIR TÜRKİYE 

TOTAL 

HKIS employment 
rate of the three 

cities in Türkiye (%) 

59 

Motion picture, video, and television 
program production, sound recording and 

music publishing, Video and television 
program production activities 

1,570 18,880 524 23,444 89.46 

60 Programming and broadcasting activities 950 7,202 100 9,753 84.61 

61 Telecommunications 3,691 11,761 1,723 26,541 64.71 

62 Computer programming, consultancy, and 
related activities 16,257 60,057 5,565 100,718 81.30 

63 Information service activities 5,780 11,841 2,802 43,419 47.04 

72 Scientific research and development 3,384 2,535 1,308 13,741 52.59 

Total 31,632 112,276 12,022 217,616 71.65 

Table 4 shows the HKIS LQ results in Ankara, Istanbul, and Izmir. In 2019, there was a 
concentration in the computer programming and consultancy sector in Ankara, and agglomeration 
at the regional specialization level in scientific research and development activities. In Istanbul, 
there was agglomeration at the regional specialization level in motion picture, video, and television 
program production, sound recording, music publishing, video and television program production 
sector and programming and broadcasting activities and concentration in the programming and 
broadcasting sector. In Izmir, there was a concentration in telecommunications, computer 
programming, consulting, and information service activities and an agglomeration at the regional 
specialization level in scientific research and development activities. 

Table 4 LQ Value of High-Tech Knowledge-Intensive Services in 2019 

NACE 
CODE HIGH-TECH KNOWLEDGE-INTENSIVE SERVICES ANKARA ISTANBUL IZMİR 

59 
Motion picture, video, and television program production, sound 

recording, and music publishing Video and television program 
production activities 

0.46 1.56 0.40 

60 Programming and broadcasting activities 0.67 1.43 0.19 

61 Telecommunications 0.96 0.86 1.18 

62 Computer programming, consultancy, and related activities 1.11 1.16 1.00 

63 Information service activities 0.92 0.53 1.17 

72 Scientific research and development 1.69 0.36 1.72 

The 2019 LQ data are illustrated in Figure 2. The dominance of Istanbul in motion picture, video, 
and television program production, sound recording, and music publishing activities, and 
programming and broadcasting activities, and the dominance of Ankara and Izmir in scientific 
research and development activities are observed. The three cities were almost equal in computer 
programming, consultancy, and related activities. 
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Figure 2 LQ map of HKIS activities in Ankara, Istanbul, and Izmir (2019) 

After COVID-19 was defined as a pandemic by the World Health Organization in March 2020, 
measures to prevent it from spreading began to be implemented in many countries. The measures 
implemented in Türkiye, such as stay-at-home calls, distance education and work, and curfews, 
affected all sectors, including HKIS. HKIS activities have been directly and indirectly negatively 
affected by these restrictions while working to ensure that its customers adapt to pandemic 
conditions. According to SSI data on the distribution of workplaces covered by the 4/a category and 
compulsory insured persons by activity group and provinces, while 217,616 people were working 
in HKIS activities in 2019, the number of employees in HKIS activities decreased to 208,800 by the 
end of 2020 (Table 5), a 4.05% decrease in HKIS employment compared with the previous year. 
Although there was a decrease in total employment in Türkiye in 2020 during which COVID-19 
measures were implemented, there was an increase of 1.02% in Ankara and 8.07% in Istanbul. In 
Izmir, a decrease of 3.01% in HKIS employment was recorded. However, when the combined 
proportions of the three provinces in Türkiye are examined, there was an increase of 1.6% in motion 
picture, video, and television program production, sound recording, and music publishing, video 
and television program production services, 1.67% in programming and broadcasting activities, 
4.78% in telecommunication services, 0.81% in computer programming and consultancy activities, 
31.56% in information service activities, and 1.44% in scientific research and development 
activities. After the COVID-19 pandemic, HKIS firms’ desire to be located in metropolitan areas, 
agglomeration, and clustering has increased. 

