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A.1. Using Annual Citations To Capture Technology Evolution

Knowledge itself ages. The scientific value and relevance of a technology usually experiences

a hump-shaped dynamic. The scientific relevance usually increases in the early years as the new

technology starts to diffuse and is adopted; it later decays as the technology fails to stay at the

frontier and becomes replaced by newer generations of technology. This conceptual idea has been

discussed in many classic works on innovation (Pakes and Schankerman, 1984; Caballero and Jaffe,

1993).

Annual citations received by each patent capture knowledge aging.20 We start by presenting

two motivating facts. In Figure 2, we plot the age distribution of patents that a new patent cites as

its prior art. This figure shows that new patents rely heavily on patents that are less than twenty

years old. In fact, half or more of the cited patents in a new technology are within ten years old. A

small number of patents have quite long-lasting impacts and may be influential even after 50 years,

suggesting heterogeneity in the speed of aging.

In Figure A.1, we perform the reverse exercise to show the same point. In panel (a), we study the

forward citations each patent receives through its life cycle. Because of the right-truncation problem

of patent citations, we produce the citation dynamic curve by cohorts of patent filing years. Patents

keep obtaining citations even after one or two decades, after the first few years of the “climbing up”

period. In Figure A.1 panel (b), we show heterogeneity in this citation pattern. In this graph, we

divide patents from the same early cohort of 1990 into three groups based on the ratio of firms’ five

years’ citations in the total number of citations to date. The early bloomers (orange line) collect

significantly more patents in their earlier life than the late-bloomers (dark navy line), but they also

age more quickly.

If we summarize this difference in forward citation dynamics using one statistic, that is the half

life of a technology—the time it takes for each patent to collect half of its total citations (Machlup,

1962). The median half lives for the early-bloomer group and the later-bloomer group are 8 years

and 17 years, respectively. Figure A.2 shows the distribution of patent-level half lives for the sample

of patents granted prior to 2000. We again observe a very robust heterogeneity. The half lives of

patents also vary across different industries and different technology spaces. Figure A.3 shows the

20This intuition is also used in bibliometrics and scientometrics, which use citation patterns of patents and papers to
track technology evolution.
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half lives of patents summarized by the Fama-French 48 industries, and in Appendix Figure A.4 we

show those differences across different technological fields categorized by the International Patent

Classification (IPC).

One caveat is that the process of citing patents could be noisy (Roach and Cohen, 2013). Most

noticeably, a large portion of citations are so-called examiner-citations, which are inserted by patent

examiners but not the patent applicants or their hired professionals (Alcácer, Gittelman, and Sampat,

2009). This could affect both the construction of technology bases and citations they receive. Since

the technology obsolescence measure is a within-firm change, those concerns should not introduce

too strong of a systematic error into our analysis. Just to make sure this issue does not affect our

measure, for the post-2002 sample in which we could observe citation sources, i.e. examiner-

citations vs. applicant ones, we find that the correlation of the two versions of obsolescence with

and without examiner patents is 0.94.

Do the citations made by each patent signal the technological evolution and innovation quality?

We find evidence consistent with this conjecture. A patent’s backward citation is informative of

the quality and innovativeness of the patent itself. We show this in our context and also lean on the

literature that explores a similar question. If we simply repeat Figure 2 and check if breakthrough

innovative patents (as identified using Kelly et al. (2021)) cite past patents of different ages, we do

see a sharp difference, as shown in Figure A.5.

When we look deeper, we see that the more innovative patents cite past patents that are less

obsolete, while the less innovative patents cite patents that are more obsolete. Specifically, we find

that more innovative patents cite patents when these cited patents are on their upward citation trend.

For example, in Figure A.6, we find that the more innovative patents cite patents that on average

experience an increase in citations in the previous year, and have a low obsolescence score (as

constructed using the same logic in the paper but at a patent level).
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(a) Average Forward Citation Dynamic

(b) Heterogeneity in Forward Citation Dynamic

Figure A.1. Dynamics of Citations Received By Each Patent

Notes. This figure presents the dynamics of citations received by patents and its heterogeneities. Panel (a) presents the
annual citation received by patents organized by the 1980 and the 1990 cohort. Panel (b) presents the annual citation
received by patents of the 1990 cohort depending on whether they are early- or late-bloomers, defined based on the
ratio of firms’ five years’ citations in the total number of citations to date. Panel (b) presents the histogram of a patent’s
half-life using all patents applied and granted before 2000.
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Figure A.2. Distribution of Patents’ Half-Lives

Notes. This figure presents the histogram of a patent’s half-life using all patents applied and granted before 2000. The
half-life is defined as the number of years it takes for a patent to receive half of the total citations received by the patent
to date.
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Figure A.3. Dynamics of Citations Received By Each Patent—Heterogeneity

Notes. This figure plots the half-lives of patents produced by firms from different industries. The sample of patents is
restricted to the pre-2000 cohort to allow adequate time to realize the half-life of patents.
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Figure A.5. Heterogeneity in Backward Citation Dynamics

Notes. This figure presents the heterogeneity in backward citation dynamics. The “breakthrough” patents are obtained
from Kelly et al. (2021), which is available for patents filed up to 2002. The patent sample contains those patents filed
before 2002 with at least 10 backward citations and no more than 1000 backward citations.

Figure A.6. Characteristics of Patents’ Backward Citations

Notes. This figure plots the characteristics of patents cited by patents categorized based on their own innovativeness
(based on within-cohort forward citations). The left panel plots the average level of obsolescence at the time the new
patents cite the old patents, and the right panel plots the change of annual citations at the time of citing.
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A.2. Mathematical Formulation of the Obsolescence Measure

In this Appendix, we provide a mathematical formulation of the Obsolescence measure, and we

use the co-citation matrix as an important tool for this formalization.

Here we define the Obsolescence measure in the matrix form. Suppose there are N patents in

the world to date, and they are numbered 1, 2, ... N—they cite each other in these inventions. There

are M patenting firms, and they are indexed as 1, 2, ..., M.

