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Abstract 

Since 1978, when China instituted economic reforms, cities throughout the country have embraced 

skyscraper construction. Despite their importance, little is understood about what has been driving 

skyscraper heights and frequencies in China. This work explores the degree to which skyscraper 

construction patterns are the result of economic fundamentals, versus political factors and intercity 

competition. We find a strong economic rational across China, but we also find evidence of 

noneconomic factors. We show that incentives for political officials, such as career promotion, are 

helping to contribute to the growth in China’s skylines. We also find that small cities tend to 

overbuild skyscrapers. Spatial autoregression results further suggest some intercity competition, 

especially for those within the same tier. 
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1. Introduction 

Since 1978, when the Chinese government instituted its economic reforms, China has seen 

rapid economic and industrial development. Part and parcel with this growth has been the rise of 

China’s cities, where new skylines have risen. Table 1 shows that Chinese cities (including Hong 

Kong) comprise six out the top 20 cities around the world with the greatest number of skyscrapers. 

Unlike the United States where skyscraper construction dates back to the 1880s, China began 

building them starting only in the 1970s, embracing skyscrapers in a way that other countries have 

not. It is within this context that we explore the economics of skyscraper construction in China. 

While China’s building has been nothing short of spectacular, little, in fact, is known about what 

is driving their construction.  

 

{Table 1 about here: skyscraper cities around the world} 

 

In this paper, we aim to provide the first detailed econometric analysis of the underlying 

factors driving skyscraper heights and completion rates in China. Likely, one key driver is the 

major economic and demographic transitions taking place. In the last few decades, China has been 

undergoing rapid urbanization (Ren, 2013; World Bank, 2014). In 1979, about 17.6% of residents 

lived in urban areas in China; by 2014 that figure was about 54.4% (World Bank, 2015). As city 

populations swell, central locations become more valuable. As a result, developers have an 

incentive to more intensively develop the land (Brueckner, 2011). 

China’s unique political and governance structure appears to create several social and 

political incentives that promote skyscraper development, potentially complicating matters beyond 

the traditional economic fundamentals of supply and demand. Land allocation reforms in the 1980s, 

for example, separated land use rights and land ownership, which remains in the hands of local 

governments. They lease out the land use rights for fixed periods (usually around 70 years) to fund 

government operations and infrastructure investments; this process gives city officials significant 

control over land use and real estate construction (Glaeser et al., 2017; Chen and Kung, 2018). 

In addition, in the mid-1980s, the central government began to decentralize its fiscal system, 

devolving more responsibility for raising revenue to local governments (Lichtenberg and Ding 

2008, 2009; Li and Zhou 2005; Zhang, 2011). These reforms motivated local governments to find 

new strategies to pursue economic growth. Skyscrapers can be one tool among these strategies, as 

they increase public investment, encourage local business growth, and attract foreign investment. 
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Skyscraper construction may further increase land values nearby, thus enhancing possible future 

land-lease income. 

Furthermore, local government officials may derive professional and personal benefits 

from the building of skyscrapers. Local economic performance is one of the most important criteria 

when higher-level officials evaluate lower-level officials (Xu, 2011, Zhang, 2011; Yu, Zhou and 

Zhu, 2016). A prosperous local economy, signaled by tall buildings, might help government 

officials climb up the Communist Party hierarchy. As a large quasi-public work, skyscrapers may, 

in a more visible fashion, substitute other measures of economic performance in determining 

promotions (Cai, 2004; Guo, 2009; Kung and Chen, 2013). In addition, a stable source of “revenue 

projects” may reward government officials through legal or illegal ways such as work-related 

consumption, corruption, and/or fraud (Li and Zhou, 2005). 

Another important factor possibly affecting skyscraper construction is the building 

decisions of other cities. In this paper, we aim to test what we call the “competition hypothesis.” 

Skyscrapers can act as a way to advertise the city itself, the companies that occupy the buildings, 

the municipal officials that promote their construction, and/or the developers that build them 

(Helsley and Strange, 2008). In this case, Chinese cities would then be “strategic complements” in 

that they build more or build taller in direct response to what is taking place in other cities (Barr, 

2013).  

Within this context, however, is the supply issue. Building space across cities is, 

presumably, substitutable; as a result, if one city goes on a buildings spree, it will lower the price 

of building space and can potentially draw economic activity away from other cities—reducing 

their incentives for construction. As a result, Chinese cities might “negatively” respond to 

construction patterns in other cities by holding back on their high-rise construction if geographic 

or economic neighboring cities add significant quantities of building space. In this case, we would 

regard Chinese cities as “strategic substitutes.” One aim of this research is to test whether cities in 

China might be strategic complements or strategic substitutes. 

In summary, we explore the degree to which skyscraper construction patterns represent 

rational responses to the economic demand for tall buildings versus political and/or policy factors. 

To test these theories, we have collected a new panel data set on skyscraper construction in 72 

cities throughout China from 1980 to 2014. This data set includes nearly all 100-meter (323 feet) 
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buildings completed in mainland China (including Hong Kong).1 

Using this data set, we investigate the determinants of the number of skyscraper 

completions, the height of newly constructed buildings, and the probability of completing a very 

tall structure (buildings at least 600 feet/183 meters) in each city, each year. Our analysis also 

includes spatial autoregression (SAR) models, which aim to see how construction patterns across 

other Chinese cities influence construction patterns in a respective city, on average.  

As a preview of the results, we find that economic fundamentals (population and gross 

domestic products) are key drivers of China’s unprecedented skyscraper construction. This result 

provides evidence for a strong economic rationale behind China’s skyscraper growth. We also find 

a small city effect in that there is a u-shaped relationship between a city’s population and the 

number and heights of its buildings, suggesting smaller cities are eager to promote skyscrapers to 

distinguish themselves. 

Evidence for political factors is mixed. Municipal fiscal situations do not seem to matter, 

but we find there is a negative nonlinear correlation between the ages of municipal leaders and 

skyscraper construction. This suggests that younger leaders promote skyscrapers in order to 

advance their careers. While getting close to the end of their career, city leaders lose their 

motivation toward increasing city skylines. We also find a positive relationship between the 

number of corruption cases in a city and the number of skyscrapers, suggesting that more corrupt 

city officials may be promoting skyscrapers for their own personal gains. 

Regarding the competition hypothesis, the result suggests that across the whole country, 

China skyscrapers are strategic substitutes, which indicates that the net effect of China’s 

skyscraper construction is more firmly rooted in the fundamentals of supply and demand, since 

the market “punishes” those who overbuild for non-purely profit maximization purposes.  

However, we find evidence for regional competition for cities sharing similar economic and 

political characteristics. In China, cities are classified by a widely accepted hierarchical tier system 

and are divided into three tiers. We find that if two cities are in the same tier and have similar gross 

domestic products, they compete by building more and taller skyscrapers.  

The rest of the paper proceeds as follows. The next section discusses the relevant literature. 

Following that, Section 3, briefly discusses the history of skyscraper construction in China and 

                                                 
1
 Unfortunately, the sources that provide information on skyscrapers do not provide year of completion for about 10% 

of the buildings. Also, if a building is not reported on one of the several websites that we used to collect data, then we 

do not know of its existence. 
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some of the institutional factors that may drive cities to compete against each other. Section 4 

reviews the testable hypotheses regarding skyscraper construction in China. Section 5 discusses 

the data set and the ordinary least squares (OLS) regression results. Section 6 provides additional 

results from spatial autocorrelation models. Finally, Section 7 offers some concluding remarks. An 

Appendix provides more details on data sources and preparation, as well as additional regression 

results. 

 

2. Literature Review 

This paper is related to an emerging strand of literature studying the economics of 

skyscraper construction. For example, Helsley and Strange (2008) model skyscraper competition 

as a type of contest where developers seek to claim the prize of “tallest building.” As a result, they 

strategically add height above the profit-maximizing amount in order to attempt to win the contest. 

They thus provide a theoretical rational for why some buildings are economically too tall.  

Empirical evidence on the determinants of building heights mostly focuses on skyscrapers 

in the United States. Barr (2010; 2012) studies the case of New York. Barr (2010) investigates the 

time series of the number of skyscraper completions and the average heights of these completions 

from 1890 to 2004. Barr (2012) further investigates skyscraper height at the building level. Both 

papers document that, by and large, the market for skyscrapers in New York is best explained by 

economic fundamentals, such as the demand for height, the costs of providing this height, and 

zoning regulations. Using spatial autocorrelation regression models, Barr (2012) tests for strategic 

interaction among builders. He finds evidence for strategic interaction during boom periods; that 

is, the evidence supports the theory that when economic profits are high, builders are willing to 

dissipate some of these profits for the sake of standing out in the skyline.  

Barr (2013) investigates skyscraper competition between New York and Chicago from 

1890 to 2007. He finds evidence that builders in each of the two cities have positively responded 

to the height decisions of the others. In other words, the evidence supports the strategic 

complements theory.  

Finally, Ahlfeldt and McMillian (2018) model skyscraper construction from 1870 to 2010. 

They look at the relationship between building height and land values in Chicago and find that, by 

and large, building height is elastic to the rising cost of land. They also show that the elasticity is 

larger for commercial buildings than for residential buildings. 

While the above papers study the economics of skyscrapers in the United States, the 
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literature on skyscrapers in China is much more limited. To the best of our knowledge, there are 

only two papers studying the Chinese skyscraper market. The first is the research report by the 

Research Institute of Complex Engineering & Management (Lee et al., 2012) (which is written in 

Mandarin). This report discusses skyscrapers in China from different contexts—historical, 

economic, cultural, and construction engineering. They show a positive relationship between 

skyscraper construction and GDP and population at the province level but do not find inter-

province competition. Our paper is related to this report, but we provide a more systematic 

econometric analysis of skyscraper construction and focus on skyscraper construction patterns at 

the city level.  

A second paper by Li and Wang (2018) aims to investigate if there is excessive construction 

in Chinese skyscrapers. They find that small cities overbuilt after 2017. This finding is consistent 

with our finding that smaller cities are overbuilding, but our paper finds this phenomenon has 

existed since 1987. Also, while they use the height difference between the tallest and the 2nd or 3rd 

tallest building in a city as the evidence of skyscraper contest, we use a spatial model to test 

whether skyscraper competitions exist between cities. Furthermore, we contribute by studying the 

political and sociological factors behind skyscraper construction. 

