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Technology Adoption and Di¤usion Curves under Firm-level Uncertainty Koki Oikawa Nihon University, Population Research Institute July 22, 2008



Abstract This paper presents a model of technology adoption and di¤usion under …rm-level uncertainty. The aim of this paper is twofold. First, it analyzes the e¤ect of …rm-level uncertainty on a di¤usion process and demonstrates that greater …rm-level uncertainty may give birth to faster adoption of a new technology. Second, it explains the di¤erence in the shapes of di¤usion curves between when the di¤usion rate is measured by individual binary choices about technology adoption (typically S-shape) and when it is measured by aggregate output using a new technology (more like concave).
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Introduction



In this paper, I construct a model of adoption of process technology where …rms confront idiosyncratic risks and present that …rm-level uncertainty accelerates technological di¤usion. Also, I show that the di¤usion rate of a new technology does not tend to follow an S-shape or logistic curve once intensity of use of the new technology is taken into account while the di¤usion rate based on the share of adopters follows an S-shape or logistic curve, as documented in Comin, Hobijn, and Rovito (2006). The model is an extension of Oikawa (2007) with heterogeneous …rms, which presents that …rmlevel uncertainty leads to productivity growth through improvement of technical e¢ ciency. Producers can reduce their idiosyncratic risks through research activity that enlarges knowledge base in the whole industry, which delivers an increase in research productivity. Technological di¤usion is accelerated because greater uncertainty stimulates knowledge accumulation that makes research less costly, which induces …rms to adopt a new technology even if it is associated with greater uncertainty. After the new technology begins to be adopted, adopters require more research to reduce the greater uncertainty, which again accelerates knowledge accumulation. This paper is related to Comin (2000). He presents that more uncertain business environment accelerates di¤usion of some kind of capital which makes it easier for …rms to ‡exibly respond to volatility. Their example is information technology capital and he observes that the share of computers on total investment is positively a¤ected by the average standard deviation of stock returns in the previous decade, using a panel data set of 4-digit United States manufacturing industries. The structure of this paper is the following. Section 2 is devoted to describe the model setting and derive the equilibrium di¤usion process. Section 3 shows uncertainty accelerates di¤usion of the new This work was supported by MEXT Academic Frontier (2006-2010). I am also grateful to Diego Comin, Ryo Horii, Boyan Jovanovic, Minoru Kitahara, and Gian-Luca Violante for helpful suggestions and discussions. All errors are mine. Email: [email protected]
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technology by simulation. Section 4 demonstrates the di¤erence between di¤usion curves dependent of the measures of di¤usion rates. Section 5 is the concluding remarks.
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The Model



2.1



Building Blocks



There is a unit mass of potential …rms who have heterogeneous resources x 0, which are exogenously distributed following a continuous distribution G(x) which has a …nite expectation and de…ned on a nonnegative interval [x; x]. x may be interpreted as the …rm size or a composite index of capital and labor. Each …rm faces a risk in its production process, but it can be reduced if a …rm employs researchers at the wage of 1. Production technology.— Suppose that there are two production technologies: old (technology 1) and new (technology 2). Technology 2 provides higher potential productivity. I denote the potential productivity of these technologies as A1 = 1 and A2 = > 1. I assume that there is no adoption cost. Production.— If a …rm uses technology j, it will produce y = Aj [1



sj (



z)2 ]x;



(j = 1; 2);



where is the unknown i:i:d: parameter drawn from N (0; 1) in each instant, and z is a control variable of each …rm. This setting is a slight modi…cation of Jovanovic and Nyarko (1996)’s production function. The function expresses a dial-setting problem— a manager sets a dial in each period; the farther away his dial-setting from the best one, the lower his output. The "dial" for the manager is how to operate his …rm. The best dial-setting may depend on customers’tastes, ability of employees, market conditions, regulations, and so on. I assume that …rms are risk-neutral and they thus choose z as the expected value of . The parameter sj stands for the sensitivity to the dial-setting. I refer to sj as the level of uncertainty associated with technology j since higher s implies a greater noise term.1 I de…ne s1 = s > 0 and s2 = as, where a(> 1) is a measure of complexity relative to the old technology.2 Research.— To form the expectation about , a …rm hires researchers and has them investigate into its own . Each unit of research contributes to belief updating in the Bayesian fashion. I assume that n units of research turn out to be a signal about such that +p ; n