We can define three important matrices:

• The citation matrix: Let Cτ = [cp1,p2] denote the N ×N matrix in which each element cp1,p2

indicates whether patent p1 cites p2 in the patent.

• The ownership matrix: Let F = [ f1, f2, . . . , fN ]
′ denote the N × 1 vector in which each

element fp represents the assignee of the patent p

• The timing matrix: For each patent p, it is filed at year tp by its assignee firm fp. Let

T= [t1, t2, . . . , tN ]′ denote the N ×1 vector in which its p-th element represents the filing year

of patent p.

Our objective is to represent the Obsolescence in the matrix form. Note that the measure for

each firm f at year t, with obsolescence horizon ω , is defined as:

Obsolescenceω
f ,t =−

[
ln(1+Citt(TechBase f ,t−ω))− ln(1+Citt−ω(TechBase f ,t−ω))

]
, (A4)

where Citt(TechBase f ,t−ω) is the number of citations received at year t by the patents in the

technology base of firm f in year tb, where the technology base is defined as all the cited patents by

a firm’s own patents. For now—we will ignore the restrictions that exclude the focal firm’s own

patents from the base and exclude the focal firm’s own citations to the base. This will simplify the

exposition of the idea and will be introduced later.

Transforming to Matrix Form: An alternative way to think about the above Citt/t−ω(TechBase f ,t−ω)

operation—namely citations to a firm’s technology base—is that we essentially need to calculate

the “co-citations” between (i) a firm’s past innovation up to t −ω and (ii) the concurrent innovation

that happens in year t or t −ω .
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Citt(TechBase f ,t−ω) = 1(F= f & T≤ t −ω)′︸ ︷︷ ︸
Patents owned by firm f at t −ω

· CC′ · 1(T= t)︸ ︷︷ ︸
Concurrent innovation in year t

,

(A5)

where 1 : RN → RN is the matrix element-wise indicator operator. To understand Equation (A5),

first note that CC′ is the co-citation matrix in which each element (p1, p2) represents the number

of patents cited by the two patents p1 and p2. The indicator function 1(T = t) represents all the

patents filed in year t and 1(F= f & T≤ t −ω) represents the patents filed by firm f up to year

t −ω . Thus, Citt(TechBase f ,t−ω) captures the number of co-citations made by the patents at year t

and the patents filed by firm f up to year t −ω . We can similarly define

Citt−ω(TechBase f ,t−ω)= 1(F= f & T≤ t −ω)′︸ ︷︷ ︸
Patents owned by firm f at t −ω

·CC′ · 1(T= t −ω)︸ ︷︷ ︸
Concurrent innovation in year t −ω

,

(A6)

However, as mentioned above, the definition in Eq. (A5) is slightly different from the one we

used in the paper, which included a few restrictive adjustments.

1. Exclude focal firms’ own patents from the base: First we do not consider the co-citations to

firms’ own patents in the technology base in the paper. Thus, we need to drop those citations

in the citation matrix. To do this, we need to use a modified version of the co-citation matrix,

C[C⊙ (JN ·1(F ̸= f )′)]′, where ⊙ is the Hadamard product operator and JN is the N × 1

matrix of ones. Here, the Hadamard product operation drops all the co-citations to firms’ own

patents in the technology base.

2. Exclude focal firms’ own citation to the base: In the paper, we also do not consider the

co-citations from firms’ own patents. Thus, we need to drop those firms’ own patents filed in

year t by using 1(F ̸= f & T= t).

Therefore, after considering the adjustments in the first two points, we have a modified version of

Citt(TechBase f ,t−ω):

Citt(TechBase f ,t−ω) = 1(F= f & T≤ t−ω)′ ·C[C⊙(JN ·1(F ̸= f )′)]′ ·1(F ̸= f & T= t). (A7)
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Plugging Equation (A7) into Equation (A4), we obtain the Obsolescence measure with duplicated

technology base, which is the one we use in Table A.16.

Finally, the Obsolescence measure in the original formulation uses a de-duplicated technology

base. That is, if multiple firms’ patents cite the same patent, we only consider it once in the

technology base. However, the matrix form of the Obsolescence measure double counts the

co-citations to those patents and we have no good way to deal with this under the matrix form.
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A.3. Additional Results

(a) All Firms with Patents

(b) Firms with > 100 Patents

Figure A.7. Overlap Ratio of Technology Base Between Within-Industry Firms

Notes. This figure plots the pair-wise overlap of technology bases among firms in the same SIC3 industry-year. The
overlap of firm i and j’s bases are calculated as the ratio between the size of their intersections (numerator) and the size
of their unions (denominator). Panel (a) uses all firms with a patent, while panel (b) focuses on firms with at least 100
patents.
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Table A.1. Decomposition of the Obsolescence Measure

Decomposition (1) Decomposition (2)
Variation % of total variation Variation % of total variation

Total 3,869.92 100 3,869.92 100
Between industries 385.01 9.95 385.01 9.95
Within industries 1,087.92 28.11 1,126 29.10
Within firm 2,397 61.94
Within industries × year 2,358.92 60.96

Notes. This table shows variations of the Obsolescence (abbreviated as Obs here for compact notation) measure from
different sources. The first decomposition decomposes Obsolescence into across-industry, across firms within an
industry, and within a firm (over time):

∑i ∑ j ∑t

(
Obsi jt −Obs

)2

= ∑i ∑ j ∑t

[
(Obsi jt −Obsi j·)+(Obsi j·−Obs· j·)+(Obs· j·−Obs)

]2

= ∑i ∑ j ∑t
(
Obsi jt −Obsi j·

)2
within firm

= ∑i ∑ j ∑t

(
Obsi j·−Obs· j·

)2
within industries

= ∑i ∑ j ∑t

(
Obs· j·−Obs

)2

between industries

where Obsi jt is the Obsolescence for firm j in industry j in year t, Obsi j· is the within-firm mean for firm i, Obs· j· is

the industry mean for industry j, and Obs is the grand mean.