 

3. Skyscrapers in China 

3.1 A Brief History of Skyscraper Construction in China  

In contrast to skyscraper cities in the United States, such as New York and Chicago, 

China’s skyscraper construction is relatively recent. In the United States, cities have been building 

skyscrapers since the end of the 19th century, while China’s construction has only begun in earnest 

since the reforms instituted in 1978. Since then, the country has been eager to build to new heights. 

The Guangzhou Baiyun Hotel (117 meters), built in 1976, was the first skyscraper in the 

mainland China. At that time, tall buildings were rarely built and were mainly used to service the 

needs of tourists and visitors. However, once China initiated industrialization and moved toward 

a market-based economy, the process of urbanization began in earnest and China began to build 

skyscrapers at a rapid pace.  

Starting in the late 1990s, especially after Hong Kong’s return, skyscrapers in China began 

to appear. Currently, China leads the world in skyscraper construction. For example, five of the 

world's ten tallest buildings are located in China (CTBUH, 2018). In 2017, 38 skyscrapers of 250 

meters (820 feet) or taller were completed in the world; of those, 66% were in China (CTBUH, 
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2018). 

Among all the skyscraper cities, Shanghai today is arguably China’s leader. Shanghai 

represents the Chinese government’s desire to promote the city as a leading financial and tourist 

hub: “Shanghai’s rise in an era of globalization is seen as a process of transforming a Third World 

city into a global city—a converging process toward the ‘favored few—New York, London, 

Tokyo—that have acquired large economic, cultural and symbolic roles’ ” (Wu, 2009).  

The key point is that the city and central government made a concerted effort to build 

Shanghai into an international city in order to attract foreign corporations and investment, as well 

as make Shanghai the country’s financial center (Wu, 2009; Brook, 2013). Its skyline is a direct 

result of this plan. The Jin Mao Tower (420 meters), completed in 1998 in Shanghai, was ranked 

as the third tallest building in the world at that time. In 2008, the skyline of Shanghai reached a 

new level with the topping out of the Shanghai World Financial Center (492 meters). As the 

world’s second tallest building, the Shanghai Tower (632 feet), finished in 2015, represents 

Shanghai’s ambition in increasing its global recognition.  

As the city with most skyscrapers worldwide, Hong Kong contributes greatly to skyscraper 

construction in China. Though Hong Kong had a more fully developed real estate market for much 

of the 20th century, it only truly embraced tall buildings in the mid-1970s, about two decades before 

the mainland. Its density and small land area have pushed it to build 1,352 skyscrapers, almost 

twice the number as in New York City (Emporis.com, 2018). The experience with skyscrapers in 

Hong Kong likely played an important role in developing the mainland by providing construction 

expertise, as well as capital.  

Another key feature of the growth of skylines across China is that they are not limited just 

to large cities like Shanghai or Hong Kong; rather, smaller cities have embraced skyscraper 

construction, as well. Some of them are on the coast and benefit either from trade or tourism. For 

example, Sanya, a third-tier city with ten skyscrapers is renowned for its tropical climate and has 

emerged as a popular tourist destination.  

More interestingly, as mentioned above, local governments may play important roles in 

building skyscrapers. This phenomenon can clearly be seen from cases of small skyscraper cities. 

For instance, Wuhu, a third-tier city in Anhui Province, released a land use rights auction 

announcement for a riverside lot in 2010, which required the structure to be taller than 200 meters 

(656 feet) (Wuhu Government, 2010). The developer who won the bid built a 273-meter (896-feet) 

skyscraper. As another example, the local government of Liuzhou in Guangxi Province announced 
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a plan in 2012 to encourage the construction of buildings taller than 150 meters to improve its 

skyline (Liuzhou Government, 2012).  

While local governments are still passionate about promoting skyscrapers, in February 

2016, the State Council of the Chinese central government issued a regulation named “Several 

Suggestions on Strengthening Urban Planning and Urban Management.” In this regulation, the 

state council points out that cities should strengthen the management of super-tall buildings. The 

report urged that new architecture in China should be applicable, economical, green and 

aesthetically pleasing instead of focusing only on the image it seeks to project. Whether these new 

regulations will affect skyscraper construction is still unclear, but the regulations suggest that the 

central government believes there are some problems due to the rapid pace of building. 

 

3.2 Skyscraper Construction Patterns across China: A Look at the Data 

Figures 1 – 5 demonstrate skyscraper construction patterns across China from 1970 to 2014. 

Figure 1 provides a map of the distribution of skyscrapers across China. From the map, we can see 

that the greatest concentration of skyscraper cities tends to be along the coast; there are three main 

clusters: around Beijing, around Shanghai, and in the Pearl River Delta.  

 

{Figure 1 about here: map of China} 

 

Figure 2 shows the total number of skyscraper completions (i.e., buildings at least 328 

feet/100 meters), including and excluding Hong Kong. The graph shows that, first, the market for 

skyscrapers in mainland China began in earnest in the mid-1980s but then saw a rapid “take-off” 

period starting around 1994. The number of skyscraper completions rose rapidly for about a 

decade, before peaking in the mid-2000s, followed by a steep drop between 2005 and 2010. Since 

then, skyscraper completions across the country have rebounded. 

 

{Figure 2 about here: completions over time} 

 

Figure 3 shows the height of the tallest building completed across the country over time, 

both including and excluding Hong Kong. Here, we see a pattern a bit different from in the 

completions graph. In short, starting from the mid-1980s, the tallest buildings in China have shown 

a steady upward trend. This contrasts with the United States, which has not seen an upward trend 
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in its tallest buildings over the same period (Barr, et al., 2015). 

 

{Figure 3 about here: heights over time} 

 

Similarly, despite a drop in skyscraper completions broadly, Figure 4 shows China’s 

continued eagerness with constructing supertall buildings. The figure shows the number of 650 

feet (198 meters; about 48 stories) or taller buildings completed between 1980 and 2014. Here, we 

see a steep and steady rise over time. 

 

{Figure 4 about here: number of 650 feet + buildings} 

 

Likely, a large part of the skyscraper market is rapid population growth of China’s cities. 

Figure 5 shows a scatter plot of the tallest building in each of the 59 Chinese cities versus its urban 

population (in logs). There is clearly a strong positive relationship. In fact, as a simple exercise, 

we regressed the height of the tallest building in each city as of 2013 (in levels) on each city’s 

population and its per capita gross domestic product (in logs); the results are given in Table 2. 

About 49% of the variation in the tallest building across cities can be explained by these two 

variables.  

 

{Figure 5 about here: scatter plot of heights versus population} 

 

{Table 2 about here:  Height of tallest building in 2013 vs. pop. and GDP} 

 

4. Hypotheses About China’s Skyscraper Construction 

As discussed above, there are several possible theories that might explain skyscraper 

construction patterns in China. Here, we itemize the different hypotheses and then, in the next 

section, we discuss the available data and the regression results, which aim to distinguish among 

the theories. We recognize that these theories are not necessarily mutually exclusive, but we aim 

to see if the data can suggest some as being more important than others. 

 

H1: Economic Fundamentals. The maintained hypothesis is that skyscraper construction patterns, 

both their frequencies and their heights, are a rational response to the underlying economic 
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climates in cities across China. The key point is that when rapid urbanization and demand for 

central locations are strong, the supply and demand forces for real estate will naturally generate 

high-rise buildings as the most efficient means to allocate urban land (Barr, 2010; Ahfeldt and 

McMillen, 2018). In China, as urban land becomes increasingly more valuable, Chinese officials 

have an incentive to increase its supply for economic development. Developers will offer high 

land-use rights bids and will supply skyscrapers as the profit-maximizing outcome. For this reason, 

we hypothesize that GDP and population are the main drivers of skyscraper construction. 

 

H2: Urban Advertising: This theory is that skyscrapers are a means to advertise the city in general. 

That is, skyscrapers are used to draw attention to a city in order to advertise its success and growth 

in a broad sense, independent or separate from the hypothesis described above. In particular, small 

cities might use skyscrapers as a means to stand out and draw attention to themselves (Lee et al., 

2012). Here, we are interested in seeing if there are systematic differences with respect to city size 

and the height of its skyscrapers, controlling for other factors that drive skyscraper heights. 

 

H3: Municipal Finances: As discussed above, since the mid-1980s, the Chinese central 

government has decentralized its fiscal system, devolving more responsibility from the central 

government to local governments for approving local investment decisions, allocating resources, 

and managing local economic growth. However, because the central government still keeps the 

lion’s share of tax revenue, it has caused local governments to seek external forms of revenue. 

Local governments might increase revenue from selling land-lease rights, as well as benefit from 

rising land values related to skyscraper construction. The revenue is then used for municipal 

expenditures. The Municipal Finances Theory is that municipal authorities promote skyscraper 

construction in order to raise revenue. In this paper, we hypothesize that cities with large 

government expenditure or with deficits will encourage skyscrapers as a way to get land revenues, 

either from sale of land use rights or indirectly by increasing land values nearby when skyscrapers 

are constructed.  

 

H4: Corruption of Public Officials: One issue frequently discussed in the media and academic 

literature is that municipal officials feel that they can engage with impunity in increasing their 

personal well-being by promoting large economic development projects. Commercial bribery has 

been regarded as the most prevalent in land transfers and construction (Zhu, 2012). Officials may 
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feel they can get bribes or other illegal perks by promoting real estate development in the process. 

This theory would suggest that developers build skyscrapers because they are incentivized to do 

so due to the private gains that public officials seek to obtain. We hypothesize that the number of 

skyscrapers built, and/or their heights, is positively associated with the number of corruption 

events in that city. 

