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Abstract 

 
Online platforms based on troves of data and digital technologies have revolutionized and disrupted the 
industry sectors. This paper presents a new method, centering on organizational capital, to examine how 
the entry of an online platform, a new data-driven business innovation, affects an existing firm’s value of 
organizational capital and investment in organizational capital. An online platform’s key disruption in its 
sector is traditional firms’ knowledge derived from their relatively limited amounts of data. This disruption 
can hence be measured by a firm’s organizational capital, the accumulated information of the firm. The 
approach is supported by our finding that the organization capital of dominant online platforms is highly 
correlated with rising global data flow, the first empirical evidence that successfully links the explosive 
global data flow to an economic value. Moreover, we also find that when the global data flow increases by 
five folds, Big Tech’s organizational capital stock doubles. The major findings based on the firm-level data 
of the U.S. hospitality and the transportation industries during the period of 2002 to 2018 are as follows. 
When an online platform enters the industry, the existing incumbents with a lower degree of digital 
transformation have a higher depreciation rate of organizational capital. This is the first empirical evidence 
of the anticipated effect of new business innovations on the depreciation rate of organizational capital. 
However, there is no immediate impact on the output, the employment, or the total factor productivity of 
existing incumbents. In the increasing digitally and physically inter-connected world, new online platforms’ 
disruptions in traditional industries will be significant, fast, and on a massive scale. Our paper provides a 
new methodology to measure online platforms’ disruptions in traditional brick-and-mortar firms in a timely 
manner.  

 
1 Corresponding Author: Wendy C.Y. Li, wendyli@moonecon.org   
2 We thank Diane Coyle and Steve Lihn for their helpful comments.  
© 2019 - 2023 by Wendy C.Y. Li and P.J. Chi. All rights reserved. 
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1. Introduction 

Online platforms based on artificial intelligence (AI) and troves of data have disrupted the 

sectors they have entered. An online platform is a data-driven business innovation. The data-driven 

nature of online platforms’ business models enables them to provide data-targeting services in a 

more time-efficient and cost-effective manner (Li, Nirei, and Yamana, 2019a, b). Online platforms 

can not only increase their operational scale without facing traditional constraints, but can also 

collect valuable consumer and non-consumer data to create new innovations, products, and 

services, which are all crucial for entering adjacent business sectors. That is, online platforms’ 

business models are highly scalable, in both scale and scope. Moreover, as AI is becoming a more 

affordable and adaptable tool (Marko, 2019), data determine the overall power and accuracy of an 

algorithm and thus are vital for firm competitiveness. By collecting data from both users and third 

parties, online platforms have a competitive advantage in data powered by the network effect and 

the virtuous cycle between data and AI algorithms.  

Can the impacts of online platforms be effectively examined by conventional methods? 

Economists traditionally resort to the Schumpeterian paradigm and use the entry and exit rates of 

firms to measure the creative destruction of new innovations on competition and innovation. 

However, most online platforms, especially online sharing platforms, were founded only in the 

past decade, and their impact may not have propagated to firm entries or exits, making this 

approach inapplicable before a significant amount of time has passed. Another major difficulty in 

investigating this topic is the dearth of data from not only the perspective of affected firms but also 

the perspective of online platforms (Demunter, 2018). As a result, the current literature on the 

impact of online platforms on competition and innovation is limited to case studies, theoretical 

studies, conceptual studies, and regional studies. Studies on the measured impacts are focused on 
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the revenues and service quality of affected firms (Nadler, 2014; Zervas et al., 2014; Wallsten, 

2015; Cohen et al., 2016; Brynjolfsson et al., 2018; OECD 2018). It is therefore imperative to find 

an alternative method that can rapidly identify the impact of online platforms on competition, 

innovation, and welfare. 

 Online platforms are new data-driven business models, and business models contain business 

processes and designs that are the main components of organizational capital. Prescott and 

Visscher (1980) define organizational capital as the accumulated information of the firm, a firm’s 

knowledge of how to produce, compete, and grow. Lev and Radhakrishnan (2005) gave a clear 

operational definition of organizational capital: it is firm-embodied and provides firms a 

sustainable competitive advantage that cannot be completely codified, transferred to other firms, 

and imitated by other firms. As indicated in the classic information pyramid, data is the base for 

firms to derive information, knowledge, and then understanding (Coyle and Li, 2020). If we apply 

this concept to firms, organizational capital captures the essence of the information, knowledge, 

and understanding that firms derive from data, which in turn guides a firm to produce, compete, 

and grow.3 That is, firms derive their firm-specific knowledge from data (e.g., transaction data) 

and utilize the knowledge to various management functions within the firm. Firms with an 

advantage in data can better produce, compete, and grow.  

To demonstrate the relationship between data and organizational capital, we compare the 

global data flow 4  with the combined organizational capital of global top online platform 

 
3 In the rest of the paper, we use “knowledge” to refer the combination of “information, knowledge, and 
understanding” in the information pyramid.  
4 Note that the global data flow is defined as the internet traffic and measured by the annual data volume. Because 
companies use accumulated data to derive the desired information, and most of these data, if not all, are stored in the 
cloud, the global data flow can represent a meaningful index for the accumulated volume of data that is suitable to 
compare.  
 