The second decomposition decomposes Obsolescence into across across-industry, within-industry across different
years, and within industry-year across different firms:

∑i ∑ j ∑t

(
Obsi jt −Obs

)2

= ∑i ∑ j ∑t

[
(Obsi jt −Obs· jt)+(Obs· jt −Obs· j·)+(Obs· j·−Obs)

]2

= ∑i ∑ j ∑t
(
Obsi jt −Obs· jt

)2
within industry × year

= ∑i ∑ j ∑t

(
Obs· jt −Obs· j·

)2
within industries

= ∑i ∑ j ∑t

(
Obs· j·−Obs

)2

between industries

where Obs· jt is the within-industry-year mean for industry j in year t.
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Table A.2. Robustness: Technological Obsolescence and Firm Growth - Without Keeping the Same
Observations Across Different Horizons

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits
Obsolescencet -0.011*** -0.017*** -0.021*** -0.025*** -0.031***

(0.003) (0.004) (0.007) (0.009) (0.011)
R2 0.214 0.239 0.246 0.246 0.250
Observations 29,319 27,562 25,980 23,685 21,605

Output
Obsolescencet -0.010*** -0.017*** -0.022*** -0.026** -0.032**

(0.003) (0.005) (0.008) (0.010) (0.013)
R2 0.171 0.192 0.199 0.201 0.206
Observations 30,846 28,972 27,296 24,830 22,621

Capital
Obsolescencet -0.012*** -0.023*** -0.033*** -0.043*** -0.052***

(0.002) (0.005) (0.007) (0.010) (0.012)
R2 0.160 0.182 0.189 0.195 0.199
Observations 31,579 29,655 27,921 25,353 23,037

Labor
Obsolescencet -0.006*** -0.012*** -0.017** -0.018** -0.019*

(0.002) (0.004) (0.007) (0.009) (0.010)
R2 0.151 0.160 0.164 0.169 0.177
Observations 31,494 29,564 27,847 26,182 23,818

TFP
Obsolescencet -0.008*** -0.012*** -0.014*** -0.015*** -0.014**

(0.003) (0.004) (0.005) (0.005) (0.007)
R2 0.200 0.262 0.304 0.323 0.334
Observations 23,781 22,246 20,957 19,109 17,443

Notes. This table examines the relation between Obsolescence and firm growth and productivity using the model below
(equation (2)) in the paper):

logYf ,t+τ − logYf ,t = βτ ·Obsolescence f ,t +θτ ·X f ,t +δI×t + ε f ,t+τ .

The outcome variables, Y , include firm profits, output, capital, employment, and TFP, all defined and described in
Table 1. The table presents results estimated using up to five years from t. Controls include the level logYf ,t , the log
value of the capital stock, the log number of employees, the log number of patents granted up to year t, the log value
of the firm age, and the firm’s idiosyncratic volatility. All right-hand-side variables are standardized to unit standard
deviation to facilitate magnitude interpretations. The model includes industry (SIC3)-by-year fixed effects. Standard
errors are clustered by firm and year, and they are shown in parentheses. *, **, and *** denote statistical significance at
the 10%, 5%, and 1% levels, respectively.
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Table A.3. Robustness of Obsolescence Measure - Horizons ω = 1

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.006* -0.013*** -0.018*** -0.021*** -0.022***

(0.003) (0.004) (0.005) (0.007) (0.009)
Citation-Weighted Patentst (CW) 0.003 0.007 0.011 0.010 0.013

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.027** 0.036*** 0.046*** 0.055***

(0.007) (0.011) (0.014) (0.016) (0.018)
R2 0.253 0.272 0.271 0.265 0.258

Output (N =22,358)
Obsolescencet -0.009*** -0.014*** -0.022*** -0.024*** -0.031***

(0.003) (0.004) (0.006) (0.007) (0.010)
Citation-Weighted Patentst (CW) -0.004 -0.004 -0.006 -0.006 -0.005

(0.004) (0.007) (0.010) (0.012) (0.015)
Patent Valuet (SM) 0.014** 0.022** 0.030** 0.036* 0.047**

(0.006) (0.011) (0.014) (0.019) (0.020)
R2 0.202 0.212 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.011*** -0.017*** -0.021*** -0.026*** -0.035***

(0.002) (0.004) (0.005) (0.007) (0.009)
Citation-Weighted Patentst (CW) -0.009*** -0.011*** -0.012* -0.010 -0.011

(0.002) (0.004) (0.006) (0.009) (0.010)
Patent Valuet (SM) 0.017*** 0.029*** 0.037*** 0.043*** 0.051***

(0.004) (0.008) (0.012) (0.016) (0.018)
R2 0.184 0.202 0.206 0.205 0.202

Labor (N =23,511)
Obsolescencet -0.006*** -0.011*** -0.014*** -0.019*** -0.023***

(0.002) (0.003) (0.005) (0.006) (0.008)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.007 -0.009 -0.012

(0.003) (0.005) (0.007) (0.010) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.029** 0.034**

(0.004) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.003 -0.004 -0.007** -0.011** -0.015***

(0.003) (0.003) (0.004) (0.004) (0.005)
Citation-Weighted Patentst (CW) 0.001 0.007 0.010 0.007 0.007

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.024** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.238 0.295 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity after adding measures
of new innovation, the stock market-based patent value from Kogan et al. (2017), and citation-weight patent counts.
The design follows that in Table 4.
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Table A.4. Robustness of Obsolescence Measure—Horizons ω = 3

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.010*** -0.018*** -0.021*** -0.024*** -0.023**

(0.003) (0.004) (0.006) (0.008) (0.009)
Citation-Weighted Patentst (CW) 0.003 0.006 0.010 0.009 0.012

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.027** 0.035*** 0.046*** 0.055***

(0.007) (0.011) (0.014) (0.016) (0.018)
R2 0.254 0.272 0.272 0.265 0.258

Output (N =22,358)
Obsolescencet -0.008*** -0.015*** -0.021*** -0.024*** -0.027***