N (0;



2 r ):



So, a …rm knows its own exactly only if it obtains in…nite amount of research. Let k be the research productivity. To create n units of research outputs, a …rm needs to employ n=k researchers. The researcher market supplies research labor at the e¢ ciency wage of 1 which is exogenously given and constant over time. Since is idiosyncratic, any research targeting of one …rm is meaningless for others, thus there is no sale of research outputs. Pro…t maximization.— The pro…t functions of a …rm with technology j (1 or 2), j , are written as j



= pAj [1



z)2 ]x



sj (



1 Mitchell



nj =k



C;



(2000) refers to the sensitivity parameter as di¢ culty of a task. in Kremer (1993), I here assume that higher level technology is accompanied with higher level of uncertainty becasuse higher level technology is more complicated and more probability of failure in the production process. 2 As
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where C is the …xed operational cost. The expected pro…ts of a …rm: e j



= pAj fj (nj )x



nj =k



C;



where fj is one minus posterior variance of , which is determined as fj (nj ) = 1



sj r2 : nj + r2



Each …rm’s optimization problem is as follows: Given k and p, max max pAj fj (nj )x



j2f1;2g nj



0



nj =k



C.



(1)



From this maximization problem, each …rm determines the better technology j and the optimal amount of research purchase nj (x; p; k). Demands for the industry.— I assume that the utility function of the representative agent is CobbDouglas and the total wealth is constant over time. The expenditure for the …nal goods of the current industry is denoted as E. Hence, the demand function is D = E=p. Knowledge Accumulation.— I assume learning-by-doing in the research sector. The more information is gathered, the higher research productivity is in the future. This is based on the idea that new knowledge is created through new combinations of existing knowledge. Moreover, I assume that the knowledge is publicly available. Hence, under the current setting, researchers are homogeneous and the improvement of their productivity is equivalent to knowledge accumulation. In equation, the law of motion is de…ned as k_ = N b ; (b 2 (0; 1]): (2) The parameter b is the coe¢ cient of learning-by-doing. b < 1 may be interpreted as duplication of research results. I impose the following assumptions about parameter values in the entire paper: 1



s > (1



as);



(3)



2 r



1 s ; (4) C s Equation (3) assumes that technology 1 is better in expectation if a …rm does not employ any researcher. If the new technology is absolutely better than the old one from any point of view, the adoption decision is trivial. So I eliminate such a case. Equation (4) is not requisite but convenient to avoid cumbersome cases. Under (4), a …rm demands positive measure of researchers. k



2.2



Adoption Decision



I now derive the decision making of a …rm about technology choice. Since …rms are assumed to be risk-neutral, they choose their technology to make the highest expected pro…ts from (1) at each instant. If a …rm with x enters the market, it chooses nj and z. From the …rst order condition about the amount of research: @fj =@nj = (pkAj x) 1 . The optimal amount of research is derived as follows, depending on technologies (j = 1; 2): q 2 (5) nj (x; p; k) = sj r2 pAj kx r
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Thus, the expected pro…ts are e j (x; p; k)



= pAj x



q 2



2 r sj Aj px=k



+



2 r =k



C



The threshold between adopters and non-adopters.— A …rm adopts the new technology if 2e > 1e . Since a …rm which has larger x can a¤ord to hire more researchers, such a …rm adopts earlier. The cuto¤ point dividing …rms between technology 1 and 2, say x, is obtained from 2e = 1e , which is x(p; k) =



4s



2 p r( a



pk(



1)2 1)2



:



(6)



A …rm adopts technology 2 if x > x. x is decreasing in p and k because a higher …nal goods price eases a …rm to employ more researchers and larger knowledge capital enlarges researchers’productivity that reduces uncertainty more at the same level of researcher employment. If pk— which implies the amount of research covered from selling one unit of …nal goods— is su¢ ciently large, all …rms adopt technology 2.