4 
 

companies.5 Table 1 shows the seven online platform firms considered: Microsoft, Amazon, 

Apple, Google, Facebook, Alibaba, and Tencent 6 , which are also among the global top-ten 

companies. We find that the combined organizational capital stock closely follows the rising trend 

of the global data flow (Figure 1 (a)). Quantitatively, the growth rates of the two time series are 

highly correlated, with an R2 value of 0.775 (Figure 1 (b)). This finding is crucial, especially when 

all recent studies such as Coyle et al. (2020) and Tomiura et al. (2020) have recognized the 

conundrum of linking the exponential growth of global data flow to an economic value. It provides 

new evidence that, in the digital era, dominant online platform companies have been aggressively 

investing in organizational capital to grasp the great economic opportunities created by the 

explosive global data growth. Moreover, we also find that when the global data volume increases 

by five folds, the Big Tech’s organizational capital stock, i.e., the value of data, doubles, a 

relationship we have termed Li’s law of value of data (Figure 1 (c)).  

  

 
5 See Section 2 for the methodology of how to calculate the firm-level organizational capital stock.  
6 Cusumano et al. (2020) classify both Microsoft and Apple as online platform companies.  
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Table 1: Global Top Ten Most Valuable Companies  

Date: June 18, 2019 (for market cap) 
 

Ranking Company Businesses Market Cap† Organizational Capital*7 
/Market Cap 

     
1 Microsoft Internet/Online 

Platform 
1,036  15.38% 

2 Amazon Online Platform 936  12.19% 
3 Apple Internet/Online 

Platform 
913 2.08% 

4 Google Online Platform 767 4.33% 
5 Facebook Online Platform 538 2.00% 
6 Berkeshire 

Hathaway 
Financial  505  

7 Alibaba Online Platform 431 1.32% 
8 Tencent Online Platform 403 1.22% 
9 Johnson & 

Johnson 
Pharmaceutical 372  

10 Visa Financial 370  
† Unit: US $1 billion  
* Source: this research 
  

 
7 This column indicates that firms with a higher degree of organizational capital intensity are also more valuable. 
This is consistent with the main finding in Eisfeldt and Papanikolaou (2013).   
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(a) 

 
(b) 

 
(c) 

 
 

Figure 1: Big Tech’s Combined Organizational capital vs. Global Data Flow  

Data Sources: Global data flow data: Cisco Systems; Combined organizational capital stock: this research.  
 
Companies include Microsoft, Amazon, Apple, Google, Facebook, Alibaba, and Tencent. 
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To our knowledge, no study has examined the impact of the entry of online platforms on the 

value of organizational capital of existing firms and their investments in organizational capital. 

Online platforms have a data advantage, not only in volume, but also in richness and variety, and 

data can easily be recombined and aggregated with other datasets. This new and unique nature of 

digital data allows an online platform company to utilize data to the scale and scope that far exceed 

its offline counterparts. Hence, when an online platform enters an industry sector, its key disruption 

to traditional firms in that sector is firm-specific knowledge derived from their relatively limited 

amounts of data. It can therefore be anticipated that the disruption can be measured from the 

perspective of a firm’s organizational capital. Conceptually, this new business innovation can 

reduce the values of traditional firms’ existing organizational capital, an impact that can be 

measured by the depreciation rate of organizational capital (Lev and Radhakrishnan, 2005).  

This paper investigates the impact of the entry of an online platform on competition and 

innovation, from the perspective of the changes in the depreciation rate and the stock of 

organizational capital, as well as from changes in the investment behaviors of existing incumbents. 

Specifically, does the introduction of a new business innovation generate a creative “disruption” 

that makes the conventional business model of existing incumbents outdated or deteriorate faster? 

Both the resource-based theory and the study by Lev and Radhakrishnan (2005) conceptually 

predict that the organizational capital of existing incumbents will depreciate faster, but no study 

has demonstrated the empirical evidence and the magnitude of such a depreciation change. In 

addition, given the dynamic nature of competition, existing incumbents may be able to adopt 

digital technologies, and reorient or reinvent their business models to digitally transform 

themselves to cope with new business innovations in the industry. This raises a question of whether 

there is a difference in the depreciation pattern between incumbents with digital transformation 
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and those without. Moreover, Eisfeldt and Papanikolaou (2013) find that firms with a higher 

degree of organizational capital intensity are also more productive, and that their average market 

return is 4.6% higher. Therefore, it is worth examining how the entry of online platforms can affect 

the existing incumbents’ investment in organizational capital and their organizational capital stock.  

In this paper, we study the impact of online platforms’ entry using the U.S. hospitality and 

transportation industries, two of the few industries that lead the adoption of digitization over the 

rest of the economy. Our data sources are from Compustat. The data cover the period between 

2002 and 2018.  