 

H5: Career Promotion: Because of China’s one-party political system, municipal officials seeking 

employment promotion within the party or into the central government often have an incentive to 

engage in large-scale projects, which can raise the GDP growth rate and increase the chance of 

promotion (Wu et al., 2013). They might also enhance officials’ reputations and be seen as “getting 

things done.” Nevertheless, career promotion motivation highly depends on age. Specifically, city 

leaders usually take office in their late 40s or early 50s, eager to get a promotion before they retire 

at 60. The probability of promotion decreases sharply after passing a cut-off age, like 55 years old 

(Lee, Yu, and Zhou, 2016). Accordingly, we hypothesize that there is a nonlinear relationship 

between age of city leaders and skyscraper completion/height. Young city leaders have a strong 

motivation to encourage skyscrapers as a way to increase their promotion opportunities. The 

motivation decreases as they get older and at an increasing speed because career promotion 

opportunity decreases sharply after a certain age, and there is a long lag between when a project is 

conceived and its completion. 

 

H6: Rival Cities: The Rival Cities theory is that cities with some particular characteristics are 

directly competing against cities with similar characteristics in order to outshine them. For 

example, cities of similar size (populations or gross domestic products) may try to outdo each other 

in order to advertise their city relative to their rivals (Barr, 2013). That is to say, it might be the 

case that cities “positively respond” to the height decisions of other cities by building taller 

buildings than they would otherwise. If cities add height as a response to what its rival cities do, 

then this suggests that skyscraper height in China is a strategic complement. 

However, adding height just for the sake of beating out a rival is not without consequences. 

By adding extra height, it increases the supply of real estate and this could put downward pressure 

on prices, which, in turn, could make the project less profitable. In short, it is possible that the 

marketplace could “punish” those who add extra height for the sake of standing out. In the larger 

context, if adding height reduces the price of office or residential space, then it’s likely that rivals 
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could reduce the amount of skyscrapers space they add to the market so as to avoid losses. If, on 

average, one city reduces its building height as a response to increases in its rival’s height, then it 

means that skyscrapers in China are strategic substitutes (Barr, 2013). The goal is to test which 

property—strategic substitutability or complementarity—dominates across cities in China with 

respect to skyscrapers. 

 

5. The Data and Regression Results 

5.1. The Data 

We have constructed an (unbalanced) panel data set on skyscrapers and related economic 

and political variables to test the hypotheses discussed above. We give a brief account of the data 

here, but more details about sources and processing can be found in Appendix A. We first 

constructed a database of all recorded skyscraper completions in 74 cities in mainland China, Hong 

Kong, Macau, and Taiwan from multiple database websites including Emporis, Skyscraper Center, 

Skyscraper Page, Gaoloumi, and MotianCity. For each building in each city, we have the year of 

completion and the height (in meters).2 From this database, we then created several dependent 

variables. First is the number of skyscraper completions in each city each year; second is the height 

of the tallest building completed each year in each city, conditional on at least one skyscraper 

completion (i.e., height of tallest building if at least one skyscraper completion, zero otherwise); 

and third, a dependent variable that takes on the value of one if a 600 feet (183 meters, 45 stories 

on average) or taller building is constructed in a given city-year, zero otherwise, where 600 feet is 

our chosen cutoff for a tall skyscraper.3  

In order to test for the determinants of the height of tallest skyscrapers and the number of 

new skyscrapers, we collected a series of economic and political variables mostly from the Chinese 

Statistical Year Book. For our economic variables, we include the population of the municipal area, 

the city gross domestic product (GDP), and the consumer price index. We also include the fraction 

of GDP that comes from the service sector and the level of foreign direct investment (FDI). 

For political-economy variables, we have annual municipal government revenues and 

                                                 
2
 Note that in several cases different websites gave different years for completion. For this paper, we use year of 

completion as the average of the two years. Our investigations show that using the latest year, for example, does not 

appreciably affect the results. In addition, we do not have building use data. 
3
 The CTBUH defines a “supertall” building as one that is 300 meters (984 feet). The problem for us with using this 

definition, for example, is that we’d have too few observations. We choose 600 feet (183 meters) as a kind of comprise 

height—one that is sufficiently tall to be unusual, but not so unusual as to severely reduce the number of ones in the 

dependent variable.  
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expenditures, in constant US2010 dollars. From this we create a budget deficit dummy variable, 

which is one if expenditures are greater than revenues in a city-year, zero otherwise. In addition, 

we have measures of the average ages of the mayor and the secretary of municipal Party 

Committee.  

Since there is no complete database for the mayor and local Communist Party leaders, we 

built a new data set based on the data set used in Yu, Zhou and Zhu (2016) and includes the age 

and the year of taking and leaving office for mayors and Secretaries of CPC Municipal Committees 

of the included cities from 1978 to 2015. The Chinese officials data were collected manually from 

several related websites and the major source is www.baike.com, a large database that includes the 

biographies of Chinese government officials.  

We also have measures of the number of corruption cases brought against city officials. 

The data we use is discussed in Zhu (2012). The data set covers all the corruption cases disclosed 

by major Chinese newspapers between 1995 and 2007. We use this measure to test the Hypothesis 

3, whether skyscraper height and completion rates are positively associated with the number of 

reported corruption cases in each city. Since not all real estate related corruption cases will be 

disclosed in newspapers, we admit that this measure is an imperfect measure of corruption. For 

cities without observations, we assume that the corruption is light and is not influential in the 

decision to encourage skyscrapers.    

Finally, we collected data on the land area of each city, as well as the geographic 

coordinates (latitude and longitude at the city center). We also include the cumulative number of 

skyscrapers in each city for each year, which is determined by adding up the number of skyscrapers 

completed in a given year and all prior years (this is our estimate of the total skyscraper stock). 

Table 3 gives the descriptive statistics of the data used in this paper.  

 

{Table 3 about here: Descriptive Statistics} 

 

5.2. Empirical Results: Determinants of Skyscraper Construction Patterns 

Here, we present the empirical results of testing whether skyscraper construction patterns 

in China respond to economic, policy, political, or sociological factors. We are mainly interested 

in which hypothesized theories presented in Section 3 could explain the number of skyscraper 

completions, the height of the tallest new buildings, and the probability of building a tall skyscraper 

(buildings at least 600 feet/183 meters) in each city, each year. 
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Table 4 provides the results of skyscraper completions. Table 5 and Table 6 present the 

results of skyscraper height and the probability of building a tall structure, respectively. All 

specifications include a host of controls for time-varying city characteristics and city fixed effects. 

The independent variables are lagged one or two years to account for the times between 

groundbreaking and completion (Barr, 2010). In addition, all of the t-statistics in the table are based 

on standard errors clustered at the city level. Moreover, for ease of interpretation and to reduce 

possible multicollinearity, all the variables in the regression tables are standardized to have a mean 

of zero and standard deviation of one. 

 

5.2.1. Skyscraper Completions 

In Table 4, the dependent variable is the log of the total number of new skyscrapers 

completed each year in each city, i.e., ln(1+completions). Column (1) provides a relatively simple 

model, with population, population squared, GDP, the CPI, and year dummies. This model has a 

R2=0.52. In Column (2), we add additional economic variables including FDI and the fraction of 

gross domestic product that is generated by the service sector, but the two variables are statistically 

insignificant. City fixed effect is also included to control some time-invariant city factors.  

 

{Table 4 about here – Skyscraper counts regressions} 

 

Column (1) provides evidence for Hypothesis 1: Economic Fundamentals.  It shows that 

the basic economic variables explain a large fraction of the variation in the dependent variable, 

suggesting a strong economic rational to skyscraper construction across cities. Second, the 

coefficient is negative for population while positive for population squared, both statistically 

significant and robust across specifications. It indicates that the relationship between population 

and the number of new skyscrapers is u-shaped.  

In other words, we find that smaller cities and larger cities construct more skyscrapers than 

their middle-sized counterparts. This can be interpreted that smaller cities aim to use skyscrapers 

to stand out to draw attention to those cities. This result provides evidence to Hypothesis 2: Urban 

Advertising.  

We add several other control variables, including the cumulative number of completions 

to date in each city and the land area of the metropolitan region in Column (3). Contrary to what 

is expected, the cumulative number of completions variable is positive. We surmise that it might 
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be related to agglomeration effects or is capturing rapid urbanization taking place in cities across 

China. Land area does not seem to matter for skyscraper completions.  

Another interesting result is that we find a positive relationship between the CPI measure 

and skyscraper construction. We interpret this to be picking up the cost of housing prices. Given 

the affinity for Chinese households to invest in real estate rather than other savings vehicles, this 

positive relationship may be measuring the demand for housing (Glaeser et al., 2017), but we leave 

investigating this relationship for future work. 

To test Hypothesis 3: Municipal Finances, Column (3) includes government expenditures 

per capita and a dummy variable if the government runs a budget deficit in a given year or not. 

The idea is to test the theory that larger governments or governments with deficits will encourage 

skyscrapers as a way to get land revenues, either from the sale of land use rights or indirectly by 

increasing land values nearby when skyscrapers are constructed. We do not find any evidence of 

this hypothesis, as the coefficient estimates are not statistically significant. 

To test Hypothesis 4: Corruption of Public Officials and Hypothesis 5: Career Promotion, 

we add the average age of political leaders and corruption counts, respectively in Column (4) and 

(5). We do not find statistically significant coefficient for average age of officials. However, we 

find that the number of corruption cases is positively associated with the number of skyscrapers. 

This result is consistent with Zhu (2012) and Chen and Kung (2018) who document that corruption 

is serious and prevalent in the real estate development process from land transfer to construction 

in China. In Column (6), we add the lagged dependent variable as an additional control to see if 

there might be omitted variable bias. This variable has positive a coefficient and increase the R2 

but does not appreciably change the estimates of other variables. 

 

5.2.2 The Height of the New Tallest Building in the City 

Table 5 presents the results for skyscraper height. The dependent variable is the height of 

the tallest new building in each city, each year. In each of the regressions, we generally include 

the same set of control variables as the completions regressions. We also start from the simple 

regression with variables related to economic demand for skyscrapers in (1) and (2). We then add 

more control variables in column (3) to (6) to test different hypotheses. 

The impact of GDP and population are consistent with skyscraper completion regressions, 

but CPI seems to not be associated with the height of new skyscrapers. In Table A.3 of Appendix 

B, we also give the city fixed effect for cities included in regressions. The coefficient estimates for 
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these cities tell the relative differences in skyscraper construction patterns across cities. The higher 

the fixed effect coefficient, the more variation in the height which cannot be explained by the 

included supply and demand variables, but rather by some other city-specific factors. We can see 

that, among the top 10 cities that have the highest fixed effect, all cities except Shenzhen are small 

cities. It provides further evidence to Hypothesis 2: Urban Advertising and shows that smaller 

cities tend to build higher skyscrapers than expected. 