(0.003) (0.005) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) -0.005 -0.005 -0.006 -0.007 -0.006

(0.004) (0.007) (0.010) (0.012) (0.014)
Patent Valuet (SM) 0.014** 0.022** 0.029** 0.035* 0.047**

(0.006) (0.010) (0.014) (0.019) (0.019)
R2 0.202 0.213 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.019*** -0.028*** -0.038*** -0.046***

(0.002) (0.004) (0.007) (0.009) (0.011)
Citation-Weighted Patentst (CW) -0.009*** -0.012*** -0.013** -0.012 -0.012

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.029*** 0.036*** 0.042*** 0.050***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.184 0.202 0.207 0.207 0.203

Labor (N =23,511)
Obsolescencet -0.006*** -0.011*** -0.015** -0.019** -0.021**

(0.002) (0.004) (0.006) (0.008) (0.009)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.008 -0.009 -0.013

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.028** 0.033**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.005* -0.008** -0.011** -0.015*** -0.016***

(0.003) (0.004) (0.005) (0.005) (0.005)
Citation-Weighted Patentst (CW) 0.001 0.007 0.009 0.006 0.006

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.024** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity after adding measures
of new innovation, the stock market-based patent value from Kogan et al. (2017), and citation-weight patent counts.
The design follows that in Table 4.
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Table A.5. Technological Obsolescence and Firm Distress and Failure

Time Horizon = t +1 t +2 t +3 t +4 t +5

Obsolescencet 0.0001 0.0007 0.0016* 0.0021* 0.0022
(0.0003) (0.0006) (0.0010) (0.0013) (0.0015)

R2 0.1575 0.1330 0.1286 0.1285 0.1308
Observations 30,013 30,013 30,013 30,013 30,013

Notes. This table examines the relation between Obsolescence and firm bankruptcy (Chapter 11) using the same design
as in Table 4 in the main text.
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Table A.6. Technological Obsolescence and Growth, Isolating Variations in Obsolescence

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.016*** -0.027*** -0.030*** -0.032*** -0.029**

(0.003) (0.006) (0.008) (0.010) (0.012)
Citation-Weighted Patentst (CW) 0.002 0.004 0.008 0.006 0.010

(0.004) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.016** 0.025** 0.034** 0.044*** 0.054***

(0.007) (0.011) (0.013) (0.016) (0.018)
R2 0.255 0.273 0.272 0.266 0.258

Output (N =22,358)
Obsolescencet -0.009*** -0.020*** -0.026*** -0.033*** -0.034**

(0.003) (0.006) (0.009) (0.011) (0.014)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.008 -0.008 -0.008

(0.004) (0.007) (0.009) (0.012) (0.014)
Patent Valuet (SM) 0.013** 0.021** 0.028** 0.034* 0.045**

(0.005) (0.010) (0.013) (0.019) (0.019)
R2 0.202 0.213 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.022*** -0.031*** -0.038*** -0.043***

(0.003) (0.005) (0.008) (0.011) (0.014)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.014** -0.013 -0.014

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.035*** 0.041*** 0.048***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.184 0.202 0.207 0.206 0.202

Labor (N =23,511)
Obsolescencet -0.006** -0.011** -0.017** -0.021** -0.021*

(0.003) (0.005) (0.007) (0.009) (0.011)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.009 -0.010 -0.014

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.017** 0.022** 0.027** 0.032**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.009*** -0.015*** -0.019*** -0.021*** -0.019***

(0.003) (0.005) (0.006) (0.006) (0.007)
Citation-Weighted Patentst (CW) 0 0.005 0.007 0.004 0.005

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.014* 0.019 0.023** 0.029*** 0.032***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.332 0.347 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity using a new construction.
Specifically, this approach reconstructs the Obsolecence measure with one modification: when tracking changes in
citations between t − τ and t, we impute the citations changes to be zero for patents in the base that experienced a
growth of citations over this time window. The table design follows that in Table 6.
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Table A.7. Heterogeneity Across Different Firm and Industry Characteristics, Controlling For
Innovation Measures

Heterogeneity Core Patents Product/Process Patents Competition
Core Non-Core Product Process High Low

Profits
Obsolescencet -0.019*** -0.005 -0.023*** -0.008 -0.021*** -0.024

(0.007) (0.007) (0.007) (0.005) (0.007) (0.015)
Citation-Weighted Patentst (CW) 0.009 0.011 0.009 0.011 0.007 0.014

(0.011) (0.011) (0.011) (0.011) (0.014) (0.017)
Patent Valuet (SM) 0.035*** 0.036*** 0.035*** 0.036*** 0.037** 0.047***

(0.014) (0.014) (0.014) (0.014) (0.015) (0.013)
R2 0.272 0.271 0.272 0.271 0.246 0.391
Observations 21,274 21,274 21,274 21,274 15,513 5,761

Output
Obsolescencet -0.020*** -0.004 -0.020*** -0.007 -0.022** -0.015

(0.008) (0.007) (0.008) (0.005) (0.009) (0.012)
Citation-Weighted Patentst (CW) -0.007 -0.006 -0.007 -0.006 -0.015 0.030**

(0.009) (0.010) (0.009) (0.010) (0.011) (0.012)
Patent Valuet (SM) 0.029** 0.030** 0.029** 0.030** 0.031** 0.039***

(0.014) (0.014) (0.014) (0.014) (0.015) (0.012)
R2 0.213 0.212 0.213 0.212 0.192 0.360
Observations 22,358 22,358 22,358 22,358 16,564 5,794

Capital
Obsolescencet -0.028*** -0.014** -0.032*** -0.009* -0.036*** -0.013

(0.007) (0.006) (0.008) (0.006) (0.009) (0.010)
Citation-Weighted Patentst (CW) -0.014** -0.012* -0.014** -0.012* -0.017*** -0.007

(0.006) (0.006) (0.006) (0.006) (0.007) (0.013)
Patent Valuet (SM) 0.036*** 0.037*** 0.036*** 0.037*** 0.038*** 0.039***