2.3



Entry Decision



The expected pro…ts of …rms are determined as in the above, given p and k. I now de…ne the cuto¤ point of x which divide entry-exit decision. Given p and k, a …rm prefers entry if e (x; p; k) 0, or equivalently, x where x ^j



x ^(p; k)



min f^ x1 ; x ^2 g ;



s " sj r2 kC 1+ 1+ Aj pk sj



2 r 2 r



#2



:



(7)



x ^1 works when technology 2 is not yet better than 1 for small x …rms (or x > x ^1 ). x ^2 is binding when technology 2 prevails over the industry. Note that x ^j is well-de…ned on the real line under (4).



2.4



Di¤usion Phases



Before investigating the equilibrium di¤usion process, I classify the phases of di¤usion according to the relations between x ^ and x. There are three di¤usion phases: i) Phase 1: Nobody uses technology 2; ii) Phase 2: Some use technology 1 and others use technology 2; iii) Phase 3: All use technology 2. Phase 1: From (6), phase 1 occurs only when su¢ ciently small pk leads to x > x. The di¤usion rate of technology 2 is zero in any sense. If x is su¢ ciently large, there does not exist phase 1. In this phase, the supply curve of the …nal goods is: Z x S1 (p; k) = f1 (n1 (x; p; k)) xdG: x ^1 (p;k)



Figure 1 draws the expected pro…t functions and the cuto¤ point in phase 1. (3) guarantees that ^ is not on the linear part of e is greater than 2e for su¢ ciently small x and (4) guarantees that x e ( is linear for su¢ ciently small x because n = 0 for those …rms). Phase 2: In phase 2, there are both adopters and non-adopters according to their resources x. This occurs only when x ^ < x < x: e 1
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Figure 1: Di¤usion Phase 1.



In this di¤usion phase, …nal goods market equilibrium is determined by the following supply function: Z x(p;k) Z x S2 (p; k) = f1 (n1 (x; p; k)) xdG + f2 (n2 (x; p; k)) xdG: x ^1 (p;k)



x(p;k)



This di¤usion phase is illustrated in Figure 2. Phase 3: In phase 3, there are no producers using the old technology. This phase occurs if x


If the equilibrium pk is increasing as knowledge accumulates (which is shown in Proposition 1 below), x dips from x from (6), and gradually approaches x ^. If it …nally becomes less than x ^, the industry follows these di¤usion phases sequentially. To show that this is indeed true under knowledge accumulation, I should examine the instantaneous equilibrium price and its dynamic property, which is in the next subsection.



2.5



Final Goods Market Equilibrium



In this subsection, I …rst show that there exists a unique equilibrium in the …nal goods market. I then examine the dynamic behavior of the equilibrium price as knowledge accumulates.
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Figure 2: Di¤usion Phase 2



