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Abstract   Japan’s manufacturing is mostly dependent on the automotive industry in 

Toyota-Kariya cities. However, the nearby city of Hamamatsu is the home of a start-up 

ecosystem known as Japan’s Silicon Valley. How is it possible to evaluate the 

innovative potential of each regional industry? What kind of guidelines exist for 

continuing R&D investment when companies’ net incomes are negative in the face of 

the ‘Valley-of–Death’ or financial crisis? Is it possible to measure the regional 

resilience ability in the context of the financial crisis? Entrepreneurial innovation is 

defined as a real-option portfolio consisting of investment decision to commercialize 

R&D findings. The subcontractor system implies a vertical and tight industrial group. 

However, a start-up ecosystem means a platform for horizontal and flexible partnership. 

In this research, the data include the financial indices of each of 18 public companies in 

both regions between FY2009 and FY2017. The objective of this paper is to clarify the 

call option or resilience function of equity for R&D investment in the context of the 

financial crisis in both regions by using Bayesian MCMC analysis. 

 

Keywords   Start-up ecosystem, subcontractor ecosystem, real options, Bayesian 

MCMC analysis, regional resilience 

 

 

I. Introduction 

 
The manufacturing industry in Japan is mostly dependent on the automotive 

industry in Toyota city based on measurement of added-value concentration. 

However, Toyota Motor Co. itself has also opened the Toyota Research 

Institute, a laboratory for artificial intelligence at Silicon Valley in 2016 in 

search of a global edge innovation climate in the start-up ecosystem there. As 

compared with nearby Toyota city, specialized in the unified automotive 

industry by a vertical hierarchically type subcontractor system, Hamamatsu 

                                        
Submitted, August 14, 2017; 1st Revised, November 31, 2017; Accepted, January 23, 2018 
* Toyohashi University of Technology; fujiwara@las.tut.ac.jp 

Asian Journal of Innovation and Policy (2018) 7.1:009-029 

DOI: http//dx.doi.org/10.7545/ajip.2018.7.1.009 



Asian Journal of Innovation and Policy (2018) 7.1: 009-029 

10 

 

city has offered more flexible diversity in the horizontal relation structure of 

industry with a start-up ecosystem described as Japan’s “Silicon Valley”. 

Constitutive of this background is the future potential for each region’s main 

industry as Toyota city’s automotive industry, including fuel cell vehicle (FCV) 

and electric vehicle (EV) and Hamamatsu city’s photonics? If so, what kind of 

rational guidelines exist for carrying on research and development (R&D) 

investment when companies’ net incomes are negative as the automotive 

export companies are facing difficult market conditions with the subprime 

mortgage crisis or as start-ups face the ‘Valley-of-Death’ (initial negative 

profits period)? And is it possible to quantitatively measure regional flexibility 

or resilience against the economic risk like such a financial crisis? 

As key concepts for these research questions, entrepreneurial innovation is 

defined as a real-option portfolio consisting of patient investment decision to 

commercialize long-term R&D findings under uncertainty. The subcontractor 

system implies a vertical, relatively tight, and patient industrial group engaged 

in the development and production of products made of many parts. But start-

up ecosystem means a platform for horizontal, flexible, and enduring 

partnership to overcome the ‘Valley of Death.’ The data used here include 

the financial dataset of each of 18 public companies in the Toyota-Kariya cities 

and in Hamamatsu city from public database EDINET (Electronic Disclosure 

for Investors' Network) at two points in time - FY2009, under the impact of the 

subprime mortgage crisis (also referred here as the Lehman Brothers shock), 

and the most recent FY2017. The financial indices treated here are selected to 

analyze the relationship between the R&D investment and the real options as 

index of patient entrepreneurial decision. The 18 companies are wholly listed 

companies in each region, and the Bayesian MCMC (Markov Chain Monte 

Carlo) analysis can overcome sample size problems by sampling simulation 

function. 