We further find that the cumulative number of completions variable is positively associated 

with skyscraper height. We surmise, again, that it might be related to agglomeration effects or is 

capturing rapid urbanization taking place in cities across China. It can also suggest evidence for 

skyscraper competition. The more recent skyscrapers completed, the higher the new skyscraper 

will be designed to avoid being surpassed (Helsley and Strange, 2008). To further test this 

hypothesis, we include the lag of the height of the tallest building in the country, called “Tallest in 

China,” to see if developers use that as a benchmark for their building heights, ceteris paribus. We 

do find that the height of the new tallest skyscraper has a positive response from this variable. 

 

{Table 5 about here: skyscraper height regressions} 

 

Regarding the political variables, municipal finance factors are still not significant. The 

number of corruption cases is statistically insignificant in most cases. However, we do find some 

evidence for Hypothesis 4: Career Promotion. In particular, we hypothesize that, due to the 

existence of mandatory retirement age within the Party (60 years old), after some age the 

opportunities to be promoted decreases sharply; therefore, young mayors might have a stronger 

motivation to promote skyscrapers in contrast to mayors who are close to the end of their career. 

The results presented in Column (5) show that the average age of a government leader is negatively 

associated with the height of the tallest new skyscraper (albeit statistically insignificant), and the 

square term of average has a significantly negative association with skyscraper height. It indicates 

that there is a nonlinear relationship between age and skyscraper height. As one gets close to 

retirement, the motivation to promote skyscrapers decreases at an increasing speed because city 

leaders lose their motivation to build skyscrapers as a way to increase the promotion opportunity.  

In addition, because there are many years in which there are no skyscrapers present for 

each city, we need to account for this “zeros problem” in order to properly estimate the 

determinants of skyscraper height across cities over time. To address this issue, in each regression 
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estimated by OLS, we include a dummy variable that takes on the value of one in the years in 

which at least one skyscraper was completed, zero otherwise (Barr, 2010). We also use a Heckman 

selection model and present the result in Column (7). Heckman sample selection model assumes 

that a completion represents a “selection” into the city. In this case, the procedure first estimates 

the probability of at least one skyscraper completion as a function of the first and second lag of a 

dummy variable that takes on one if at least one skyscraper was constructed in a particular city, 

zero otherwise. This probability variable is then used as a control variable (the first-stage 

regression is given in Appendix B). The results of Heckman selection model suggest, however, 

that we do not have a significant selection issue.  

 

5.2.3. The Probability of a 600-foot or Taller Building 

Finally, in Table 6, we present the results of probit regressions, where the dependent 

variable takes on the value of one if a building in a given city is 600 feet or taller, zero otherwise. 

We use the same set of variables as above. We also include the lag of each city’s tallest building. 

This allows us to test if within cities, building tall structures as a competitive response to what’s 

been constructed before. In other specifications (not shown), we included the lag of the tallest 

building in China, but the coefficients were not statistically significant. 

In general, we find similar results as above with coefficients of similar signs and 

magnitudes; though, in general we find less statistical significance for the estimates. We find the 

coefficients of GDP are positive. We find a u-shaped relationship between city population and no 

effects from the budget variables, FDI, or service sector growth. We see there is a negative 

relationship between age and tall building construction, after an age threshold. Lastly, we do not 

find evidence for corruption as a driver of very tall skyscrapers. 

 

{Table 6 about here —Probit Regressions} 

 

5.3. Summary of Results 

Above we have presented results from three dependent variables with multiple 

specifications for each one. Here, we take a step back and attempt to draw some conclusions from 

these various regressions.  The aim was to test several hypotheses about the nature of skyscraper 

construction across Chinese cities. The variables that we have included do not always present a 

clear picture, but we would like to draw some conclusions based on the results. We find relatively 
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strong support for Hypothesis 1; that is, skyscraper construction is a rational response to urban 

growth, as gross domestic product and city population can explain large variation of skyscraper 

construction and height.  

We also find evidence for Hypothesis 2: Urban Advertising. We see that smaller and larger 

cities seem to build more and taller structures than their middle-sized cities. This would suggest 

that smaller cities are concerned about economic growth and about possibly standing out to 

promote and advertise themselves. We also find some evidence to support the career promotion 

hypothesis and corruption hypotheses. The number of new skyscrapers built is positively 

associated with the number of corruption cases. In addition, younger leaders might increase city 

skyline in order to advance their careers, but the motivation decreases sharply if they get close to 

retirement age. 

We do not find evidence to support the municipal finance hypothesis. Budget-related 

variables are not significant in any specification. Finally, there is evidence for the height of China’s 

tallest building as having an effect on building height across cities. This result provides evidence 

for the Rival Cities Hypothesis (6). In the next section, we use spatial regressions to directly test 

the theory of inter-city competition. 

 

6. Skyscraper Strategic Interaction  

In this part, our goal is to test Hypothesis 6: Strategic Interaction. We hypothesize that 

skyscrapers are the outcome of cross-city competition. If Chinese cities of similar size try to outdo 

each other by adding height in order to advertise their city relative to their rivals, they are strategic 

complements (Barr, 2013). In contrast, if Chinese cities “negatively” respond to construction 

patterns in other cities by holding back on their high-rise, they are strategic substitutes. To test for 

strategic interaction across cities, we employ spatial autoregression models. Spatial models have 

been used as a way to investigate spatial competition (see, for example, Brueckner ,2003; 

Brueckner and Saavedra, 2001).  

We use the following spatial lag model,  

𝑦𝑖𝑡 = 𝛼 + 𝜆𝒘𝑖𝑡
′ 𝒚−𝑖𝑡 + 𝛾𝑦𝑛,𝑡−1 + 𝒙𝑖𝑡

′ 𝛽0 + 𝑑𝑖 + 𝜀𝑖𝑡,                                (1) 

𝑦𝑖𝑡 is the dependent variable in city i, year t, 𝒙𝑖𝑡 is a vector of exogenous control variables (lagged 

to account for construction lags); 𝛼 is a constant, 𝑦𝑛,𝑡−1 is the lagged dependent variable, 𝑑𝑖 is a 

city fixed effect; 𝜀𝑖𝑡 is a random error term. 𝒘𝒊𝒕 is a vectors of weights that specifies the closeness 

or connection between spatial units. The “diagonal elements” are set to zero, i.e.,  𝑤𝑖,𝑖,𝑡 = 0. We 
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also set the weights to reflect time-varying relationship between cities (as described below). 

Finally, 𝒘𝒊𝒕  is row-standardized to ensure that all the weights are between 0 and 1. 

Our test for strategic interaction is given by the estimate of the 𝜆 parameter in the spatial 

lag model. It measures the extent to which skyscraper construction in city 𝑖  is affected by 

skyscrapers in other Chinese cities, on average. If there is strategic interaction among cities, then 

𝜆 ≠ 0, in that the decisions of other cities, as expressed through 𝒚−𝑖𝑡 will impact 𝑦𝑖𝑡. If 𝜆 > 0, it 

suggests that sksycrapers are strategic complements, i.e., a city will increase its skyscraper 

construction as a positive response to rival cities. If 𝜆 < 0, it suggests that rival cities are strategic 

substitutes, in that a city reduces skyscraper construction when rivals increase theirs (Barr, 2010; 

Barr, 2013). 

In our spatial regression model, the spatial weight vector  𝒘𝒊𝒕 specifies which cities might 

be rivals. Geographic location might affect cities’ strategic relationship because being 

geographically neighboring cities means that they are more likely to compete for investment 

opportunities and other resources. Being the city with the tallest building in a specific region is 

also an important goal. For this reason, we begin with an investigation of the strategic interaction 

between cities based on their geographic closeness. There are two measures used for geographic 

closeness. The first is the inverse physical distance between cities 𝑖 and j. The second is whether 

two cities in different provinces share a border. Provincial competition in China has been found in 

prior literature such as Maskin et al. (2000). The goal here is to test whether skyscraper strategic 

interaction exists at a provincial level. In this case, we do not consider strategic interaction between 

cities within a province because several provinces have only one skyscraper city in our sample. 

The detailed definition of the weight vectors is given in Table 7. 

 

{Table 7 about here: weights definitions} 

 

Besides geographic location, similarity in economic development status might also be of 

importance. Empirical studies indicate that performance in fostering economic growth is a key to 

advancement for local officials in their political promotion (Head and Ries, 1996; Maskin et al., 

2000; Li and Zhou, 2005; Ding, 2009; Wu et al., 2013). Maskin et al. (2000) document that the 

change in provincial GDP growth rank is positively associated with the change in political status 

of provincial officials from 1976 to 1986. Yu, Zhou, and Zhu (2016) find that local government 

officials compete against each other in spurring total investment and boosting the growth of the 
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local economy. In this paper, we measure city economic status by GDP and city tier. The GDP 

similarity is measured by the inverse of GDP difference. As mentioned above, Chinese cities are 

divided into three hierarchical tiers. The tier is a comprehensive measure of city similarity, which 

considers economic, political, and other social factors. Cities within the same tier are frequently 

compared by the public and especially by the media. Accordingly, we hypothesize that cities in 

the same tier are more likely to compete with each other in building skyscrapers as a way to stand 

out. We treat two cities in the same tier as strategic competitors. 

Furthermore, we have considered weights based on the interaction of geographic and 

economic distance measures by looking at both GDP closeness and geographic closeness. In this 

case, if cities have similarity in economic development status, as well as geographic proximity, 

they are more likely to be relevant strategic competitors.  

Furthermore, we consider that skyscraper construction in one city is affected not only by 

that of its neighboring city in the same year, but also in prior years. For instance, a building 

completed in 2010 would potentially be affected by buildings completed within that same year as 

well as those completed prior to 2010, especially recent years like between 2005 and 2009. 

Because of this, for cities that are potential rivals, we generate the weight matrix based on the 

intersection of both a spatial weight definition and a time connection definition. By doing so, we 

allow the skyscraper construction patterns in one city to be affected by the historical pattern of its 

neighbors while the recent patterns are given more weight. 