Proposition 1 Assume (4). There exists a unique equilibrium in any di¤ usion phase. Proof. It su¢ ces to show that S(p) is monotonically increasing and continuous. Since x ^j and x are strictly decreasing and nj is strictly increasing in p for given k, the supply curve in each phase is strictly increasing for su¢ ciently large p. Continuity is con…rmed from the observation that S1 = S2 when x(p; k) = x and S2 = S3 when x(p; k) = x ^(p; k). This proposition guarantees the existence and uniqueness of …nal goods market equilibrium if knowledge capital has been accumulated su¢ ciently. The dynamics of this industry is the sequence of this instantaneous equilibrium with knowledge accumulation de…ned in (2). Because there is no depreciation or obsolescence of knowledge and there always exists strictly positive demand for researchers in instantaneous equilibrium, k is strictly increasing over time. The following proposition is about the dynamic property of the equilibrium price. Proposition 2 As knowledge accumulates, the equilibrium price p decreases and pk increases in any di¤ usion phase. Proof. p at the equilibrium is decreasing in k because of the following. From (7), x ^j is decreasing in k under (4), implying more …rms produce. Moreover, the fact that nj is increasing in k leads to more expected production by each …rm. Hence, the supply increases for a given p in phase 1 and 3. In phase 2, x is decreasing in k from (6) in addition to the change in x ^. Since the …rms never adopt technology 2 if the expected output is no greater than that using technology 1 because they employ more researchers, production in the whole industry must increase in phase 2, too. Thus, the supply curve shifts rightward as illustrated in Figure 4 and the equilibrium price is decreasing in k.
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Figure 3: Di¤usion Phase 3



Next, pk is increasing in k because S is increasing both in k and in pk in any di¤usion phase. It is straightforward in phase 1 and 3 from (7). In phase 2, S is increasing in pk since new adopters must increase their outputs in expectation. The second part of Proposition 2 and (6) provide the following corollary, which is crucial to determine the di¤usion process in the next subsection. Corollary 3 x is strictly decreasing over time.



2.6



Di¤usion Process



Suppose that the industry starts from phase 1 at the emergence of technology 2. Even if there is no adopter at the beginning, …rms require research about their unknown parameter , which accumulates knowledge capital in the industry, enlarges the research productivity, and decreases the research cost in the future. Since x is decreasing over time, as knowledge is accumulating, from Proposition 1 and (6), x dips from x in some point in time so that the industry gets into phase 2. And, for su¢ ciently large k, technology 2 should be better than technology 1 because the former is potentially more pro…table and uncertainty can be reduced enough at a su¢ ciently low research cost. The next proposition shows that the industry never switches back to the previous di¤usion phase.3 Proposition 4 An industry in one di¤ usion phase does not go back to the previous phases. 3 The di¤usion process does not necessarily follow the di¤usion phases sequentially because an industry starting from phase 1 jumps into phase 3 at some point in time if the distribution of …rms is degenerated to a unit mass.
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Figure 4: Final goods market equilibrium



Proof. First, an industry in phase 2 or 3 never goes back to phase 1 because x is constant and x is monotonically decreasing. Next, I show that an industry in phase 3 does not go back to phase 2. Suppose that an industry is in phase 3 at t, namely xt < x ^1;t . If xt+i < x ^1;t+i for any i > 0, it does not go back to the previous phase. x < x ^1 implies that s p 2 2 a 1 kC r 
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Uncertainty Accelerates Di¤usion



In this section, I present the e¤ect of the level of uncertainty, s, on the di¤usion path by simulation. In the current model, uncertainty may accelerate di¤usion because uncertainty accelerates accumulation of knowledge. Knowledge accumulation implies reduction in research cost, which in turn means adoption of the new technology becomes pro…table for …rms even with small x’s. Unfortunately, it is hard to explicitly investigate the time path of di¤usion in the current model. Instead, I show the e¤ect of uncertainty level with simulation. Figure 5 illustrates di¤usion curves, measured by output share, with three distinct uncertainty levels (s = 0:6, 0:8, 1). The other parameters are = 1:1, a = 1:5, E = 1, b = 1; C = 1, k1 = 1:2, r2 = 1, and LN (0; 1) as the distribution of x. At the early stage of di¤usion, greater uncertainty tends to lead to a lower di¤usion rate since
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Figure 5: Uncertainty accelerates di¤usion