As one of the methodologies, real-options analysis, which is using financial-

engineering tool to evaluate the option value of real assets like patents, is 

applied to find an enduring R&D investment criterion even in the negative 

profits period of tough market conditions. Bayesian MCMC analysis is used to 

confirm a signaling function under the information asymmetry. Thus, the 

signaling of Bayesian MCMC analysis can contribute to clarify the option 

value at a turbulent period for subcontractors or for start-ups at an early stage. 

The objective of this paper is using Bayesian MCMC analysis to clarify the 

call-option function of the equity as one of real options for R&D investment 

and for each region’s different resilience function from a financial crisis in 

Toyota-Kariya cities and Hamamatsu city. 

The structure of this paper consists of section 2: review of literature; section 
3: theoretical framework-option theory; section 4: data and preliminary 

analysis; section 5: Bayesian MCMC analysis, and section 6: conclusion. 
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II. Review of Literature 

 
One of the global start-up ecosystems for technological innovation is Silicon 

Valley, whose success factors have been studied compared with Chicago or 

Detroit, mainly from a sociological perspective. A limited number of success 

stories shared with people inside the region can become a ‘myth’ drawing 

outside unfamiliar interest to migrate or invest. 

For example, as a benchmark for comparison by previous representative 

studies on start-up ecosystem, Rogers and Larsen (1984) pointed to the 

entrepreneurship culture and organizational networks based on information 

technology as success factors behind Silicon Valley as the semiconductor 

incubator from a perspective of technology diffusion. Rogers’s team, 

Carayannis et al. (1998) also focused on technology diffusion and 

commercialization process as a high-tech spin-off from US federal laboratory. 

Secondly, Saxenian (1990) emphasized the reliance and resurgence of 

1980’s Silicon Valley economy in semiconductor based on dense regional 

networks of universities, start-ups, and supporting agencies from Japanese 

companies’ competitors. Similarly, Saxenian (1983), Saxenian (1985), 

Saxenian (1991), Saxenian (1996a), Saxenian (1996b), Saxenian et al. (2001), 

Gambardella et al. (2001), Saxenian (2002), and Saxenian et al. (2002) 

analyzed the success of Silicon Valley’s technological industry from the 

perspective of regional and international human network. 

Thirdly, Kenny (2000) focused on the social structure of Silicon Valley in 

the history, institutions, and general topics as culture of ecosystem, trust on 

performance, and start-up-based innovation. Florida and Kenney (1988a), 

Florida and Kenney (1988b), Florida and Kenney (1990), Feldman and Florida 

(1994), Florida (1995), Florida (1999), Kenney and von Burg (1999), Florida 

(2003), and Florida and Gates (2003) analyzed this emerging regional 

economy from the perspective of humanities as human resources and creative 

jobs. 

Fourthly, Kerr (2010) combined the arrival of foreign immigrant talents like 

Indian and Chinese engineers and breakthrough locations such as San 

Francisco Bay Area and Boston by using demographic and patent citation 

statistics. Klepper (2010) analyzed the cascading spin-offs based on some 

specific hubs as a wave of agglomerating new industrial companies like the 

automobile industry in Detroit and the semiconductor industry in San 

Francisco Bay Area. 

However, the leadership about new conceptual ideas and the enthusiasm of 

innovators and entrepreneurs, but also the objective capital investment decision 

of chief financial officers or venture capitalists are hardly been investigated as 
critical to the success of start-ups. Then, it is no coincidence that the locations 



Asian Journal of Innovation and Policy (2018) 7.1: 009-029 

12 

 

of the start-up ecosystem are concentrated within relatively short return flight 

distances from the main offices of venture capital firms. There is little financial 

analysis literature about R&D investment, except venture capital flow as done 

by Hambrecht (1984), Fried and Hisrich (1984), Black and Gilson (1998), 

Hellmann and Puri (2000), and Ferrary and Granovetter (2009). 