Our key findings are as below. First, when an online platform enters the industry, the 

existing incumbents with a lower degree of digital transformation have a higher deprecation rate 

of organizational capital. This is the first empirical evidence of the anticipated effect of new 

business innovations on the depreciation rate of organizational capital. Second, when online 

platforms enter the industry, existing incumbents with a higher degree of digital transformation 

are more organizational capital-intensive, and accumulate a higher stock of organizational capital. 

However, there is no immediate impact on the output, employment, or total factor productivity of 

existing incumbents. 

 The rest of paper proceeds as follows. Section 2 describes the empirical methodology. 

Section 3 describes the data. Section 4 shows the empirical analysis results. Section 5 concludes.   
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2. Empirical Methodology - Depreciation and Stock of Organizational Capital 

Information is an asset to the firm, and the accumulated information in the firm is defined as 

organizational capital (Prescott and Visscher, 1980). Firms develop and accumulate information, 

affecting their production technology. The accumulated information is distinct from physical or 

human capital in the standard growth model (Arrow, 1962; Rosen, 1972; Tomer, 1987; Ericson 

and Pakes, 1995; Atkeson and Kehoe, 2005). Organizational capital is firm-embodied and provides 

firms a sustainable competitive advantage that cannot be completely codified, transferred to other 

firms, and imitated by other firms (Lev and Radhakrishnan, 2005). Following this definition and 

earlier related studies (Lev and Radhakrishnan, 2005; Eisfeldt and Papanikolaou, 2013; Falato et 

al., 2013; Li, 2015, 2016a; Peters and Taylor, 2017; Brynjolfsson et al. 2018b; Li et al., 2019), we 

use the selling, general, and administrative (SG&A) expense as a proxy for a firm’s investment in 

organizational capital. Firms report this expense in their annual income statements, and it includes 

most of the expenditures that generate organizational capital, such as employee training costs, 

brand enhancement activities, consulting fees, and the installation and management costs of supply 

chains.  

The key to calculating the stock of organization capital is its depreciation rate, but past studies 

have only assumed its value rather than truly estimated it.  For example, Eisfeldt and Papanikolaou 

(2013) adopted the conventionally assumed R&D depreciation rate of 15% as the depreciation rate 

of organizational capital for all industries, all firms, and all times.  Falato et al. (2013), Peters and 

Taylor (2017), and Brynjolfsson et al. (2018b) followed the same practice, except that they 

assumed the depreciation rate to be 20% instead.8 There are three major problems with applying 

 
8 Brynjolfsson et al. (2018b) used the stock of organizational capital measured by Peters and Taylor (2017), who used 
20% as the depreciation rate for organizational capital, and cited Falato et al. (2013) as the source. However, Falato 
et al. (2013) did not estimate this rate by themselves – they claimed that it came from a study by Lev and 
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the R&D depreciation rate as the depreciation rate of organizational capital and using a single fixed 

depreciation rate across the board. First, the depreciation rate should and does vary by the type of 

intangible capital (Li, 2015, 2016a; Li and Hall, 2018). Second, the driving forces of the 

depreciation of intangible capital are obsolescence and competition, both of which reflect the 

innovation and competition environment of the individual industry (Hall, 2005). This dissimilarity 

has been evidenced by the clear variations in the country-specific, industry-level depreciation rates 

of R&D assets (Li, 2016b; Li and Hall, 2018). Even within the same industry, the depreciation rate 

can vary over time, since the pace of technological progress and the degree of market competition 

do not stay the same indefinitely. Third, the depreciation rate of organizational capital indicates 

the level of the appropriateness of a firm’s organizational capital (Lev and Radhakrishnan, 2005; 

Li, 2015, 2016a; Li and Hall, 2018), which should differ among firms. A higher depreciation rate 

indicates that the firm can appropriate less return from its investment in organizational capital. As 

shown by Li (2015), market leaders in the U.S. high-tech industries generally have a lower 

depreciation rate of organizational capital than their followers. This is consistent with the argument 

in the resource-based theory: the sustained competitive advantage of a firm lies primarily in the 

application of valuable tangible or intangible resources that are neither perfectly imitable nor 

substitutable without great effort (Barney, 1991).  

In sum, the old approach of using a fixed depreciation rate for all firms and at all times cannot 

reflect the impact of new business innovations on the organizational capital of existing firms. This 

problem is especially serious in the digital era. When online platforms enter industry sectors, 

online platforms’ key disruption to traditional firms in the same sector is their firm-specific 

 
Radhakrishnan (2004), but did not list the work in the References section. It should be noted that Lev and 
Radhakrishnan published a paper in 2005, where they assumed the service life of R&D assets as five years for all 
firms and used the straight-line amortization method, leading to an R&D depreciation rate at 20% per year. This is an 
assumption rather than estimation. 
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knowledge that guides them how to produce, compete, and grow. As indicated earlier, 

organizational capital can measure the firm-specific knowledge, and the new business innovations 

of online platforms can reduce the values of traditional firms’ existing organizational capital, an 

impact that can be measured by the depreciation rate of organizational capital (Lev and 

Radhakrishnan, 2005).  