  

6.1. Results 

Tables 8 and 9 present results for the spatial autocorrelation models for two dependent 

variables: ln(1+completions) and the tallest building completed each year. For ease of exposition, 

we only present the coefficient of the spatial autocorrelation parameter estimate, but the full 

regression results are given in Tables A.4 and A.5 in Appendix B. The results are estimated from 

the standard maximum likelihood estimation method (Anselin, 2013). Note that the estimation 

method requires the use of a balanced panel. For this reason, we only include observations from 

1987 to 2013 for cities that we had complete information (these cities are listed in Appendix A). 

LeSage and Pace (2009) discuss how to detangle direct and indirect effects in spatial models of 

control variables and they are presented in Appendix B (Tables A.6 and A.7). 

Table 8 presents the spatial regression results for skyscraper completions. In the first 

column, the weight matrix is built based on geographic distance. We find that across all of China 
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(using w1) there is a negative relationship between distance and skyscraper completions. This 

suggests that across the whole country, skyscrapers are strategic substitutes. The results again 

suggest a strong economic rationale to skyscraper construction across cities in that overbuilding 

across the country will have a dampening effect on the market. 

 

{Table 8 about here: SARs for completions counts} 

 

In Column (2), we investigate strategic interaction between cities in neighboring provinces, 

but we do not find a significant spatial coefficient. The results of cities with similar GDP per capita 

are presented in Column (3). The spatial coefficient is negative but not statistically different from 

zero. If we consider cities with similarity in both GDP and geographic distance, the spatial 

coefficient is not significantly different from zero.  

However, if we define strategic integration of peer cities based on their respective tiers, we 

get positive and significant spatial coefficient at the 0.01 significance level. It suggests that cities 

that are in the same tier compete to build more skyscrapers. The results show that cities choose 

same-tier cities as their key reference groups. Table 9 presents the result for strategic interaction 

for building height. We find something similar with heights of the tallest building. Cities are 

strategic substitutes across the country, but strategic complements for the same tier.  

 

{Table 9 about here: SAR for heights} 

 

In summary, this section investigated strategic interaction between Chinese cities with 

considering geographic distance and economic development status. We find that across the whole 

country, skyscraper cities are strategic substitutes; however, cities in the same tier, especially those 

having similar GDP, compete with each other in building more and taller skyscrapers.  

 

7. Conclusion 

Since 1978, when China instituted economic reforms, cities throughout the country have 

embraced skyscraper construction. In this paper, we explore the drivers behind this phenomenon. 

We investigate the extent to which skyscraper construction patterns represent rational responses 

to the demand for tall buildings versus social and political reasons. Our results suggest that 

economic fundamentals are a key driver of their construction, but political and social factors have 

 Electronic copy available at: https://ssrn.com/abstract=3293430 



22 

 

contributed, as well. We find evidence that the age of the city leaders is a determinant of skyscraper 

construction. We find there is a negative nonlinear correlation between the ages of municipal 

leaders and the height of skyline. Younger leaders appear to increase city skylines in order to 

advance their careers, but the motivation decreases sharply if they get close to retirement. We also 

find evidence that cities with more corruption build more skyscrapers on average. Across 

regressions, we see a u-shape relationship between city size and the height and frequency of 

skyscrapers. It provides evidence that small cities build skyscrapers to stand out and call attention 

to themselves. Furthermore, we document that the tallest completed height is positively related to 

the height of the tallest building in China. As well, the probability of a city building a very tall 

skyscraper is positively related to the height of its own current tallest building; again, suggesting 

that completed heights become benchmarks to “compete” against. Finally, spatial autoregression 

results suggest strategic substitutes across the whole country, but same-tier cities are involved in 

skyscraper competition.  
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Figures and Tables 

 

Figures 

 

Figure 1: Skyscraper Cities in China 

 

Note: Each triangle designates a city with at least one skyscraper (100 meters or taller) as of 2014.The darker the 

blue shade, the more skyscrapers are in that province. 
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Figure 2: Total number of skyscraper (100 meters or taller) completions in China from 1970 to 2014 

 

 

 

Figure 3: Height of tallest building (in feet) in China from 1970 to 2014 
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Figure 4: Number of 600 feet (183 meters or taller) buildings completed in China, 1980-2014 (including Hong 

Kong) 

 

 

Figure 5: Height of Tallest Building as of 2013 versus Regional Population for 59 Chinese Cities 
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Tables 

Table 1: Twenty Top Cities with the Largest Number of Skyscrapers (100 meters or taller), 

as of January 2016. 

Rank City Name Number of 

Skyscrapers 

Rank City Name Number of 

Skyscrapers 

1 Hong Kong 1,294 11 Singapore 179 

2 New York City 690 12 Seoul 163 

3 Tokyo 418 13 Bangkok 157 

4 Chicago 302 14 Osaka 151 

5 Dubai 268 15 Moscow 146 

6 Shanghai 254 16 Kuala Lumpur 131 

7 Toronto 239 17 Wuhan 126 

8 Guangzhou 229 18 Istanbul 119 

9 Shenzhen 217 19 Busan 118 

10 Chongqing 198 20 Mumbai 115 

Source: emporis.com 

 

 

Table 2: Height of a City’s Tallest Building as of 2013 versus Population and Gross 

Domestic Product for 59 Chinese Cities 

Dependent Variable: Height of the 

tallest building in 2013 

Ln(City Population) 308.4*** 

 (44.6) 

Ln(GDP per Capita) 260.4*** 

 (60.5) 

Constant -6342.0*** 

 (1008.9) 

R2 0.49 

Adj. R2 0.47 

Standard Errors below estimates. ***stat. sig. at 1% 

level. 

 Electronic copy available at: https://ssrn.com/abstract=3293430 
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Table 3: Descriptive Statistics 

Variable Mean S.D. Min. Med. Max. N 

Max height (feet) 561.95 226.08 328 495 2028 795 

New skyscrapers (number) 8.63 20.07 1 3 184 795 

Mean height (feet) 465.88 133.14 328 425 1137 795 

600 feet+ completed skyscraper 

dummy 

0.337 0.473 0 0 1 795 

Population of municipal area (mill.) 2.32 2.36 0.14 1.54 18.00 1957 

GDP ($B, 2010) 23.00 39.00 0.14 8.10 290.00 2218 

GDP per capita ($, 2010) 3974.9 5599.6 166.6 2072.6 76176.3 2137 

Consumer Price Index 0.62 0.32 0.11 0.76 1.18 2274 

Government Revenues ($B, 2010) 3.90 9.30 0.00 0.80 120.00 1665 

Government Expenditure ($B, 2010) 2.50 6.20 0.00 0.59 79.00 1750 

% value of service industry to GDP 39.66 13.66 9.9 38.8 93.76 1686 

Total corruption cases 0.637 1.427 0 0 14 1026 

Average age of city leaders 53.4 5.1 35 53 73 2408 

Land area (km2) 1819.2 2503.0 20 1101 29590 2014 

Latitude of City Center (degrees) 30.39 6.8 18.25 30.58 45.8 2812 

Longitude of City Center (degrees) 115.59 6.2 87.62 116.9 126.53 2812 

Note: See Appendix A for the data source and variable definitions. 
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Table 4: Determinants of Skyscraper Completion   

Dependent Variable: 𝐋𝐧(𝟏 + 𝐂𝐨𝐦𝐩𝐥𝐞𝐭𝐢𝐨𝐧𝐬 𝐂𝐨𝐮𝐧𝐭) 
 (1) (2) (3) (4) (5) (6) 

Ln(GDP𝑡−2) 0.588** 0.515** 0.480** 0.204 0.286 0.177 
 (0.0241) (0.208) (0.235) (0.211) (0.230) (0.193) 

Ln(POP𝑡−2) -5.204** -3.731** -3.928** -3.313** -3.120** -2.334** 
 (0.670) (1.239) (1.327) (1.175) (1.208) (1.091) 

Ln(POP𝑡−2)2 5.433** 3.718** 3.950** 3.411** 3.206** 2.405** 
 (0.691) (1.220) (1.320) (1.190) (1.176) (1.067) 

Ln(FDI𝑡−2)  0.0215 -0.00889 -0.0312 -0.00575 -0.00134 
  (0.0540) (0.0643) (0.0723) (0.0796) (0.0659) 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 

𝐺𝐷𝑃
%  -0.167* -0.164 -0.127 -0.179 -0.136 

  (0.0876) (0.101) (0.0998) (0.109) (0.0850) 

Ln(CPI𝑡−2)  0.845* 1.216** 1.142** 1.148** 0.859* 
  (0.457) (0.567) (0.514) (0.565) (0.479) 

Ln(𝐶𝑢𝑚𝑡−2)  0.264** 0.215** 0.241** 0.178* 0.0796 
  (0.0812) (0.0981) (0.0926) (0.102) (0.0804) 

Ln(Area𝑡−2)  0.0916 0.0672 0.0433 0.0276 0.0140 
  (0.0964) (0.0995) (0.105) (0.107) (0.0888) 

Ln(Gover Exp)𝑡−2   -0.0259 -0.0209 -0.0437 -0.0392 
   (0.139) (0.132) (0.132) (0.110) 

𝐵𝑢𝑑𝑔𝑒𝑡 𝐷𝑒𝑓𝑖𝑐𝑖𝑡 𝐷𝑢𝑚𝑚𝑦𝑡−2   0.0313 0.0307 0.0458 0.0296 
   (0.0370) (0.0378) (0.0409) (0.0318) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2    -0.0660 -0.0783 -0.0632 
    (0.0542) (0.0566) (0.0426) 

(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2)2    -0.00868 0.000925 0.00395 
    (0.0391) (0.0425) (0.0309) 

𝐶𝑜𝑟𝑟𝑢𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑠𝑒𝑠𝑡−2     0.0521** 0.0435** 
     (0.0214) (0.0167) 

Ln(Count𝑡−1)      0.295** 
      (0.0625) 

Constant 0.494** -1.713** -2.291** -1.900** -1.756** -1.399* 
 (0.00470) (0.737) (0.899) (0.805) (0.852) (0.742) 