knowledge capital is initially the same.4 For the same k, researchers cannot produce su¢ cient amount of research to make a …rm able to adopt the new technology under greater uncertainty. However, the accumulation of knowledge is faster because amount of research is larger in such an industry. This acceleration of knowledge accumulation eliminates the short-run negative e¤ect of uncertainty on the di¤usion process and the di¤usion rate under higher s exceeds that under lower s at some point in time. The di¤usion rates measured by adopters share also have the same property. To see this property in more broader parameter ranges, Table 1 presents the number of periods taken till di¤usion completes under each parameter set. Parameters are the same as the above if not mentioned in each section of the table. There are a couple of properties shown up in the table. First, uncertainty accelerates di¤usion if b is su¢ ciently large. Except the bottom section of Table 1, the number of periods till completion of di¤usion is monotonically decreasing in the uncertainty level, s. When b is small, the impact of the increase in research stimulated by uncertainty on knowledge accumulation is also small. So, knowledge accumulation cannot overcome the negative impact of s. Second, the potential superiority, , accelerates di¤usion. It is quite natural because larger makes technology 2 more pro…table and brings no negative e¤ect. Lastly, the complexity of the new technology, a, deteriorates di¤usion. 4 The short-run e¤ect of uncertainty is not necessarily negative because it depends on the ratio of change in x ^ and chage in x. Yet, I have not found a case in which the di¤usion rate is higher under larger s from the beginning.
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Table 1: E¤ects of s a = 1:2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 = 1:02 1.04 1.06 1.08 1.10 1.12 1.14 1.16 1.18 1.20 E = 0:25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 b = 0:55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00



s = 0:5 6 12 17 21 25 29 32 35 38 105 54 36 27 21 17 14 11 10 8 92 42 28 21 17 14 13 11 10 10 16 16 17 17 18 18 19 20 20 21



s = 0:6 6 11 16 20 23 27 30 33 36 98 51 34 25 20 16 13 11 9 8 79 38 26 20 16 14 12 11 10 9 16 17 17 17 18 18 18 19 19 20



s = 0:7 6 11 15 19 22 25 28 31 34 92 48 32 24 19 15 13 11 9 8 70 35 24 19 16 13 12 11 10 9 17 17 17 18 18 18 18 18 19 19
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s = 0:8 6 11 15 18 21 24 27 30 32 87 45 30 23 18 15 12 10 9 8 63 33 23 18 15 13 12 11 10 9 18 18 18 18 18 18 18 18 18 18



s = 0:9 6 10 14 17 20 23 26 28 31 82 43 29 22 17 14 12 10 9 8 58 31 22 17 15 13 12 11 10 9 18 18 18 18 18 18 18 17 17 17



s=1 6 10 14 17 20 23 25 28 30 78 41 28 21 17 14 12 10 9 8 55 30 21 17 14 13 11 10 10 9 18 18 18 18 18 17 17 17 17 17



Complexity of technology 2 is also a source of uncertainty, but it works in the opposite direction of s. This is because a does not a¤ect the amount of research by each …rm using technology 1. Because x shifts upward from an increase in a, the di¤usion rate is lowered at …rst and hardly catches up the di¤usion rate with smaller a. This property is related to the usual framework mentioning uncertainty and di¤usion. In literature, uncertainty deteriorates di¤usion because of some technology-speci…c risk. In this sense, the current model does not contradict such literature (Hall (2004)). As soon as not, I should say that technology-speci…c uncertainty deteriorates di¤usion on one hand, and uncertainty over the entire market accelerates di¤usion.5
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Di¤usion Curves