In this research, we make a substantial improvement in the construction of firm-level 

organization capital by measuring the depreciation rate of organization capital for each firm. We 

follow the method developed by Li and Hall (2018) (see Appendix A), which is a forward-looking 

profit model only requiring firm-level data on sales and investments in intangible capital to identify 

the firm-level depreciation rates of such intangible capital. In addition, we follow the methodology 

in Hall (1993) that has been adopted by other studies (Eisfeldt and Papanikolaou, 2013; Falato et 

al., 2013; Li, 2015, 2016a; Peters and Taylor, 2017; Brynjolfsson et al. 2018b; Li et al., 2019) and 

use the perpetual inventory method to construct the firm-level stock of organizational capital and 

calculate the associated growth.9  

  

 
9  Note that Lev and Radhakrishnan (2005) adopted a production residual approach to measure firm-level 
organizational capital. However, because the production residual may contain other types of intangibles, the approach 
may overestimate the size of organizational capital (Bresnahan, 2005).  
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3. Data 

 
Following earlier studies, we use the selling, general, and administrative (SG&A) expense as 

a proxy for a firm’s investment in organizational capital. Specifically, we examine the data for key 

firms in the hospitality and transportation industries in the U.S. where public data are available. 

Our SG&A data are from firms’ public income statements, and cover the years of 2002 to 2018. 

Our data cover 8 U.S. existing incumbents. For the transportation industry, we study two public 

companies, Hertz and Avis. For the hospitality industry, we study existing incumbents, including 

Hyatt, Starwood, and Marriott,10 and three existing online platform companies, Expedia, Booking 

Holdings11, and TripAdvisor, which initially had different business models from that of Airbnb. 

The choice of the companies is based on data availability, and we cover most major players in the 

two industries as much as possible.  

Our analysis for the U.S. transportation industry covers two leading rental car incumbents: 

Avis Budget Group Inc. and Hertz Global Holdings, Inc. Although rental car companies and Uber 

belong to the same transportation industry using passenger cars, it is not obvious whether they are 

substitutes for each other. Generally speaking, Uber caters to shorter-term transportation demand, 

but there may be market segments overlapping with those for rental cars.  As Uber aims to expand 

its current online ridesharing platform as a super app that offers comprehensive transportation 

services to consumers, the market overlap may increase in the future.   

Both rental car companies initially created car-sharing services to deal with                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

rising car-sharing demand and the entry of online ridesharing platforms. Hertz launched a global 

 
10 Starwood was acquired by Marriott International in September 2016.  
11 The Priceline Group changed its name to Booking Holdings in 2018. 
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car-sharing service in 2008, which offers rental car service by the hour. In 2013, Avis acquired 

Zipcar, which also offers on-demand car sharing services based on an online subscription business 

model—members may have to pay a membership fee in addition to a reservation charge. Currently, 

Zipcar has 1 million members, 75% of them in the U.S. The rental term is generally shorter than 

typical rental car service length, but may be longer than that provided by a taxi or Uber. As the 

demand growth for car-sharing services slowed down but the demand for ridesharing services grew 

rapidly, Hertz and Avis successively partnered with both Uber and Lyft. Hertz partnered with Uber 

and Lyft in 2016, by renting cars to ridesharing drivers. The average rental length is two to three 

months, much longer than the typical term in its core business. The partnership business not only 

increases the utilization of its rental vehicles, but also takes advantage of the rising demand in 

ridesharing services. Later, Avis also partnered with Lyft in 2018, and Uber in 2019, but operated 

at a scale around 15% of Hertz’s, in terms of the number of the rental vehicles (Forman, 2019).  
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4. Empirical Analysis 

4.1 Organizational Capital: Depreciation and Stock 

In this section, we examine the impact of online platforms on existing incumbents from the 

perspective of organizational capital. Table 1 shows the firms included in this study and the 

estimated depreciation rates of organizational capital following the Li and Hall 2018 model 

described in Appendix A. Also listed is the degree of digitalization of each firm in each industry 

category. For example, compared with three existing online travel platform companies, traditional 

incumbents like Hyatt and Marriott have a lower degree of digitalization.  

Table 2: Depreciation Rates of Organizational Capital 

for Key U.S. Firms in the Hospitality and Transportation Industries 
 
 

Firms G_OC [%] Degree of Digitalization 
   

U.S. Hospitality Firms 
Hyatt 36% Lower 
Marriott 46% Lower 
Starwood 33% Lower 
   

U.S. Online Travel Platform Companies 
Expedia 8% Higher 
Booking 19% Higher 
TripAdvisor 17% Higher 
   

US Rental Car Companies 
Hertz  14% Teamed up with Uber and Lyft 

in 2016 
Avis  36% Teamed up with Uber in 2018 

and Lyft in 2019, at around 
10% of Hertz’s scale 

   
   

Source: this research. 

