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Introduction

Intellectual property Is a key asset of firms
* Patents generate monopoly rents, stream of profits

Innovations raise investor expectations about firms’ future

Stock market reacts to patent grants

 Kogan et al. (2017, QJE) use changes in stock returns post grant
of patents to estimate their market value
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J NEWSWIRES

Dermata Therapeutics Shares Surge

120% on Patent Issued in Japan

Published: Jan. 4, 2024 at 5:38 p.m. ET

Fords Groundbreaking Patent for
Dynamic Wireless Charging Technology

by Elaine Mendonca — August 17, 2023 in News
ﬁ AA OO0

Dragonfly stock rises after company
announces patent approval for battery
design

Published: July 13, 2023 at 7:53a.m.ET

Pfizer's Heading for a Patent CIiff.
Is the Stock Still a Buy?

By Adria Cimino - May 30, 2023 at 5:30AM 2/924




Tsaac Newtorn, 7075

Innovation rarely happens in isolation

* Patents cite each other, acknowledging prior works

* Firms depend on each other for new knowledge
iInputs for innovation
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Motivation

Prior literature: Upstream advances create externalities /
knowledge spillovers for downstream innovations

* More patents, more breakthroughs

* Patent citations are indicative of knowledge sharing between
firms, business relationships

* Technologies generate market based spillovers; R&D
Investment, value
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Do innovations create market value for others?
Does the market price knowledge spillovers?
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Do innovations create market value for others?
Does the market price knowledge spillovers?

Our findings: Yes

Market cares for technological knowledge dependencies

* [Innovation generates abnormal returns for innovating firms
AND for technologically downstream firms

* Returns generated by upstream 10-50% rel. own patents

Contribution: “financial spillovers”
 Complementary to product market relationships, competition
| ocalized effects in innovation network
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Data

USPTO PatentsView data (6m utility patents, after 1988)
 Use Kogan et al. (2017, extended) to match with listed firms

* Generate firm level innovation network combining with
universe of patent citations

* Patent value: numbers, market value, breakthroughness
Financial data on firms: CRSP, Compustat

Hoberg-Phillips to identify product market competition
Fresard-Hoberg-Phillips for vertical integration among firms

6/24



Sample of matched patent data

Cited Citing Cited Citing Cited patent Citing patent
patent patent firm firm grant date grant date

US8179370 US9842105 Google Apple 15 May 2012 12 Dec 2017
US8209183 US9842105 Google Apple 26 Jun 2012 12 Dec 2017
US8943423 US9842105 IBM Apple 27 Jan 2015 12 Dec 2017

6,752 upstream firms, 5,502 downstream firms
299,010 ordered pairs, 234,704 unordered pairs
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Innovation network between firms

Patent citations (; — 1) within past 5 years of ¢

Sijt = zj#i Patent citations (j — 1) within past 5 years of ¢
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Innovation network between firms

g, Neighborhood ./,

Patent citations (; — 1) within past 5 years of ¢

Sijt = zj#i Patent citations (j — 1) within past 5 years of ¢

Measures share of knowledge inputs toward innovation by firm :
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Network of firms across industries
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Firm 1 operates in a different industry than firms 1,2, ... ,

Create weights specific to cross industry patent citations
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Adjacency matrix of innovation network
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Measurement of variables

When neighbors innovate, does downstream benefit?

Stock returns: left hand side of the equation (abnormal returns
using Fama-French factors, or factors as controls for raw returns)

Estimate exposure to each firm on each date 7 to patent grants
to its own patents log P, + to technologically upstream firms

log Pj’Vﬁ — Z giir log P,
JEN
P = patent value (number of patents, market value, breakthroughs)
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Empirical strategy

When neighbors innovate, does downstream benefit?
* Patents are granted only on Tuesday mornings
* Grant of specific patents on specific dates not known
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Empirical strategy

When neighbors innovate, does downstream benefit?
* Patents are granted only on Tuesday mornings
* Grant of specific patents on specific dates not known

R, = pylogP j/it_l_ﬁZ log P;,

+ Firm 1 related controls
+ FF factors + 7, + 0V, + ¢,

Estimate [, (spillover returns), /), (innovation returns)
("Firm, industry, lagged return, market value, book-to-market)
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Baseline results

Three-day averaged R Weekly averaged R
(1) (2) (3) (4) (5) (6)

Variables:
Patent value of upstream innovators 0.5525** 0.5129** 0.5779***  0.6135™*  0.5958*** = 0.6418***

(2.487) (2.393) (2.683) (3.341) (3.395) (3.65)
Patent value of focal firm 3.025*** 2.952%* 3.198*** 2.285%* 2.231%* 2.399**

(15.93) (16.21) (17.62) (13.85) (14.31) (15.32)
Lagged market value of firm Yes Yes Yes Yes Yes Yes
Industry return Yes Yes Yes Yes
Lagged return Yes Yes
Fixed-effects
Firm Yes Yes Yes Yes Yes Yes
Date Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
Observations 2,584,435 2,578,831 2,578,831 2,494,464 2,488,837 2,488,837

t-stats in parenthesis
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Alternative baseline: cross industry