Additionally, there are similar technical innovation clusters, not only at 

Silicon Valley in the USA and at Cambridge in the UK, but also in the 

Hamamatsu area in Japan. And Kosai in greater Hamamatsu area is the 

birthplace of the Toyota Motor group, which has deployed a fixed vertical 

subcontractor system around Toyota-Kariya cities near Hamamatsu. For 

example, there are many studies on the automobile subcontracting production 

system around Toyota city as its pioneer, Ohno (1988), his followers, Sugimori 

et al. (1977), and outside observers, Sheard (1983), Cusumano (1988), Kenney 

and Florida (1988c), Asanuma and Kikutani (1992), Miyashita and Russell 

(1994), Miwa and Ramseyer (2001), and Fujiwara (2013). However, there are 

very few studies about the start-up ecosystem in Japan, except Glasmeier 

(1988), Takeda et al. (2008), and Fujiwara (2014). For example, Fujiwara 

(2013) explained the history of Toyota group’s founder Mr. Sakichi Toyoda 

for loom business and his son Ki-ichiro’s automobile business, in terms of both 

as never-discouraged, determined inventors and entrepreneurs. Fujiwara (2014) 

also compared Japan’s two main industrial agglomeration regions - Toyota 

city’s manufacturing industry (where almost 90% focuses on the automobile 

industry) and Hamamatsu city, Japan’s Silicon Valley - as birthplaces of many 

global companies like Toyota, Honda, Suzuki, Yamaha, Hamamatsu Photonics, 

and Raland DG. While Toyota city concentrates on the automotive industry 

through a hierarchical small and medium-sized enterprises (SMEs) 

subcontractor system, Hamamatsu city features a more flexible and diversified 

industrial structure as a start-up ecosystem. 

Thus, there is a gap in the literature about R&D investment in Japan’s start-

up ecosystem from a perspective of financial engineering as compared with 

sociological study on Silicon Valley, its venture capital flow, and Toyota 

automotive subcontracting system. Therefore, this study’s original contribution 

is an attempt to verify the validity and implication of signals such as growth 

option or real options identified by the Bayesian MCMC analysis model 

regarding the characteristics of entrepreneurial decision-making for R&D 

investment in times of financial crisis and how they apply to Toyota-Kariya 

cities and Hamamatsu city. Bayesian MCMC analysis is used to classify each 

characteristic of the vertical subcontractor companies involved in the 

automobile industry at Toyota-Kariya cities and in the horizontal relationship 

of the start-up ecosystem in Hamamatsu city modeling the fitted 
standard deviation for both of them. 
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III. Theoretical Framework 

 

1. Option Theory 

 
There is a formula of a European option of Black and Scholes (1973), and 

Merton (1973), which is accepted in the financial market to evaluate and price 

the financial-option value with the parameters including the underlying asset 

by both buyers and sellers. One of first simple and original ideas of real option 

was proposed by Myers (1977) as the equity value being a sort of call option if 

one assumes that the asset, as company value, is an underlying asset and the 

debt is an exercise price on a balance sheet on the assumption of limited 

liability. Except risk mitigation at bankruptcy, this concept seems like a unfair 

game, because debt holders also have to endure the downside burdens without 

ability to share stockholders’ upside opportunities. However, debt interest is 

usually higher than risk-free rate, reflecting a kind of contract risk. 

Present call option price 𝐶0 is evaluated by following the famous Black-

Scholes formula: 

 

𝐶0 = 𝑆0𝑁(𝑑1) − 𝑋𝑒−𝑟𝑓𝑇𝑁(𝑑2) 

 

𝑑1 =
𝑙𝑛 (

𝑆0

𝑋
) + (𝑟𝑓 +

𝜎2

2
) 𝑇

𝜎√𝑇
 

 

𝑑2 = 𝑑1 − 𝜎𝑇 

 

where 𝑆0 = present stock or underlying asset’s price,  𝑁(∙) = standard 

normal cumulative distributive function, 𝑋 =exercise price, 𝑟𝑓 =risk-free rate, 

𝑇 = maturity time, and 𝜎 = volatility. 