(0.012) (0.012) (0.012) (0.012) (0.012) (0.013)
R2 0.208 0.205 0.208 0.205 0.191 0.306
Observations 22,873 22,873 22,873 22,873 17,022 5,851

Labor
Obsolescencet -0.012** -0.005 -0.017** -0.005 -0.016** -0.005

(0.006) (0.006) (0.007) (0.005) (0.008) (0.010)
Citation-Weighted Patentst (CW) -0.008 -0.008 -0.009 -0.008 -0.012* 0.006

(0.007) (0.007) (0.007) (0.007) (0.008) (0.015)
Patent Valuet (SM) 0.023** 0.024** 0.023** 0.023** 0.025** 0.025***

(0.009) (0.009) (0.009) (0.009) (0.010) (0.009)
R2 0.184 0.184 0.185 0.184 0.159 0.312
Observations 23,511 23,511 23,511 23,511 17,525 5,986

TFP
Obsolescencet -0.011*** -0.006 -0.011** -0.007* -0.013** -0.005

(0.004) (0.004) (0.004) (0.004) (0.005) (0.008)
Citation-Weighted Patentst (CW) 0.009 0.010 0.008 0.010 0.002 0.022***

(0.007) (0.007) (0.007) (0.007) (0.008) (0.008)
Patent Valuet (SM) 0.024** 0.024** 0.024** 0.024** 0.027** 0.011*

(0.011) (0.011) (0.011) (0.011) (0.013) (0.006)
R2 0.331 0.331 0.331 0.331 0.306 0.478
Observations 16,639 16,639 16,639 16,639 12,804 3,835

Notes. This table examines the relation between Obsolescence and firm growth and productivity in different subsamples.
This is the same design as in Table 7 in the main text, after adding new innovation measures SM and CW. The core vs.
non-core (peripheral) patents are defined as the top technology class(es) that populate 50% of all the firm’s patents. The
product (disembodied) vs. process (embodied) innovation is defined using the textual description of patents based on
Bena and Simintzi (2019). The product market competition is categorized into high vs. low based on the SIC3 HHI.
The empirical design follows that in Table 4, only the t +3 horizon is reported.
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Table A.8. Technological Obsolescence and Growth, 20-Year Rolling Window for the Technology
Base

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.012*** -0.020*** -0.023*** -0.026*** -0.026**

(0.003) (0.005) (0.008) (0.009) (0.011)
Citation-Weighted Patentst (CW) 0.002 0.005 0.009 0.007 0.011

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.026** 0.035*** 0.045*** 0.054***

(0.007) (0.011) (0.013) (0.016) (0.018)
R2 0.254 0.272 0.272 0.265 0.258

Output (N =22,358)
Obsolescencet -0.008** -0.016*** -0.021** -0.026** -0.030**

(0.004) (0.006) (0.009) (0.011) (0.014)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.007 -0.008 -0.008

(0.004) (0.007) (0.009) (0.012) (0.014)
Patent Valuet (SM) 0.014** 0.021** 0.029** 0.035* 0.046**

(0.006) (0.010) (0.014) (0.019) (0.019)
R2 0.202 0.213 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.021*** -0.030*** -0.039*** -0.046***

(0.003) (0.005) (0.008) (0.010) (0.012)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.014** -0.013 -0.014

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.036*** 0.041*** 0.049***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.185 0.203 0.208 0.207 0.203

Labor (N =23,511)
Obsolescencet -0.006** -0.010** -0.015** -0.017** -0.018*

(0.002) (0.004) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.009 -0.010 -0.014

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.028** 0.033**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.005* -0.008* -0.012*** -0.016*** -0.015**

(0.003) (0.004) (0.005) (0.005) (0.006)
Citation-Weighted Patentst (CW) 0 0.006 0.008 0.005 0.006

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.023** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity. The design follows
that in Table 4.
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Table A.9. Technological Obsolescence and Growth, Technology Base with Depreciation Rate of
0.9

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.013*** -0.021*** -0.024*** -0.027*** -0.027**

(0.003) (0.005) (0.008) (0.009) (0.011)
Citation-Weighted Patentst (CW) 0.002 0.005 0.008 0.007 0.011

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.026** 0.035*** 0.045*** 0.054***

(0.007) (0.011) (0.013) (0.016) (0.018)
R2 0.254 0.273 0.272 0.265 0.258

Output (N =22,358)
Obsolescencet -0.009** -0.017*** -0.022** -0.027** -0.031**

(0.004) (0.006) (0.009) (0.011) (0.013)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.007 -0.008 -0.007

(0.004) (0.007) (0.009) (0.012) (0.014)
Patent Valuet (SM) 0.013** 0.021** 0.029** 0.035* 0.046**

(0.006) (0.010) (0.014) (0.019) (0.019)
R2 0.202 0.213 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.013*** -0.022*** -0.031*** -0.040*** -0.048***

(0.003) (0.005) (0.008) (0.010) (0.012)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.014** -0.013 -0.014

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.036*** 0.041*** 0.049***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.185 0.203 0.208 0.207 0.204

Labor (N =23,511)
Obsolescencet -0.006*** -0.011** -0.015** -0.018** -0.019*

(0.002) (0.004) (0.007) (0.008) (0.010)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.009 -0.010 -0.014

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.028** 0.033**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.006* -0.009** -0.013*** -0.017*** -0.015**

(0.003) (0.004) (0.005) (0.005) (0.006)
Citation-Weighted Patentst (CW) 0 0.006 0.008 0.005 0.005

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.023** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity. The design follows
that in Table 4.
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Table A.10. Technological Obsolescence and Growth, Deflated by Patents Per Capita

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.012*** -0.019*** -0.023*** -0.026*** -0.026**

(0.003) (0.005) (0.008) (0.009) (0.011)
Citation-Weighted Patentst (CW) 0.002 0.005 0.009 0.007 0.011

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.026** 0.035*** 0.045*** 0.055***