This section is devoted to study the di¤erence in di¤usion curves according to measures of di¤usion rates, demonstrated in Comin, Hobijn, and Rovito (2006) (CHR, below). Many papers in sociology and economics have documented that technological di¤usion typically follows an S-shape curve. At the early stage of di¤usion, there are only a few adopters of the new technology. Then, at some point in time di¤usion is accelerated because of cost-reduction or observation of early adopters’success. CHR reports that such a shape of a di¤usion curve depends on measures of di¤usion. Griliches (1957), Rogers (2003), and other papers mainly de…ne the di¤usion rate based on a binary decision: either to adopt the new technology or not to adopt it. CHR calls this type of measure as the extensive margin (di¤usion rate by binary choice, in this paper) and proposes that the intensive margin of di¤usion (di¤usion rate by output share, in this paper), which is based on frequency of use of a new technology, is also relevant for some technologies such as transportation, computers, and so forth, if a researcher is interested more in technology level of an economy than in communication and information transmission. Once the intensive margin is adopted, an S-shaped di¤usion curve is no longer typical. As soon as not, CHR documents that a di¤usion curve tends to be concave, implying that even if the number of early adopters is small they use a new technology more intensively. As an example, Figure 6 illustrates the di¤usion curve of basic oxygen furnace weighted by steel outputs in 9 advanced countries.6 Seemingly, the curves are S-shaped in some countries and not in the other. To see more rigorously, I …t these curves to the following asymmetric S-shape curve by each country: dt =



0



(1 + e



1



2t



1=



)



3



+



t



(



3



> 0):



(8)



When 3 = 1, this is the usual logistic curve: 0 is the ceiling, 1 adjusts the position of the curve (or the initial value), and 2 stands for the speed of di¤usion. 3 expresses the degree of asymmetry. Denote time points Ti and Th as the time point at which the process reaches its in‡ection point and the time point at which the process achieves the half of the ceiling di¤usion rate, respectively.7 Then 5 I want to note on the steady state of this model although there is no steady state under the current setting. If I set obsolescence of knowledge capital like in Oikawa (2007) (k_ = N b k), a steady state of knowledge shows up. Under such an environment, the e¤ect of the uncertainty level is more complicated since the steady state level of di¤usion varies depending on s. I omit such an analysis to make the point clear. One important point of steady state analysis is that greater uncertainty leads to greater total outputs. 6 The dataset is Historical Cross-Country Technology Adoption Dataset by Comin and Hobijn, available from NBER. 7 Another property of this currve: When 3 > 1 (< 1), the di¤usion rate is greater (smaller) than the logistic di¤usion for any t.
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Figure 6: Di¤usion curves by output shares, generated from tons of steel produced using blast oxygen furnace among total steel production.



(8) implies Ti > Th Ti = Th Ti < Th



for for for



3 3 3



> 1; = 1; < 1:



In other words, small (large) 3 indicates that the convex segment of a di¤usion curve is relatively short (long), meaning that the curve tends to be similar to a concave (convex) one. Table 2 presents the estimates of 3 ’s and the signi…cance level (p-value) that the null hypothesis 3 = 1 is rejected in each country. A simple interpretation of this result is that many of these di¤usion curves are not logistic but somewhat similar to concave curves because 3 is less than 1. The model in this paper theoretically explains how di¤usion curves change according to the measurements mentioned above. In the di¤usion process, bigger …rms adopt earlier because they can a¤ord to hire more researchers. So, when the di¤usion rate is weighted by outputs, it tends to be large from the beginning, in other words, there tends not to be a convex segment in a di¤usion curve. The di¤usion rate by binary choice, dB t , is the share of adopters among all …rms in the market: the di¤usion rate is 0 in phase 1; it is 1 G(xt ) dB (9) t = 1 G(^ xt ) in phase 2; and it is 1 in phase 3.
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Table 2: Estimates of



p-value 0.303 0.000 0.561 0.669 0.000 0.027 0.000 0.000 0.000



3



Finland France Germany Italy Japan Portugal Spain U.K. U.S.A.