This paper examines the growth option function of equity in real options to 

carry on R&D investment for the start-up firms in the face of the ‘Valley-of-

Death’ conditions and automotive subcontracting companies facing financial 

risks of severe global product market conditions. Additionally, this study 

attempts to confirm the real-option function of cash equivalents in the very 

severe financial condition as the subprime mortgage crisis. 
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IV. Data and Preliminary Analysis 

 

1. Data 

 
This paper collected the data of 18 public companies both in Toyota-Kariya 

cities and in Hamamatsu city where their respective head offices and main 

production operations are located (Table 1 & Table 2). Virtually all those 

companies are listed on the stock exchange, while the shares of the majority of 

companies are unlisted in these two regions. The methodology of Bayesian 

MCMC analysis is possible to overcome this kind of sample size problem from 

its random sampling function by simulation. Their financial data are available 

from the Japanese government agency, Financial Services Agency’s EDINET 

(2017). 

 
Table 1 Public companies in Toyota city / Kariya city (Data: EDINET, 2017) 

 

Note. Symbol * shows the companies are located in neighboring Kariya city. 

 

This paper focuses on the following financial indices: cash and cash 

equivalents, total stockholders’ equity, total revenues, net income, and R&D 

expenditures in FY2009 and in FY2017 (at each March-end time point). The 

reason for these indices selection comes from the application of real options 

analysis to R&D investment. That is, the objective of the analysis is to 

compare both regions’ different industrial clusters’ entrepreneurial risk-taking 

characteristics, as automotive subcontracting system and start-up ecosystem, 

for R&D investment between the time of the financial crisis (subprime 

mortgage crisis) and the present time as benchmark. 
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Table 2 Public companies in Hamamatsu city (Data: EDINET, 2017) 

 
 

2. Preliminary Analysis of Data 

 
2.1 Shift of Net Income Between FY2009 and FY2017 

The net incomes of the companies in Toyota-Kariya cities have significantly 

shifted between FY2009, during the subprime lending shock, and FY2017, at 

present comfortable time - with a series of changes with the parent company as 

the lead, the homogenous and consistent transition, and large financial amount 

of shift especially from negative to positive profits (Fig.1). However, in 

Hamamatsu city, there were some exceptional companies with high operating 

performances in addition to companies in deficit, reflecting the diversification 

of the risk due to a variety of industries as the flexible portfolio in the region 

even in FY2009 at the time of the Lehman Brothers shock (Fig.2). 

 

2.2 Productivity of R&D Investment 
 

(1) Shift of R&D Investment of Two Cities between FY2009 and FY2017 

The total trend of R&D expenditures between two the fiscal years is almost 

directly proportional with the slope of 1.171 (𝑥  axis is FY2009 R&D 

expenditures and 𝑦 axis is FY2017 R&D expenditures) while reflecting Pareto 

distribution regarding outliers. 

Concerning the data of companies in Toyota-Kariya cities, the first and 

second-tier firms sit in direct proportion between the two fiscal years, but 

companies from the third and subsequent places are concentrated in low 



Asian Journal of Innovation and Policy (2018) 7.1: 009-029 

16 

 

positions in both fiscal years, while a few companies are experiencing a big 

increase in FY2017 R&D expenditures (Fig.3). Thus, it is possible to 

understand that R&D expenditures in the category companies are largely 

expanding. 

Concerning the companies in Hamamatsu city, there is a big difference in the 

transition pattern between the top three companies. However, the average 

increase trend is relatively steeper - 2.15 against the 1.47 slop in the category 

of companies in Toyota-Kariya cities (Fig.4). Meaning, it is possible to 

consider that this industrial region offers greater diversity, and its 

entrepreneurial enthusiasm for R&D investment is also more pronounced. 