(0.007) (0.011) (0.014) (0.016) (0.018)
R2 0.254 0.272 0.272 0.265 0.258

Output (N =22,358)
Obsolescencet -0.008** -0.016*** -0.021** -0.026** -0.030**

(0.004) (0.006) (0.009) (0.011) (0.013)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.007 -0.008 -0.007

(0.004) (0.007) (0.009) (0.012) (0.014)
Patent Valuet (SM) 0.014** 0.021** 0.029** 0.035* 0.046**

(0.006) (0.010) (0.014) (0.019) (0.019)
R2 0.202 0.213 0.213 0.211 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.021*** -0.030*** -0.039*** -0.045***

(0.003) (0.005) (0.008) (0.010) (0.012)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.014** -0.013 -0.014

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.036*** 0.042*** 0.049***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.185 0.203 0.208 0.207 0.203

Labor (N =23,511)
Obsolescencet -0.006** -0.010** -0.015** -0.018** -0.019*

(0.002) (0.004) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.009 -0.010 -0.014

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.028** 0.033**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.006* -0.008* -0.012** -0.015*** -0.014**

(0.003) (0.004) (0.005) (0.005) (0.006)
Citation-Weighted Patentst (CW) 0 0.006 0.008 0.005 0.006

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.024** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity after adding measures
of new innovation, the stock market-based patent value from Kogan et al. (2017), and citation-weight patent counts.
The design follows that in Table 4.
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Table A.11. Technological Obsolescence and Growth, Firm FE (t +5)

(1) (2) (3) (4) (5)
Profitst+5 Outputt+5 Capitalt+5 Labort+5 TFPt+5

Obsolescencet -0.026*** -0.016* -0.029*** -0.017** -0.008
(0.009) (0.008) (0.008) (0.008) (0.005)

R2 0.964 0.970 0.976 0.965 0.640
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Observations 17,927 17,974 17,946 17,868 15,792

Notes. This table examines the relation between Obsolescence and firm growth and productivity after adding measures
of new innovation, the stock market-based patent value from Kogan et al. (2017), and citation-weight patent counts.
The design follows that in Table 4.
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Table A.12. Technological Obsolescence and Growth—Dropping Competitors’ Patents

Drop Patents from Drop Patents from
Hoberg-Phillips Competitors SIC-3 Competitors

Time Horizon = t +1 t +3 t +5 t +1 t +3 t +5

Profits (N =21,274)
Obsolescencet -0.011*** -0.021*** -0.024** -0.012*** -0.021*** -0.025**

(0.003) (0.007) (0.010) (0.003) (0.007) (0.011)
Citation-Weighted Patentst (CW) 0.002 0.009 0.011 0.002 0.009 0.011

(0.005) (0.011) (0.016) (0.005) (0.011) (0.016)
Patent Valuet (SM) 0.017** 0.035*** 0.055*** 0.017** 0.035*** 0.055***

(0.007) (0.013) (0.018) (0.007) (0.014) (0.018)
R2 0.254 0.272 0.258 0.254 0.272 0.258

Output (N =22,358)
Obsolescencet -0.008** -0.019** -0.026** -0.008** -0.019** -0.027**

(0.004) (0.008) (0.013) (0.004) (0.008) (0.013)
Citation-Weighted Patentst (CW) -0.005 -0.007 -0.007 -0.005 -0.007 -0.007

(0.004) (0.009) (0.014) (0.004) (0.009) (0.014)
Patent Valuet (SM) 0.014** 0.029** 0.046** 0.014** 0.029** 0.046**

(0.006) (0.013) (0.019) (0.006) (0.014) (0.019)
R2 0.202 0.213 0.212 0.202 0.213 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.030*** -0.044*** -0.012*** -0.030*** -0.044***

(0.003) (0.008) (0.012) (0.002) (0.007) (0.012)
Citation-Weighted Patentst (CW) -0.010*** -0.014** -0.014 -0.010*** -0.014** -0.014

(0.002) (0.006) (0.010) (0.002) (0.006) (0.010)
Patent Valuet (SM) 0.016*** 0.036*** 0.049*** 0.016*** 0.036*** 0.049***

(0.004) (0.012) (0.018) (0.004) (0.012) (0.018)
R2 0.184 0.208 0.203 0.185 0.208 0.203

Labor (N =23,511)
Obsolescencet -0.005** -0.013* -0.013 -0.006** -0.013* -0.015

(0.002) (0.007) (0.010) (0.002) (0.007) (0.010)
Citation-Weighted Patentst (CW) -0.005* -0.008 -0.013 -0.005* -0.008 -0.014

(0.003) (0.007) (0.011) (0.003) (0.007) (0.011)
Patent Valuet (SM) 0.011*** 0.023** 0.033** 0.011*** 0.023** 0.033**

(0.003) (0.009) (0.014) (0.003) (0.009) (0.014)
R2 0.173 0.184 0.183 0.173 0.185 0.183

TFP (N =16,639)
Obsolescencet -0.006* -0.011** -0.011** -0.005 -0.010** -0.013**

(0.003) (0.004) (0.006) (0.003) (0.004) (0.006)
Citation-Weighted Patentst (CW) 0 0.008 0.006 0.001 0.008 0.006

(0.003) (0.007) (0.009) (0.003) (0.007) (0.009)
Patent Valuet (SM) 0.015* 0.024** 0.033*** 0.015* 0.024** 0.033***

(0.008) (0.011) (0.010) (0.008) (0.011) (0.010)
R2 0.239 0.331 0.350 0.239 0.331 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity. The design follows that
in Table 4 with abbreviation. The key difference with Table 4 is that when constructing Obsolescence, the Technology
Base excludes patents from industry competitors defined using both Hoberg-Phillips categorizations (Hoberg and
Phillips, 2016) and competitors in the same 3-digit SIC industries.
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Table A.13. Robustness of Obsolescence Measure—Only General Patents In the Base

High-Generality Low-Generality
Patents Patents

Time Horizon = t +1 t +3 t +5 t +1 t +3 t +5

Profits (N =21,274)
Obsolescencet -0.011*** -0.021*** -0.025*** -0.006** -0.012** -0.014