Table 5 Number of Employees in HKIS in Ankara, Istanbul, and Izmir (2020) 

NACE 
CODE HIGH-TECH KNOWLEDGE-INTENSIVE SERVICES ANKARA ISTANBUL IZMIR TÜRKİYE 

TOTAL 

HKIS employment 
rate of the three 

cities in Türkiye (%) 

59 

Motion picture, video, and television program 
production, sound recording, and music 
publishing, Video and television program 

production activities 

1,191 16,944 667 20,647 91.06 

60 Programming and broadcasting activities 1,025 7,867 96 10,417 86.28 
61 Telecommunications 4,694 13,424 2,084 29,071 69.49 

62 Computer programming, consultancy, and 
related activities 17,994 68,911 6,674 113,970 82.11 

63 Information service activities 2,927 11,082 828 18,877 78.60 
72 Scientific research and development 4,123 3,112 1,311 15,818 54.03 

Total 31,954 121,340 11,660 208,800 79.00 
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Table 6 shows the LQ values for the HKIS sub-sectors of Ankara, Istanbul, and Izmir in 2020. 
When the LQ data for 2020 are compared with the LQ data for 2019, unlike the previous year, 
concentration started in the telecommunications sector and information service activities in 
Ankara, in information service activities in Istanbul and Izmir, and there was concentration at the 
level of regional specialization in telecommunication services, while the concentration in 
information service activities decreased below the value of 1. It can be argued that the COVID-19 
pandemic and measures to prevent the spread of the disease caused HKIS concentration and 
agglomeration in the metropolitan areas. 

Table 6 LQ Value of High-Tech Knowledge-Intensive Services in 2020 

NACE 
CODE HIGH-TECH KNOWLEDGE-INTENSIVE SERVICES ANKARA ISTANBUL IZMİR 

59 Motion picture, video, and television program production, sound recording, 
and music publishing Video and television program production activities 0.38 1.41 0.58 

60 Programming and broadcasting activities 0.64 1.30 0.17 

61 Telecommunications 1.06 0.79 1.28 

62 Computer programming, consultancy, and related activities 1.03 1.04 1.05 

63 Information service activities 1.01 1.01 0.79 

72 Scientific research and development 1.70 0.34 1.48 

Figure 3 illustrates the LQ data for 2020. Istanbul continued to dominate in motion picture, 
video, and television program production, sound recording, music publishing, and programming 
and broadcasting activities, whereas Ankara and Izmir continued to dominate in scientific research 
and development activities. The three cities continued to have equivalent structures in computer 
programming, consultancy, and related activities. Comparing Figures 2 and 3, in 2020, when COVID-
19 measures were implemented, information service activities started to be concentrated in Ankara 
and Istanbul compared with before the COVID-19 measures were applied. 

 
Figure 3 LQ map of HKIS activities in Ankara, Istanbul, and Izmir (2020) 
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The renormalization period caused a positive movement in terms of employment in 2021, owing 
to the lifting of bans and measures. There was a 14% increase in HKIS employment in 2021. 
Although there was a general decrease in employment in all HKIS sectors compared with 2020, the 
trend of agglomeration in metropolitan areas continued after 2020. 

Table 7 shows the number of employees in HKIS activities in Ankara, Istanbul, and Izmir in 2021. 
HKIS employment in Ankara, Istanbul, and Izmir decreased by 0.32% compared with 2020 and 
accounted for 78.68% of the total HKIS employment in Türkiye. In 2021, compared with 2020, 
Ankara, Istanbul, and Izmir experienced a decrease of 1.58% in motion picture, video, and television 
program production, sound recording, and music publishing, video and television program 
production activities, 0.64% in programming and broadcasting activities, 1.02% in 
telecommunication activities, 0.05% in computer programming and consultancy activities, and 
1.67% in information service activities. Compared with 2020, there was an increase of 0.03% in 
scientific research and development activities in Ankara, Istanbul, and Izmir in 2021. 

Table 7 Number of Employees in HKIS in Ankara, Istanbul, and Izmir (2021) 

NACE 
CODE 

HIGH-TECH KNOWLEDGE-INTENSIVE 
SERVICES ANKARA ISTANBUL IZMIR TÜRKİYE 

TOTAL 

HKIS 
employment 
rate of the 

three cities in 
Türkiye (%) 

59 

Motion picture, video, and television 
program production, sound recording, and 

music publishing, Video and television 
program production activities 

1,232 15,187 390 18,786 89.48 

60 Programming and broadcasting activities 1,069 8,894 183 11,847 85.64 
61 Telecommunications 5,912 13,194 2,252 31,192 68.47 