Year Fixed Effect Yes Yes Yes Yes Yes Yes 

City Fixed Effect No Yes Yes Yes Yes Yes 

Nobs. 1824 1252 1075 1034 907 907 

𝐴𝑑𝑗. R2 0.487 0.626 0.631 0.622 0.624 0.654 

Note: All variables are in standard deviation units (i.e., mean zero and standard deviation of one). City-clustered standard errors 

provided below estimates. ***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table 5: Determinants of Skyscraper Height 

Dependent Variable: 𝐒𝐤𝐲𝐬𝐜𝐫𝐚𝐩𝐞𝐫 𝐇𝐞𝐢𝐠𝐡𝐭 (𝐟𝐞𝐞𝐭) 

 (1) (2) (3) (4) (5) (6) (7) 

Ln(GDP𝑡−2) 136.4** 118.9** 131.3** 117.4** 120.8** 131.2** 175.8** 
 (37.17) (42.11) (48.49) (47.35) (54.17) (54.68) (83.48) 

Ln(POP𝑡−2) -1272.2** -842.1** -792.9** -879.5** -865.4** -919.2** -1112.2** 
 (244.3) (306.3) (322.0) (333.9) (356.5) (362.9) (397.7) 

𝐿𝑛(𝑃𝑂𝑃)𝑡−2
2  1351.9** 881.7** 846.5** 938.2** 921.2** 976.6** 1171.1** 

 (254.0) (305.8) (315.5) (325.0) (342.8) (349.1) (394.2) 

Ln(CPI𝑡−2)  -7.762 -13.25 -9.079 -9.069 -9.530 -24.01 
  (13.48) (15.95) (15.86) (16.85) (17.24) (31.74) 

Ln(FDI𝑡−2)  -2.689 -2.702 -2.280 -4.007 -4.521 13.61 
  (14.45) (13.86) (13.65) (15.66) (15.73) (27.47) 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 

𝐺𝐷𝑃
% 

 -85.41 -101.4 -103.6 -101.3 -107.1 -248.9 

  (97.85) (117.5) (135.9) (147.2) (152.3) (213.1) 

Ln(𝐶𝑢𝑚𝑡−2)  45.06** 45.23** 41.19** 33.37* 34.66* 16.77 
  (17.21) (19.30) (16.71) (18.62) (18.85) (52.95) 

Ln(Area𝑡−2)  3.936 5.609 2.267 4.295 4.549 5.034 
  (13.85) (13.45) (14.60) (15.08) (15.17) (30.53) 

Ln(Tallest in China𝑡−2)  142.8 405.0 577.6* 571.9* 520.9* 35.18 
  (359.2) (249.9) (319.6) (315.3) (297.2) (115.0) 

Ln(Gover Exp)𝑡−2   6.716 8.937 11.51 10.61 27.80 
   (17.16) (17.31) (19.42) (20.30) (41.57) 

𝐵𝑢𝑑𝑔𝑒𝑡 𝐷𝑒𝑓𝑖𝑐𝑖𝑡 𝐷𝑢𝑚𝑚𝑦𝑡−2   -0.861 -0.920 -2.821 -2.640 -8.083 
   (6.470) (6.135) (7.277) (7.309) (10.01) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2    -9.365 -5.481 -5.746 -10.52 
    (7.272) (7.720) (7.899) (11.18) 

(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2)2    -14.70** -16.74** -16.95** -19.38** 
    (5.458) (5.719) (5.824) (8.024) 

𝐶𝑜𝑟𝑟𝑢𝑝𝑡𝑖𝑜𝑛𝑡−2     11.85 11.46 12.58* 
     (7.394) (7.238) (7.340) 

𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡𝑡−1      -0.0397** -0.102** 
      (0.0195) (0.0301) 

At Least One  484.3** 488.8** 489.9** 494.4** 494.6**  
  (10.76) (11.51) (12.40) (13.34) (13.22)  

Lambda       -24.368 
       (19.520) 

Constant 192.0** -33.50 -189.6 -170.1 -171.2 -153.4 704.6** 
 (14.33) (136.1) (122.9) (148.7) (164.6) (166.1) (333.8) 

Year Fixed Effect Yes Yes Yes Yes Yes Yes Yes 

City Fixed Effect No Yes Yes Yes Yes Yes Yes 

Nobs. 1824 1252 1075 1034 907 907 2362 

𝐴𝑑𝑗. R2 0.396 0.834 0.825 0.826 0.815 0.816  

Note: All variables are in standard deviation units (i.e., mean zero, and standard deviation of one.) City-clustered standard errors provided 

below estimates.  Equations (1)-(6) are estimated via OLS; Equation (7) is estimated using the Heckman sample selection model.  ***stat. 

sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table 6: Determinants of Building Supertall Skyscrapers 

Dependent Variable: Dummy variable=1 if the city builds a new skyscraper 600 feet+, 0 otherwise 

 (1) (2) (3) (4) (5) 

Ln(GDP𝑡−2) 0.116** 0.060* 0.048 0.009 0.011 
 (0.015) (0.034) (0.038) (0.045) (0.049) 

Ln(POP)𝑡−2 -0.429 0.021 -0.278 -0.185 -0.333 
 (0.381) (0.433) (0.429) (0.449) (0.493) 

𝐿𝑛(𝑃𝑂𝑃)𝑡−2
2  0.468 -0.005 0.289 0.206 0.348 

 (0.373) （0.430） (0.433) (0.451) (0.495) 

𝑇𝑎𝑙𝑙𝑒𝑠𝑡 𝑖𝑛 𝐶𝑖𝑡𝑦𝑡−2  0.00005*** 0.00006*** 0.00006*** 0.00008*** 
  (0.00002) (0.00002) (0.00002) (0.00002) 

Ln(FDI𝑡−2)  0.016 0.011 0.032 0.037 
  (0.022) (0.023) (0.024) (0.027) 

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 

𝐺𝐷𝑃
% 

 -0.009 
-0.019 -0.032 -0.040 

  (0.025) (0.023) (0.030) (0.032) 

Ln(CPI𝑡−2)  0.011 0.023 0.016 0.025 
  (0.023) (0.029) (0.031) (0.035) 

Ln(𝐶𝑢𝑚𝑡−2)  0.097*** 0.119*** 0.122*** 0.128*** 
  (0.028) (0.027) (0.028) (0.030) 

Ln(Area𝑡−2)  -0.002 0.002 0.018 0.024 
  (0.018) (0.020) (0.022) (0.025) 

Ln(Gov. Exp)𝑡−2   -0.017 0.009 0.004 
   (0.025) (0.042) (0.043) 

𝐵𝑢𝑑𝑔𝑒𝑡 𝐷𝑒𝑓𝑖𝑐𝑖𝑡 𝐷𝑢𝑚𝑚𝑦𝑡−2   -0.018* -0.016 -0.017* 
   （0.009） (0.009) (0.089) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2    -0.014 -0.013 
    (0.011) (0.013) 

(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑔𝑒𝑡−2)2    -0.006 -0.008 
    (0.006) (0.007) 

𝐶𝑜𝑟𝑟𝑢𝑝𝑡𝑖𝑜𝑛𝑡−2     0.002 

     (0.006) 

Nobs. 1824 1238 1075 1020 893 

Note: This table presents the results of a probit regression. All variables are in standard deviation units (i.e., mean zero, and standard 

deviation of one) and the marginal effect of each variable is presented. Robust standard errors provided below estimates. ***stat. sig. 

at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table 7: Weights formulas for the spatial autoregression models 

  

Distance 

Measure 

Weights formula Notes 

Geographic 

Distance 
𝑤𝑖𝑗 =

1

𝑑𝑖𝑗

 
𝑑𝑖𝑗  is the geographic distance between city 𝑖 and j. 

 

Province 

Neighbor 
𝑤𝑖𝑗 = {

1, 𝑖, 𝑗 ∈ 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑖𝑛𝑔 𝑝𝑟𝑜𝑣𝑖𝑛𝑐𝑒𝑠
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 
If city i and j are in two provinces which share the 

border, 𝑤𝑖𝑗=1, 0 otherwise. 

GDP 

Difference 
𝑤𝑖𝑗𝑡 =

1

|𝐺𝐷𝑃 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖 𝑎𝑛𝑑 𝑗 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡|
 

The closeness between city i and j are measured by 

the inverse of the absolute value of GDP. 

GDP 

Difference 

and 

Geographic 

Distance 

𝑤𝑖𝑗𝑡

=
1

|𝐺𝐷𝑃 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖 𝑎𝑛𝑑 𝑗 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡|

×
1

|𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑖 𝑎𝑛𝑑 𝑗 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡|
 

The closeness between city i and j are measured by 

the inverse of the absolute value of GDP multiplied 

by the inverse geographic distance.  

Same Tier 
𝑤𝑖𝑗 = {

1, 𝑖, 𝑗 𝑎𝑟𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 𝑡𝑖𝑒𝑟
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 
If city i and j are in the same tier, 𝑤𝑖𝑗=1, 0 

otherwise. 

Note: In each case, we multiply each weight by 𝑒𝑥𝑝(−|𝑡 − (𝑡 − 𝑛)|), t- (t-n), for n≥0, is the year “distance.” Note the year 

distance=0 if a year for city j is after the year in city i. 
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Table 9: Strategic Interaction Between Skyscraper Cities in China (1987-2013) 

The Dependent Variable: The height of new tallest skyscraper of city i in year t 

𝑌𝑛 = 𝜆𝑊𝑌𝑛 + γ0𝑌𝑛,𝑡−1 + 𝛽𝑋𝑛 + 𝜖𝑛 (MLE) 

Weight W1 W2 W3 W4 W5 

Weight 

Description 

Geographic 

Closeness 

Province 

Neighbor 
GDP Similarity 

GDP Similarity 

and Geographic 

Closeness 

Same City Tier  

𝜆 (spatial lag) -0.264** -0.070 -0.048* -0.043* 0.113* 

 (0.012) (0.048) (0.029) (0.027) (0.078) 

𝛾 (lag. dep. var.) -0.014 -0.015 -0.014 -0.014 -0.016 

 (0.015) (0.015) (0.015) (0.015) (0.015) 

City Fixed Effect Yes Yes Yes Yes Yes 

Time Fixed Effect Yes Yes Yes Yes Yes 
Note: This table presents the results of the spatial lag and lag parameters only. All variables are in standard deviation units (i.e., mean 

zero, and standard deviation of one). Standard errors provided below estimates. ***stat. sig. at 1% level. **stat. sig. at 5% level; *stat. 

sig. at 10% level. Full regression results given in Appendix B. 