Table 2 shows that in the hospitality and transportation industries, the physical asset-heavy and 

less digitalized incumbents generally have higher depreciation rates of organizational capital. For 

example, compared with traditional incumbents such as Marriott and Hyatt, U.S. online travel 
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platform companies, including Expedia, Booking, and TripAdvisor12, all have smaller depreciation 

rates of organizational capital.  As for the two U.S. rental car companies, Hertz teamed up with 

Uber and Lyft to tap the advantage of the rising ridesharing demand at least two years earlier and 

at a much larger scale than its rival Avis. Hertz also has a smaller depreciation rate of 

organizational capital between the two companies.  

Online platforms are data-driven business models, and business models contain business 

processes and designs that are the main components of organizational capital. When a new system 

or process is introduced in the industry, the resource-based theory (Barnet, 1991) and the study by 

Lev and Radhakrishnan (2005) predict that the old type of organizational capital obsoletes at a 

faster rate, or equivalently, suffers an increased depreciation rate. Here we verify these theoretical 

expectations by examining how the depreciation rate of organizational capital for each of the firms 

listed in Table 2 is affected by the entry of a new online platform. Table 3 summarizes the changes 

of the firm-level depreciation rate of organizational capital associated with the entry of Airbnb and 

Uber. 

The results in Table 3 present the following impacts of online platforms. First, as theoretically 

expected, after Airbnb’s entry in 2014, traditional U.S. incumbents with mid-end and high-end 

hotel chains suffered higher depreciation rates of organizational capital. 13  The increase in 

traditional incumbents’ depreciation rates of organizational capital captures the negative disruption 

by Airbnb’s entry.  

  

 
12 Note that TripAdvisor has a different underlying business model from that of Expedia and Booking. Unlike Expedia 
and Booking, Expedia diverts consumers to Expedia and Booking for reservations of hotels, rental cars, or other 
services.  
13 Note that Zervas et al. (2014) found no impact of Airbnb’s entry on the sales of traditional incumbents with mid-
end and high-end hotel chains. 
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Table 3: Changes in Depreciation Rates of Organizational Capital 

Firms Entry Event Entry Date G_OC  
    

Marriott Series D, Airbnb 5/22/2014 Increase 
Starwood Series D, Airbnb 5/22/2014 Increase 
Hyatt Series D, Airbnb 5/22/2014 Increase 
    
Expedia Series D, Airbnb 5/22/2014 Increase 
Booking Series D, Airbnb 5/22/2014 Decrease 
TripAdvisor Series D, Airbnb 5/22/2014 Decrease 
    
Avis  Purchasing Zipcar  1/2/2013 Decrease 
Hertz 1 Series C, Uber 8/22/2013 Decrease 
Hertz 2 Deal with Uber/Lyft 6/30/2016 Decrease 
    
    

Source: this research 
 

 

Second, the impact of Airbnb’s entry on the three existing online travel platform companies is 

indefinite. Compared to traditional hotel chains, existing online travel platform companies are 

more diversified in the coverage of services, including airline tickets, rental cars, and lodging. In 

the lodging service, they offer complementary services to traditional hotels. The existence of 

Expedia and Booking -- two established and successful online sharing platform companies -- did 

not deter the entry of Airbnb in 2008. Soon after Airbnb became a player, the two online travel 

platform companies quickly adjusted their data-driven business models and expanded their 

business into the service of private rooms and properties. The main revenue source of TripAdvisor 

is the advertising service for companies such as Expedia and Booking. As more online travel 

platforms offer a one-stop shop by including more services such as tourism information to travelers, 

TripAdvisor may face a higher degree of competition.  
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Third, in the U.S. transportation industries, we find an expected directional change in the 

depreciation rate of organizational capital when firms partnered with online platforms and/or car-

sharing service providers. For example, after Uber’s entry, Hertz partnered with Uber and Lyft in 

2016, by providing rental cars to Uber and Lyft drivers. We find that the estimated depreciation of 

Hertz’s organizational capital decreased. In addition, Avis purchased Zipcar in 2013. After 

entering the car-sharing market through Zipcar, Avis’s depreciation rate of organizational capital 

went down. Moreover, Hertz began to partner with Uber and Lyft in 2016, to tap the benefit of the 

rising ridesharing demand. Hertz’s depreciation rate of organizational capital went down after this 

partnership. These results imply that traditional incumbents can maintain their competitiveness by 

digitally transforming themselves and providing services complementary to online platforms. 

 Our next step is to examine the impact of the entry of online platforms on the size and growth 

of firms’ organizational capital. As mentioned earlier, in the digital era, when an online platform 

enters an industry sector, its key disruption to traditional firms in that sector is their firm-specific 

knowledge that guides them how to produce, compete, and grow. Organizational capital can 

measure the firm-specific knowledge, and the entry of new online platforms can reduce the value 

of traditional firms’ existing organizational capital. Figures 2 to 7 show the annual organizational 

capital stock, the growth rates of investment in organizational capital, and the growth rates of 

organizational capital of key firms for which data are available in this study. 
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Figure 2: Annual Organizational Capital Stock for Key U.S. Hospitality Firms 

 

Figure 3: Growth Rates of Organizational Capital Investment and Stock for Key U.S. 