62 Computer programming, consultancy, and 
related activities 20,398 84,556 8,181 137,868 82.06 

63 Information service activities 3,150 13,229 778 22,303 76.93 
72 Scientific research and development 4,359 2,947 1,362 16,034 54.06 

Total 36,120 138,007 13,146 238,030 78.68 

Table 8 shows the HKIS LQ values of Ankara, Istanbul, and Izmir in 2021. Compared with 2020, 
the HKIS trends continued in Ankara, Istanbul, and Izmir in 2021. Comparing Tables 8 and 6, there 
was agglomeration at the regional specialization level in telecommunication services in Ankara, but 
the level of concentration in computer programming, consulting, and information service activities 
decreased and fell below the concentration limit. Compared with 2020, there was no change in 
Istanbul and Izmir, and the agglomeration and clustering trend continued in the same way. 

Table 8 LQ Value of High-Tech Knowledge-Intensive Services in 2021 

NACE 
CODE HIGH-TECH KNOWLEDGE-INTENSIVE SERVICES ANKARA ISTANBUL IZMIR 

59 
Motion picture, video, and television program production, sound 

recording, and music publishing Video and television program production 
activities 

0.43 1.39 0.38 

60 Programming and broadcasting activities 0.59 1.29 0.28 

61 Telecommunications 1.25 0.73 1.31 

62 Computer programming, consultancy, and related activities 0.98 1.06 1.07 

63 Information service activities 0.93 1.02 0.63 

72 Scientific research and development 1.79 0.32 1.54 

Figure 4 illustrates the 2021 LQ data. Istanbul’s dominance continued in motion picture, video, 
and television program production, sound recording, music publishing, and programming and 
broadcasting activities, and Ankara and Izmir’s dominance continued in scientific research and 
development activities. In the telecommunications sector, the agglomeration was maintained in 
Ankara and Izmir before COVID-19 and after COVID-19 measures. Istanbul and Izmir continued to 
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be concentrated on computer programming, consultancy, and related activities. Comparing Figures 
4 and 3, information service activities continued to be concentrated in Istanbul after 2020. 

 
Figure 4 LQ map of HKIS activities in Ankara, Istanbul, and Izmir (2021) 

6. Conclusion 

This study investigated the changes in the spatial agglomeration of HKIS before the COVID-19 
pandemic, during the implementation of measures to prevent its spread, and after the COVID-19 
pandemic, specifically in Ankara, Istanbul, and Izmir. 

There was agglomeration at the concentration level LQ > 1 in Izmir in the telecommunications 
sector in 2019. In 2020, COVID-19 pandemic measures caused agglomeration at the regional 
specialization level LQ > 1.25 in Izmir and agglomeration at the concentration level in Ankara. After 
the COVID-19 measures were implemented, Ankara and Izmir experienced agglomeration at the 
regional specialization level in the telecommunications sector. During and after the COVID-19 
measures period, the telecommunications sector agglomerated at the regional specialization level 
in Ankara and Izmir. Owing to the COVID-19 measures, in 2020, unlike in 2019, the concentration 
in Izmir fell below LQ < 1 in the information service activities sector; in Ankara and Istanbul NUTS-3 
regions, it exceeded LQ > 1, showing a change in agglomeration at the concentration level. In 2021, 
only information service activities resulted in an agglomeration at the concentration level in 
Istanbul, with the value of LQ > 1. The agglomeration in information service activities in Izmir before 
COVID-19 tended to concentrate in Istanbul after COVID-19 measures were implemented. Although 
all three cities experienced a concentration level of agglomeration in computer programming and 
consulting activities before the COVID-19 measures were implemented, in 2020, there was no 
change during the period of COVID-19 measures and the concentration level of agglomeration was 
maintained in these cities. However, in 2020, when COVID-19 measures were implemented, there 
was a decrease in the concentration levels of agglomeration in Ankara and Istanbul and an increase 
in Izmir compared with the period before COVID-19 measures were implemented. It can be argued 
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that COVID-19 measures caused a change in the trend of agglomeration in computer programming 
and consultancy activities toward Istanbul and Izmir. 