3



1.72E-05 1.18E-05 1.24 5.58E-06 1.45E-06 2.28 1.13E-05 3.31E-06 0.44



On the other hand, I de…ne the di¤usion rate by output share, dO t , as the di¤usion rate as the ratio of the outputs using technology 2 to the total outputs, which is expressed in the next equation: Rx y(x; pt ; kt )dG O dt = Rxxt : (10) y(x; pt ; kt )dG x ^t



Surely, the di¤usion process depends on the distribution of x, G(x). However, there is a simple O relation between dB t and dt , which is shown in the next proposition. Proposition 5 For any t in di¤ usion phase 2, dO t [x; x], where x 0. Proof. From (9) and (10), dO t



dB t for any continuous distribution G(x) on



dB t is rewritten as Rx



x ^t



R xt



y(x; pt ; kt )dG 1



x ^t



G(^ xt )



y(x; pt ; kt )dG



G(x)



G(^ xt )



:



In other words, the average production among all producers is greater than the average production among only producers who use the old technology. This inequality holds if the expected production with technology 2 is greater than or equal to that with technology 1 for any x x. Actually, x x e implies 2e (x) 1 (x), so y2 (x; pt ; kt )



y1 (x; pt ; kt ) = f2 (n2 (x; pt ; kt )) x f1 (n1 (x; pt ; kt )) x 1 (n2 (x; pt ; kt ) n1 (x; pt ; kt )) 0: kt



This proposition says that, for any distribution of x satisfying the current assumptions, the di¤usion rate measured by output share is greater than the di¤usion rate measured based on binary choice. In other words, the former is uniformly above the latter, as illustrated in Figure 7. (Parameters: = 1:1, a = 1:5, E = 2, b = 1, C = 1, k1 = 1:2, r2 = 1, and LN (0; 1).) For the di¤usion rate measured by output shares, the in‡ection point is relatively small or unde…ned because early adopters have larger x and tend to produce more. Even if there are only few producers
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Figure 7: Di¤usion curves, by binary choice and by output share.



which adopt the new technology, they use it intensively and thus have signi…cant in‡uence on total outputs from the beginning— the run-up before the takeo¤ of the di¤usion curve shrinks or disappears. The phenomenon that larger …rms adopt earlier is widely observed in many industries. Oster (1982) reports the positive correlation between …rm size and earliness of adoption of the basic oxygen furnace among steel …rms. Hannan and McDowell (1984) …nds that bank size signi…cantly a¤ects the adoption of Automated Teller Machine (ATM) by U.S. banks during the period 1971-1979. Saloner and Shepard (1995) also …nds that banks with larger deposits value in total adopt ATM earlier. Karshenas and Stoneman (1993) reports the similar relation about the adoption of computer numerically controlled machine tools in the United Kingdom. The view that a larger …rm adopts a new technology earlier is based on a Schumpeterian hypothesis: Both appropriability of a new technology and availability of funds for larger …rms are higher.8
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Concluding remarks



In this paper, I examined …rms’technology adoption and technological di¤usion under idiosyncratic risks. I analyzed the e¤ect of …rm-level uncertainty on technological di¤usion and presented that uncertainty stimulates di¤usion. Oikawa (2007) studies the e¤ect of uncertainty on long-run productivity growth without technological adoption and shows that …rm-level uncertainty raises productivity growth. The result in this paper is consistent with such a story because a new technology is a new source of uncertainty and the emergence of the new technology heighten the level of uncertainty, which raises the productivity growth through knowledge accumulation. The issue of this paper is related to the empirical evidence on the behavior of idiosyncratic risks, though it is exogenous in this paper. Campbell, Lettau, Malkiel, and Xu (2001) documents increasing trend of idiosyncratic risks with the United States stock return data and Comin and Mulani (2006) 8 Hall



and Khan (2003) and Geroski (1999) do quick surveys of these studies.
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also reports an upward trend of …rm-level volatility of sales using the Compustat data set.9 I also presented the di¤usion curve unusually follows a logistic curve once the intensity of use is considered as documented by CHR. The intensity of use of adopted technology is more important when we see the technology level in one country, and the results of CHR and the present paper suggests that there be not so long time-lag before a new technology begins to in‡uence the aggregate production.
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