 

 

  Table 8: Strategic Interaction Between Skyscraper Cities in China (1987-2013) 

The Dependent Variable: Ln(1+number of new skyscraper of city i in year t)  
Weight W1 W2 W3 W4 W5 

Weight Description 
Geographic 

Distance 

Province 

Neighbor 

GDP 

Difference 

GDP and Geographic 

Distance 
Same City Tier  

𝜆 (spatial lag) -0.703*** -0.087 -0.013 -0.042 0.241*** 

 (0.148) (0.072) (0.039) (0.037) (0.071) 

𝛾 (lag. dep. var.) 0.270*** 0.283*** 0.283*** 0.284*** 0.270*** 

 (0.026) (0.026) (0.026) (0.026) (0.027) 

City Fixed Effect Yes Yes Yes Yes Yes 

Time Fixed Effect Yes Yes Yes Yes Yes 
Note: This table presents the results of the spatial lag and lag parameters only. All variables are in standard deviation units (i.e., 

standardize to mean zero, and standard deviation of one). Standard errors provided below estimates. ***stat. sig. at 1% level; **stat. 

sig. at 5% level; *stat. sig. at 10% level. Full regression results given in Appendix B. 
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Appendix 

Appendix A: Data Sources and Preparation 

1. Skyscraper data 

- Maximum Height of skyscrapers in city, Maximum of new skyscrapers and New Skyscraper 

number were found from 5 websites including http://www.emporis.com, 

http://top.gaoloumi.com/motian.php, http://www.Skyscraperpage.com, 

http://top.gaoloumi.com/motian.php, http://www.motiancity.com/2012/ 

- Cum: The cumulative number of skyscrapers in each city for each year, which is determined by 

adding up the number of skyscrapers completed in a given year and all prior years (this is our 

estimate of the total skyscraper stock). 

-Tallest in China/City, the height of the tallest building in China /the city studied. 

 

2. City level economic data 

- Population in the municipal area, Year-end Population of municipal district of one city 

(Population in rural area and in counties that belongs to the city is not included.) 

- GDP, Gross Domestic Product (2010 constant US$) 

- GDP per capital, Gross Domestic Product divided by population (2010 constant US$) 

- CPI, Consumer Price Index each city, each year. 

-Government expenditure, Local Government Expenditure (2010 constant US$) 

- Budget Deficit: dummy variable, which is one if expenditures are greater than revenues in a city-

year, zero otherwise. 

- Government revenue, Local Government Revenue (2010 constant US$) 

- Employment in the service industry, Total Employment in Service industry. 

- The rate of contribution of service industry to total GDP, The proportion of value-added of the 

service industry to GDP (municipal district) 

- Land area: Land area in the municipal area. The land area in the municipal area of a city. 

All of city-level economic data are panel data collected from Chinese Statistical Year Book. 

 

3. Corruption data 

The number of corruption cases brought against city officials data is collected by Guang Zhang, 

Xiamen University. The data set covers all the corruption cases disclosed by major Chinese 

newspapers between 1995 and 2007. The data has been discussed in Zhu (2012). We appreciate 

Zhu and Zhang for sharing the dataset. 

 

4. Age of city leader 

The original dataset of the age of city leaders is from Yu, Zhou, and Zhu (2016). They include the 

age and the year of taking and leaving office for mayors and Secretaries of CPC Municipal 

Committees of the included cities between 2000 to 2005. We extend the dataset from 1978 to 2015. 

The Chinese officials’ data were collected manually from several related websites and the major 

source is www.baike.com, a large data base that includes the biographies of Chinese government 

officials. We appreciate Yu, Zhou, and Zhu for sharing their dataset. 
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Table A.1: Cities Included in the Sample for Spatial Regression 

ID City ID City ID City 

1 Baoding 19 Kunming 37 Shijiazhuang 

2 Beijing 20 Lanzhou 39 Suzhou 

3 Changsha 21 Liuzhou 41 Taiyuan 

4 Changzhou 22 Luoyang 43 Tianjin 

5 Chengdu 23 Mianyang 45 Urumchi 

6 Chongqing 24 Nanchang 47 Weihai 

7 Dalian 25 Nanjing 49 Wenzhou 

8 Dongguan 26 Nanning 51 Wuhan 

9 Foshan 27 Nantong 53 Wuxi 

10 Fuzhou 28 Ningbo 55 Xiamen 

11 Guangzhou 29 Qingdao 57 Xian 

12 Guiyang 30 Quanzhou 59 Yantai 

13 Haerbin 31 Sanya 61 Zhaoqing 

14 Haikou 32 Shanghai 63 Zhengzhou 

15 Hangzhou 33 Shantou 65 Zhongshan 

16 Hefei 34 Shaoxing 67 Zhuhai 

17 Huizhou 35 Shenyang 69 Zibo 

18 Jinan 36 Shenzhen   
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Appendix B: Additional Regression Results 

Table A.2.: Determinants of the Height of 

the Tallest New Skyscrapers 

(First Stage of Heckman Model) 

Dependent Variable: 𝐀𝐭 𝐥𝐞𝐚𝐬𝐭 𝐨𝐧𝐞 

skyscraper 

 Heckman 

 

𝐀𝐭 𝐥𝐞𝐚𝐬𝐭 𝐨𝐧𝐞𝒕−𝟏   

 

 

1.195*** 
(0.060) 

  

𝐀𝐭 𝐥𝐞𝐚𝐬𝐭 𝐨𝐧𝐞𝒕−𝟐 1.068*** 

 (0.096) 

Constant -1.667*** 

 (0.075) 

Ρ -0.147 

 (0.117) 

Σ 165.174 

 (14.029) 

Λ -24.368 
 (19.520) 

Wald test of  ρ=0  

χ2=1.54  

Prob >  χ2 = 0.2150  

Standard errors below estimates. ***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table A.3: Cities Fixed Effects for Tallest Completed Building Each Year 

FE 

Rank City 

Pop.  

2013  

(M) 

GDP 

2013  

($B) 

Relative 

Fixed 

Effect 

FE 

Rank City 

Pop. 

2013 

(M) 

GDP 

2013 

($B) 

Relative  

Fixed  

Effect 

1 Sanya 0.58 4.9 61 33 Nanjing 6.43 106 -32.5 

2 Wuhu 1.36 28 39.1 34 Yantai 1.82 76 -36.6 

3 Beihai 0.64 9.6 32.8 35 Taiyuan 2.85 32.1 -37.5 

4 Haikou 1.63 11.9 22.3 36 Fuzhou 1.95 62.9 -39.3 

5 Zhaoqing 0.55 22 16 37 Zhengzhou 5.17 82.7 -41.8 

6 Huizhou 1.39 35.9 9.3 38 Guangzhou 6.87 204 -44 

7 Mianyang 1.25 1 2.6 39 Zibo 2.82 51.4 -44.6 

8 Liuzhou 1.16 26.4 1.9 40 Foshan 3.82 93.3 -48.8 

9 Shenzhen 3.1 192 1.1 41 Wuxi 2.43 108 -49.7 

10 Zhongshan 1.54 35.6 -0.6 42 Kunming 2.75 45.2 -50.6 

11 Macau 0.61 40 -1.6 43 Shijiazhuang 2.52 64.4 -56.5 

12 Yichang 1.27 36.3 -8 44 Ningbo 2.28 96.2 -57.6 

13 Baoding 1.09 1 -9.1 45 Changsha 2.99 95.5 -58.6 

14 Zhuhai 1.09 22.2 -10 46 Suzhou 3.33 174 -60.1 

15 Weihai 0.66 34.5 -10.8 47 Qingdao 3.66 108 -65.2 

16 Shaoxing 2.17 53.4 -12.7 48 Hangzhou 4.51 112 -69.1 

17 Jiangmen 2.2 27 -14.4 49 Changchun 3.64 66.4 -71.3 

18 Nantong 2.12 67.7 -14.9 50 Dalian 3.01 101 -71.4 

19 Huaian 2.87 29.1 -16.6 51 Jinan 3.55 70.3 -72.2 

20 Urumchi 2.57 29.1 -16.6 52 Xian 5.81 64.7 -73.7 

21 Luoyang 1.93 41.4 -20.5 53 Haerbin 4.74 66.6 -73.9 

22 Changzhou 2.32 58.6 -21.7 54 Wuhan 5.13 120 -79.6 

23 Guiyang 2.28 27.6 -22.3 55 Hong Kong 7.22 241 -84.4 

24 Nanning 2.8 36.8 -24.6 56 Shanghai 13.64 288 -85.4 

25 Hefei 2.41 62.2 -24.9 57 Tianjin 8.22 191 -88.7 

26 Shantou 5.33 20.9 -25.2 58 Shenyang 5.25 95.1 -96.3 

27 Quanzhou 1.05 69.6 -26.2 59 Chongqing 17.87 169 -97.8 

28 Xiamen 1.97 40.6 -26.2 60 Chengdu 5.65 121 -98.1 

29 Wenzhou 1.51 53.5 -26.7 61 Beijing 12.45 256 -146.9 

30 Nanchang 2.26 44.6 -29 
     

31 Lanzhou 2.47 23.5 -31.7 
     

32 Dongguan 1.89 73.7 -32.3 
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Table A.4: Strategic Interaction Between Skyscraper Cities in China (1987-2013). 