 
  

Figure 1 Toyota - Kariya cities Figure 2 Hamamatsu city 

Net income shift in FY2009-FY2017 

 

 
 

 

Figure 3 Toyota - Kariya cities Figure 4 Hamamatsu city 

Shift of R&D investment in FY2009-FY2017 
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(2) R&D Investment and Net Income 

R&D investment of the two major companies is exceptionally large and 

aggressive despite the deficit in Toyota-Kariya cities; other companies have 

also recorded somewhat similar net losses throughout this region in FY2009 

under the impacts of Lehman Brothers shock (Fig.5). Thus, many other 

companies seem to have had no clear and strong intention to invest in R&D, 

maybe due to their deficit condition. They seem to navigate without proper 

strategies. 

As to the sample of enterprises in Hamamatsu city, there are variations in 

business results reflecting the diversity of industries at the time of Lehman 

Brothers shock of FY2009 (Fig.6). The size of the R&D investment is also 

variable regardless of sign and size of each net income. 

The R&D expenditures and the net income seem proportional in both 

regional areas in FY2017 (Fig.5 & Fig.6). Looking closely, the magnitude of 

the net income is not necessarily directly proportional to the size of the R&D 

expenditures of companies in Toyota-Kariya cities. The R&D expenditures of 

the first-ranked company are certainly overwhelmingly large in the region, but 

the slopes of the second and third-tier companies are much steeper. 

Regarding the enterprises in Hamamatsu city, the third and fourth-largest 

firms have relatively bigger R&D expenditures in regards of their profits, but 

the others are in direct proportion as a whole (Fig.6). In the most recent stable 

economic environment, the R&D expenditures are roughly proportional to the 

net incomes. And if the economy is stable as at the present time, similar trend 

in R&D investment can be expected in both regions. 

 

  

Figure 5 Toyota - Kariya cities Figure 6 Hamamatsu city 

R&D investment and net income in FY2009-FY2017 
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On the one hand, the R&D expenditures of companies in Toyota-Kariya 

cities have been directly influenced by the economic risk because the whole 

region specializes only in the automobile industry. On the other hand, 

Hamamatsu city’s whole region has the same function as the call option in real 

options, since companies there adjust flexibly to the economic fluctuation due 

to the diversity of industries. In other words, it can be considered that the 

Hamamatsu city’s start-up ecosystem has a call option function as both 

hedging against downside risk and still enjoying an upside opportunity. 

 

(3) R&D Investment and Stockholders’ Equity 

Unlike the relationships between the net incomes and the R&D expenditures, 

relationships between the R&D expenditures and the shareholders' equities in 

both regions’ target companies are almost positively correlated in FY 2009 

(Fig.7 & Fig.8). Even so, in the group of companies in Toyota-Kariya cities, 

except for the top one and two companies, there are large variations, no 

definite relationship is seen, and the intention to use the total shareholders' 

equity as a call option equivalent to a guideline for R&D investments cannot 

be expected. It may be due to less entrepreneurship at lower tiered companies 

during hard times (Fig.7). In Hamamatsu city, except for one company which 

has experience a big jump, there is a great correlation between both variables 

(Fig. 8). 

 
  

Figure 7 Toyota - Kariya cities Figure 8 Hamamatsu city 

R&D investment and stockholders’ equity in FY2009-FY2017 

 

In FY2017, for the group of companies in Toyota-Kariya cities, there is a 

rough correlation between both variables, while the variation in all the target 
companies is more uneven than in FY2009 (Fig.7). Even if the influence of the 

top three companies is significant as outliners, the slope of Toyota-Kariya 
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cities companies is 7.24 in the linear equation, which can be considered to be 

much larger than 3.69 in the Hamamatsu city’s group of enterprises. 

Additionally, as regards the group of companies in Toyota-Kariya cities, the 

homogenous trends are seen except for the top fourth company. Thus, in 

upside economic conditions, this group can enjoy this opportunity. 

As regards the group of companies in Hamamatsu city, the Pareto 

distribution is a concave curve rather than a linear regression one, since the 

R&D expenditures are higher for the upper layer. However, this kind of risky 

investment is avoided for the lower layer companies with respect to the total 

shareholders' equity. 