(0.003) (0.007) (0.009) (0.003) (0.006) (0.010)
Citation-Weighted Patentst (CW) 0.003 0.010 0.012 0.003 0.011 0.013

(0.005) (0.011) (0.016) (0.005) (0.011) (0.016)
Patent Valuet (SM) 0.017** 0.035*** 0.054*** 0.017** 0.035*** 0.055***

(0.007) (0.013) (0.018) (0.007) (0.014) (0.018)
R2 0.254 0.272 0.258 0.253 0.271 0.257

Output (N =22,358)
Obsolescencet -0.006* -0.019** -0.025** -0.006** -0.012* -0.012

(0.003) (0.008) (0.011) (0.003) (0.006) (0.010)
Citation-Weighted Patentst (CW) -0.005 -0.007 -0.006 -0.005 -0.006 -0.005

(0.004) (0.009) (0.014) (0.004) (0.010) (0.014)
Patent Valuet (SM) 0.014** 0.029** 0.046** 0.014** 0.030** 0.047**

(0.006) (0.014) (0.019) (0.006) (0.014) (0.020)
R2 0.202 0.213 0.212 0.202 0.213 0.211

Capital (N =22,873)
Obsolescencet -0.010*** -0.025*** -0.038*** -0.008*** -0.016*** -0.023***

(0.002) (0.007) (0.011) (0.002) (0.006) (0.009)
Citation-Weighted Patentst (CW) -0.009*** -0.013** -0.012 -0.009*** -0.012** -0.011

(0.002) (0.006) (0.010) (0.002) (0.006) (0.010)
Patent Valuet (SM) 0.016*** 0.036*** 0.049*** 0.016*** 0.037*** 0.051***

(0.004) (0.012) (0.018) (0.004) (0.012) (0.018)
R2 0.184 0.207 0.203 0.183 0.206 0.201

Labor (N =23,511)
Obsolescencet -0.006** -0.015** -0.018** -0.005** -0.011** -0.012

(0.002) (0.006) (0.009) (0.002) (0.005) (0.008)
Citation-Weighted Patentst (CW) -0.005* -0.008 -0.013 -0.005* -0.008 -0.013

(0.003) (0.007) (0.011) (0.003) (0.007) (0.011)
Patent Valuet (SM) 0.011*** 0.023** 0.033** 0.011*** 0.023** 0.034**

(0.003) (0.009) (0.014) (0.003) (0.009) (0.014)
R2 0.173 0.185 0.184 0.173 0.184 0.183

TFP (N =16,639)
Obsolescencet -0.007** -0.012*** -0.014*** -0.003 -0.007* -0.005

(0.003) (0.005) (0.005) (0.002) (0.004) (0.005)
Citation-Weighted Patentst (CW) 0 0.009 0.006 0.001 0.010 0.007

(0.003) (0.007) (0.009) (0.003) (0.007) (0.009)
Patent Valuet (SM) 0.015* 0.024** 0.033*** 0.015* 0.024** 0.033***

(0.008) (0.011) (0.010) (0.008) (0.011) (0.010)
R2 0.239 0.331 0.350 0.238 0.331 0.349

Notes. This table examines the relation between Obsolescence and firm growth and productivity in different subsamples.
The technology base is constructed using patents that are of high- vs. low- generality, defined as in Hall, Jaffe, and
Trajtenberg (2001). The empirical design follows that in Table 4, only the t +1, t +3, and t +5 horizon is reported.
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Table A.15. Robustness of Obsolescence Measure—Patents Owned

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.013*** -0.025*** -0.036*** -0.040*** -0.044***

(0.003) (0.005) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) 0.001 0.003 0.006 0.004 0.007

(0.004) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.016** 0.024** 0.032** 0.042*** 0.051***

(0.006) (0.011) (0.013) (0.016) (0.017)
R2 0.254 0.273 0.274 0.267 0.260

Output (N =22,358)
Obsolescencet -0.008*** -0.016*** -0.022*** -0.022** -0.022**

(0.003) (0.006) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) -0.005 -0.006 -0.008 -0.009 -0.008

(0.004) (0.007) (0.010) (0.012) (0.014)
Patent Valuet (SM) 0.013** 0.020** 0.028** 0.034* 0.045**

(0.006) (0.010) (0.013) (0.019) (0.019)
R2 0.202 0.213 0.213 0.210 0.211

Capital (N =22,873)
Obsolescencet -0.011*** -0.019*** -0.027*** -0.033*** -0.035***

(0.002) (0.004) (0.006) (0.008) (0.010)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.015** -0.014* -0.015

(0.002) (0.004) (0.006) (0.009) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.035*** 0.040*** 0.048***

(0.004) (0.008) (0.011) (0.015) (0.017)
R2 0.184 0.202 0.207 0.206 0.202

Labor (N =23,511)
Obsolescencet -0.006*** -0.012*** -0.015*** -0.017** -0.019**

(0.002) (0.004) (0.005) (0.007) (0.008)
Citation-Weighted Patentst (CW) -0.005* -0.008 -0.009 -0.011 -0.015

(0.003) (0.005) (0.008) (0.010) (0.011)
Patent Valuet (SM) 0.011*** 0.017** 0.022** 0.027** 0.032**

(0.003) (0.007) (0.009) (0.012) (0.013)
R2 0.173 0.182 0.185 0.184 0.184

TFP (N =16,639)
Obsolescencet -0.007* -0.012** -0.013** -0.012* -0.012*

(0.004) (0.005) (0.005) (0.006) (0.006)
Citation-Weighted Patentst (CW) 0 0.005 0.008 0.005 0.005

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.014* 0.018 0.023** 0.029*** 0.032***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity. We use the technologi-
cal obsolescence as the rate of change in citations made to the firm’s own patent portfolio, instead of the technology
base. The design follows that in Table 4.
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Table A.16. Robustness of Obsolescence Measure—Duplicated Technology Base

