




Helpman, Melitz, and Rubinstein (2007). They use two steps: first, estimate the probability

of positive knowledge flows between each region pair; then, use predicted value to estimate

the new gravity equation. To do this, we need to modify our simplest framework to include

the zero citations between inventors in different locations. This has not been done in the

current paper and it is one of the objectives of future work.

6 Conclusion

This paper employs a gravity framework to investigate the distance and border effects in

knowledge spillovers, using evidence from patent citations panel data at metropolitan level

within the U.S. and the 38 largest patent-cited countries outside the U.S. We present three

key findings. First, we find strong subnational localization effects at the Metropolitan Sta-

tistical Area and state levels: more than 90% of intranational border effects stem from

the metropolitan level rather than state. This contributes to the literature on subnational

knowledge localization. Second, we characterize the age distribution of different types of

knowledge spillovers and find that aggregate border and distance effects decrease with the

age of cited patent. It implies the largest barriers in diffusion for new knowledge trans-

mission, which is consistent with the intuition. However, over time, border and distance

effects are interestingly increasing. We think that the increasing proportion of self-citations

and new knowledge flows might explain this phenomenon. The age profiles and time trends

of border and distance effects in knowledge spillovers are novel findings in the literature.

Finally, we find that self-citations and aggregation bias are two sources of overestimated ag-

gregate border effects of knowledge spillovers. Of total citations, only 11% are self-citations,

but excluding self-citations approximately halves the MSA and national border effects. De-

composing data to finer geographic levels, by different age group and by different category

substantially reduces the size of border effects. Among the three types of aggregation bias,

geographic aggregation bias especially exaggerates the state border effect.
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7 Appendix: Derivation of Gravity Equation of Knowl-
edge Spillovers

We construct a simple gravity model of patent citations as exchange of ideas. We use patent

citations, rather than patents themselves, as a proxy for knowledge products because (i)the

number of citations constructs a flow variable we want while patent is usually treated as

a stock variable in the previous literature;21 (ii)citations carry information on the value of

patents and concern inventors more than patents.22

Following the convention of gravity literature, in the benchmark model, we assume that:

(1) Knowledge is differentiated by place of origin. Each region specializes in the production

of a single knowledge product.23 This assumption is widely used in the trade literature using

gravity model, due to some simple observations, for example, Japanese rice is different from

Thailand rice. It might be transplanted to knowledge flows, since it is not too hard to imagine

that a citation to a German auto patent is not as same as a citation to a French auto patent.

(2) All regions have the same tastes for the existing knowledge, i.e., identical, homothetic

preferences, approximated by a CES function. (3) There exist barriers/frictions in knowledge

flows. We have in mind information costs, design costs, and various legal and institutional

costs, distance, organizational boundaries, language, etc. When inventors of new knowledge

(patents) use the previous knowledge embodied in existing patents ("prior art"), they need to

pay various forms of costs, for example, the translation of the foreign prior art, the examine

fee for the patent examiners, and so on. (4) Markets for all knowledge products clear. (5) For

each region, "inward" knowledge (citations made) from all source regions (including itself)

is equal to its "outward" knowledge (citations received from all regions including itself). In

other words, "exchange of knowledge" is balanced. This assumption is consistent with some

observations in knowledge flows. The region citing more existing knowledge is also the region

being cited more by others. For example, the U.S. is the largest knowledge both destination

country and source country. The balance assumption is conventionally used in the gravity

literature for trade flows, and the ratio of net outward knowledge to the sum of outward and

inward of knowledge is even smaller than the net export to the sum of export and import of
21See Hall, Jaffe and Trajtenberg (2005), Bottazzi and Peri (2005). They consider the discount problem

of the patent stock in their papers.
22See Trajtenberg (1990), Lanjouw and Schankerman (2004), Harhoff et al. (1999), Hall, Jaffe and Tra-

jtenberg (2005).
23With this assumption we can suppress finer classifications of knowledge flows.
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trade.24 For example, the ratio of knowledge for the U.S. is -0.5% between 1975 and 2000

while the ratio of goods trade for the U.S. is -14.8% in 2000. Assumption (5) may be relaxed

in future.

In the benchmark model, we only investigate one market: knowledge products market.

In this market, the individual inventor is both the consumer of existing knowledge products

and the producer of new knowledge products. To keep things simple, in the current paper,

we abstract from the heterogeneity of inventors and focus on the consumption behavior of

knowledge products, since introducing the production behavior of knowledge needs to take

into account other inputs (for example, the R&D expenditure and human capital) which we

put into the future work.