Hospitality Firms 
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In Figures 2 and 3, we compare three traditional incumbents and three existing online 

platform companies in the U.S. hospitality industry in terms of the size and growth of 

organizational capital and the growth of investment in organizational capital. The comparison 

shows several important facts: first, we see that after 2004, Expedia Inc., a company spun off from 

Microsoft in 1999, that earned a revenue of only 35.5% of Starwood’s in 2005, has a larger stock 

of organizational capital than Starwood and Marriott. This phenomenon is also shown in Booking: 

after the financial crisis, when its revenue was only 49.8% of Starwood’s in 2009, Booking 

overtook Starwood in organizational capital stock and has been catching up with Expedia in recent 

years. The gap in the organizational capital stock between traditional incumbents such as Marriott 

and Starwood, and online platforms such as Expedia and Booking, has been widening since 2012.  

In 2012, the world entered a new era of AI, and big data became a crucial input for the 

innovation and production of digital goods and services.14 As AI becomes less expensive, data are 

vital for firm competitiveness, not only in innovation but also in efficiency. Online travel platforms 

have a competitive advantage in data, and their organizational capital is big data-driven. As shown 

in Table 2, compared with traditional incumbents, online platform companies have smaller 

depreciation rates of organizational capital.  Additionally, they had higher growth rates of 

investment in organizational capital and of organizational capital stock most of the time, and 

traditional incumbents performed relatively poorly, as indicated in Figure 3. For example, 

Starwood had a negative growth rate of investment in organizational capital during the financial 

crisis and essentially a zero growth of investment in organizational capital in the 2010s, and was 

later acquired by Marriot International Corporation in 2016. In sum, compared with traditional 

 
14 Lee (2018) points out that the turning point for neutral network (or rebranded as deep learning) came in 2012, a year 
that the AI’s breakthrough “truly [brings] AI’s power to bear on a range of real-world problems,” and kickstarted “the 
massive potential of the field to decipher human speech, identify fraud, make lending decisions, help robots ‘see’, and 
even drive a car.”  
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incumbents with a lower degree of digitalization, existing online platform companies are 

accumulating a larger stock of organizational capital due to the lower depreciation rates of 

organizational capital and the higher growth rates of investment in organizational capital.  

In the U.S. car rental industry, Hertz is one of the frontrunners and has a more stabilized 

growth rate of organizational capital stock. In 2010, its organizational capital stock surpassed that 

of Avis (see Figure 4), one of its main competitors, due to Avis’s lesser amount of investment in 

organizational capital and higher deprecation rate of organizational capital. After 2010, Avis 

increased its investment in organizational capital and has been matching Hertz in the growth rate 

of organizational capital stock since the company acquired Zipcar in 2013 (see Figure 5).  
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Figure 4: Annual Organizational Capital Stock for Key U.S. Rental Car Firms 

 

Figure 5: Growth Rates of Organizational Capital Investment and Stocks for Key U.S. 

Rental Car Firms  
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4.2 Firm-level Employment, Output, and Total Factor Productivity (TFP) 

Our empirical analysis in the previous section shows that we can capture online platforms’ 

disruption in traditional incumbents’ existing knowledge from the perspective of organizational 

capital. In this section, we examine the impact of the entry of new online platforms on existing 

incumbents from the traditional perspective of outputs, employment, and total factor productivity 

(TFP).   

Figure 6 plots the historic numbers of employees for the same U.S. firms discussed previously. 

In the U.S. rental car industry, the employment numbers for both Avis and Hertz began a rising 

trend of at least four years shortly after Uber’s entry in March 2009. In the U.S. hospitality industry, 

an important time of reference is the start of Airbnb in August 2008. Despite the data gaps in the 

traditional hotel chains, we find that the employment numbers for Marriott, Hyatt, and Starwood 

either increased or stayed steady after Airbnb’s entry. The numbers for the three existing online 

travel platforms (Expedia, Booking, and TripAdvisor), on the other hand, show clear growth. In 

sum, the data for the above U.S. industries do not show any negative impact of online sharing 

platforms on the employment of existing incumbents.  

Figure 7 plots the time series of sales for the firms in the same industries. In the U.S. 

transportation industry, after Uber’s entry, neither Hertz nor Avis experienced a decline in sales. 

In the U.S. hospitality industry, after Airbnb’s entry, the sales data for traditional hotel chains show 

mostly slight steady increases. On the other hand, existing online travel platforms like Booking 

and Expedia enjoyed substantial growths after Airbnb’s entry. In sum, we do not see any negative 

impact of online platforms on the sales or outputs of existing incumbents.  