 

(4) R&D Investment and Stockholders’ Equity with Cash Equivalents 

In comparison with the transition in the relationships between the input - the 

R&D expenditure - and the two outcomes - the stockholders’ equity and the 

cash equivalents, in Toyota-Kariya cities between FY2009 and FY2017, the 

top rank company is reducing its shareholders’ equity value even if it increases 

its cash equivalents in response to the increase in R&D expenditures. While 

some companies increase the cash equivalents by retaining them as the internal 

reserve in anticipation of risks or just because of their inability to find 

investment opportunities, there might be concern for declining potential, if the 

growth rate of shareholders’ equity value is lower than that of cash equivalents. 

From the data of companies in Hamamatsu city, the top-ranking company 

has taken risks by significantly increasing R&D expenditures against the 

increase in the shareholders’ equity value or the cash equivalents. The 

investment in R&D basically draws the Pareto distribution higher regarding 

the outcomes. 

Then, next, we will discuss the application of Bayesian MCMC analysis 

mainly to the relationship between the R&D investment and the stockholders’ 

equity.  

 

 

V. Bayesian MCMC Analysis 

 
This paper uses the software R version 3.4.1 and RStan version 2.14.2 based 

on MacOS version 10.12.1 and CPU 4 GHz Intel Core i7, and applies for 

Bayesian MCMC analysis in each fiscal year the following hierarchical linear 

regression model: 
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𝑌𝑛~𝑁𝑜𝑟𝑚𝑎𝑙 (𝑎[𝑅𝑒𝑔𝑖𝑜𝑛[𝑛]] + 𝑏[𝑅𝑒𝑔𝑖𝑜𝑛[𝑛]𝑋[𝑛]], 𝜎𝑌)  (1) 

𝑛 = 1, ⋯ , 𝑁 

𝑎[𝑘] = 𝑎𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑔 + 𝑎𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑅𝑒𝑠 [𝑘]     𝑘 = 1, ⋯ , 𝐾   (2) 

𝑎𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑅𝑒𝑠 [𝑘] ~𝑁𝑜𝑟𝑚𝑎𝑙   (0, 𝜎𝑎)        𝑘 = 1, ⋯ , 𝐾   (3) 

𝑏[𝑘] = 𝑏𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑔 + 𝑏𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑅𝑒𝑠 [𝑘]       𝑘 = 1, ⋯ , 𝐾  (4) 

𝑏𝑅𝑒𝑔𝑖𝑜𝑛𝑎𝑙 𝑅𝑒𝑠 [𝑘] ~𝑁𝑜𝑟𝑚𝑎𝑙   (0, 𝜎𝑏)          𝑘 = 1, ⋯ , 𝐾  (5) 

 

Where 

Avg = average; Res = residual 
𝑌 = random variable (r.v.) of stockholders’ equity, 

𝑋 = r.v. of R&D expenses, 

𝑎 = r.v. of intercept, 𝑏 = r.v. of slope, 

𝑛 = each real data of total sample population,  

𝑁 = total real data of total sample population, 

𝑘 = each real data of each reginal sample, 

𝐾 = total real data of each reginal sample,  

𝑅𝑒𝑔𝑖𝑜𝑛 = 1 (Toyota-Kariya cities),  

𝑅𝑒𝑔𝑖𝑜𝑛 = 2 (Hamamatsu city), 

𝑅𝑒𝑔𝑖𝑜𝑛 = 0 (Whole area), and 

𝜎 =standard deviation. 

 

1. FY2009 

 
All the variables had the r-hat values less than 1.1 by re-parameterizing 

method for 2 levels of hierarchical Bayesian MCMC analysis consisted of two 

groups as the group of companies at Toyota-Kariya cities and their 

counterparts at Hamamatsu city in the whole sample. Then, this simulation is 

considered as converging with simulation sampling (Table 3, Figs.9-11). 