After the COVID-19 measures were removed, the LQ level in Ankara fell below 1 in 2021, and 
the agglomeration trend in Istanbul and Izmir, which was caused by the impact of COVID-19, 
continued. The trend of agglomeration at the regional specialization level in motion picture 
production, sound recording, music publishing, and programming and broadcasting activities 
before COVID-19 measures continued during the COVID-19 measures period (2020) and the 
renormalization period (2021). COVID-19 measures did not change the agglomeration of these two 
sectors at the regional specialization level in Istanbul but caused a decrease in their LQ levels. The 
agglomeration of scientific research and development activities was at the level of regional 
specialization in Ankara and Izmir in 2019 before the COVID-19 pandemic; however, in 2020, when 
COVID-19 measures were implemented, this led to an increase in the LQ value in Ankara and a 
decrease in Izmir, but agglomeration at the regional specialization level was found to continue in 
both cities. With the renormalization period in 2021, there was an increase in the LQ value in 
scientific research and development activities in Ankara and an increase in Izmir compared with 
2020, while the LQ value was lower than that in 2019. Moreover, COVID-19 further increased the 
agglomeration in scientific research and development activities in Ankara and decreased the 
agglomeration in Izmir compared with 2019 but caused the agglomeration trend to continue at the 
regional specialization level in both cities. 

The proportion of HKIS employees in Ankara, Istanbul, and Izmir compared with all of Türkiye 
was 71.65% in 2019; however, this rate increased to 79% in 2020, the period when the COVID-19 
measures were implemented. COVID-19 measures may have caused less labor force loss in 
metropolitan cities where clustering is observed, especially in Ankara, Istanbul, and Izmir, 
compared with other cities. In 2021, the post-measures period, the share of HKIS employees in 
Türkiye for the three cities was 78.68%, decreasing by 0.32% because of HKIS investments in other 
cities. In addition, it was concluded that the HKIS agglomeration trend increased in Ankara, Istanbul, 
and Izmir compared with before the COVID-19 pandemic. 

The literature review discussed in this study reports that HKIS activities mainly tend to 
agglomerate in metropolitan cities. The study showed that HKIS continued to agglomerate in the 
three metropolitan cities during and after the COVID-19 pandemic period. At this point, it can be 
argued that positive externalities are effective in reducing production costs through the 
agglomeration of HKIS in a city. In addition, economies of scope and scale may continue to 
agglomerate in cities because of competitiveness, variety, and improvement of specialization. 

The literature review in this study also emphasizes that LQ provides only statistical data, not 
information about spatial differences besides issues such as the quality of firms and employees or 
sectoral connections and competition. The concentration information of HKIS in Istanbul, Izmir, and 
Ankara was obtained in this study that investigated the effect of COVID-19 on the concentration of 
HKIS sub-sectors. According to the results of this study, detailed future research is required on the 
competitiveness levels of firms, production, market, and sectoral relations. Future studies should 
also examine why HKIS activities are concentrated in these regions to develop strategies for HKIS 
sub-sectors. The literature review revealed that HKIS were directly and indirectly affected by 
COVID-19. However, it can be argued that the ability of HKIS companies to use technological 
infrastructure and have the qualified labor force potential reduced the level of impact resulting 
from the COVID-19 pandemic. 

The COVID-19 pandemic and safety measures implemented to mitigate it have affected HKIS 
agglomeration. However, it was observed that the pandemic did not cause a major change in the 
concentration level of HKIS in the short term. In addition, the pandemic shifted the locations where 
HKIS activities were located.  COVID-19 also caused changes in the sectoral agglomeration among 
HKIS sub-sectors.  Trends for the 2020 and 2021 data indicate that the economic environment after 
the COVID-19 pandemic may continue to have an impact on service activities in the future. HKIS 
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activities are prone to be located mostly in big cities for various reasons such as spatial proximity 
with customers, production, industrial units, and infrastructure. This study, which also examined 
the changes in HKIS spatial agglomeration before, during, and after the COVID-19 measures 
concluded that they did not affect agglomeration trends in Ankara, Istanbul, and Izmir. The 
literature review emphasizes the tendency to work outside of the major metropolitan areas during 
and after the COVID-19 pandemic.  Based on the findings of this study, HKIS concentration may 
continue in metropolitan areas. HKIS firms which were also affected by the pandemic and its 
measures can most likely choose places in metropolitan areas in the future and use the positive 
effects of agglomeration. 
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