Three-day averaged R Weekly averaged R
Patent value of upstream neighborhood 0.4986™" 0.4553** 0.5122** 0.4233** 0.3984™* 0.4399**
(2.345) (2.211) (2.471) (2.389) (2.377) (2.606)
Patent value 3.061** 2.986™* 3.233*** 2.292%* 2.236™*" 2.406™*
(15.88) (16.17) (17.55) (13.61) (14.08) (15.08)
Lagged market value of firm Yes Yes Yes Yes Yes Yes
Industry return Yes Yes Yes Yes
Lagged return Yes Yes

Alternative baseline: raw number of patents granted

Measure of P: No. of top 10% patents by No. of top 10% patents by Number of patents
market value breakthroughness
Three-day Weekly Three-day Weekly Three-day Weekly
averaged R averaged R  averaged R  averaged R  averaged R averaged R
Patent value of upstream innovators 0.4466™* 0.4526™* 0.5574*** 0.5320*** 0.4154" 0.4054**
(2.093) (2.573) (3.411) (3.89) (1.746) (2.138)
Patent value 2.073*** 1.536™* 0.9685™** 0.8654™* 0.7155™* 0.6187"**
(17.43) (16.16) (3.996) (4.622) (3.583) (3.722)
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Alternative baseline: raw number of patents granted
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Product market relationships

“There Is a bubbling cauldron of innovation... It is super hard
to decide who is a competitor and who is collaborator,
because there Is so much going on in this space.

In the technology industry, we get to stand on the shoulders
of the work that has gone before us... It has thrived on
‘coopertition’, because it is not clear some days who iIs
going to be a competitor and who Is going to be your
customer the next day.”

— Pat Gelsinger, Intel CEO
Dec 2023 at MIT Manufacturing
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Product market relationships

Vertical relationships

* Better and cheaper chemicals help pharma firms
In drug development (expect positive effect)

Competition

e Samsung developing better phones hits iPhone
market for Apple (expect negative effect)

Hoberg-Phillips, Fresard-Hoberg-Phillips data
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Vertical integration

Three-day averaged R Weekly averaged R
Variables:
Patent value of upstream innovators 0.5760™** 0.6389™**
(2.754) (4.039)
Patent value 3.197*** 3.194*** 2.397*** 2.393***
(21.99) (21.96) (21.22) (21.19)
Patent value of suppliers 0.4085** 0.3927** 0.3556*** 0.3399**
(2.348) (2.256) (2.663) (2.544)

Product market rivalry

Three-day averaged R Weekly averaged R
Variables:
Patent value of upstream innovators 0.6088™* 0.6058™* 0.6647** 0.6619***
(2.91) (2.895) (4.203) (4.183)
Patent value 3.317*** 3.321*** 3.325*** 2.487*** 2.491*** 2.495***
(22.46) (22.49) (22.51) (21.61) (21.65) (21.67)
Patent value of suppliers 0.3411** 0.3238**
(2.02) (2.499)
Patent value of competitors -0.7063***  -0.7605***  -0.8719"™*  -0.5063"**  -0.5656"**  -0.6713**"
(-3.071) (-3.305) (-3.617) (-2.890) (-3.228) (-3.651)
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Vertical integration

Patent value of upstream innovators
Patent value of focal firm
Patent value of suppliers

3 day horizon 5 day horizon
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Robustness

Do patent citation weights actually matter?
Placebo test using uniform weights

Do financial spillovers propagate across network?
Are we capturing the right value?

Testing for second degree effects
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Uniform weights

Neighborhood ./ .,
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Uniform weights

|
P.U — — P
! Z | N

JEN ;;

P = patent value

20/24



Second degree network
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Second degree network

“Effective weights”
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Robustness: uniform weights

Three-day averaged R Weekly averaged R
Variables:
Patent value of upstream innovators (Placebo) 0.4678 0.445 0.3354 0.3186
(1.635) (1.559) (1.47) (1.403)
Patent value 3.221** 3.336™** 2.418™ 2.501**
(17.85) (18.79) (15.58) (17.1)
Patent value of suppliers Yes Yes
Patent value of competitors Yes Yes
Robustness: second degree connections
Three-day averaged R Weekly averaged R
Variables:
Patent value of 2nd degree neighborhood 0.5189 0.3358 0.4059 0.5797 0.3117 0.369
(1.193) (0.8353) (1.006) (1.565) (0.9058) (1.064)
Patent value 3.287*** 3.194*** 3.437*** 2.419** 2.341* 2.505%*
(16.45) (16.83) (18.18) (14.13) (14.57) (15.56)
Lagged market value of firm Yes Yes Yes Yes Yes
Industry return Yes Yes Yes
Lagged return Yes
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To sum up

Technological knowledge dependencies capture an important
economic relationship between firms

e New

New contribution: Financial spillovers

* Firms’ stock returns arise from innovation by others as well
* Estimates robust to alternative specs, sizable effects

o Seemingly different channel from product market
 Market efficiency

Quantification
Private vs social value of innovation; new measure of patent value
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Distribution of unique technologies a firm cites
from a given firm In its lifetime

1.00

—

i

0.75

Density

0.25

0.00 =—

0 1 2
Log number of unique technologies (4-digit CPC classes)