Figures 8 and 9 present the TFPs for the same U.S. firms. We use Imrohoroglu and Tuzel’s 

(2015) approach to estimate firm-level TFPs. In the U.S. hospitality industry, the TFPs of 
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traditional incumbents surprisingly exhibit an overall positive trend after Airbnb’s entry. Moreover, 

the TFPs for three online travel platforms (Expedia, Booking, and TripAdvisor) do not show a 

coherently negative impact following the entry of Airbnb. Compared with traditional incumbents, 

existing online travel platforms can more easily adjust and incorporate new services introduced by 

new online platforms. For example, after Airbnb’s entry, Booking expanded its services into the 

sharing service of private rooms and properties. Booking.com is extremely profitable and has 

grown rapidly with an average gross profit rate of 99.34% in the past three years.  In fact, 

Booking.com has a cost competitive advantage over Airbnb in finding the supply of private rooms 

and properties in European markets. As for the two U.S. rental car companies, Avis and Hertz, we 

cannot find a coherent TFP pattern after Uber’s entry (Figure 9). Therefore, based on the data 

available for these firms, we do not find any coherent negative impact of online sharing platforms 

on the TFPs of existing incumbents.  

In sum, by analyzing firm data, we find that after an online platform’s entry, there is no 

consistent negative effect on the firm-level outputs, employment, and TFPs. This empirical finding 

is not unexpected because it takes time for productivity to change, a change that can immediately 

affect employment and the output.  
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Figure 6: Historic Numbers of Employees 

Data Sources: 10K Reports  
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Figure 7: Sales 
 
Data Sources: 10K reports 
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Figure 8: TFP for U.S. Hotels and Online Travel Platforms 

Data Sources: 10K reports and this research  

 

 

Figure 9: TFP for the U.S. Transportation Companies 
Data Sources: 10K reports and this research 
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6. Conclusion 

Online platforms are new business innovations based on digital technologies and troves of data, 

and they have disrupted the industry sectors they entered. As shown in this research, traditional 

economic measurement approaches, including outputs, employment, and TFP, cannot detect 

online platforms’ disruption process in time successfully, especially when most online sharing 

platforms were founded only in past decade. In this research, we propose a new way to examine 

the creative disruption of online platforms from the perspectives of the organizational capital of 

existing incumbents and their investment behaviors in organizational capital. An online platform’s 

key disruption to traditional firms in their respective sectors is firm-specific knowledge derived 

from their relatively limited amounts of data. The disruption can be assessed by the change in a 

firm’s organizational capital. Our approach echoes recent studies on the history of technologies 

and the modern productivity paradox of great innovations, which indicate that organizational 

capital is a key to answering the question of why productivity is trending downward while we 

remain in the middle of a digital revolution (Velu, 2019; Brynjolfsson et al., 2018; David, 1990; 

Devine, 1983).  

Our results based on the U.S. transportation and hospitality industries where online platforms 

have entered show that existing incumbents with a higher degree of digital transformation are more 

organizational capital-intensive and accumulate a larger stock of organizational capital. We do not 

see an immediate impact on the firm-level output or employment, or any coherent impacts on the 

firm-level total factor productivity. Instead, the effect of the entry of an online platform operates 

through the depreciation of organizational capital. Existing incumbents with a lower degree of 

digital transformation have a higher deprecation rate of organizational capital. As a result, they 

experience a negative impact on organizational capital.  
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Our research findings indicate that when an online platform enters an industry, an existing 

incumbent with a higher degree of digital transformation can better maintain its organizational 

capital, which is its accumulated knowledge of how to produce, compete, and grow. One of our 

examples shows that, even though online travel sharing platforms like Booking and Expedia 

garnered significant amounts of user data and enjoyed powerful network effects, these existing 

companies did not deter the entry of Airbnb, which found a niche market and created digital 

services to utilize idle assets and serve the unmet demand. Airbnb’s new business innovation 

inspired Booking and Expedia to broaden their businesses by introducing similar services. In fact, 

after the entry of Airbnb, Booking’s organizational capital depreciated more slowly, and its 

business continued rapid growth with an average gross profit margin of over 99% in the past three 

years. In contrast, traditional, non-online platform incumbents like Marriott and Hyatt suffered a 

higher depreciation in their organizational capital, which was less data-driven and lower digitalized.  

Moreover, this research brings important conceptual and measurement advances in the 

research of intangible capital (e.g., the value of data), especially when intangible capital is 

becoming increasingly important in the economy. First, we find that the combined organization 

capital of dominant online platforms is highly correlated with the rising global data flow, the first 

piece of empirical evidence that successfully links the explosive global data flow to an economic 

value. This finding is crucial, especially when all recent studies have recognized the conundrum 

of linking the exponential growth of global data flow to an economic value. Second, our finding 

clearly supports both the conceptual breakthrough by Prescott and Vissher (1980) that 

organizational capital is the accumulated information of the firm, and the approach by Lev and 

Radhakrishnan (2005) that the investment of organizational capital can be measured by a firm’s 

SG&A expenditure. Third, we further extend the conceptual development in organizational capital 



29 
 

research by applying the classical information pyramid to the concept of organizational capital. 