The Dependent Variable: Log (1+ skyscraper completions in city i in year t)  

Weight W1 W2 W3 W4 W5 

Weight Description 
Geographic 

Distance 

Province 

Neighbor 
GDP Difference 

GDP and 

Geographic 

Distance 

Same City Tier  

W𝑦 -0.703*** -0.087 -0.013 -0.042 0.241*** 

 (0.148) (0.072) (0.039) (0.037) (0.071) 

𝑦𝑡−1 0.270*** 0.283*** 0.283*** 0.284*** 0.270*** 

 (0.026) (0.026) (0.026) (0.026) (0.027) 

Ln(GDP𝑡−2) 0.027 0.061 0.064 0.061 0.032 

 (0.076) (0.076) (0.076) (0.076) (0.078) 

Ln(POP𝑡−2) -2.523*** -2.485*** -2.432*** -2.433*** -2.024** 

 (0.784) (0.793) (0.794) (0.793) (0.800) 

Ln(POP𝑡−2)2 0.092*** 0.091*** 0.090*** 0.090*** 0.075*** 

 (0.028) (0.028) (0.028) (0.028) (0.028) 

Ln(CPI𝑡−2) 1.171*** 1.000*** 0.977*** 0.985*** 0.802** 

 (0.352) (0.354) (0.353) (0.353) (0.354) 

Ln(𝐶𝑢𝑚𝑡−2) 0.119*** 0.135*** 0.133*** 0.131*** 0.111*** 

 (0.030) (0.030) (0.030) (0.030) (0.031) 

Constant 19.268*** 18.439*** 17.979*** 18.041*** 14.954*** 

 (5.398) (5.483) (5.465) (5.458) (5.522) 

City Fixed Effect Yes Yes Yes Yes Yes 

Time Fixed Effect Yes Yes Yes Yes Yes 

Note: This table presents the results of the spatial lag model to study city competition in regard to the number of new skyscrapers. All 

variables are in standard deviation units (i.e., standardize to mean zero, and standard deviation of one). Standard errors provided below 

estimates. ***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table A.5: Strategic Interaction Between Skyscraper Cities in China (1987-2013). 

Dependent Variable: The height of the tallest new skyscraper of city i in year t 

Weight W1 W2 W3 W4 W5 

Weight Description 
Geographic 

Closeness 

Province 

Neighbor 
GDP Similarity 

GDP Similarity 

and Geographic 

Closeness 

Same City Tier  

W𝑦 -0.264** -0.070 -0.048* -0.043* 0.113* 

 (0.012) (0.048) (0.029) (0.027) (0.078) 

𝑦𝑡−1 -0.014 -0.015 -0.014 -0.014 -0.016 

 (0.015) (0.015) (0.015) (0.015) (0.015) 

Ln(GDP𝑡−2) 52.823*** 55.957*** 52.823*** 54.908*** 49.640*** 

 (15.261) (17.354) (17.354) (17.357) (17.541) 

Ln(POP𝑡−2) -882.44*** -885.583*** -863.24*** -882.44*** -833.239*** 

 (126.106) (179.681) (179.758) (179.553) (180.112) 

Ln(POP𝑡−2)2 32.895*** 32.903*** 32.090*** 32.555*** 31.047*** 

 (32.895) (6.380) (6.382) (6.375) (6.395) 

Ln(CPI𝑡−2) 9.620 -7.974 -8.659 -6.140 -26.412 

 (24.9638) (80.091) (80.028) (80.040) (80.627) 

Ln(𝐶𝑢𝑚𝑡−2) 23.269*** 25.766*** 25.539*** 25.200*** 21.483*** 

 (6.215) (6.618) (6.618) (6.629) (6.972) 

At Least One 476.658*** 476.846*** 476.478*** 476.552*** 477.568*** 

 (8.509) (8.552) (8.555) (8.558) (8.542) 

Constant 5592.995*** 5585.621*** 5433.753*** 5524.036*** 5189.17*** 

 (890.808) (1236.171) (1236.633) (1235.428) (1240.519) 

City Fixed Effect Yes Yes Yes Yes Yes 

Time Fixed Effect Yes Yes Yes Yes Yes 

Note: This table presents the results of the spatial lag model to study city competition in regard to the height of new skyscrapers. All 

variables are in standard deviation units (i.e., mean zero, and standard deviation of one). Standard errors provided below estimates. 

***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table A.6: Average Direct Effect, Indirect Effect and Total Effect (SAR) 

Dependent Variable: Ln(1+Skyscraper Completions) 

 W1: Geographic Closeness W2: Province Neighbors W3: GDP Similarity 

Variable Direct Indirect Total Direct Indirect Total Direct Indirect Total 

Ln(GDP𝑡−2) 0.027 -0.011 0.016 0.061 -0.005 0.056 0.064 -0.001 0.063 

 (0.737) (0.751) (0.731) (0.416) (0.589) (0.420) (0.306) (0.766) (0.308) 

Ln(POP𝑡−2) -2.542*** 1.061*** -1.481*** -2.485*** 0.200 -2.285*** -2.432*** 0.031 -2.401*** 

 (0.002) (0.003) (0.002) (0.001) (0.308) (0.002) (0.002) (0.682) (0.002) 

Ln(POP𝑡−2)2 0.093*** -0.039*** 0.054*** 0.091*** -0.007 0.084*** 0.090*** -0.001 0.088*** 

 (0.001) (0.002) (0.002) (0.001) (0.305) (0.001) (0.002) (0.681) (0.002) 

Ln(CPI𝑡−2) 1.180*** -0.493*** 0.687*** 1.000*** -0.081 0.920** 0.977*** -0.012 0.964*** 

 (0.001) (0.003) (0.000) (0.009) (0.333) (0.010) (0.007) (0.685) (0.007) 

Ln(𝐶𝑢𝑚𝑡−2) 0.120*** -0.050*** 0.070*** 0.134*** -0.011 0.124*** 0.133*** -0.002 0.131*** 

 (0.000) (0.001) (0.000) (0.000) (0.301) (0.000) (0.000) (0.692) (0.000) 

 

 W4: GDP Similarity x Geographic Closeness W5: Same Tier 

Variable Direct Direct Direct Direct Indirect Total 

Ln(GDP𝑡−2) 0.061 -0.002 0.058 0.032 0.010 0.355 

 (0.402) (0.563) (0.401) (0.662) (0.714) (0.662) 

Ln(POP𝑡−2) -2.433*** 0.098 -2.335*** -2.028*** -0.639*** -2.667*** 

 (0.007) (0.390) (0.006) (0.004) (0.004) (0.003) 

Ln(POP𝑡−2)2 0.090*** -0.004 0.086*** 0.075*** 0.023*** 0.099*** 

 (0.005) (0.387) (0.005) (0.002) (0.002) (0.002) 

Ln(CPI𝑡−2) 0.986** -0.040 0.946** 0.804*** 0.253*** 1.056** 

 (0.012) (0.448) (0.011) (0.017) (0.007) (0.017) 

Ln(𝐶𝑢𝑚𝑡−2) 0.131*** -0.005 0.126*** 0.111*** 0.035*** 0.146*** 

 (0.000) (0.358) (0.000) (0.000) (0.029) (0.000) 

Note：This table presents the direct, indirect, and total effect of independent variables in the spatial lag model to study city competition in 

regard to the number of new skyscrapers. All variables are in standard deviation units (i.e., standardize to mean zero, and standard deviation 

of one). Simulated p-value provided below estimates. ***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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Table A.7: Average Direct Effect, Indirect Effect and Total Effect (SAR) 

Dependent Variable: The Height of the Tallest New Skyscrapers 

 W1: Geographic Closeness W2: Province Neighbors W3: GDP Similarity 

Variable Direct Indirect Total Direct Indirect Total Direct Indirect Total 

Ln(GDP𝑡−2) 52.886*** -11.081** 41.805*** 55.970*** -3.686 52.284*** 55.131*** -2.531 52.599*** 

 (0.002) (0.046) (0.003) (0.000) (0.155) (0.000) (0.002) (0.134) (0.002) 

Ln(POP𝑡−2) -883.501*** 185.122** -698.379*** -885.793*** 58.333 -827.459*** -863.410*** 39.642* -823.768*** 

 (0.000) (0.017) (0.000) (0.000) (0.136) (0.000) (0.000) (0.077) (0.000) 

Ln(POP𝑡−2)2 32.935*** -6.901** 26.034*** 32.911*** -2.167 30.743*** 32.097*** -1.473* 30.623*** 

 (0.000) (0.017) (0.000) (0.000) (0.134) (0.000) (0.000) (0.075) (0.000) 

Ln(CPI𝑡−2) 9.632 -2.018 -7.614 -7.976 -0.525 -7.450 -8.661 -0.398 -8.263 

 (0.955) (0.946) (0.959) (0.888) (0.900) (0.888) (0.966) (0.974) (0.962) 

Ln(𝐶𝑢𝑚𝑡−2) 23.297*** -4.881** 18.415*** 25.773*** -1.697 24.075*** 25.545*** -1.173 24.371*** 

 (0.001) (0.041) (0.002) (0.000) (0.135) (0.000) (0.000) (0.097) (0.000) 

 

 

 

 

 W4: GDP Similarity x Geographic Closeness W5: Same Tier  

Variable Direct Indirect Total Direct Indirect Total 

Ln(GDP𝑡−2) 54.917*** -2.284** 52.632*** 49.657*** 6.313 55.971*** 

 (0.003) (0.046) (0.004) (0.004) (0.126) (0.005) 

Ln(POP𝑡−2) -876.003*** 36.441 -839.562*** -833.538*** 105.973* -939.512*** 

 (0.000) (0.176) (0.000) (0.000) (0.087) (0.000) 

Ln(POP𝑡−2)2 32.561*** -1.354 31.206*** 31.058*** 3.949** 35.006*** 

 (0.000) (0.175) (0.000) (0.000) (0.084) (0.000) 

Ln(CPI𝑡−2) -6.141 0.255 -5.885 -26.422 -3.359 -29.781 

 (0.924) (0.936) (0.924) (0.675) (0.636) (0.665) 

Ln(𝐶𝑢𝑚𝑡−2) 25.205*** -1.048** 24.156*** 21.491*** 2.732 24.223*** 

 (0.000) (0.176) (0.000) (0.001) (0.108) (0.000) 

Note: This table presents the direct, indirect, and total effect of independent variables in the results of the spatial lag model to study city 

competition in regard to height of new skyscrapers. All variables are in standard deviation units (i.e., mean zero, and standard deviation of 

one). Simulated p-value provided below estimates. ***stat. sig. at 1% level; **stat. sig. at 5% level; *stat. sig. at 10% level. 
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