Time Horizon = t +1 t +2 t +3 t +4 t +5

Profits (N =21,274)
Obsolescencet -0.011*** -0.018*** -0.021*** -0.024*** -0.024**

(0.003) (0.005) (0.007) (0.009) (0.010)
Citation-Weighted Patentst (CW) 0.002 0.005 0.009 0.007 0.011

(0.005) (0.008) (0.011) (0.014) (0.016)
Patent Valuet (SM) 0.017** 0.026** 0.035*** 0.045*** 0.055***

(0.007) (0.011) (0.014) (0.016) (0.018)
R2 0.254 0.272 0.272 0.265 0.258

Output (N =22,358)
Obsolescencet -0.008** -0.015*** -0.018** -0.021** -0.025**

(0.003) (0.005) (0.008) (0.010) (0.012)
Citation-Weighted Patentst (CW) -0.005 -0.005 -0.007 -0.007 -0.007

(0.004) (0.007) (0.009) (0.012) (0.014)
Patent Valuet (SM) 0.014** 0.021** 0.029** 0.035* 0.046**

(0.006) (0.010) (0.014) (0.019) (0.019)
R2 0.202 0.213 0.213 0.210 0.212

Capital (N =22,873)
Obsolescencet -0.012*** -0.021*** -0.029*** -0.038*** -0.045***

(0.002) (0.005) (0.007) (0.010) (0.012)
Citation-Weighted Patentst (CW) -0.010*** -0.013*** -0.014** -0.013 -0.014

(0.002) (0.004) (0.006) (0.008) (0.010)
Patent Valuet (SM) 0.016*** 0.028*** 0.036*** 0.042*** 0.049***

(0.004) (0.008) (0.012) (0.015) (0.018)
R2 0.185 0.203 0.208 0.207 0.203

Labor (N =23,511)
Obsolescencet -0.006** -0.010** -0.013** -0.014* -0.015

(0.002) (0.004) (0.006) (0.008) (0.010)
Citation-Weighted Patentst (CW) -0.005* -0.007 -0.008 -0.010 -0.013

(0.003) (0.005) (0.007) (0.009) (0.011)
Patent Valuet (SM) 0.011*** 0.018** 0.023** 0.028** 0.033**

(0.003) (0.007) (0.009) (0.012) (0.014)
R2 0.173 0.182 0.185 0.184 0.183

TFP (N =16,639)
Obsolescencet -0.006* -0.009** -0.012*** -0.014*** -0.012**

(0.003) (0.004) (0.005) (0.005) (0.006)
Citation-Weighted Patentst (CW) 0 0.006 0.008 0.005 0.006

(0.003) (0.006) (0.007) (0.008) (0.009)
Patent Valuet (SM) 0.015* 0.019 0.024** 0.030*** 0.033***

(0.008) (0.012) (0.011) (0.011) (0.010)
R2 0.239 0.296 0.331 0.346 0.350

Notes. This table examines the relation between Obsolescence and firm growth and productivity. We use the duplicated
technology base to construct the technological obsolescence; that is, we allow the same patent to appear multiple times
in the technology base if it was cited multiple times by different patents of this firm. The design follows that in Table 4.
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Table A.17. Technological Obsolescence and Growth, Controlling For Other Innovation Measures

Panel (a): Controlling for RETecht and Tech Breadtht from BFH

(1) (2) (3) (4) (5)
Profitst+5 Outputt+5 Capitalt+5 Labort+5 TFPt+5

Obsolescencet -0.032*** -0.036*** -0.056*** -0.023** -0.014**
(0.011) (0.013) (0.012) (0.010) (0.006)

R2 0.248 0.205 0.198 0.178 0.348
Industry x Year FE Yes Yes Yes Yes Yes
Observations 20,275 21,336 21,820 22,413 15,884

Panel (b): Controlling for % Breakthrough Patentst from KPST

(1) (2) (3) (4) (5)
Profitst+5 Outputt+5 Capitalt+5 Labort+5 TFPt+5

Obsolescencet -0.032*** -0.033** -0.050*** -0.020* -0.016***
(0.011) (0.013) (0.013) (0.010) (0.006)

R2 0.255 0.206 0.201 0.183 0.344
Industry x Year FE Yes Yes Yes Yes Yes
Observations 19,611 20,592 21,031 20,841 15,327

Notes. This table examines the relation between Obsolescence and firm growth and productivity after adding alternative
measures of new innovation. Panel (a) controls for the RETech measures from Bowen III, Frésard, and Hoberg (2023)
(BFH), and panel (b) controls for the share of breakthrough patents from Kelly et al. (2021) (KPST). The design follows
that in Table 4.
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Table A.21. Return Predictive Power of Technological Obsolescence

Panel (a): Value-Weight Portfolio

Ind-adjret Size/BM-adjret Size/BM/Mom-adjret

Low -0.181 0.178* 0.118*
(0.174) (0.096) (0.070)

Middle -0.314** -0.065* -0.046
(0.153) (0.038) (0.033)

High -0.222* -0.129 -0.114**
(0.124) (0.091) (0.058)

Low-High 0.041 0.307* 0.231**
(0.123) (0.174) (0.118)

Panel (b): Equal-Weight Portfolio

Ind-adjret Size/BM-adjret Size/BM/Mom-adjret

Low 0.060 0.051 0.072*
(0.040) (0.053) (0.040)

Middle 0.008 0.044 0.031
(0.035) (0.030) (0.024)

High -0.071* -0.110** -0.113***
(0.041) (0.046) (0.038)

Low-High 0.131** 0.161* 0.185***
(0.066) (0.091) (0.072)

Notes. The portfolio industry-adjusted returns (Ind-adjret) are based on the difference between individual firms’
returns and the returns of firms in the same industry (based on Fama-French 48 industry classifications). The portfolio
characteristic-adjusted returns are computed by adjusting returns using 25 Size/BM portfolios (Size/BM-adjret, (Fama
and French, 1993)) and 125 size/BM/Mom-adjusted returns (Size/BM/Momentum-adjret, (Daniel et al., 1997)).
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