We argue and demonstrate that organizational capital measures the essence of firm-specific 

knowledge derived from data, the value of data. We also find that when the global data volume 

increases by five folds, the Big Tech’s organizational capital stock, i.e., the value of data, doubles, 

a relationship we have termed Li’s law of value of data. Fourth, this is the first study that has 

estimated the firm-level depreciation rate of organizational capital and demonstrated that it can be 

a good indicator to measure the impact of new business innovations on the organizational capital 

of existing, traditional brick-and-mortar firms.  

Lastly, this study can help derive many implications about the economy under digital 

transformation by online platforms today and in upcoming years. In the creative disruption process 

caused by online platforms, traditional “brick-and-mortar” incumbents can maintain their 

competitiveness by digitally transforming themselves and providing services complementary to 

online platforms. As the world is entering the era of 5G, IoT, and AIoT, these advanced digital 

infrastructure and technologies are stimulating firms to create new business innovations that can 

lead to further disruptions to traditional industries, not only in the service sector, but also in the 

manufacturing sector. Moreover, the recent COVID-19 pandemic has accelerated the pace of 

digital disruption in almost every sector of the daily lives in the U.S. and some other countries, 

including education, healthcare, and food. Before the pandemic, the U.S. healthcare spending 

accounted for 17.8% of GDP in 2019, when the telehealth service represented only 0.063% of the 

amount. At that time, industry experts estimated that the telehealth service would grow about 25% 

annually (IBISWorld, 2020). This growth rate is expected to become higher now due to the social-

distancing restriction and infection concerns related to COVID-19. Online telehealth platforms, as 

is Booking.com for the travel industry, provide a marketplace facilitating the exchange between 
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patients and third parties like hospitals and individual health service providers and doctors. Given 

the gigantic size of the U.S. healthcare sector, the scale of the disruption can be huge. In the dining 

and grocery sectors, online platforms like Uber Eats and Instacart provide a marketplace 

facilitating the exchange between consumers and third parties such as chain restaurants, 

independent restaurants, and other food service providers. That is, in the increasing digitally and 

physically inter-connected world, new online platforms’ disruptions in traditional industries are 

going to be significant, fast, and on a massive scale. Our paper provides a new methodology to 

measure online platforms’ disruptions in traditional brick-and-mortar firms in a timely manner.  
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Appendix A: Depreciation Model of Organizational Capital 

We adopt the principles of the Li and Hall (2018) model to estimate the depreciation rate 

of organizational capital (OC) in this study. Developed for estimating the depreciation rate of 

business R&D capital, the Li and Hall model assumes that R&D capital depreciates because its 

contribution to a firm’s profit declines over time, and that the main driving forces for the decline 

are the pace of technological progress or innovations and the degree of industry competition (Hall, 

2005). The framework of the Li and Hall model can be applied to other types of intangible capital 

when quality data for sales and the investment of intangible capital are available. Below is a brief 

description of the depreciation model of OC used in this study. 

A profit-maximizing firm will invest in OC, such that the expected marginal benefit equals 

the marginal cost. That is, in each period t, a firm will choose an amount of OC investment to 

maximize the net present value of the expected returns to OC investment:  
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where Rt is the OC investment amount in period t, qt is the sales in period t, I(Rt) is the profit rate 

due to OC investment, δ is the OC depreciation rate, and r is the cost of capital. The parameter d 

is the gestation lag and is assumed to be an integer, which is no less than 0. OC investment in 

period t will contribute to the profits in later periods but at a geometrically declining rate. The sales 

q for periods later than t is assumed to grow at a constant growth rate, 𝑔. That is, ( )1t
j

t jq q g+ = +

.  

To resolve the issue that the prices of most OC assets are generally unobservable, the model 

defines  I(R) as a concave function: 
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𝐼(𝑅) = 𝐼Ω. This functional form 

has few parameters, but nevertheless shows the desired concavity with respect to R. The function 

I includes a parameter T, that defines the investment scale for increases in OC and acts as a deflator 

to capture the increasing trend of OC investment. The value of T can vary from firm to firm, 

allowing a different OC investment scale for each firm.  

Using the concave function for the profitability of OC, the OC investment model becomes 

the following: 
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Note that d, r, and δ are known to the firm at time t. Because T varies over time, it is modeled as 

( )0 1 t
t GT T{ + , where 𝐺is the growth rate of Tt. The value of G is estimated by fitting the data for 

OC investment to the equation, ( )0 1 t
tR R G= + . With these expressions of growth rates, Equation 

(3) becomes:  
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Note that because of the assumptions of constant growth in sales and OC, there is no longer any 

role for uncertainty in this equation, and therefore no error term. Assuming profit maximization, 

the optimal choice of 𝑅𝑡  implies the following first order condition: 
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For estimation, we add a disturbance to this equation (reflecting the fact that it will not hold 

identically for all firms in all years), and then estimate T0 and the depreciation rate G. 

 

 

 