As a result, in the case of the group of companies in Toyota-Kariya cities, 

the simple linear regression analysis between the independent random variable 

- the R&D expenditures - and the dependent random variable - the total 

shareholders' equity - had the average intercept Japanese Yen (JYN) - 

33,822.74 million (2.5%: JYN - 317,298.36 million to 97.5%: JYN 250,188.32 

million) and the average slope being 10.09 (8.78 to 11.42). Next, in the group 

of companies in Hamamatsu city, the average intercept was JYN 8,000.44 

million (JYN - 269,516.31 million to JYN 287,992.92 million), and the 

average slope was 7.26 (- 1.08 to 14.55), respectively. 
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Table 3 FY2009 print (fit) 

 
 

From this result, it can be considered that the group of companies in Toyota-

Kariya cities has seriously damaged the option value in R&D investment 

immediately after the Lehman Brothers shock, especially in comparison to the 

intercepts with Hamamatsu city’s counterparts. Also, the limited-range slope 

can possibly show the homogenous and limited productivity of the R&D 

investment. Next, as to the group of enterprises at Hamamatsu city, the base of 

R&D investment is relatively stable with each average and range of the 

intercept, and the state is not strongly influenced by the Lehman Brothers 

shock. Thus, its position can be seem as relatively calm. In addition, although 

the average value of the slope as R&D productivity is lower than that of the 

counterpart group in Toyota-Kariya cities, it can be considered that the risk is 

diversified due to structural flexibility since the distribution is wider than that 

of the counterpart. 

  

  

Figure 9 FY2009 trace-plot of intercept Figure 10 FY2009 trace-plot of slope 
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2. FY2017 

 
As the r-hat values of all the variables were lower than 1.1 by re-

parameterizing method, the simulation result converged like in FY2009 (Table 

4, Figs.12-14). Parameter values reflecting each region’s characteristics were 

also obtained as a result of Bayesian MCMC analysis by hierarchizing both the 

company group at Toyota-Kariya cities and the company group at Hamamatsu 

city similarly under the total group to the analysis of FY2017. 

In the same way, as in FY2009, simple linear regression analysis between 

R&D expenditures - independent variable - and the total shareholders' equity - 

dependent variable, on the Toyota-Kariya cities group of companies showed 

that the average intercept was JYN 143,198.40 million (JYN - 6,509.27 million 

to JYN 303,382.26 million) and the average slop was 7.25 (6.65 to 7.85). And, 

on the counterpart group of companies in Hamamatsu city, the average 

intercept was JYN 66,327.74 million (JYN - 90,341.86 million to JYN 

213,484.83 million), and the average slope was 3.76 (1.64 to 5.92). 

 
Table 4 FY2017 print (fit) 
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Figure 11 FY2017 trace-plot of intercept Figure 12 FY2017 trace-plot of slope 

 

From the recent favorable economic conditions of the group of companies in 

Toyota-Kariya cities, it is possible to understand the good conditions of both 

the productivity base of R&D investment and the option value from the 

average and width of the intercept. Regarding the counterpart companies at 

Hamamatsu city under the relevant normal condition, from the average and 

width of the intercept, it is relatively easy to understand that the state is 

uncompetitive with the group of companies in Toyota-Kariya cities. It reflects 

the favorable conditions for higher mass-manufacturing capacity and the 

consistent decision style as being in the same boat. However, even though the 

slop’s average is lower and the value at the 95% level of the width is also 

inferior, its standard deviation is larger and the table’s range of the width is 

also wider. Then as a system of risk diversification for the future, this regional 

innovative potential is still expected as high especially under condition of 

uncertainty. 
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Figure 13 FY2009 fit-summary Figure 14 FY2017 fit-summary 

 

 

VI. Conclusion 

 
This study applies Bayesian MCMC analysis on the R&D productivity for 

the total stockholders’ equity as potential in the two different regional industry 

systems - the Toyota-Kariya cities’ automobile subcontracting system and the 

Hamamatsu city’s start-up ecosystem between the financial crisis in FY2009 

and present FY2017. One of the main findings regarding the Toyota-Kariya 

cities’ vertical, subcontracting system’s R&D investment, is confirmation that 

both the condition and the productivity of the R&D investment are greatly 

influenced by the economic environment as large value fluctuations of the 

intercept and the slope of the linear regression analysis on the R&D expenses 

and the total stockholders’ equity. With respect to the Hamamatsu city’s 

horizontal start-up ecosystem, the range of exploratory R&D is much broader 

and the state of R&D investment is much more stable especially during the 
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Lehman Brothers’ financial crisis in the intercept and the slope of the same 

analysis due to start-up ecosystem’s flexibility. 