When region i uses the previous knowledge, the citations occur, generating knowledge

flows from region j to i. Through this way, representative inventors in region i "consume"

these inward knowledge products from region j. Recall that we denote knowledge products

by patent citations, then the problem for region i is to choose how many knowledge products

to consume from each source region j, i.e., how many citations to make from each region

j (citation cij) by maximizing its consumption of existing knowledge products in the world

wide base:

max
cij

(
∑

j c
σ−1

σ
ij )

σ
σ−1

subject to ∑
j

cij = yi.

were σ is the elasticity of substitution between all knowledge products (patent citations); cij

is the citation quantity from region j to region i ; yi is region i ’s total knowledge products

which refer to the received citations (i.e., the total citations received by region i ’s patents).

By assumption (5), yi is equal to i ’s total outward knowledge (total citations j makes from

all sources).

In the current model, the quantity of patent citation flows differ between the citing region

and the cited region due to the existence of knowledge flow barriers that are not directly

observable, and the main objective of the empirical work in this paper is to illustrate various

patterns of these barriers and to identify them. If there are no barriers in knowledge flows,
24I calculated the ratio of net outward knowledge to the sum of outward and inward of knowledge for main

countries and found that most of them belong to [-20%, 10%].
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each region will get the same opportunity, based on their knowledge production capacity,

to use the existing knowledge products in the world wide base. If the quantity of patent

citations from region j (to an average destination region) is cj, it will be cij = cjtij in region

i when it arrives at region i. Here cj denotes the cited region’s supply quantity, net of

knowledge flow frictions, cij is the real quantity from j to i and tij denotes the friction factor

between j and i. Isoelastic demands imply that knowledge flows from j to i are given by,

cij = yi(
tijcj

Qi

)1−σ

where Qi is the knowledge flow quantity index of i, given by

Qi = (
∑

j

(tijcj)
1−σ)

1
1−σ

The general-equilibrium structure of the model imposes market clearance, which implies,

yj =
∑

i

cij =
∑

i

(
tijcj

Qi

)1−σyi = c1−σ
j

∑
i

(
tij
Qi

)1−σyi, (∀j).

Proposition 1: If we further assume that knowledge flow frictions are symmetric, so

that tij = tji, ∀(i, j), then the supply quantities cj’s that are solution to previous equations

are such that,

sj ≡ yj

yw

= (cjQj)
1−σ

where the total quantity of knowledge production in the world is given by yw =
∑

j yj and

the knowledge production shares of region j is given by sj.

Proof: If ∀j,c1−σ
j = sj/Q1−σ

j , then,

∑
i

(
tijcj

Qi

)1−σyi =
∑

i

yj

ywQ1−σ
j

(
tij
Qi

)1−σyi =
yj

Q1−σ
j

∑
i

si(
tij
Qi

)1−σ =
yj

Q1−σ
j

∑
i

(citij)
1−σ

by symmetry, tij = tji, so that,

∑
i

(
tijcj

Qi

)1−σyi =
yj

Q1−σ
j

∑
i

(tjici)
1−σ =

yj

Q1−σ
j

Q1−σ
j = yj.

Q.E.D.

With Proposition 1, we achieve a very useful simplification of gravity equation prediction

for bilateral knowledge flows:

cij =
yjyi

yw

(
tij

QjQi

)1−σ
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with the quantity indices solution to,

Q1−σ
i =

∑
j

Qσ−1
j sjt

1−σ
ij ,∀i.

This provides an implicit solution to knowledge flow quantity indices as a function of all

bilateral knowledge flow barriers and knowledge production shares. The quantity indices Qj

are referred to measures of "multilateral knowledge flow resistance" variables as they depend

on all bilateral resistances tij.

This constructs our basic gravity model for knowledge flows. The gravity model tells us

that bilateral knowledge flows, after controlling for size, depend on the bilateral knowledge

flow frictions between i and j, relative to the product of their multilateral resistance indices.

The final step is to model the unobservable knowledge flow friction factor tij. We fol-

low the convention in trade literature in hypothesizing that tij is a loglinear function of

observables, bilateral distance dij, and whether there is a border bij:

lntij = τij + ρlndij + εij (3)

where τij is any other "border effect" associated with knowledge flows from region j to i.

Generally tij is meant to include all effects limiting knowledge flows between i and j. Then

we decompose τij to subnational and national border indicators. lntij = Bm
ij + Bs

ij + Bn
ij +

ρlndij + εij. Then following Anderson and Wincoop (2003) and Feenstra (2002), we get the

theoretical gravity equation:

ln(
cij

yiyj

) = k+(1−σ)ρlndij+(1−σ)Bm
ij +(1−σ)Bs

ij+(1−σ)Bn
ij+ln(Qi)

σ−1+ln(Qj)
σ−1+(1−σ)εij

where k is a constant.

Then we can rewrite the above equation as

ln(
cij

yiyj

) = k + αlndij + β1B
m
ij + β2B

s
ij + β3B

n
ij + ln(Qi)

σ−1 + ln(Qj)
σ−1 + (1− σ)εij

This is our theoretical gravity equation of knowledge flows.
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