Secondly, the total shareholders' equity value can be a guideline for 

continuing R&D investment as a growth option of call option, even if the net 

income is a deficit as the start-ups faced the ‘Valley-of-Death’ before starting 

production or the automobile part makers facing with severe market condition. 

In addition, the cash equivalents themselves can also play a role in the call 

option in extremely hard condition. Then, regardless of start-ups, SMEs, or 

even large companies, the entrepreneurial decision makers can take risk in 

R&D investment in radical innovation even in negative profits condition by 

using the guideline of real options. 

From the perspective of regional economy resilience from risk, the Toyota 

group companies have an inclination to make similar consistent decisions with 

fellow members through vertical communication regardless of booming or 

depression periods. Then, these companies have a tendency to be directly 

exposed to risk and opportunity. However, in Hamamatsu city, the resilience 

of start-up ecosystem can be confirmed due to regional flexibility as a 

horizontal and diversified industry documented by Bayesian MCMC analysis. 

And regional flexibility to economic condition can also be estimated by fitted 

standard deviation as a measurement of volatility. 

As regards Toyota Motor, the leading company in the automobile industry in 

Toyota-Kariya cities, which has reduced the total shareholders’ equity value 

even if it increases the cash equivalents, the potential evaluations of the group 

companies possibly seem to be declining by the capital market except some 

main subsidiaries such as Denso. Then, they need to invest more in R&D 

regarding not only FCV (fuel cell vehicle), but also artificial intelligence and 

EV (electric vehicle) technology for next-generation automotive or vehicle. 

In Hamamatsu city, not only transport vehicle industry actors Suzuki and 

Yamaha Motor, but also new technology leaders Hamamatsu Photonics and 

Roland DG recorded positive profits even in FY2009, during the financial 

crisis. The increase of total stockholders’ equity is much higher in R&D 

investment than that of cash equivalents. And, as Pareto distribution shows, 

leaders such as Suzuki, Yamaha, Yamaha Motor, Hamamatsu Photonics, and 

Roland DG have invested very aggressively in R&D as compared with 

stockholders’ equity. This shows the entrepreneurship atmosphere based on 

this region’s historical culture. Thus, although at present Japan’s 

manufacturing industry depends mainly on Aichi prefecture’s automobile 

industry, leading company group Toyota Motor also has to continue R&D 

investment in next-frontier innovation in order to improve their total 

stockholders’ equity value. For carrying on each company’s R&D investment, 
the stockholder’s equity as real option can be a guideline even under negative 

profits condition. As regards the regional resilience of the start-up ecosystem, 
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Bayesian MCMC analysis can be used to estimate the flexibility barometer as 

regional company group’s simulated standard deviation or volatility to flexible 

or diversified economic conditions. 

As a practical implication, the total stockholders’ equity or sometimes the 

cash equivalents can play the role of growth option as patient capital or the 

guideline to continue R&D investment for contracting SMEs in harsh time or 

start-ups facing the ‘Valley-of-Death.’ And Bayesian MCMC analysis is useful 

for finding the signaling function of the R&D productivity or the flexibility of 

project portfolio to investment due to the range or mean of the slope of linear 

regression from a perspective of each company manager or regional policy 

maker level. 

As next challenges, the following topics can be considered: firstly, 

integrating real optional analysis with Bayesian MCMC analysis to evaluate 

regional flexibility value by the parameter estimation and financial engineering, 

and secondly, undertake a covariance structural analysis to highlight the 

decision and chance event path directions. 
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